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1. Definitions

1.1 subframe: A structured data sequence of predefined duration used by the Advanced Air Interface speci-
fication.

1.2 superframe: A structured data sequence of fixed duration used by the Advanced Air Interface specifica-
tions. A superframe is comprised of four frames.

1.3 multi-carrier transmission: More than 1 carrier is used to exchange data between ABS and AMSs.

1.4 primary carrier: An OFDMA carrier on which ABS and the AMS exchange traffic and full PHY/MAC
control information defined in the Advanced Air Interface specification. Further, the primary carrier is used
for control functions for proper AMS operation, such as network entry. Each AMS shall have only one car-
rier it considers to be its primary carrier in a cell.

1.5 secondary carrier: An OFDMA carrier that AMS may use for traffic, only per BS’s specific allocation
commands and rules,typically received from the primary carrier. The secondary carrier may also include
control signaling to support multi-carrier operation.

1.6 fully configured carrier: A carrier for which all control channels including synchronization, broadcast,
multicast and unicast control signaling are configured. Further, information and parameters regarding multi-
carrier operation and the other carriers can also be included in the control channels.

1.7 partially configured carrier: A carrier with only downlink transmission in TDD or a downlink carrier
without paired UL carrier in FDD mode and configured with all control channels to support downlink trans-
mission.

1.8 physical resource unit (PRU): The basic resource allocation unit that consists of 18 adjacent carriers in
consecutive symbols in same subframe.

1.9 distributed resource unit (DRU): The resource allocation unit of the same size as the PRU that has
undergone the subband partitioning and miniband permutation, assigned to distributed allocation and will be
submitted to the subcarrier permutation in DL and tile permutation in UL.

1.10 contiguous resource unit (CRU): The resource allocation unit of the same size as the PRU that has
undergone the subband partitioning and miniband permutation, assigned to contiguous allocation and will

bypass subcarrier permutation in DL and tile permutation in UL. Also known as a localized resource unit.

1.11 logical resource unit (LRU): the generic name of logical units for distributed and localized resource
allocations. LRU is of same size as PRU.

1.12 transmission time interval (TTI): The duration of the transmission of the physical layer encoded
packet over the radio air interface and is equal to an integer number of subframes. The default TTI is 1 sub-
frame.

1.13 layer: An information path fed to the MIMO encoder as an input

1.14 stream: Each information path encoded by the MIMO encoder that is passed to the precoder

1.15 rank: For the spatial multiplexing modes in SU-MIMO, the number of streams to be used for the user
allocated to the Resource Unit (RU)

1.16 rate: The number of QAM symbols signaled per array channel use.
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1.17 horizontal encoding: Indicates transmitting multiple separately FEC-encoded layers over multiple
antennas. The number of encoded layers may be more than 1

1.18 vertical encoding: Indicates transmitting a single FEC-encoded layer over multiple antennas. The
number of encoded layers is always 1.

1.19 resource unit: A granular unit in frequency and time, described by the number of OFDMA subcarriers
and OFDMA symbols

1.20 single user MIMO: A MIMO transmission scheme in which a single MS is scheduled in one RU

1.21 multi-user MIMO: A MIMO transmission scheme in which multiple MSs are scheduled in one RU,
by virtue of spatial separation of the transmitted signals

2
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2. Abbreviations and acronyms

AAI advanced air interface

A-MAP advanced MAP

A-Preamble advanced preamble

CAS CRU allocation size

CL closed-loop

CMI codebook matrix index

CRU contiguous resource unit

CoRe constellation re-arrangement
CSG closed subscriber group

CSM collaborative spatial multiplexing
DL downlink

DLUR distributed LRU

DRU distributed resource unit

FP frequency partition

FMT UL feedback mini-tile

FPC frequency partition configuration
FPCT frequency partition count

FPS frequency partition size

FPSC frequency partition subband count
GRA group resource allocation

HARQ hybrid ARQ

HE horizontal encoding

HMT UL HARQ mini-tiles

IE information element

IR incremental redundancy

LRU logical resource unit
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MCS

MLRU

MU

NLRU

OL

PA

PA-Preamble

PFBCH

PMI

PRU

P-SFH

RCP

RFMT

RHMT

RP

RU

S-ABS

SAC

SA-Preamble

SFBC

SFBCH

SFH

SLRU

SPID

S-SFH

STC

SU

modulation and coding scheme

minimum A-MAP logical resource unit

multi-user

miniband LRU

open-loop

persistent allocation

primary advanced preamble

UL primary fast feedback channel
preferred matrix index

physical resource unit

primary superframe header
ranging cyclic prefix

Reordered UL feedback mini-tile
Reordered UL HARQ mini-tile
ranging preamble

resource unit

serving ABS

subband allocation count
secondary advanced preamble
space-frequency block code

UL secondary fast feedback channel
superframe header

subband LRU

subpacket ID

secondary superframe header
space-time coding

single-user

4
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T-ABS target ABS

UCAS uplink CRU allocation size

UFPC uplink frequency partition configuration
UL uplink

USAC uplink subband allocation count

VE vertical encoding

CSG Closed Subscriber Group

OSG Open Subscriber Group

SOHO Small Office Home Office
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3. Advanced Air Interface

3.1 Introduction

This document represents detailed assumptions underlying the self-evaluation report and compliance tem-
plates in the IMT-Advanced proposal document L.802.16-09/0104. This is an extract of P802.16/D1, as
modified by resolutions developed at addressed at IEEE 802.16 Session #63 to comments submitted in [EEE
802.16 Working Group Letter Ballot #30.

This document details the conditions of the evaluation, particularly for use by others wishing to repeat the
studies. It is not intended as a description of the RIT.

3.2 Medium access control
3.2.1 Persistent Scheduling in the Advanced Air Interface

Persistent allocation is a technique used to reduce assignment overhead for connections with periodic traffic
pattern and with relatively fixed payload size. To allocate resources persistently to a single connection, the
ABS shall transmit the DL Individual Persistent Allocation A-MAP IE for DL allocations and the UL Indi-
vidual Persistent Allocation A-MAP IE for UL allocations. To allocate resources persistently to multiple
connections, the ABS shall transmit the DL Composite Persistent Allocation A-MAP IE for DL allocations
and the UL Composite Persistent Allocation A-MAP IE for UL allocations. The persistently allocated
resource size, position and the MCS shall be maintained by the ABS and AMS until the persistent assign-
ment is de-allocated, changed, or an error event occurs. Persistent scheduling does not include special
arrangements for HARQ retransmission of data initially transmitted using persistently allocated resources.
Resources for retransmissions can be allocated one at a time as needed using a DL Basic Assignment A-
MAP IE or a DL Basic Assignment A-MAP IE.

3.2.1.1 Allocation Mechanism
3.2.1.1.1 Allocation Mechanism for an Individual Connection

For individual persistent allocation in the DL/UL, the ABS shall transmit the DL/UL Individual Persistent
A-MAP IE. Allocation of the persistently assigned resource begins in the DL/UL subframe that is referenced
by the DL/UL Individual Persistent A-MAP IE and repeats after an allocation period that is specified in the
DL/UL Individual Persistent A-MAP IE. The attributes of the persistently allocated resource including size,
location, MIMO encoder format and MCS are maintained as per the DL/UL Individual Persistent A-MAP
IE. The values of ACID field and N_ACID field in the DL/UL Individual Persistent A-MAP IE are used
together to specify an implicit cycling of HARQ channel identifiers. The allocation period and number of
ACIDs required for persistent operation are configured in the DL/UL Individual Persistent A-MAP IE.

In order to facilitate link adaptation and avoid resource holes, the attributes of a persistently allocated
resource can be changed. To change an individual persistent assignment, the ABS shall transmit the DL
Individual Persistent A-MAP IE for DL reallocation and the UL Individual Persistent A-MAP IE for UL
reallocation respectively. If an AMS has an existing individual persistent allocation in a particular subframe
and receives a new individual persistent allocation in the same subframe, the new individual persistent allo-
cation replaces the original allocation (i.e., the original persistent allocation is de-allocated).

When the BS sends a PA A-MAP IE to reallocate a persistently assigned resource, a different HARQ feed-
back channel must be assigned in the PA A-MAP IE used for reallocation. Reception of an ACK/NACK in
the newly assigned HARQ feedback channel for the persistently assigned resource with the changed
attributes will ensure that the reallocation A-MAP IE was received correctly.
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3.2.1.1.2 Allocation Mechanism for Multiple Connections

For multiple persistent allocations in the DL/UL, the ABS shall transmit the DL/UL Composite Persistent
A-MAP IE. Allocation of the persistently assigned resource for each connection begins in the DL/UL sub-
frame that is referenced by the DL/UL Composite Persistent A-MAP IE and repeats after an allocation peri-
ods that are specified in the DL/UL Composite Persistent A-MAP IE. The attributes of the persistently
allocated resource for each connection including size, location, MIMO encoder format and MCS are main-
tained as per the DL/UL Composite Persistent A-MAP IE. The values of ACID field and N_ACID field in
the DL/UL Composite Persistent A-MAP IE are used together to specify an implicit cycling of HARQ chan-
nel identifiers. The allocation period and number of ACIDs required for persistent operation are configured
in the DL/UL Composite Persistent A-MAP IE.

In order to facilitate link adaptation and avoid resource holes, the attributes of a persistently allocated
resource can be changed. To change persistent assignments for multiple connections, the ABS shall transmit
a DL Composite Persistent A-MAP IE for DL reallocation and the UL Composite Persistent A-MAP IE for
UL reallocation respectively. If an AMS has an existing persistent allocation in a particular subframe and
receives a new persistent allocation in the same subframe, the new persistent allocation replaces the original
allocation (i.e., the original persistent allocation is de-allocated).

When the BS sends a PA A-MAP IE to reallocate a persistently assigned resource, a different HARQ feed-
back channel must be assigned in the PA A-MAP IE used for reallocation. Reception of an ACK/NACK in
the newly assigned HARQ feedback channel for the persistently assigned resource with the changed
attributes will ensure that the reallocation A-MAP IE was received correctly.

3.2.1.2 Deallocation Mechanism

3.2.1.2.1 Deallocation Mechanism for an Individual Connection

For deallocation of individual persistent allocations in the DL/UL, the ABS shall transmit the DL/UL Indi-
vidual Persistent A-MAP IE. When the Allocation Period is set to 0b00 in the DL/UL Individual Persistent
A-MAP IE, the assigned persistent resource in DL/UL Individual Persistent A-MAP IE is deallocated in ref-
erenced DL/UL subframe and the ABS and AMS terminate the persistent allocation.

When the BS sends a PA A-MAP IE to deallocate a persistently assigned resource, a different HARQ feed-
back channel must be assigned in the PA A-MAP IE used for deallocation. Reception of an ACK/NACK in
the newly assigned HARQ feedback channel for deallocating a persistently assigned resource will ensure
that the deallocation PA A-MAP IE was received correctly.

3.2.1.2.2 Deallocation Mechanism for Multiple Connections

For deallocation of multiple persistent allocations in the DL/UL, the ABS shall transmit the DL/UL Com-
posite Persistent A-MAP IE. When the Allocation Period is set to 0b00 for each connection that is being
deallocated in the DL/UL Composite Persistent A-MAP IE, the assigned persistent resource in DL/UL Com-
posite Persistent A-MAP IE is deallocated in referenced DL/UL subframe and the ABS and AMS terminate
the persistent allocation.

When the BS sends a PA A-MAP IE to deallocate a persistently assigned resource, a different HARQ feed-
back channel must be assigned in the PA A-MAP IE used for deallocation. Reception of an ACK/NACK in
the newly assigned HARQ feedback channel for deallocating a persistently assigned resource will ensure
that the deallocation PA A-MAP IE was received correctly.
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3.2.1.3 HARQ Retransmissions

Asynchronous HARQ retransmission is used for downlink individual and composite persistent allocations.
The DL Basic Assignment A-MAP IE shall be transmitted to signal control information for HARQ retrans-
mission. Synchronous HARQ retransmission is used for uplink individual and composite persistent alloca-
tions. The UL Basic Assignment A-MAP IE may be transmitted to signal control information for HARQ
retransmission.

3.2.1.4 Error Handling Procedure
3.2.1.4.1 Error Handling Procedure for an Individual Connection

For transmissions with HARQ enabled, an ACK is transmitted to acknowledge the successful decoding of a
data burst, or a NACK is transmitted to notify failure in decoding a burst transmitted on the DL/UL. If an
ACK or a NACK for the data burst identified by the DL Individual Persistent A-MAP IE is detected in the
assigned HARQ Feedback channel, the ABS shall assume that the DL Individual Persistent A-MAP IE is
correctly received by AMS. If the UL data burst identified by the UL Individual Persistent A-MAP IE is
detected, the ABS shall assume that the UL Individual Persistent A-MAP IE is correctly received by AMS.

When NULL detection is used, in the absence of an ACK or a NACK in the HARQ feedback channel
assigned in the DL Individual Persistent A-MAP IE for the data burst, the ABS shall assume that the AMS
has not received the DL Individual Persistent A-MAP IE and the same DL Persistent A-MAP IE can be
transmitted again.

In the case of deallocation of individual persistent allocations in the DL/UL, the ABS shall transmit a HARQ
Feedback Allocation in the DL/UL Individual Persistent A-MAP IE. This allocation is used to identify the
HARQ channel in which the ACK for the DL/UL Individual Persistent A-MAP IE signaling the deallocation
is transmitted. In the absence (NULL detection) of an ACK, the ABS shall assume that the AMS has not
received the DL/UL Individual Persistent A-MAP IE, and the same DL/UL Persistent A-MAP IE that sig-
naled the deallocation can be transmitted again.

3.2.1.4.2 Error Handling Procedure for Multiple Connections

For transmissions with HARQ enabled, an ACK is transmitted to acknowledge the successful decoding of a
data burst, or a NACK is transmitted to notify failure in decoding a burst transmitted on the DL/UL. If an
ACK or a NACK for the data burst identified by the DL Composite Persistent A-MAP IE is detected in the
assigned HARQ Feedback channel, the ABS shall assume that the DL Composite Persistent A-MAP IE is
correctly received by AMS. If the UL data burst identified by the UL Composite Persistent A-MAP IE is
detected, the ABS shall assume that the UL Composite Persistent A-MAP IE is correctly received by AMS.

When NULL detection is used, in the absence of an ACK or a NACK in the HARQ feedback channel
assigned to one or more connections in the DL Composite Persistent A-MAP IE for data burst, the ABS
shall assume that the corresponding AMSs have not received the DL Composite Persistent A-MAP IE and
the DL Composite A-MAP IE can be transmitted again for these connections. If the persistent allocation
needs to be transmitted to only one connection the DL Individual A-MAP IE can be transmitted again for
this connection.

In the case of deallocation of multiple persistent allocations in the DL/UL, the ABS shall transmit HARQ
Feedback Allocations in the DL/UL Composite Persistent A-MAP IE. These allocations are used to identify
the HARQ channels in which the ACK for the DL/UL Composite Persistent A-MAP IE signaling the deallo-
cations are transmitted. In the absence (NULL detection) of an ACK from one or more connections, the ABS
shall assume that the corresponding AMSs have not received the DL/UL Composite Persistent A-MAP IE,
and the same DL/UL Composite A-MAP IE that signaled the deallocation may be transmitted again. If the
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deallocation needs to be transmitted to only one connection the DL/UL Individual A-MAP IE can be trans-
mitted again for this connection.

3.3 Physical Structure
3.3.1 Downlink physical structure

Each downlink subframe is divided into 4 or fewer frequency partitions; each partition consists of a set of
physical resource units across the total number of OFDMA symbols available in the subframe. Each fre-
quency partition can include contiguous (localized) and/or non-contiguous (distributed) physical resource
units. Each frequency partition can be used for different purposes such as fractional frequency reuse (FFR)
or multicast and broadcast services (MBS). Figure 1 illustrates the downlink physical structure in the exam-
ple of two frequency partitions with frequency partition 2 including both contiguous and distributed resource
allocations, where Sc stands for subcarrier.

Entire
subframe
Multi cell
Frequency Frequency
partition 1 partition 2
Distributed Contiguous
' Cell-specific

Sc6 Sc5 Sc4 Sc3 Sc2 Sc1

Figure 1—Example of downlink physical structure

3.3.1.1 Physical and logical resource unit

A physical resource unit (PRU) is the basic physical unit for resource allocation that comprises P,,. consecu-
tive subcarriers by Ny, consecutive OFDMA symbols. Py is 18 subcarriers and Ny, is 6, 7, and 5 OFDMA
symbols for type-1, type-2, and type-3 subframes, respectively. A logical resource unit (LRU) is the basic
logical unit for distributed and localized resource allocations. An LRU is Py Ny, subcarriers for type-1
subframes, type-2 subframes, and type-3 subframes. The effective number of subcarriers in an LRU depends

on the number of allocated pilots.
3.3.1.1.1 Distributed logical resource unit

The distributed logical resource unit (DLRU) contains a group of subcarriers that are spread across the dis-
tributed resource allocations within a frequency partition. The size of the DRU equals the size of PRU, i.c.,

Py, subcarriers by Ny, OFDMA symbols. The minimum unit for forming the DLRU is equal to a pair of
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subcarriers, called tone-pair, as defined in Clause 3.3.1.3.2. The DLRUs are obtained by subcarrier permut-
ing the distributed resource units (DRUs).

3.3.1.1.2 Contiguous logical resource unit

The localized logical resource unit, also known as contiguous logical resource unit (CLRU) contains a group
of subcarriers that are contiguous across the localized resource allocations. The size of the CLRU equals the
size of the PRU, i.e., P, subcarriers by N, OFDMA symbols. The CLRUs are obtained from direct map-
ping of contiguous resource units (CRUs). Two types of CLRUs are supported according to the two types of
CRUs, i.e. subband and miniband based CRUs.

3.3.1.2 Multi-cell resource mapping
3.3.1.2.1 Subband partitioning

The PRUs are first subdivided into subbands and minibands where a subband comprises of N; adjacent
PRUs and a miniband comprises of NV, adjacent PRUs, where N; =4 and N, = 1. Subbands are suitable for
frequency selective allocations as they provide a contiguous allocation of PRUs in frequency. Minibands are
suitable for frequency diverse allocation and are permuted in frequency.

The number of subbands is denoted by Kgg. The number of PRUs allocated to subbands is denoted by Lgg,
where Lgg = N; - Kgg. A5, 4 or 3-bit field called Downlink Subband Allocation Count (DSAC) determines
the value of K¢z depending on system bandwidth. The DSAC is transmitted in the SFH. The remaining
PRUs are allocated to minibands. The number of minibands in an allocation is denoted by K;,5. The number
of PRUs allocated to minibands is denoted by Lz, where L,z = N, - K;,5. The total number of PRUs is
denoted as Nppi; where Npgi; = Lgg + Lyg. The maximum number of subbands that can be formed is
denoted as N, where N, = | Npgy/ N, |.

Table 1 through Table 3 show the mapping between DSAC and Kgp for the 20 MHz, 10 MHz, and 5 MHz
bands, respectively.

Table 1—Mapping between DSAC and Kgg for 20MHz

bsac | folstbeis | psac | fetsabtands
0 0 16 16
1 1 17 17
2 2 18 18
3 3 19 19
4 4 20 20
5 5 21 21
6 6 22 N.A.
7 7 23 N.A.
8 8 24 N.A.
9 9 25 N.A.
10
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Table 1—Mapping between DSAC and Kgg for 20MHz

DSAC aﬁlgg;:lel:ib?ll(l:;) DSAC aﬁlgiz?el:ib?ll(l:;)
10 10 26 N.A.
11 11 27 N.A.
12 12 28 N.A.
13 13 29 N.A.
14 14 30 N.A.
15 15 31 N.A.

Table 2—Mapping between DSAC and Kgg for 10 MHz

psac | fatsthmds | psac | fotsebbends
0 0 8 8
1 1 9 9
2 2 10 10
3 3 11 N.A.
4 4 12 N.A.
5 5 13 N.A.
6 6 14 N.A.
7 7 15 N.A.

Table 3—Mapping between DSAC and Kgg for 5 MHz

boc | perubbeds | pguc | fotubbnds
0 0 4 4
1 1 5 N.A.
2 2 6 N.A.
3 3 7 N.A

IEEE 802.16m-09/0047

PRUs are partitioned and reordered into two groups: subband PRUs and miniband PRUs, denoted by PRUp
and PRU)p, respectively. The set of PRUgp is numbered from 0 to (Lgg - 1). The set of PRU)z are num-
bered from 0 to (L5 - 1). Equation (1) defines the mapping of PRUs to PRUggs. Equation (2) defines the
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mapping of PRUs to PRU,gs. Figure 2 illustrates the mapping from PRU to PRUgg and PRU), for a 10
MHz bandwidth with K¢z equal to 7.

PRUg,[j] = PRU[]yj = 0,1, ..., Lgy—1 (1)

where:

. - GCD(N,,,,[N,,,/K .
Z_Nlﬂthﬂﬂjﬂ ( ‘”"’Nr - S”)J}mod{szb}ﬂj}-mod{Nl} @

KSB sub

where {x} mod {y} is modulus when dividing x by y, and GCD(x, y) is the greatest common divisor of x and
V.

PRU,;[k] = PRU[i]sk = 0,1, ..., Ly~ 1 3)
where:

Nl { Nsub—‘ . \‘k*—l‘SBJJr
i = Ksp M 1

k Kgp =0

N

K+ L GCD(N_ ,.[N_ ., /Kep])
\‘ + SBJ‘ sub’— sub SB“ J}mod{j\/sub}Jr{kJrLSB}-mod{Nl} KSB>0

Nsub

“4)

12
Copyright © 2009 IEEE. All rights reserved.



O 001N WU A W

IEEE 802.16m-09/0047
September 23, 2009

PRUgg
PRU

l

g Y
- |o

Y
]

e
XX
XX
%
HEE

BEEE
5
HHR

B
<
e

[e[e]x[o]o oTe n]-]e]

<

[

&
(S
- l}’o
e
N
HE

=
©

c
=
w

AIMIDIMIOIWW]|W
| B [elo[-[S[R[[e]8]e[8 [8]

=N} B
TN / -
Swalk &

Figure 2—PRU to PRUgg and PRUyg mapping for BW=10 MHz, Kgg=7
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3.3.1.2.2 Miniband permutation

The miniband permutation maps the PRU,; ;s to Permuted PRU, zs (PPRU,ps) to insure frequency diverse
PRUs are allocated to each frequency partition. Equation (5) describes the mapping from PRU,z to
PPRU, MBS:

O 001N WU A W

PPRU,5j1 = PRU,4lil5 = 0,1, ..., Ly5—1 (5)

11 where:

. Nmod ] q() 6
14 i = (q(j)mod(D)) Pﬂ i J (©)
17 P = min(K;3, N,/N,) (7

20 r(j) = max(j— (K,;zmod(P) - D), 0) ®)

N A e | bl ©)
25

26

Figure 37 depicts the mapping from PRUs to PRUgg and PPRU .
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Figure 3—Mapping from PRUs to PRUgg and PPRUyg mapping for BW=10 MHz, Kgg=7

3.3.1.2.3 Frequency partitioning

The PRUgps and PPRU,ps are allocated to one or more frequency partitions. By default, only one partition
is present. The maximum number of frequency partitions is 4. The frequency partition configuration is trans-

15
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mitted in the SFH in a 4 or 3-bit field called the Downlink Frequency Partition Configuration (DFPC)
depending on system bandwidth. The Frequency Partition Count (FPCT) defines the number of frequency
partitions. The Frequency Partition Size (FPS;) defines the number of PRUs allocated to /P;. FPCT and
FPS; are determined from DFPC as shown in Table 4 through Table 6. A 3, 2, or 1-bit field called the Down-
link Frequency Partition Subband Count (DFPSC) defines the number of subbands allocated to FP;, i > 0.

Table 4—Mapping between DFPC and frequency partitioning for 20 MHz

DFPC (Fpifﬂfl;?fggfgf) FPCT FPS, FPS; (i>0)
0 1:0:0:0 1 Npru 0
1 0:1:1:1 3 0 Npry * 1/3
2 1:1:1:1 4 Npgry * 1/4 Npgry * 1/4
3 3:1:1:1 4 Npry * 12 Npry * 1/6
4 5:1:1:1 4 Npry * 5/8 Npry * 1/8
5 9:1:1:1 4 Npgy * 9/12 Npgy * 1/12
6 9:5:5:5 4 Npry * 3/8 Npgy * 5/24

7-15 Reserved

Table 5—Mapping between DFPC and frequency partitioning for 10 MHz

DFPC (FFrlf(g'Fl;f:fgg;‘ggf) FPCT FPS, FPS; (i>0)
0 1:0:0:0 1 NprU 0

1 0:1:1:1 3 0 Npgy * 1/3

2 1:1:1:1 4 Npgy * 1/4 Npgy * 1/4

3 3:1:1:1 4 Npgy * 1/2 Npgy * 1/6

4 5:1:1:1 4 Npry * 5/8 Npry * 1/8

5 9:5:5:5 4 Npry * 3/8 Npy * 5/24
6-7 Reserved

Table 6—Mapping between DFPC and frequency partitioning for 5 Mhz

Freq. Partitioning
DFPC (FPy:FP,:FP,:FP3) FPCT FPS, FPS; (i>0)
0 1:0:0:0 1 NPRU 0
1 0:1:1:1 3 0 Npry * 173
16
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Table 6—Mapping between DFPC and frequency partitioning for 5 Mhz

DFPC 5§;gb$iﬁ§§?§gi FPCT FPS, FPS, (i>0)
2 1i1:1:1 4 Npgy * 1/4 Npgy * 1/4
3 3:1:1:1 4 Npgy * 1/2 Npgy * 1/6
4 9:5:5:5 4 Npgy * 3/8 Nppy * 5/24
5-7 Reserved

The number of subbands in i frequency partition is denoted by K. sp.Fp;- The number of minibands is
denoted by K5 rp;, which is determined by the FPS; and DFPSC fields. When DFPC = 0, DFPSC must be
equal to 0. The number of subband PRUs in each frequency partition is denoted by Lgp rp;, which is given
by Lgp pp; = N; * Kgp p; The number of miniband PRUs in each frequency partition is denoted by Lysp rp;s
which is given by Ly gp; = N, - Kyyp pp;- The number of subbands for each frequency partition is given by
Equation (10).

K¢z— (FPCT-1) -DFPSC i=0,FPCT =4
KSB,FPI- = DFPSC l>0,FPCT =3 or 4 (10)
Ky  i=0,FPCT = 1

The number of minibands for each frequency partition is given by Equation (11).
Kyp rp, = (FPS;—Kgp pp;* N1)/ N, 0<i<FPCT (11)

When DFPC = 1 and FPCT = 3, the number of subbands in FP; (for i > () is given by Kgp rp; = DFPSC. The
number of minibands for each frequency partition is given by Equation (12).

Ky pp, = (FPS;—Kgp pp; - N)/N, 0<i<FPCT (12)

The mapping of subband PRUs and miniband PRUs to the frequency partition i is given by Equation (13):

PRUgp(ky) for0 <j<Lgp pp,

PRUgp(j) =
l PPRU,p(ky) for Lgp, FP, <j< (LSB, Fp, T Lyp, FP,.)

(13)

where
i-1

ki =% Lsgpp,tJ
m=0
and
i-1
ky =" Lyg rp,tJ—Lsp rp,
m=0
Figure 34 depicts the frequency partitioning for BW = 10 MHz, K¢z = 7, FPCT =4, FPS, = FPS; =12, and
DFPSC =2.
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Figure 4—Frequency partition for BW=10 MHz, Ksg=7, FPCT=4, FPS,=FPS;=12, DFPSC=2

3.3.1.3 Cell-specific resource mapping

PRUpgp;s are mapped to LRUs. All further PRU and subcarrier permutation are constrained to the PRUs of a

frequency partition.
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3.3.1.3.1 CRU/DRU allocation

The partition between CRUs and DRUs is done on a sector specific basis. Let Lsp_cpy pp; and Lyp cru Fpi
denote the number of allocated subband CRUs and miniband CRUs for FP; (i > 0). The number of total allo-
cated subband and miniband CRUs, in units of a subband (i.e. N; PRUs), for FP; (i > 0) is given by the
downlink CRU allocation size, DCAS;. The numbers of subband-based and miniband-based CRUs in FP,
are given by DCASgp (g and DCAS)p ¢, in units of a subband and miniband, respectively. When DFPC = 0,
DCASi must be equal to 0.

For FPy, the value of DCASgp ( is explicitly signaled in the SFH as a 5, 4 or 3-bit field to indicate the num-
ber of subbands in unsigned-binary format. A 5, 4 or 3-bit Downlink miniband-based CRU allocation size
(DCASyyp, ) is sent in the SFH only for partition FP, depending on system bandwidth. The number of sub-
band-based CRUs for FP, is given by the Equation (14).

Lsg cru.rpy = N1~ DCASgp o (14)
The mapping between DCAS),p o and the number of miniband-based CRUs for /P is shown in the Table 90

through Table 92 for system bandwidths of 20 MHz, 10 MHz, and 5 MHz respectively.

Table 7—Mapping between DCASyg o and number of miniband-based CRUs for FP, for 20

MHz
# of miniband-based # of miniband-based
DCASyp 9 CRU for FP, DCASyp CRU for FP,
(i.e. Lyig_cru,FPo) (i.e. Lyp-cRU,FPO)
0 0 16 28
1 2 17 32
2 4 18 36
3 6 19 40
4 8 20 44
5 10 21 48
6 12 22 52
7 14 23 56
8 16 24 60
9 18 25 64
10 19 26 68
11 20 27 72
12 21 28 76
13 22 29 80
14 23 30 84
15 24 31 88
19
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Table 8—Mapping between DCASyg o and number of miniband-based CRUs for FP, for 10

MHz
# of miniband-based # of miniband-based
DCASpp o CRU for FPy (i.e. DCASyp CRU for FP (i.e.
Lmg,Fro) Ly, rpo)
0 0 8 16
1 2 9 18
2 4 10 20
3 6 11 22
4 8 12 24
5 10 13 38
6 12 14 40
7 14 15 42

Table 9—Mapping between DCASyg o and number of miniband-based CRUs for FP, for 5

MHz
# of miniband-based # of miniband-based
DCASpp o CRU for FP (i.e. DCASyp CRU for FP (i.e.
Ly Fro) Ly, rpo)
0 0 4 8
1 2 5 10
2 4 6 18
3 6 7 20

For FP; (i > 0), only one value for DCAS; is explicitly signaled for all i > 0, in the SFH as a 3, 2 or 1-bit field
to signal the same numbers of allocated CRUs for FP; (i > 0).

For FP; (i > 0), the number of subband CRUs (Lgp_cry rp;) and miniband CRUs (Lysp_cry pp;) are derived
using Equation (15) and Equation (16) respectively.

Lsg_cru rpi = Ny-min{DCAS,;, Kgp pp;} (15)
s _ 0, DCAS; < Kgp pp; (16)
MpcRe (DCAS; = Kgp ppi) - Ny DCAS; > Kgp pp;

The total number of CRUs in frequency partition FP;, for 0 <i < FPCT, is denoted by Lcgy; pp;» where

Leru,rri = Lsg—cru,rrit Lus, rpi (17)

20
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The number of DRUs in each frequency partition is denoted by Lpgy; pp;, where
Lpru.rpi = FPS;—Lcry rpi for0<i< FPCT (18)
and FPS; is the number of PRUs allocated to FP;.

The mapping from PRUpp; to CRUpp; (for 0 <i < FPCT)is given by:

PRU,p,[j1, 0<j<Lgy. l.
CRUpp[j) —{ " e (19)
PRUFP[[k+LSB—CRU,FP[]5 LSB—CRU,FPi S] <LCRU,FPi

where k = s/j - Lsp cru rpil-
s/] is the CRU/DRU allocation sequence defined in Equation (20) and 0 < s[j] < FPS;~Lgp cry, ppi-

s[j] = {PermSeq(j) + DL_PermBase} mod(FPS;— Lgg _cry, rpi) (20)
In Equation (20), PermSeq() is the permutation sequence of length (FPS-Lgp cryrp;) and is determined by
SEED = {IDcell*343} mod 210 The permutation sequence is generated by the random sequence generation

algorithm specified in 3.3.1.3.3. DL_PermBase is set to preamble /Dcell.

The mapping of PRUgp; to DRUFp; is given by:
DRUpgp[j1 = PRUppilk+ Lsg_cru, rpils  0<J<Lpgry, rp: (21)

where k = s[j + Lcpy, i -Ls-cru Fpil -

Figure 5 presents an example to illustrate the various steps of subband partitioning, miniband permutation,
frequency partitioning, and CRU/DRU allocation for the case of 10 MHz system bandwidth. For this exam-
ple, Kgp = DSAC =7, FPCT = 4, FPS; = 12 (for i 2 0), DFPSC = 2, DCASsp g = 1, DCASyp g = 2, and
DCAS; = 2.

Table 10 presents a summary of the parameters used to configure the DL PHY structure.

21
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Table 10—DL PHY Structure - Summary of parameters
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Related
Operation | Signaling | Channel for | (oL Definition Units
Procedure Field (BW20/ Signaling Sionaled Fields
10/5MHz) 8
Sector Sub-band DSAC (5/4/3) | SFH-SP2 Kgp Number of Subbands Sub-
Com- Partitioning | bits bands
mon
Lgg =N;*Kgp Number of PRUs assigned | PRUs
Mini-band to Subbands
Partitioning Ly Number of PRUs assigned | PRUs
to minibands
Frequency DFPC (4/3/3 FPCT Number of Frequency Par- | Fre-
Partitioning | bit) titions quency
Parti-
tions
FPS; Number of PRUs in FP; PRUs
DFPSC (3/2/1 Ksg, Fpi Number of SBs assigned to | Sub-
bit) FP; bands
KwmB, Fpi Number of MiniBands as- | Sub-
signed to FP; bands
(Groups
of NI
PRUs)
LSB, FPile*KSB, FPi Number of MiniBands as- PRUs
signed to FP;
LMB, FPi:N2*KMB, FP Number of PRUs assigned | PRUs
to be Subbands in FPi
Sector CRU/DRU | DCASgg, (5/ | SFH-SPI1 Lsp_cru, Fpi Number of Subband-based | CRUs
Specific | Allocation 4/3 bit) CRUs in FP;
LmB-cru, Fri Number of Miniband-based | CRUs
DCASyp o (5/ CRUs in FP;
4/3 blt) LCRUiFPi =LSB-CRU, Number Of CRUs in FP1 CRUs
Fpi *LMB-CRU, FPi
DCAS; (3/2/1) Lpru_Fpi =FPS; - | Number of DRUs in FP; DRUs
bit Lcru_rpi
Tone Per- Obtained
mutation from SA-Pre-
amble
22
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Figure 5—Frequency partition for BW=10 MHz
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3.3.1.3.2 Subcarrier permutation

The downlink DRUs are used to form 2-stream DLRUs by subcarrier permutation. The subcarrier permuta-
tion defined for the DL distributed resource allocations within a frequency partition spreads the subcarriers
of the DRU across the whole distributed resource allocations. The granularity of the subcarrier permutation
is equal to a pair of subcarriers.

After mapping all pilots, the remaining used subcarriers are used to define the distributed LRUs. To allocate
the LRUs, the remaining subcarriers are paired into contiguous tone-pairs. Each LRU consists of a group of
tone-pairs.

Let Lgc ; denote the number of data subcarriers in I OFDMA symbol within a PRU, i.e., L sci = Pge - 1y,
where n; denotes the number of pilot subcarriers in the I OFDMA symbol within a PRU. Let Lgp; denote
the number of data subcarrier-pairs in the " OFDMA symbol within a PRU and is equal to Lgc;/ 2. The
permutation sequence PermSeq() is defined in Clause 3.3.1.3.3. The DL subcarrier permutation is performed
as follows:

For each /¥ OFDMA symbol in the subframe:

1) Allocate the n; pilots within each DRU 2 described in Clause 3.3.1.4. Denote the data subcarriers
of DRUgp;/j] in the I OFDMA symbol as SCDRU] 1 [k], forO0<j<Lppy pp; and 0<k<Lgc,.

2) Renumber the Lpgy; mp; - Lsc data subcarriers of the DRUs in order, from 0 to Lpgy pp; - Lsc- 1-
Group these contiguous and logically renumbered subcarriers into Lpgy; rPi - Lgp ; pairs and renumber them
from 0 to Lpry pp;i - Lgp - 1. The renumbered subcarrier pairs in the I OFDMA symbol are denoted by
RSPEp

RSPup, [u] = { SChRuj[2v],  SChRu;[2v+1] }, 0<u<Lppy, ppilsp,i

where j = |u/Lgp | and v = {u}mod(Lgp ) .

3) Apply the subcarrier permutation formula Equation (22) to map RSPpp;; into the s™ distributed
LRUs s =0,1,..., Lpgpy pp; - 1. The subcarrier permutation formula is given by

SPf?Uw[m] = RSPpp; |[K] 0<m<Lgp, (22)

where

k = Lpgy, ppi - f(m, s) +g(PermSeq(), s, m, [)
SPi# Zijs, [m]  isthe m' subcarrier pair in the M OFDMA symbol in the s™ distributed LRU of the
th subframe.

— m is the subcarrier pair index, 0 to Lgp /1.

—  lis the OFDMA symbol index, 0 to Nj,,,-1.

— s is the distributed LRU index, 0 to Lpgy ppi-1.

— PermSeq() is the permutation sequence of length Lppypp; and is determined by
SEED={IDcell*343} mod 219 The permutation sequence is generated by the random sequence gen-
eration algorithm specified in Clause 3.3.1.3.3.

—  g(PermSeq(),s,m,l) is a function with value from the set [0, Lpry ppi-1], which is defined according
to Equation (23).

—  f{m,s) = (m + 13*s) mod Lgp .

24
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g(PermSeq(),s,m,l) = {PermSeq[{f(m,s)+s+ l}modLDRU’ rpil T DLiPermBase}modLDRU’ FPi (23)
3.3.1.3.3 Random sequence generation

The permutation sequence generation algorithm with 10-bit SEED (Sn-10, Sn-9, ..., Sn-1) generates a per-
mutation sequence of size M as described below:

1) Initialization

a) Initialize the variables of the first order polynomial equation with the 10-bit seed, SEED. Set d; =
floor(SEED/2%) + 619 and d, = SEED mod 2°.

b) Initialize an array A with size M with the numbers 0, 1, ... , M - 1 (i.e. A/0]=0, A[1]=1, ... , A[M-
1]=M-1).
¢) Initialize the counter i to M-1.
d) Initialize x to -1.
2)  Repeat the following steps if i > 0
a) Increment x by i.
b) Calculate the output variable of y = {(d;*x + d,) mod 1031} mod M.
c) If y>i,sety=ymod(i+1).
d) Swap A/i] and 4/y].
e) Decrement i by 1.
3)  PermSeq[i] = A[i], where 0 <i< M.

3.3.1.3.4 Formation of MLRU
To form MLRUs for the assignment A-MAP,

1) Renumber all tone pairs in the distributed LRUs in the A-MAP region in a time first manner.
Assuming that each LRU has Lgp tone-pairs per symbol, the renumbered A-MAP tone-pairs are denoted by
RMP[u], where u ranges from 0 to L y74p * Nyy * Lsp - 1.

L 4pr4p 18 the number of LRU allocated to the A-MAP.

2) A distributed tone-pair,  SPLrus, i[m],is mapped to RMP[u], where u =s - Ny, - Lsp +m - Nsy,z
+lu=s5"Ng, Lgptm-Ng, +1. SP1kus,i[m] is the tone-pair index of the m” tone-pair in the /"

OFDMA symbol in the s™ distributed LRU of frequency partition i as defined in Clause 3.3.1.3.2.

3) Suppose RMP[v] is the first tone-pair for Assignment A-MAP. The K" MLRU is formed by tone-
pairs from RMP[v + k- Ny piy/ 2] to RMP[v + (k+1) - Ny pyy/ 2 - 11, where Ny pys is the size of an MLRU.

3.3.1.3.5 Logical Resource Unit Mapping

Both contiguous and distributed LRUs are supported in the downlink. The CRUs are directly mapped into
contiguous LRUs, including subband LRUs and miniband LRUs. The DRUs are permuted as described in
Clause 3.3.1.3.2 to form distributed LRUs

3.3.1.4 Pilot structure

The transmission of pilot subcarriers in the downlink is necessary for enabling channel estimation, measure-
ments of channel quality indicators such as the SINR, frequency offset estimation, etc. To optimize the sys-
tem performance in different propagation environments and applications, IEEE 802.16m supports both
common and dedicated pilot structures. The categorization in common and dedicated pilots is done with
respect to their usage. The common pilots can be used by all MSs. Dedicated pilots can be used with both

25
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localized and distributed allocations. The dedicated pilots are associated with a specific resource allocation,
can be only used by the MSs allocated to said specific resource allocation, and therefore can be precoded or
beamformed in the same way as the data subcarriers of the resource allocation. The pilot structure is defined
for up to eight transmission (Tx) streams and there is a unified pilot pattern design for common and dedi-
cated pilots. There is equal pilot density per Tx stream, while there is not necessarily equal pilot density per
OFDMA symbol of the downlink subframe. Further, within the same subframe there is equal number of
pilots for each PRU of a data burst assigned to one MS.

3.3.1.4.1 Pilot patterns

Pilot patterns are specified within a PRU.

6 symbols 6 symbols

18 contiguous subcarriers
18 contiguous subcarriers

(a) (b)

Figure 6—Pilot patterns used for 1 DL data stream
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6 symbols 6 symbols
A 1 1 A
2 2

18 contiguous subcarriers
18 contiguous subcarriers

(@) (b)

Figure 7—Pilot patterns used for 2 DL data streams

Base pilot patterns used for DL data transmission with one data stream in dedicated and common pilot sce-
narios are shown in Figure 6, with the subcarrier index increasing from top to bottom and the OFDM symbol
index increasing from left to right. Subfigure (a) and Subfigure (b) in Figure 6 show the pilot locations for
pilot stream 1 and pilot stream 2, respectively.

The selection method of pilot stream is TBD.

Base pilot patterns used for two DL data streams in dedicated and common pilot scenarios are shown in
Figure 7, with the subcarrier index increasing from top to bottom and the OFDM symbol index increasing
from left to right. Subfigure (a) and Subfigure (b) in Figure 7 shows the pilot location for pilot stream 1 and
pilot stream 2 in a PRU, respectively. The number on a pilot subcarrier indicates the pilot stream the pilot
subcarrier corresponds to. The subcarriers marked as 'X' are null sub-carriers, on which no pilot or data is
transmitted.

The interlaced pilot patterns are generated by cyclic shifting the base pilot patterns. The interlaced pilot pat-
terns are used by different BSs for one and two streams. Interlaced pilot patterns for one stream is shown in
Figure 8 and interlaced pilot patterns on stream 1 and stream 2 for two streams are shown in Figure 9 and
Figure 10, respectively. Each BS chooses one of the three pilot pattern sets (pilot pattern set 0, 1, and 2) as
shown in Figure 8 and Figure 9. The index of the pilot pattern set used by a particular BS with Cell ID = kis
denoted by p;. The index of the pilot pattern set is determined by the Cell_ID according to the following
equation:

py = mod(k,3)
For the subframe consisting of 5 symbols, the last OFDM symbol in each pilot pattern set shown in Figure 7

is deleted. For the subframe consisting of 7 symbols, the first OFDM symbol in each pilot pattern set shown
in Figure 7 is added as 7th symbol.

27
Copyright © 2009 IEEE. All rights reserved.



O 001N WU A W

September 23, 2009

6 symbols

Al 1

18 contiguous subcarriers

6 symbols
+—r

18 contiguous subcarriers

v 2 2

Pilot Pattern Set 0

2 2
Pilot Pattern Set 1

IEEE 802.16m-09/0047
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Figure 8—lInterlaced pilot patterns for 1 pilot stream
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6 symbols
+—r

Al 1 1 1 1 1

18 contiguous subcarriers

Pilot Pattern Set 0 Pilot Pattern Set 1 Pilot Pattern Set 2

Figure 9—Interlaced pilot patterns on stream 0 for 2 data streams
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Pilot Pattern Set 0 Pilot Pattern Set 1 Pilot Pattern Set 2

Figure 10—Interlaced pilot patterns on stream 1 for 2 data streams

The pilot patterns on stream 0 - stream 3 for four pilot streams are shown in Figure 11 through Figure 14
respectively, with the subcarrier index increasing from top to bottom and the OFDM symbol index increas-
ing from left to right. Subfigure (a) in Figure 11 through Figure 14 show the pilot pattern for four pilot
streams in subframe with six OFDM symbols; Subfigure (b) in Figure 11 through Figure 14 show the pilot
pattern for four pilot streams in subframe with five OFDM symbols; Subfigure (c) in Figure 11 through
Figure 14 show the pilot pattern for four pilot streams in subframe with seven OFDM symbols.
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For 3 streams MIMO transmissions, the first three of the four pilot streams will be used and the unused pilot
stream is allocated for data transmission.

18 contiguous subcarriers

18 contiguous subcarriers

6 symbols
4 —r

(a)

5 symbols 7 symbols

(b) (©)

Figure 11—Pilot patterns on stream 0 for 4 data streams

6 symbols
+—>

(a)

5 symbols 7 symbols

2

(b) (©)

Figure 12—Pilot patterns on stream 1 for 4 data streams
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3

()

Figure 13—Pilot patterns on stream 2 for 4 data streams

6 symbols

+“————

A 4

18 contiguous subcarriers

(a)

5 symbols

4

(b)

7 symbols

4

(c)

Figure 14—Pilot patterns on stream 3 for 4 data streams

The pilot patterns for eight pilot streams are shown in Figure 15 with the subcarrier index increasing from
top to bottom and the OFDM symbol index increasing from left to right. Subfigure (a) in Figure 15 shows
the pilot pattern for eight pilot streams in subframewith six OFDM symbols; Subfigure (b) in Figure 15
shows the pilot pattern for eight pilot streams in subframe with five OFDM symbols; Subfigure (c) in
Figure 15 shows the pilot pattern for eight pilot streams in subframe with seven OFDM symbols.

For 5, 6 and 7 streams MIMO transmissions, the first five, six and seven of the eight pilot streams will be,
respectively. The unused pilot stream is allocated for data transmission.
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Figure 15—Pilot patterns for 8 data streams

3.3.1.4.2 MIMO midamble

MIMO midamble is used for PMI selection in closed loop MIMO. For OL MIMO, midamble can be used to
calculate CQIL. MIMO midamble shall be transmitted every frame on the second last DL subframe. The
midamble signal occupies the first OFDMA symbol in a DL type-1 or type-2 sub-frame. For the type-1 sub-
frame case, the remaining 5 consecutive symbols form a type-3 subframe. For the type-2 subframe case, the
remaining 6 consecutive symbols form a type-1 subframe.

The MIMO midamble signal transmitted by the ABS antenna is defined by Equation (24):
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k= Nygea=1 2 (ka”‘“”il)A T
Jj2nf,t JeT 2 Y o)
s(t) = Reje Z b,-e (24)
k=0
Niysea—1
k# >

where by is a complex coefficients modulating subcarriers in the midamble symbol defined by
Equation (25):

k

1-2 e G([k+u+offset(fft)] modfft )k = ]-V————i‘f:—lk mod (3 xN,) = (g + LMKX:NS.S.;P mod N, + N, x (BSID - ?5%)3)

0, otherwise

where £ is the subcarrier index (0 <k<N,,,;— 1), N,sq 1 the number of used subcarriers, N, is a number
of transmit antennas, G(x) is the Golay sequence defined in Table 11 (0 <x <2047), fft is the FFT size
used, u is a shift value (0 <u < 127), where the actual value of u is derived from u = mod (BSID, 128), off-
setp(fft) is an FFT size specific offset as defined in Table 12, g is a ABS transmit antenna index, N; is num-
ber of ABS transmit antennas, parameter s = 0, for k< (N,,,;,—1)/2 and s =1, for k> (N0 - 1) /2.

Example of physical structure of MIMO midamble is shown in Figure 40 for 4TX antenna and BSID = 0.

Ol 90000000 ¢ | 00000000l ¢ | 00000000

15t subband

L0 | 00000006 ¢ | 00000006l ¢ | 6000000

2"d subband

L O | 00000000 ¢ | 00000000 ¢ [ 00000000

3" subband

% 15t TX antenna @ 3™ TX antenna O Null subcarrier

Q 2" TX antenna . 4th TX antenna

Figure 16—MIMO midamble physical structure for 4TX antennas and BSID=0

MIMO midamble shall be transmitted with boosting of 2dB.

Table 11—Golay sequence of length 2048 bits

O0xEDE2 0xED1D O0xEDE2 0x12E2 O0xEDE2 0xED1D 0x121D 0xED1D O0xEDE2 0xED1D O0xEDE2 O0x12E2

0x121D 0x12E2 O0xEDE2 0x12E2 O0xEDE2 0xED1D 0xEDE2 0x12E2 0xEDE2 0xED1D 0x121D 0xED1D
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Table 11—Golay sequence of length 2048 bits

0x121D 0x12E2 0x121D 0xED1D 0xEDE2 0xED1D 0x121D 0xED1D 0xEDE2 0xED1D 0xEDE2 0x12E2
O0xEDE2 0xED1D 0x121D 0xED1D O0xEDE2 0xED1D 0xEDE2 0x12E2 0x121D 0x12E2 0xEDE2 0x12E2
0x121D 0x12E2 0x121D 0xED1D 0x121D 0x12E2 O0xEDE2 0x12E2 OxEDE2 0xED1D OxEDE2 0x12E2
0x121D 0x12E2 0xEDE2 0x12E2 0xEDE2 0xED1D 0xEDE2 0x12E2 0xEDE2 0xED1D 0x121D 0xED1D
O0xEDE2 0xED1D O0xEDE2 0x12E2 0x121D 0x12E2 0xEDE2 0x12E2 0xEDE2 0xED1D O0xEDE2 0x12E2
0xEDE2 0xED1D 0x121D 0xED1D 0x121D 0x12E2 0x121D 0xED1D 0xEDE2 0xED1D 0x121D 0xED1D
0x121D 0x12E2 0x121D 0xED1D 0x121D 0x12E2 0xEDE2 0x12E2 0x121D 0x12E2 0x121D 0xED1D
0xEDE2 0xED1D 0x121D 0xED1D O0xEDE2 0xED1D O0xEDE2 0x12E2 0xEDE2 0xED1D 0x121D 0xED1D
0x121D 0x12E2 0x121D 0xED1D 0xEDE2 0xED1D 0x121D 0xED1D

Table 12—Offsets in the Golay sequence

FFT Size Offset
2048 30
1024 60
512 40

3.3.1.5 Downlink physical structure for multicarrier support

Guard subcarriers between carriers form integer multiples of PRUs. The structure of guard PRU is the same
as the structure defined in 3.3.1.1 and 3.3.1.4. The guard PRUs are used as miniband CRUs at partition FPO
for data transmission only. The number of useable guard subcarriers is predefined and should be known to
both AMS and ABS based on carrier bandwidth.

3.3.2 Downlink control structure
3.3.2.1 Advanced Preamble

There are two types of Advanced Preamble (A-Preamble): primary advanced preamble (PA-Preamble) and
secondary advanced preamble (SA-Preamble). One PA-Preamble symbol and three SA-Preamble symbols
exist within the superframe. The location of the A-Preamble symbol is specified as the first symbol of frame.
PA-Preamble is located at the first symbol of second frame in a superframe while SA-Preamble is located at
the first symbol of remaining three frames. Figure 17 depicts the location of A-Preamble symbols.
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Superframe: 20ms

»
hl P

SUo Su1 Su2

Frame: 5ms

AN\

FO F1 F2 F3

Superframe Header

 E—

PA-Preamble SA-Preamble

AN\
),

Figure 17—Location of the A-Preamble

3.3.2.1.1 Primary advanced preamble (PA-Preamble)

The length of sequence for PA-Preamble is 216 regardless of the FFT size. PA-Preamble carries the infor-
mation of system bandwidth and carrier configuration. When the subcarrier index 256 is reserved for DC,
the allocation of subcarriers is accomplished by Equation (26):

PAPreambleCarrierSet = 2 - k+41 (26)

where
PAPreambleCarrierSet specifies all subcarriers allocated to the PA-Preamble, and

k is a running index 0 to 215.

Figure 18 depicts the symbol structure of the PA-Preamble in the frequency domain.

41 43 45 253 255 DC 257 259 467 469 471

T PAPreambleCarrierSet

Figure 18—PA-Preamble symbol structure
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In Table 13 the sequence of the PA-Preamble is defined in a hexadecimal format. The defined series is
mapped onto subcarriers in ascending order. The value of the series is obtained by converting the series to a
binary series and starting the series from the MSB up to 216 bits (0 mapped to +1 and 1 mapped to -1).

Table 13—PA-Preamble series

Index Carrier BW Series to modulate

0 5 MHz 6DB4F3B16BCE59166C9CEF7C3C8C
ASEDFC16A9DIDCO1F2AE6AAOQ8F

1 7,8.75and | 1799628F3B9F8F3B22C1BA19EAF94

10 MHz FEC4D37DEE97E027750D298AC

2 20 MHz 92161C7C19BB2FCOADESCEF3543A
C1B6CE6BE1ICSDCABDDD319EAF7

3 Reserved 6DE116E665C395ADC70A8971690862
0868 A60340BF35ED547F8281

4 Reserved BCFDF60DFAD6B027E4C39DB20D78
3C9F467155179CBA31115E2D04

Fully configured

5 Reserved 7EF1379553F9641 EE6ECDBF5F 14428
TE329606C616292A3C77F928

6 Reserved 8A9CA262B8B3D37E3158A3B17BFA
4C9FCFF4D396D2A93DE65AOE7C

7 Reserved | DASCE648727E4282780384AB53CEE
BD1CBF79E0C5DA7BA85DD3749

8 Reserved 3A65D1E6042ES8BSAADC701E210B5
B4B650B6AB31F7A918893FB04A

9 Reserved | D46CF86FE51B56B2CAA84F26F6F20

4428C1BD23F3D888737A0851C

10 Partially configured N/A 640267A0CODF11E475066F1610954B5
AESSE189EA7E72EFDS57240F

The magnitude boosting levels for different FFT size are shown in Table 14.

Table 14—PA-Preamble boosting levels

512 1k 2k

2.3999 3.4143 5.1320

For 512-FFT, the boosted PA-Preamble at k™ subcarrier can be written as
¢, = 23999 - b,

where b represents the PA-Preamble before boosting (+1 or - 1).
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In the case where advanced air interface supports the WirelessMAN-OFDMA MSs in mixed mode, the PA-
Preamble symbol with a different time domain waveform from the WirelessMAN-OFDMA preamble
should be transmitted by offset of an integer number of subframes, TqgrpggT as shown in Figure 19

Superframe: 20ms

A
v

5ms e 5ms
| % §
Disjoint intervals in the
frequency allocation

RUEARRRRE AT A ARAN PR

\ &
i/

N LWARNEAYANEAYAY AANA N N
Allocation interval of PA-Preamble: 2 subcarriers Allocation interval for WirelessMAN OFDMA: 3 subcarriers
WirelessMAN-OFDMA Preamble PA-Preamble § SA-Preamble
N\

Figure 19—A-Preamble transmission structure supporting WirelessMAN-OFDMA

3.3.2.1.2 Secondary advanced preamble (SA-Preamble)

The Ng,p, the lengths of sequences for SA-Preamble are 144, 288, and 576 for 512-FFT, 1024-FFT, and
2048-FFT, respectively. The allocation of subcarriers is accomplished by Equation (27), when the subcarrier
indexes 256, 512, and 1024 are reserved for DC for 512-FFT, 1024-FFT, and 2024-FFT, respectively.

N
SAPreambleCarrierSet, = n+3 - k+40 - 24+ 2-k (27)
144 | Ng,p

where
SAPreambleCarrierSet,, specifies all subcarriers allocated to the specific SA-Preamble,
n is the index of the SA-Preamble carrier-set 0, 1 and 2 representing segment ID,

k is a running index 0 to Ngyp - 1 for each FFT sizes.
No circular shift which will be defined later is assumed.

Each segment uses an SA-Preamble composed of a carrier-set out of the three available carrier-sets in the
following manner:

Segment 0 uses SA-Preamble carrier-set 0.
Segment 1 uses SA-Preamble carrier-set 1.

Segment 2 uses SA-Preamble carrier-set 2.
Each cell ID has an integer value IDcell from 0 to 767. The IDcell is defined by segment index and an index

per segment as follows:
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IDcell = 256n + Idx

where
n is the index of the SA-Preamble carrier-set 0, 1 and 2 representing segment 1D,

Idx = 2mod(q, 128) + | ¢/128 ], ¢ is a running index 0 to 255.

SA-Preamble sequences are partitioned and each partition is dedicated to specific base station type like mac-
rocell ABS, Macro Hotzone ABS, Femto ABS. The base station types are categorized into macro ABS and
non-macro ABS cells by hard partition with [TBD] sequences dedicated for macro ABS. The non-macro
ABS information is broadcasted in a hierarchical structure, which composes of S-SFH SP3 and AAI SCD
message. In S-SFH SP3, non-macro ABS cell type is partitioned as public and CSG femto base stations. The
AAI SCD message provides finer partition information. The non-macro ABS base stations can be further
categorized different types, such as: hotzone, relay, OSG and etc. The CSG femto base stations can be fur-
ther categorized, such as: CSG-closed and CSG-open.

For the support of femtocell deployment, a Femto ABS should self-configure the segment or subcarrier set
for SA-Preamble transmission based on the segment information of the overlay macrocell BS for minimized
interference to macrocell if the Femto ABS is synchronized to macrocell BSs. The segment information of
the overlay macrocell BS may be obtained by communications with macrocell BS through backbone net-
work or active scanning of SA-Preamble transmitted by macrocell BS.

For 512-FFT size, the 144-bit SA-Preamble sequence is divided into 8 main sub-blocks, namely, A, B, C, D,
E, F, G, and H. The length of each sub-block is 18 bits. Each segment ID has different sequence sub-blocks.
Table 17 to Table 19 depict the 8 sub-blocks of each segment ID where LSB 36 bits are used to represent the
QPSK sequence {+1, +j, -1, -j} of each sub-block. The sequences for each sub-block for each segment are
represented by QPSK manner. Table 17, Table 18, and Table 19 include 128 sequences indexed by ¢ from 0
to 127 in a hexadecimal format for segmentO, segmentl, and segment2, respectively. The modulation
sequence is obtained by converting a hexadecimal X9 of a sub-block into two QPSK symbols vy,
and v(zqi)+ 1 ,wherei=0,1,...,7, 8. The converting equations are as follows:

v = exp(jg(Z-b(f)o w1 )
V9 = exp(jg(z-b(ff)z +b(i?% ))
where X' = 2°. b(,:f]()) +2%. b(zq{ +2". b(zq% +2°. bg,qs)

The other 128 sequences indexed by ¢ from 128 to 255 can be obtained by the following equa-
tions: 60 — ((1-128) , where ¢ = 128, 129, ..., 254,255

For 512-FFT size, A, B, C, D, E, F, G, and H are modulated and mapped sequentially in ascending order
onto the circular-shifted SA-Preamble subcarrier-set corresponding to segment ID, as shown in Figure 20.
For higher FFT sizes, the basic sub-blocks (A,B,C,D, E, F, G, H) are repeated in the same order. For
instance in 1024-FFT size, E, F, G, H, A, B, C, D, E, F, G, H, A, B, C, D are modulated and mapped sequen-
tially in ascending order onto the circular-shifted SA-Preamble subcarrier-set corresponding to segment ID.

38
Copyright © 2009 IEEE. All rights reserved.



O 001N WU A W

IEEE 802.16m-09/0047
September 23, 2009

DC

| EFGH | ‘ ABCD ‘ ‘ EFGH ‘ ‘ ABCD m EFGH ‘ ‘ ABCD ‘ | EFGH | ‘ ABCD ‘

512 FFT

1024 FFT

A
A 4

2048 FFT

Figure 20—Allocation of sequence sub-blocks for each FFT
A circular shift is applied to over 3 consecutive sub-carriers after applying subcarrier mapping based on
Equation (27). Each subblock has common offset. The circular shift pattern for each subblock is:
[2,1,0...,2,1,0,...,2,1,0,2,1,0, DC, 1,0,2,1,0,2,...,1,0,2,...,1,0,2],
where the shift is circularly right shift.
For 512-FFT size, the sub-blocks (A, B, C, D, E, F, G, H) experience the following right circular shift

(0,2,1,0,1,0,2, 1) respectively. Figure 21 depicts the symbol structure of SA-Preamble in the frequency
domain for 512-FFT.

it m‘mw i i @mﬂ i
1 1t Tﬁﬁ i i T’T i it mj i1 i

Figure 21—SA-Preamble symbol structure for 512-FFT

For multiple antenna systems, the SA-Preamble blocks or sub-blocks are interleaved on the number of
antennas as follows. For 512-FFT size, Figure 22 depicts the SA-Preamble allocation for 1, 2, 4 and 8 anten-
nas.
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,_‘ABCD‘ ‘E FGH‘_‘
1 antenna P

2 antennas
l—lBl_lD ’_lFl_lHl_‘

4 antennas l_l
c [ 1 G | 1

|
:

8 antennas: Each antenna sends one sub-block {A,B,C,D,E,F,G,H}

Figure 22—Multi antenna example for 512-FFT

IEEE 802.16m-09/0047

For 1024-FFT size, Figure 23depicts the SA-Preamble allocation for 1, 2, 4, and 8 antennas.

l_‘EFGHABCD‘ |EFGHABCD|_‘

1 antenna

2 antennas

4 antennas

8 antennas

l_‘EFGHABCD‘I

]
|EFGHABCD|_‘

=L 4] .

Similarly, each four blocks of the 4-antenna case is transmitted using
two antennas in the 8-antenna case using interleaved structure

Figure 23—Multi-antenna example for 1024-FFT
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For the 2048-FFT, Figure 24 depicts the SA-Preamble allocation for 1, 2, and 4 antennas.

1 antenna EFGHABCD‘EFGHABCD‘ ‘EFGHABCD‘EFGHABCD

EFGHABCD
2 antennas IEFGHABCD

EFGHABCDI I
EFGHABCD

[ ]

EFGHABCDI I
I IEFGHABCD

4 antennas
| EFGHABCDI |
IEFGHABCD

8 antennas: Each block {E,F,G,H,A,B,C,D} in the above 4-antenna scenario is interleaved across
two antennas where [E,0,G,0,A,0,C,0] is transmitted via the first antenna and
[0,F,0,H,0,B,0,D] is transmitted via the second antenna.

Figure 24—Multi-antenna example for 2048-FFT

Let “block” denote 8 consecutive sub-blocks {E, F, G, H, A, B, C, D}. The algorithm to assign the preamble
blocks to multiple transmit antennas where the number of antennas is power of 2 can be described as fol-
lows. Let:

N;: number of transmit antennas,

N, total number of blocks,

Nj: total number of sub-blocks; N, = 8*N,,

Ny number of blocks per antenna; N, = Np/N,, and

N, number of sub-blocks per antenna; Ny; = NJ/N,

If (Ny,>=1)
Distribute consecutive blocks across the N, antennas
For a given antenna, a block is repeated with period N,
Block position of the antennat=¢+p * N, where t=0,1, ..., N-1,p=0, 1, ..., Np-1
Else
If (Vy, = 4)
Interleave the 8 sub-blocks {E,F,G,H,A,B,C,D} across each 2 consecutive antennas
Block [E,0,G,0,A,0,C,0] is sent from antenna i at block position: floor(i/2)

Block [0,F,0,H,0,B,0,D] is sent from antenna i+1 at block position: floor((i+1)/2), where
i=0 for 512-FFT. i=0,2 for 1024-FFT, and i = 0,2,4,6 for 2048-FFT

Else If (N, =2)
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Interleave the 8 sub-blocks {E,F,G,H,A,B,C,D} across each 4 consecutive antennas

Block [E,0,0,0,A,0,0,0] is sent from antenna i at block position: floor(i/4)

Block [0,0,G,0,0,0,C,0] is sent from antenna i+1 at block position: floor((i+1)/4)
Block [0,F,0,0,0,B,0,0] is sent from antenna i+2 at block position: floor((i+2)/4)

Block [0,0,0,H,0,0,0,D] is sent from antenna i+3 at block position: floor((i+3)/4), where
i=0 for 512-FFT and i = 0,2 for 1024-FFT

Else If (N, =1)

Interleave the 8 sub-blocks {E,F,G,H,A,B,C,D} across each 8 consecutive antennas, i.e.,
send 1 sub-block per antenna

Block [E,0,0,0,0,0,0,0] is sent from antenna i at block position: floor(i/8)

Block [0,F,0,0,0,0,0,0] is sent from antenna i+1 at block position: floor((i+1)/8)
Block [0,0,G,0,0,0,0,0] is sent from antenna i+2 at block position: floor((i+2)/8)
Block [0,0,0,H,0,0,0,0] is sent from antenna i+3 at block position: floor((i+3)/8)
Block [0,0,0,0,A,0,0,0] is sent from antenna i+4 at block position: floor((i+4)/8)
Block [0,0,0,0,0,B,0,0] is sent from antenna i+5 at block position: floor((i+5)/8)
Block [0,0,0,0,0,0,C,0] is sent from antenna i+6 at block position: floor((i+6)/8)
Block [0,0,0,0,0,0,0,D] is sent from antenna i+7 at block position: floor((i+7)/8), where

i=0 for 512-FFT.

Each time frame, the transmitted structures are rotated across the transmit antennas. For example, we con-
sider the 512-FFT system with 4 transmit antennas. At the fh frame, the preamble structure [A,0,0,0,E,0,0,0]
is sent via the first antenna, and structure [0,0,0,D,0,0,0,H] is sent via the fourth antenna. Hence, at the
(f-i—l)th frame, structure [0,0,0,D,0,0,0,H] is sent via the first antenna, while structure [A,0,0,0,E,0,0,0] is sent

via the second antenna.

The magnitude boosting levels for different FFT size and number of antennas are shown in Table 15.

Table 15—SA-Preamble boosting levels

Ant\FFT 512 1k 2k
1 1.87 1.75 1.73
2 2.51 2.33 243
4 4.38 3.56 3.98
8 8.67 6.25 5.13

For single-antenna case, the SA-Preamble is transmitted with a magnitude boost of 1.87. The boosted SA-

Preamble at k-th subcarrier can be written as:

¢, = 1.87-b,

where by, represents SA-Preamble before the boosting (+1, -1, +j or -j). The block cover sequence shall be
applied to each sub-block. Each bit {0, 1} of block cover sequence shown in Table 16 as a hexadecimal for-
mat is mapped to real number {+1, -1}, and then multiplied to all the sub-carriers in the corresponding sub-

block in the structure depicted in Figure 20.
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Table 16—SA-Preamble block cover sequence
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(FFT,number of antennas)\Segment ID 0 1 2

(512,1) 00 00 00

(512,2) 22 22 37

(512,4) 09 01 07

(512,8) 00 00 00

(1024,1) OFFF 555A 000F

(1024,2) 7373 3030 0000

(1024,4) 3333 2D2D 2727

(1024,8) OFOF 0404 0606

(2048,1) 08691485 1E862658 4D901481

(2048,2) TF55AA42 4216CC47 3A5A26D9

(2048,4) 6F73730E 1F30305A 77000013

(2048,8) 2F333319 0B2D2D03 0127271F

Table 17—SA Preamble for n = 0 (Segment 0)

Idx\blk A B C D E F G H
0 314C8648F 18BC23543 06361E654 27C552A2D 3ATC69ATT 011B29374 277D31A46 14B032757
1 281E84559 IAOCDDF7E | 2473A5D5B 2C6439AB8 1CA9304C1 0AC3BECDO 34122C7F5 25362F596
2 00538ACT77 38F9CBBC6 | o04pBCCB40 | 33CDC6E42 181114BE4 0766079FA 2DD2F5450 13E0508B2
3 3BE4056D1 207953467 OESFODEG6 03C9B2E7D 1857FD2E3 15A276D4F 210F282AF 27CE61310
4 3DBAAE3IE | 254AE8A85 168B63A64 0SFDF74FB 3948B6856 336560528 1799C9BAI 004E0B673
5 177CE8FBC 21CEETF09 397CD6551 01D4A1A10 1730F9049 067D8IEA9 3AC141077 3D7ADG8SS
6 3B78215A1 17F921D66 385006FDC 011432C9D 24EDI6EA6 0A54922F 1 02067E65D OFEC2128D
7 01FF4E172 2A704C742 3A58705E1 3F3F66CD2 07CA4C462 1854C8AA3 03F576092 06A989824
8 1ASB7278E 1630D0D82 3001EF613 34CCF51Al 2120C250A 06893FA2D 156073692 07178CFA7
9 032E31906 2DD318EAA | 1DES5BI4D OEF4B6FB3 27DED0610 1BC8440D3 OED86BFSD 14FAFDE2C
10 174725FFD 0D2FB1732 124470F56 292D9912B 1571408A7 227197AE9 2430BC576 0B67304E0
1 1IF1DCD669 293DD1701 0C34F1B84 28496EES1 3DC41327F 071C06523 28E1657B6 02588EFDA
12 22E4AA041 3810362F1 1955FIDE7 0D6D2FSBE 11F31358E 3EB27BBI2 IF4E60111 119BDA927
13 143008522 152E6D482 168DF6E43 0740B7AEQ 14FE7DCDD 0FA092626 23697615A IF1331EB8
43
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14 12C65EDO0O 317643CD7 2C637A415 15E3E5185 0F5CBBY9EO 23290B156 26F37EFE8 1AA174793
15 1DD6453F0 032C4BD39 082659BD5 320C5E691 224E555B2 3A9615A8D 1BED03424 28E6A9CED
16 068AE7EE9 16F724910 3803DD9BD 2A31A2FFB 010BF5237 33CBO67E6 0280C28B7 184417B9%4
17 1D651280A 2C7BCF443 17324EFB0O 236E5C411 381215183 2F076E64E 0A6F2EE74 3DA4196B7
18 27341650F 1B520099C 09AC91114 000A5F48B 30AB4B9B6 2D0DBODE6 1CF57978A 2D424406B
19 3A01E2FB2 0DF5B257B 019D1C63A 0EA7DCDDB 242D96605 2DAG675F15 1DEC54193 3B6341C16
20 2DDFAEBO05 21D0A1700 0FA09BB78 17DA7F8BB 06E883B3F 02E6B929B 2C1C413B4 030E46DD1
21 1B625E3F9 0F708F756 00CD97B18 3F036B4DF 2CF08C3ES5 213A5A681 14A298D91 3D2ED63BC
22 2DA48D5A9 0C085BD17 01903428A 3DF2A30D9 29061309A 16F7DC40E 2AF88AS83 27C1DASE9
23 30DBAC784 20C3B4C56 0F1538CB7 0DDE7E1BE 2C312903B 0FF21E6C2 032C15DE3 26C9A6BA4
24 3188E8100 385FEFE2D 3967B56C7 3F62D246B 1826A755E 2CDAB9SEA 2FAB77825 1B525FF88
25 339467175 2DE49506B 27B7282A9 0254470A3 3374310AF 2DF20FD64 3848A6806 11C183E49
26 02AFA38DC 0F2AFDDF4 1A05650E2 061439F88 11C275BEO 30C41DEC9 119E070E9 1E76542C1

27 1B364E155 086FF808C 29F1BA9DC 0A830C788 2E70D0B3A 34EA776B1 3D13615C0 15FC708D4
28 38ECFC198 07034E9B3 2340F86B3 07562464C 22823E455 1F68D29E9 257BB66C6 1083992F1

29 375C4F5AB 3COF5A212 0EA21BC30 13E8A26F2 17C039773 283AD6662 1F63AB833 2DE933CAF
30 2B773E3C5 3849BBE6C 1CAD2ESAB 0405FA1DE 1B27B4269 3B3BF258F 300E77286 39599C4B1
31 1E878F0BE 0AE5267EC 376F42154 1CD517CC2 302781C47 123FEC7EQ 16664D3D8 24B871A55
32 20E200C0A 1C94D2FF1 213F8F01B 369A536E0 161588399 29389C7FC 259855CAC 06025DCE2
33 28D2E001C 3C51C3727 106F37DOE 1FBOEFDD1 2CD9D33C3 1EA190527 0BB5A6F9E 074867D50
34 08EFC44B5 1B484EABE 05SFEB2DE2 211AF91B5 0CF52BI1E1 002B5C978 11D6E5138 0D402BDD2
35 337C618F4 0A4C31DDA 1D93003D6 006D7D088 348043A6D 325E05758 2C53EEEB8 15ED8SE614
36 38375C2FF 18C78FD02 30C11EF53 3916581DD 1B75263FF 2D8DFD6A9 00C4E8482 1D201F96A
37 2E10B0DO05 2EF203893 2491D95F1 34D995B51 32214BDF5 3E45674B1 3E74AC66E 1B813A999
38 153E7269D 2391C7BFC 1ADD3A595 0EFD3086E 00AD8BASE 0D8B007CA 0F22C5F9D 010E86385
39 3B58C7BFF 0BA76496E 3ADOB7BBF 1D6D10FB3 3A607BEFC 28F122A95 057950727 179449CB7
40 37AC5194A 390BD9C00 3A48C0461 12FBCE4C6 2A8DDA4171 10E9F1E34 251F5D167 1124E96B1
41 OFEF20C67 31EC9EA3F 275B31143 22DA4F02B 352C0F648 21FF5B9F3 3E5BC2372 0A1AEOSFE
42 080EDC49B 17AD7F7BA 390775B3C 1380BO0DA 2477FF17C 2E6D9ESAF 05381F2DD 26143CC17
43 2DB485795 1B3252799 39AD0211C 3AAE31B76 30532A187 1C8EASF5A 2EA6E4D6B 30570A2E4
44 11BB4F78A 12CCE1428 2C67EEF99 20E3F841A 20CFCD5F2 1618A7B9%4 111FF6092 2ED034E06
45 1C66335E5 0CA9B9BD2 3213028AE 15542DD28 290F7DAE2 2137F02D5 17DF9445D 24F162FFB
46 360FB966B 17D878955 1C1D67093 065B84F3A 1A1D955E3 24C73CI1E 270EA9EB2 114DCA02C
47 002CE84DD 0616DD253 3EB188345 1FF852926 37E160F00 040DF51EC 1857A33BA 230FDSAOD
48 233C0A71F 22E428104 0325F8170 39566B188 32DA16A4A 039FDFIDC 27A3E946C 0D69F26D9
49 0583F9F73 378380CB6 059D8A960 3E3442C7F 026138ADB 25F370F1E 09D3EB2CC 2D37D50C0
50 08DF9CC66 2C2E7AASF 3CB241ED2 03216B4D2 39736B451 25F6F113F 08FD2AC3C 1974574FD
51 3DIFF6041 2CE2AB97F 01A734F3B 1DCF9F3C5 268D595CA 1FBD2A8BS 0F1449F86 370C352FD
52 123218E40 3AA057589 20F73A16F 26E3BCASF 3A7330DC6 12C659384 39D99FF1B 276DFC540
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53 185AEDEA4 0418B3643 382F7700A 3FC35ED60 07BA2F838 1BC840C93 2469A41EC 0CE7B4CB0O
54 2E194E2BF 3302A0B28 1836001EE 154A4738A 36A3BBD72 23CCDOEBI1 044B3A13B 2B50C8057
55 0B76405D3 231AAAT728 0EEO5SE9B6 0093A21F2 2065A01D0 1F2B810D4 1082F3A73 1DAFEA492
56 07AD23A3A 2091957F1 3B9DSCBF0O 21E4160BE 1BFB25224 3D9085D16 03076DD39 1DBCF8D03
57 226D70EBF 3ED15246C 364130C46 22F6D4AA3 3FCC9A71B 3B9283111 0484F0E58 14574BD47
58 3F49B0987 305231FA6 0CF4F6788 3B9296AED 2346190C5 3365711F4 078900D4A 352686E95

59 1D62AC9A4 104EDDIF5 1BOE77300 1CED8E7F0 388E8002C 1FE6199F4 02239CB15 1FESD49A2
60 21314C269 28600D12A 22E4F1IBAA 044E211B1 O0DECFE1B4 3E5B208CC 1CFC91293 21E7A906B
61 02C029E33 1BASSBE4D 3742AE82F 21EF0810F 17D23F465 240446FB5 17CCES1D9 2COBOE252
62 16F9D2976 10185ECE6 2821673FD 02674271C 3A8A75B7C 226D4BFOF 2216004E5 0E8605674

63 06E4CB337 32A31755D 062BE7F99 1417A922D 2271CO7E5 24D6111FA 3F2639C75 0CE2BB3A0
64 18D 139446 2426B2EAS8 352F18410 1133C535E 10CC1A28F 1A8B54749 22A54A6F4 2F1920F40

65 22443017D 2265A18F5 14E1DAE70 11AC6EAT9 31A740502 3B14311E7 3AA31686D 26A3A961C
66 2018F4CA9 3A0129A26 39BDA332E 1941B7B49 03BBCEODS 20E65BD62 2E4A6EE6C 3B095CCB3
67 0CC97E07D 11371E5FF 31DFF2F50 17D46E889 352B75BEA 1F1529893 21E6F4950 1BD034D98
68 275B00B72 125FOFE20 0FB6DEO016 0C2E8C780 3026E5719 119910F5F 3B647515B 1D49FED6F
69 250616E04 0882F53BF 11518A028 3E9C4149D 09F72A7FB 0CC6F4F74 2838C3FD1 08E87689B
70 212957CC2 03DD3475B 044836A0B 2463B52C0 0342FB4B0 34AD95E9B 2936E2045 3B0592D99
71 2922BD856 22E06C30C 390070AED 09D6DCS54F 3485FA515 064D60376 07E8288B3 3DD3141BF
72 29CB07995 007EE4B8B 16E787603 07C219E93 1031B93DD 23DEFF60B 30F1D7F67 0EFE02882
73 11F3A0A2F 38C598A57 3FE72D35B 1F655E0D1 0B3AC0D92 3430DDBIA 3BAADBF42 02D6124C0
74 05FC8085D 345A5C470 07DAAEIE9 0D7150B88 25D2A5B10 16F8E5021 3240EFC71 0F0F5922D
75 399F32F6E 2EEB17A8E 0D61665D0 2138EE96F 3F8119063 01B5048F7 27075153D 265DF8280

76 3962CC581 2337D2983 286FD7BBA 185126E0E 1F95AD927 OF7EBC374 1E3A4B6FF 20CA9B9BD
77 1C85CI13AF 290C37167 1FDD26ESF 0C38736B8 0174DB972 0A921E3CC 097557C9D 09452C1E6

78 2D48D6C00 2D9BC8DFE 10FF1E128 25C96BA85 0FB071B8E 0F09B3C9C 1A3E11441 38EDDAO0O3D
79 396B88B2F 0029F4BDB 30D098CAD 0D54D12CB 1D0823F55 2DC53B9AA 11BCF7438 33F6EC091

80 21E03CD65 1A2FE5B92 2851F8445 0251E386C 1468950D8 1A8B39748 001B42236 26CD82DAS
81 2CEA1E6BB 006C97E74 00C2B887D 23461AF95 0E9CB2BD2 0BOEA3022 1FB56A7A3 25ATFA625
82 208FC2A1F 381C5733A 03F11D7E3 07ED6A7B7 1FEC85E09 3D61E0440 356F4B1C3 3756E5042

83 2061E47F0 22EAA0AD3 24796BB65 03C59B4D8 32A75E105 22155381B 23E5F041C 155D2D7F9
84 381AFFB73 212B5E400 1F1FE108E 04BF2C90D 3C1A949D9 2854A9B45 001B09322 3A9372CC1
85 058B23433 0904C6684 158CADBYE 11BA4B978 1854368F4 1919ECEA7 147F1FD34 2E228AA3C
86 34857F3DB 2CB44F7BF 111A065D3 IBEAB392E 27F081ED8 3E67D1186 0F6265AC5 27716FAF9

87 38EBB8BF1 32ED6E78F 2B0BA4966 2188282AA 00D49B758 1765BA752 2B50AFDCC 068C82450

88 234F0B406 02FB239CD 15AD61139 2250A5A05 1CD8117E0 0D849163F 268C7A5A6 22A802020

89 2DOFE8D16 0C14E3771 07DES5320C 0640C2762 1CBD9FF4E 37A91986D 2024DA401 164D4A84C
90 3225B4D60 3013B75F2 2A77AE5CS 2C25377EE 03C8DF835 346E80FCB 116B79FAS5 356D2B604
91 0D55231FD 247907F31 0CFA0B049 36D069A95 10D4CDE71 1A32544D7 38336885F 173ECCO08D
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92 207420EAC 26FCFE182 3FE7B31C6 15B320E13 187AA34A8 1B52253BF 1FA16669D 3725A81A5
93 3C9C7404A 092B77FEB 3B9865B46 349456F61 39B7C6A66 3075EC990 01BE637DF 330897B17
94 1CA4C048D 2B4D50621 2BF917627 3EA2CCSElL 33ECOAIE3 0SFEOF747 349553D72 396077301
95 04CEC1C82 1F828DD00 30122C790 1AD8A7895 1CE0912C0 298382F37 2D4D33F06 001364B36
96 37F8BB035 2F0897994 333F5F096 0F28AB363 20036829F 338017E2D 3A5A05D76 0CCO02E5E0
97 02FD351E6 03E316288 2FCAEB4F8 1C5A80CE3 3D3AC3FDD 3E456746D 119A5381F 1581C894E
98 1623B3DOF 103224DB0 0FB936BC8 2EED7F082 26C91513A 2F12E4C31 290F3AEF2 392CBFF67
99 02F75DESF 2E61A834D 02A692866 1F21044A3 2D7881A95 18651EE05 11FE3D308 39EED56DA
100 3A858659E 2F7A87BEO 135FD561D 27B3B651A 05E131CB9 0D5865123 2CD6991ES 3EE6DF705
101 3F3B247E1 32D02B245 16B98A593 1E4CCFF18 0C4A9D285 06D519FE2 023A336CD 1B20E999E
102 3A9E8B49B 239656AD1 3396D1C51 06F4DCF40 15D819D3F 2A3061144 20BD2A33E 2FFB139CD
103 38622F3AF 24BF9BB7F 1D2729010 15877B93A 00376B0OE7 0FF064887 3505CFD9B 354C366B6
104 2A0AB7033 1AFA65DEI 1198DOAD6 38E80C86A 27693D541 3BB26F3D4 39154881C 0E7DD6B6B
105 1BODE4333 27FEOF6D1 0F00B2888 0BDA322FF 2759B5A4F 0543A2D27 0C36DDIES 04E9A262D
106 1C7E636BF 000E9C271 2B44F4F30 28255BF77 1CC4D69CE 03F4C57B2 3E926D59B 00AA39BDB
107 1FDE98AEQ 0CD076B07 171124FB5 33F098288 1E0B3043E 39731D117 3E7ABC2C8 19CC50279
108 28EE855ED 2A704C371 03288F4B0 3C83E26C2 0A905148B 18C66BBY9%4 1BCC32537 10D71AB44
109 26238A065 0FBD7BCDD 02507CF76 059F69484 3FEOD6F77 2466A50DB 3C07A75B2 2DCOF099E
110 3CDCD6CBE 1446783DA 1626C83F9 2FD4C4DF3 13A59A2D1 2C903D2A3 0FD37F076 0B1039EDD
111 043B07DD7 28D9C2155 2CCEF57A8 34254C1B7 09B933B2F 1FA410127 10BD5SE9E6 010EC6389
112 345E8FCAC 226BD7EFA 27341A51C 23854F031 04C297212 044DEDSES8 319B3BFBS8 37DBBBF57
113 16FBEFA72 1B5EF9484 2DEE7A5BF 097695C12 08AEADSES8 3DA7C1327 2B81F3E2D 31AFBED32
114 3484086B1 2DFA56B9E 226E8AFES 285F45484 3E69ACSE1 1CB33645F 2DE53BC30 2F6EDS5S67E
115 1117BSE7D 122A4D471 1AC936544 267010D71 10428CA47 24B72A000 2E27FE185 1E62C1403
116 0B3161E37 038C3DC98 100793647 1A95D8D36 399668787 06C0D4922 25F48AA58 2DFFF1789
117 04FEF7231 381910B63 298783078 30CESECIC 29F6F299D 3C34CA770 37BAAB139 3D2069B65
118 18F644052 2051880EC 23ADBF949 04237280A 18304E663 287364EFF 314698D78 149A21E51
119 39E14BBCB 1DBDA9EF4 3ECCAD8D3 I1BA3EF99D 26D85CEBF 270547292 0FB3C7826 0131E73D6
120 2DD6F3F93 0FC282088 14A143DDD 0AB840813 0B973037C 29535C9AB 0DF8DA2AC 271CBC095
121 1C1D063F9 3F4EF6DCC 00128D932 145E31F97 0B21590D1 38F1602D8 3AC2EBB74 2320957C5
122 3383C846F 12128F29B 19985CE7D 2834CBBF2 1E1513B3D 364DB5800 33EE3F46C 01A865277
123 0129D260B 238A85BA0 2D81AA924 3917048B6 36F857692 1D2F813C3 0505FB48B 3DC438BC5
124 05EOF8BDC 3D978CIF1 266F83FCA 0E89D715A 01821DEA4 12D9AES517 22F8EAC2C 3C098DA58
125 1575D1CE9 26F291851 3A7BB6D2C 12CC21A3A 2975589B0 39CF607FF 388ABF183 3D3BAABOB
126 101ESEC7A 0B75BCF3B 13ED25A86 35FC032B6 2F6209FF0 13C7B2041 1F2791466 3A759A6C2
127 1EF89091A 11A653D2C 223FCI1F42 2F7B97B31 2CA4EEO11 00F68767D 10FE34682 018339212
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Idx\blk A B C D E F G H
0 20A601017 10D0A84DE 0A8C74995 07B9C4C42 23DB99BF9 12114A3F5 25341EDBO 362D37C00
1 1364F32EC 0C4648173 08C12DA0OC 19BD8D33A 3F5FODDA6 24F99C596 026976120 3B40418C7
2 1C6548078 0AO0DISF3C 0AC496588 38CBF2572 22D7DA300 1CCEAF135 356CAOCCF 093983370
3 03A8E3621 2D2042AF5 2AB5CC93B 05A0B2E2E 0B603CO09E 117AC5C94 2D9DEAS5SA0 0BDFF0OD89
4 07C4F8A63 3E6F78118 32CCD25F2 1792A7B61 0A8659788 1F9708C04 086AF6E64 040B9CD78
5 2D7EE485A 2C3347A25 3B98ES6AF 242706DC3 1CEF639AF 2E1BOD6A9 3E9F78BC1 0FB31275F
6 0307936D0 21CE15F03 392655B2D 17BE2DES53 3718F9ABS 01A986D24 077BDA4EB 1D670A3A6
7 05A10F7B7 31900ACEO0 28DCA8010 2D927ABES 370B33E05 31E57BCBE 030DCSFE1 093FDB77B
8 092C4FEDI1 268BF6E42 24576811F 09F2DAATF 24EFFC8BI1 21C205A90 1E7A58A84 048C453EB
9 29F162A99 1F739A8BF 09F684599 1BEC37264 38ED51986 286325300 344FC460A 3907B1161
10 0E4616304 0FABDCDO08 0F6D6BE23 1BOE7FEDD 0047DE6C2 36742C0C6 2D7ABB967 10D5481DF
11 32DD51790 237D6ACFA 2F691197A 16724EAS8 149143636 3810C6EE1 3A78B3FC6 1B1259333
12 1BBOFD4D3 235F10A55 1C7302A27 1148B18E5 04F25FBC8 2A0A8830C 3646DBES9 2F25F8C30
13 0FB38C45B 069DF29E9 00F93771B 3AA35746D 2CAF48FD0O 0A42CDD55 19A23CESF 26318A30F
14 365FBEDAC 27710945F 2AA367D61 05A484318 2563F27D9 2D37D5C00 287D18FBB 3ADB44805
15 3038BC77D 2A45D29EC 156173792 03EC7679E 07577E1A4 1B6A94A74 1D26E5A94 0FD878D5A
16 1F22158E4 3F02A1D37 2767ECO3F 1C8CD535A 23DA2ESAB 2D5F25A59 0971AA889 3E78C1846
17 16521E709 12C2DBSFE 3A596C221 1562D5C27 1D9E1F39A 345B96872 301C7894E 2797F032D
18 2EC951A24 1ED768F3F 11217930A 39DB44855 36E41B3FC OF6E48C44 36254C517 14493C673
19 3EA159E72 24ADE96FE 3458C73A6 30674E1FB 242109AF2 24DAF32B6 24B1EDFFE 291CB9D15
20 2ADOE6696 04F4077D9 1BB279A53 38957605B 379B7A6A0 0BAD35616 1285EAES] 37425C7FF
21 083637980 34F2ED66F 282846A88 19D5E40A6 21205942C 27AC551E9 0F3F4C262 0505FB522
22 3E7D64856 1DBOES99E 159120A4B 1FC788139 235C454FB 3CE5B67C8 339EADB32 0F9F7DDC1
23 3956371B8 1D67BE6GES 1EFCF7D53 041A5C363 2E281EB3F 00AFS8A1ED 2DE24AS6F 1332C0793
24 0818C47A9 1F945634B 1C5ED3403 1043B5BF4 149702D22 024CBB687 34B01FA8B 1E9F5992F
25 3A6618167 3A0007886 3EDB5756B 2F2FA6FCD 21A5252B8 396FFAD9D 05347B60C 2EOECA200
26 0D45F89A1 3F9C2C26E 1CBCF809E 3CBESFCDO 3D2DCF245 14F351A1E 224F5B3FF 2AA6ED34B
27 3BA85ADF8 282005732 3AD7C0223 2E73D1800 23DEA3F46 2275280F6 1586270F9 0CEF4287B
28 07DFE662E 314B74F2F 397BDDC4C 223A8071F 1F5BE3BB4 093BBI1F33 0FCA2D129 21B3526A9
29 39FEADCI12 0ECEICD67 206228FAA 38FCCA606 0CSEEEO8F 1C1BBDD4E 1459E42ED 11FD64ADF
30 2735FFB20 2AE9B244A 1A5AED974 38FCFD5CB 20310DB81 1CSFC3E24 19FB3BA17 3785BES865
31 24FF6B7EC 01C682673 19CB14113 2C8CD3C2A 066725853 02CD0A23B 279B54315 0CD571063
32 015E28584 30B497250 127E9B2E1 2C675E959 05F442DEE 394AEF6E2 079E5C840 12703D619
33 3CE4B1266 35270B10F 03549C4B3 3B3E6C375 IDBEF270E 0042C9737 049522EC6 24961653E
34 34176CD90 2B5E9EAEIL 1C95E3C2B 1EF541D4D 26D1450E6 3B9D895AB 1B0C84349 104B6B428
35 07A813421 2B39EAADC 33553571C 0F8046CDF 2CF6AT7F23 0AE3BES8C8 308BFF531 2DBCOF9E3
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36 168276972 2CF41744F 3CF2512E0 0F8B68ABC 2E609F6AF 04E03AC8C 0F9B66F49 3AFE28736
37 03456021F 1982574F3 0BB2B3F49 15A4A1CDE 15487D58E 2907C9ABB 15C0D2D73 28D8CFEC3
38 3D3FD677C 33AF2628F 3D217FDCF 30027E85F 0A463F23B 2F2AE8324 1D1E945E0 2EB355D28
39 3BCAF9076 3A7TD2FF70 3C541F38B 249BD8A9%4 287BC4833 141391EB7 05B6443D0 2FEACCSE7
40 275F118FA 3A96B346D 0C713CDE5 02F394A28 3EBB1D18D 1BE7A9FDD 223C53CA1l 2BF040F77
41 1161DE4F5 0544F9DB7 230847E45 322AF4E17 26944A0B4 3299F 1420 1C9405BSE 2DBABD4CE
42 33165C531 268FE9B9B 081A914B4 39100772B 27DBF03E9 3E3A18AB0O 13F2D2B83 2CEEES5FF4
43 275F97006 0A578F2EF 16CEE7ECS8 38A5B0084 00DC9A1F5 1B88CFA3D 0D8BOB8EF 29FC4CCF2
44 04BBE4F2C 1546C3988 237105A43 339042B36 3A5DEBE2B 1BD09449D 38EFF588B 1CDD3A6C0O
45 002E32D38 1E85D3125 3F51120D7 00420ED63 3384713AF 1D941BD34 2B39EA9CF 05B6D9E94
46 2B3100F7B 335EDB2E6 1AC8CS8EE4 337FF7139 0672D7995 38A54856E 0124753F2 3A3560851
47 046207CE9 OFE1BC312 09BA5B289 39376EF2B 33F826C2C 2F6531496 3933B8616 23125B50F
48 3E5849C45 01EEDB390 141D9A024 2DEO7E565 1813D12BB 36DB8D404 0E8A272AB 3A66B71AD
49 1A2A88A4C 3F0C9B4DB 266CFBDF9 163420CAS 281ABBE99 34771C295 3AC051848 3C53CB875
50 16F795184 3466F1FFA 1F433B456 1DDF13810 25F58CF69 1DD6CFE4E 10A236FDF 12AE697ED
51 1C8D17F4F 07C43B7D1 1C8DAD395 28F6C112E 3A336ADB3 0EB6889AB 2783A6A1F 2CDA40458
52 16044624E 252AA04B2 11484E85C 07F5024B7 286E3A67F 2EE6BACE4 277F1F864 22F3CF57D
53 2D1A3F4CF OEEB6DEC1 30CD76F42 20403DIAC 3A72EF9D6 1DAAF2A39 03AB76CEO 0A2856267
54 0FA2A786B 38273EDF2 228A45016 0309DF52D 093BDAEDC 1B11E9300 1DA9C5324 03365EBIE
55 24DCFDC06 11CF909D6 2FF693F4C 366338F1F 22E641569 0ACA60D55 32D1B009E 035472E09
56 17F5D6662 062FCF913 35B211035 21ACE73FB 3B4148706 2D0CD106F 2CAB457A4 103E1E49B
57 21859E8DA 2F1E3B3D9 1F1014BE2 062A3DEBS5 354C0C786 05A8982D4 35A758943 346EBA72A
58 00CB49ESF 211B1034A 3A5D2DAF1 21D3F3EBO 24B2D1150 1097C3685 2AA3671CE 0E5DC1308
59 24C8401BE 217B1F99%4 1FB9664A8 3D5057708 05A506088 1314842B9 3C8657064 14B1FA77F
60 2AD698E2E 3C129D1F6 2C744FF4E 1C1C052F8 18C38A9FE 252168A10 2EB68D098 3A001CBD2
61 2AF71324C 2BF41D408 OFC498E18 149A1A407 0OFDC2C4A3 19D00C4A1 0F6BODD29 268CF8E86
62 19F4D82A5 342C73FD5 OF5SAEEDE7 21A2A8953 15ADB7A9%4 11DBE038D 0A5B6634A 0FA382B77
63 0A5985778 35AC3032D 35691C85D 2829D55EE 04A3FBD8C 2C85BFASE 0F459B864 3E878F0BC
64 10C785EBO 054D4CE18 1BF657A8E 101DC64EF 0B4E3032A 24ECFD9C2 00C98BEOA 2A1F82444
65 300E8B09C 31A079FB3 0C41DECSF 216CCFE4D 226C5A693 3C31A41DD 3A019974C 23B64EAFC
66 249BDCS80F 0316ED79E 1E42B5567 0CFF04A4B 310678543 34D986980 1E3195429 280966E65
67 359A72B64 186A3999D 065825DDF 2D28E6000 10964CI1E1 1468C970E 34C8B606A 33CC94DB1
68 370B29C05 12841A9E8 2147E7160 1835345EE 06DB43F37 33854A725 065E6614C 151E2D7B1
69 0EAADDB27 004EC6DDD 30AA39B8B 2AEB34AD4 2A13D6649 00EC67B83 1176417CE 0E3683151
70 0832BA87B 3B67515B9 0FD34BC87 1688F83CB 370B52AD5 3A2CD6F3F 3343BF461 37BD48546
71 16EA2751C 1799D9C42 24055CEC9 226A907D4 133C68F80 22CA03BF0 05F723395 2D35008AF
72 122A5C67D 3E46230BC 09F475BA9 15B4B6754 11DE75C50 28C17544F 1D85SFABSD 0D5AD9537
73 1C5497CD9 3D405F487 05535D737 06952087B 1C4744AF4 3E0EF881C 3CED3DIBB 1D91157CE
74 1D276153D 14604EA77 1661FB979 3BACSE9FB 089F41406 283154122 2AFDCES892 1FD5E0810
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75 2A620F4C2 0DE484180 2D05E6458 3E6D15A27 0A92FF0B7 2CBF7BF53 25A2F28FA 19A10CE02
76 3A77B1FBE 2B262F810 2BEEAOF46 39706BBA2 09257163F 1026D5D74 2E2483EBF 1D6527CIE
77 ODCIEBA02 383C59C77 28C7EDI115 06FED31D4 16F610DC3 000890B82 2FADI16A3A 35C9ADISF
78 3E5SCIEBE2 3C65A7691 2394005B6 251B1BB49 1F42BFA23 0E8608C07 24666F55C 11A5214DF
79 323E882C5 2DBFF5E13 3638BC43F 38CC5CBB5 1DBF783FB 0499418C7 2285E5A40 1A61DI17E7
80 1E508F19D 0CF345F97 0E5648601 0A0951DF3 1194EE717 0A6C0B374 03C4E19EC 06F725799
81 0B54F4AEF 186A 12343 04C4A60C6 27C2CCOE9 3973075A1 392CSEEB7 3933C99B1 005F98CB2
82 021B6635A 3764D0696 20942B266 0155C4EDD 3FDBF7497 37356D442 374F3DB06 2718357FE
83 120DF6F80 OE41F376A 03544C7B2 2D6795EFD 29E8811F1 1B3EFD388 01CA4C48D 2067E8033
84 07703D649 35221AB50 22141A0D7 268061A59 2D9192B05 3834711FF 3A07258C0 36253B5SAA
85 1C4A564C1 26804247A 16A4DB29D 0BEF93C88 37A3EAB6C 25547B136 3FC935878 250E3BF1C
86 17049BB43 0D6426761 2BF3A471E 1665820E9 14412A13D 30D5744B0 2ECESCAE6 01395189C
87 29615B890 0A2C5A664 216DA64F4 3D4AA9D2C 07B98342C 2603F0D76 0574BDFA8 3F9B35D5D
88 3A0414B22 0ABBESS85E 155C220E4 2D3B17AA6 3017E1B48 26508C6C8 3FF25EC63 240EFF072
89 2ACD8ICE3 0468D7943 2A4108121 1F2E8E67F 3AB446179 33325CA24 3006DD3AS5 1A33F3A2C
90 2B038BAF7 070660C4E 30953C7B7 3E7375D04 1D6A39944 001BE5C8D 199A89253 0A82087BB
91 03BF7C836 2CBF9FC48 38EAB1C98 11C303993 3D748807F 1EBD41D17 351085EF2 1C55B94D3
92 116EOBE61 17BC8C403 3IBDIEAA2 1CF87C049 2A41CC04D 3883EFECI 3971BBBE2 190CAE3B7
93 172799BB5 3301DB193 2480B569B 34DBEFE9C 003287827 38DAEAICB 0BOE25BB4 1972B37E3
94 3EF1F9EF4 189D8C3E0 1941998D3 259838BC9 28E545988 33BFC60D8 3572B10F3 197913B6B
95 24CF96D66 285347801 22BC70ESE 394231BCC 077583F4E 0364420AF 278FBF5CB 3850AFC8B
96 1B38C4A50 04439E0B5 3A7BEB18B 3003A36CD 329D5A2B6 1BB123AFA 049C2CC9%4 0F604D1DC
97 28D47EF33 24CF66B6B 24B716FA9 34ED7F6BB 186AE44B4 1380D0726 1CC51324E 16BA74F62
98 04422E60A 3424BA16C 3FF1B39DD 1A1E658F7 33457317D 14E822151 3ECO02F279 28593D11D
99 0F2DF0912 21BBFA838 32D634EBF 2061148FD 09A565B74 2BCE430B7 34DAAD9YFA 228ADAFES5
100 2D7EE0544 25D57B7CA OFADAF20D 19B4F6444 3A75DFICI1 0AD3EDD56 0A4D61EEA 28C1262A5
101 1B6AEE253 0BFE02772 24AB19547 186A377A5 03089B4E8 128955F60 3A8DA9ACS 2931648B3
102 21BE0200F 00F34B4F5 34FF3261B 1AOE27AED 0A821AEFB 21B0BA404 1C6A644A4 1734EBB33
103 201FBFD73 0592E9D86 053D87C9D 3CAFC7479 22F1BA3FA 3DB25DD15 31D468990 22FF2B539
104 06C77404E 18AE64252 3963D899A 37179C03C 0FD2E3D04 191E64DBB 380B841FB 368E1DEAA
105 3A561759B 156243DE8 04325D217 33993D0B0O 0CEAC2109 002242D1B 33C1D9F5E 1EC4195D3
106 17D7A9B74 1F44ABA75 17B572FE3 096008B9B 1F1IEO0AAE 05489F7A1 17A4C131D 1C018E923
107 0A4ACCEC8 1F294A30D 19CAEE64E 002787A1B 03EB3238D 27C10F626 1C9E656A0 3F73609F0
108 1EOE3C802 IB52D12AA 2F4E003B7 23BA7A6F1 3CAA0998A 32E96C916 168EFAIEE 28147EE33
109 1CEC9799E 215D9302B 176BB6639 003D5E371 12FE4ADB3 3106B64E2 001D9C28E 0F39059DC
110 31570792D 2260D7FEF 1AC830374 118FE7C78 08F982159 23BB2BI13A 2C7944305 376396F3C
111 2D340540B 272E94D06 097C70995 0E70DDADA 1DBD644ES 341A72A58 01CBF5334 2C7999AF9
112 3FF17764D 0701DFAD3 146BDBB97 229D2D7F0 03C5DA21D 3A5916EC7 2390AC01D 197D64233
113 3E9759D5A 00B237425 0B7E646B9 190CB4D16 2646AA1D4 1A373103D 337ESEFBI1 0199DE4A1
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114 3FD5ADESA 26B843860 0A2D0AA7B 3C351E07F 1B25376AE 05C553CDD 1DBC3F38D 019823A2A
115 30FF187B4 112F9D7A1 1AE977517 3760AF555 004F86368 3700975C2 0518029DE 032427D9B
116 3A86D49BB 057E649D8 2FDE33D7E 31254217C 30E05CEI12 10BCCI1CD7 1889C5139 38A163ECF
117 2610F5174 02A7ACB27 208B84FF0 14609CA80 0F3526318 38EBC7384 287CSTBAA 279661A9C
118 014F6D77B 1036B3D2C 294F1999A 33A059187 26CCE0507 180DF3129 00A6CAE22 2ACOF23A2
119 347C62997 1912A710D 2260C531F 2F54BBEBB 0A2D90305 1BBEE20E4 0AF79997E 2376F3D0OF
120 04484EB82 181977944 1C1CC2693 227ECABOF 23F32982B 19E2F290C 1BA2300F8 0EFB06247
121 0EC048ADS 3B2168495 34FC02DA1 2COCDEF52 0553CA222 25DFA4581 29CF66B6B 0AB9C21CD
122 2AF502148 3B00632F9 387CDC4BF 3F8BY9F716 19084CD65 0354918C7 39DIFDY9AA 0F5ABDB77
123 2C6E2557A 3E8A19D6B 3E6756A28 237E6E5BF 24CA57004 1D52401AD 0237F1D80 0FB2B335D
124 228F4B540 07532BF5D 101F67F52 29D8598EE 0421A0E23 2D89C2AFF 0963D2F3B 24C472A63
125 0CF3598E8 196A40BD2 00E63B26D 088AOBFCA 1C78E9016 03835236C 33071A836 3949DC586
126 3E815D747 1588D4E96 073C8D44A 303281AE4 095D31EC8 1F10F69DC 200F057D8 1F270128F
127 34F9ACB6B 384870FF1 257A863DE 34B36BA0OF 3FA3D216B 27425041B 0EODDOBAD 2E95AD35D
Table 19—SA Preamble for n = 2 (Segment 2)

Idx\blk A B C D E F G H

0 13F99ESEC 3CF776C2A 3300A482C 0B2BF4791 17BECDFE8 35998C6D4 05F8CB75C 259B90F0B
1 116913829 05188F2A4 2DB0ASDO0 2F770FE4A 185BESE33 0F039A076 212F3F82C 116635F29
2 004EE1EC6 18EF4FDD9 26C80900E 1A63FB8A7 1DAA917D4 0E6716114 02690646D 0CC94AD36
3 06D4FF377 2716E8AS54 16A1720C8 08750246F 393045CCB 1DBCCDE43 114A0CAD6 181690377
4 3DC4EF347 1F53452FC 01584B5D3 11D96034F 1FA62568E 11974FACA 191BE154D 397C9D440
5 05A1B6650 29835ADAD 2F6DDABE4 0976A607B 11BA92926 2456B1943 3E3FD608B 095E7584B
6 00CC66282 0560BE767 21EBAAT7C6 2DSE9ACE3 198 A9E285 05F3E73DD 13DA751A2 176B75E43
7 03DOSADCI1 2254606FC 3C695D892 1DASE0280 2CD4FF589 19B78A5A4 0CE67A7C6 12535A61C
8 0984647CF 0822BA46B 3EB2BC076 212596F54 11CC2E64E 120BADF9F 0DA72CEDE 30DOE106F
9 083CES5726 1FOSDA925 169D93EF6 1FCADF3D3 08ASCFOBC 317C8508F 19BDCCFE7 0FACE3631
10 27583A466 1CB1634D5 03C7849F7 38C6CEDO0 1161C173A 15A645D3E 281A7ED92 076ADA797
11 33BA1AESF 187F578EE 32473D69A 2458B703B 267E59071 0F317883B 3E7DEDBF1 3B9859BA7
12 0322609A3 20C4C957C 3FD638746 3FB716D79 36BDOCF1C 333B11B8F 0027ED1F2 3E7471BF3
13 3529922B1 OECECBE04 1980B9BY9E 38D60363F 18904BCED 108E3ESF1 34B95C446 338F51DAC
14 21FD50527 OEA2F7A31 1E294A159 114734A02 120B90BF3 3F3617C92 0129071E2 106640936
15 2B59354BB 275BF9761 39C6FF332 2004B3902 053F9DCBO 19D79A902 2B3125038 20649B43E
16 03A8A7A2B 091AE6721 18651FDYE 1F5415ECD 1B38EA62E 07FB0OF422 3EB58896B 077FE4C7C
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17 06A13CB38 340099B18 2AE6D6385 1669631F9 28E51A676 19A023391 261855F39 3E518FOBC
18 2A88F831B 09D295831 294C468DF 1477F0A13 37725C6EB 00E7DB222 27D610157 349A8FAB6
19 163E1C44D 3F98B6F4A 1805538DD 01EE3DB4A 22AA1797E 27568753E 16090F219 2C9838C01
20 34B0543DC 121BSEAS2 00873B4A0 220FE7C05 2EDBEAE34 1104BDB93 0711E8COE 0E1C107BD
21 226183AFF 15643DE71 04A4CDECB 2E67FDF8A 26D2A6D40 25E7695F1 1A99778F5 20FEOC1A3
22 OF7EAC09D 12BB72B2A 182E44301 2962EB85A 3477C1B69 3E3CF56F7 29C9D00C6 39788600C
23 31084BEBS 1DCY0E345 391736CC1 3C8292AE] 38A0D515C 3977012F6 25D1F6055 36A7D3F8B
24 229D3ABAC 1044BA0OSF 0C391B88A 0636A90A6 0B14322AB 21ADC33E4 2DCI1A3BFE 0D7FF6DI1F
25 33C85B393 37BFA31B6 134F872F0 0CSEA36E1 286956ED1 1632092FA 382B4BB10 23DC3EF14
26 38E8BIBF6 0AOCE666B 207D98054 23FF360AD 121BFDA4E 347D442FD 242922C07 23C6E4115
27 263EA8516 36138BD6A 0EDI9CSSE7 3F0937876 03232BC24 18ESFFF26 3530CF206 3981B7414
28 1D9AC2E79 051B220E9 3F3B09ECS8 0D3F6C366 0201A7CB9 3D5477092 22185FF9F 1C5AA5348
29 208D85694 22104E7C5 14BCFD3DD 3592DF665 1F4EC3265 24358076A 2D20A8000 017F2D489
30 36B3A9A2C 3FS8EOF162 13ACDCCF2 16951F727 271E73555 1B3EDCDE7 162B45352 1CAFA635A
31 2D30FE705 3EC9BFC8D 1B10F8349 34F973F31 1CA96A349 1A28B4543 1C5367CE6 2DFABOAE7
32 21D93EBSA 0E49D6211 3C6FCF774 09F44CACF 2D8CD2BEA 037DDAD3D 3BBD06D1D 39CBBY996F
33 159B1F948 0183E8DCD 3A484866C 21F8DF1AS 219A58193 2D1B3C399 2275F19BA 0EFF4C612
34 22EB93A82 15047E272 15428D77B 38FFC612E 20609BE54 3226C8254 3E5568DB2 159284EED
35 34529707C 2E84585F4 20DFFB4C5 28288AA00 10EFC1E07 3C4D211FC 379087C3F 25716A7DD
36 20106354F 22AEBYFD7 3A6BAC67D 3126294C6 O0FBC874AC 2DFES5675A 391BIDDAA 06BAA74D8
37 348F831C5 2E44BF3C2 3D9F6F454 20746A30E 08D183029 35C6BFEA7 2729B552B 263BB2EBD
38 202D7F08F ODBE1C144 132F4EC09 184CD9B93 2596F5884 2A55B8217 2BEAE02D8 235A19A43
39 2DDE3FF5F 23932555C 001ED92D7 22FCD3D60 2C0737593 0B27E62FF 0693CFBDC 284D5B33F
40 1DB9ABSES 2995EE0A1 1ACFE9892 0D41BCBY9D 2E3806507 25CCD5D60 3536DF04C 0BBOASE3B
41 3FFD4DD82 3E69CCICI 2BC30FB74 3462F70FC 164FAE762 09B83F8AD 1DF593F3C 2DB478034
42 16E24E9B6 0A9FCFBD2 3A018544C 1EDSE2855 0037681E4 05950E1F8 1107DA097 377A25C65
43 03C9318B8 0C70A7749 0D58708C2 0CA2808C4 219E02554 39315B2F2 2E089B0O0F 302E135C7
44 04DC211E8 1DD20A505 21A50649F 2CA438C04 39CADG66AE 2E1BD969F 002748760 069924211
45 2E84BCF09 226F5D43C 37BE7EB10 07CDC854A 06FB50D48 08966435B 01BASESD2 1D34057FA
46 2D8DFD565 0A30D633F 33F93B7C6 0B330E9D2 0E659B262 130669024 19A9D5F64 38059132D
47 17E4777AE 1308F9046 2F7C0483E 1859E0943 0982C9101 05453D92C 001F53877 388A571AB
48 00D29CC63 0A6D3BDED 1CA44D2AF 388C002CA 2A3D70EF7 2DD3F5A6F 39FEAF0B6 11DFE385F
49 3E3A6CEC4 122F5E8BE 360B96301 0632CF244 2E8985A9F 0FD256C87 0449C29D4 26B713C90
50 238150687 3D96F7F7B 0091E6D18 21802352A 02F7A466E 0A5BB6648 350DA85DB 1C97F4544
51 306BA76DE 379A88697 3FODA3I1E1 0EBF48C71 27F8A46EB 3F75A19F6 277002F97 275B43715
52 24D9%46CC1 38DF102DC 3EFEIF5B3 3C316E148 2735B20CF 0688E430F 0316DC923 24919BEA1
53 OEEAF72D2 3C7248573 1087A7BD6 08EDA9BF6 2B5D97BF4 26733DC60 1190D275B 2EC7ABD30
54 37C6AB63E 2FFC9C790 02CAA37A7 1B34A3F84 0022CDS5F6 3ECF891BF 193D545E2 0172C674E
55 0848A41C3 1D8150EE7 3D8AS8549A 2595F707B 00640B276 2D44EBDAE 1CAF37453 377EF590A
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56 16B7ASF7D 1FSAA7998 382300A8B 218916E53 19D00E728 1EDA11790 OBBDEF9C4 1DEB15796
57 3EFB3368D 392AA88AD 29CF3CACD 03F59EDSA 1042098CA 1721B8F3A 2B5DE9312 0CBSE6F23
58 1A8BOFBY9E 3FBC09C8B 3D7F3E248 034C9BCBS 1BDD89300 3392476C0 0C10AED4B 23BECA42A
59 0EBC749B6 33453C7F6 304735F5C 334628143 1DAF6E7A9 11BB9C393 226CSE4FF 170372039
60 3F9262CBC 0693308C8 21B563415 09BDCC403 0112C79D4 2DA9F1134 36AA1CD7D 3A1608BFC
61 218AC590E OFACC734D 02132C9A3 27087557E 076B3ECE7 2EA16BA3D 0E1D452F1 3F70B027A
62 004F9DC68 25BE3ADYC 2CBD3C07B 3F9DECD71 3E771EISA 11FF2F24D 2AEASDF67 1E838955D
63 3A04BC376 1D19254F1 00F92DD2B 3C57484F3 181D0973E 319F9CEEA 053ADEEDB 1A3C22150
64 0F78BA6BC 2DFEOE681 3035BD77D 0AOFFD148 275F50C66 2246E9053 27B2BF3E9 1741894F8
65 1ACCDOF79 22F0AEA4F 32796ADBS 134A4A876 183D989E3 204C4BF97 22300E86F 3F18744A3
66 3EB6E19EF 1B24EABSS 2E318F810 3F07B618E 26B4C0C87 31CC10EA8 169E1B650 017DFS8S8ED
67 2BDYESFED 0AB104122 30COD81A0 09EA73C7F 141357B1D 000A7DB48 1DD06FD41 0AFA8EF72
68 19CA5678F 28A89AA43 1DB945917 262AF69C3 3145A4473 3742CBFF5 1BCD965E9 1BOE7FC84
69 077838B25 2BF7032F8 23DC2E014 028544277 37B411B5F 392FF6CDC 1D66F2BE9 011372DA0
70 39596216C 05A651F63 183A6AE26 0DIFCA203 O0FF6F0D22 2FEB8364B 05A438ED8 32D045F13
71 3711AD513 290B237FF 20E2A9B26 0C72A0234 2F1ABBE93 19B505378 354ED915D 0C359F272
72 1D7786BA4 1CCDFO053A 36828B333 0ED27AFB6 241326FC4 1A9C37F8B 0A9C3C372 05937E898
73 1053B9CDB 040B97B1D 0D4FF481D 23AD465A8 2906EBDE2 0C4F6C09D 2189CSFEA 2D90D305A
74 39073122B 35FEAA236 1B38B7A90 2E02ABYF7 219FEEA0A 36B3B2EF8 39A3F4C8B 15A42C9DD
75 2C6326A9E 33F7536C1 2A120C75F 37030CAA0 3A011882C 098C8504E 3B92D756B 175811CF9
76 38A0F736B 2BD9E9C32 3B989715A 2A646ADF4 2D02FE38C 11AC7E9E6 3F5464862 0F382B0D8
77 26897D80C 145B21D3E 143F5E320 30549707E 28126710C 122CA92BE 3AF47270C 0B544128F
78 00E931208 2EIE75EAA 374C36ESF 21724DFC5 1DFCD2028 1B3FF774E 3A826A68B 1781CDCA4
79 0C3D7268D 0B7A26BF9 1587CE5CD 1DO4E1E60 36240C07D 1AC403449 0417F9622 02BOF8BED
80 1B569F488 08A3F3A46 377F03A18 2DE416045 1ED96E381 33F4F16DC 2C8DAAE4F 33E384AC7
81 13F709786 02A4E32CB 14C7F849E 09EA16987 06C849EA4 219E4B995 243CB7F07 253513BC6
82 09B83FDF2 119D60439 278290BFF 2483E6F2C 0EDEC175D 242A669C1 3EB639EF0 31EBB4CA0O
83 22CAEF0E4 0B2FCDEDO 19BA79607 343F81C7B 289AA213E 358 AC9FFA 23956ADALI 00BC725E7
84 1186F95E3 2F95F4048 3CFBF41E2 1D1E4BE9%6 26B38BA65 2F715E590 2235C0029 2C89AF93F
85 33437ED6C 12F14DB69 2E70F5611 183752704 142BC8B34 3B90ECD86 1C11EB493 1022D4782
86 248457F60 05B9A28AS 0A2A5DD56 16002D9E7 34C87FB16 2E32BAE0OC 21065BD64 1CCE92BB0
87 IDCE3941A 1D940ACE3 30D331B98 3D5A3BAB6 119791607 10FB0D788 2C78E9015 100B598E4
88 39C0BCS811 1B886594E 27AF50C73 2DCEAOSE6 080SEDCA9 3A5989B08 18AD24255 1683B7CF2
89 186A3D233 09E8BI9SDA 1ED9F3DBE 1B19A74F8 356CA7443 316C9FBE9 3F8A3162A 3A0BC1ICC
90 02F039B63 2F02D3E75 0F5BSE89E 3D062255C 222C6AA4E 25DEAO6FB 39488C071 139318BFB
91 27B5B6EES 22154E0BD 3FF7729F1 1052B1947 3D477BF2B 3EDB6745A 1B30CF849 030F84AF4
92 27B2D40BC 01EESE9B6 24BOACF84 3370F65E0 067D8DFA9 1C01B9327 26FF8FDB5 3809COCA6
93 11F581193 07B9B7A7D 1CA56B4A3 3D088CC6C 11D52C38A 344760F0A 3D3AA336D 0118CBD93
94 096990784 2960D1672 3BFD7D847 2BC297EEE 32168CF28 3912FFF6C 0SED9BABI1 34452C6E5
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Table 19—SA Preamble for n = 2 (Segment 2)

95 02CD48DC2 186403849 24C6EEIEA 12ED5268A 2718CO0E9 27E8F18CF 145913E2D 0B09009BB
96 06B97DD08 2880C9B96 37EB87E03 14C4EDO1D 17041E5DC 347A412CB 088CES591B 0BE926B22
97 116250DF7 1745B4329 1102B7093 1CA549C5A 25244AB6C 374E0F19B 274F76015 0FB738F16
98 12841B9E9 1F9C4AEEB 1445F0C98 39FFB6307 02AB688E7 OFD8B499E 28D533072 138F162EA
99 22BD9525E 2030E58C6 25F2CD033 157D93437 1442E92D2 3D6EE9DF3 3CA5B469D 0588A0FAE
100 OFDEC177D 2606157BE 2224E556C 0C6F33897 0F830DE1B 3C3F9C1D8 2AF576923 0D4173E27
101 376EF82C2 30E3C582E 0A82DE29A 1B8D454D9 079ACE6D9 2579984C6 392F28400 24CEAEDF1
102 1CD4AA9D2 1IDD6F4DAS 3485B7150 105DE02F9 22168E0FA 24F48AA6C 003771A39 306890843
103 1F8303786 2C981AAE4 0819F22E9 0A1D88D55 3B4C012FD 0214CDF52 19DF3BESF 02364E19A
104 1364A15C0 16E9F9961 17E598810 2654E5A2C 09B43C7C8 3ASE2AF45 14FC71E26 2B4BA69F4
105 12E128BEF 19166342E 04A1404B7 283D17B66 014836F64 13BEOB4B5 2F8583C08 2B19A7FB4
106 19F83FDE2 361D25170 36354011B 3FF4EC74B 1B2128FF9 0C849EB1B 096B991D8 1ICATAT4AA
107 32E0BEF35 11A61714D 34C56D40B 0742C52FE 00ED2F1C4 3997FC7B7 06E414374 180DCD64F
108 18399ED59 224E6C2FF 3450F1BB7 27A1CA959 21BSEO0F8 13B67DAES 0B14C022E 0E41BBEE2
109 318D94D05 2EBB53B17 331C3E6F4 0FBCD71ED 380FF18B8 3E3C75B26 0E0088A18 17553D2A2
110 37AC7ESDS 27C9EADFA 3FC47B5SE4 38699BB57 1564F8B27 3579C7FEB 13401BD88 0DB519DEO
111 O0FF4D6F22 3C84242F3 2DEAE40AD 305F320A5 244CB97B0 0892DA905 3F09D5CB5 332E7DB02
112 31479E580 1B6AD13E0 16A1CF9E2 33A0A119A 1AC8388E9 3D4105F37 226501835 27AF1310F
113 1CBDAFE39 3E5A30CIC 236E9A029 063430D97 0CD91A825 02F335D7E 1989FEOBE 13C4E2A20
114 10B393370 33CB79316 2CEB44FC0 236019420 248F95ACB 35034B6F0 365691771 34A8FBCB6
115 25463FCSF 082FCOED2 038ACEICC 3E959B49D 21B8CO04F5 08633F3A0 3A5DI18159 12B3EC4C7
116 167B32C3E 06FF88387 34C3F468B 3239005B2 121C913AF 21C90CE16 28B54D557 3811CBOA9
117 221BD0503 0AF619499 21F8D40C1 1B3DA7AEE 3FA2E3B05 348466C50 10F12A28D 0E70B26AB
118 1D79A57C5 315D2460F 1402B8222 28DC66FEA 1BCF748F9 2AD5D4227 0094D2CAD 25EA22A58
119 062B39CFB 310E8818D 0F2D0A235 3F6468866 33F86F342 39CABSBBC 2E7D6ASBF 3E9218162
120 2FCDEAOEO 1BDD766A4 2827B99BB 0B5F04CC9 1C9E02A9A 1A6675ED4 033497A06 07D4ADD44
121 3CD46CD9D 311A64A85 24DDFEGFF 3411C6FES 0D0613CDA 0E9276056 178 ACC4F8 23DEA3CBO0
122 2762D6A40 306FE3843 1402589C8 382B07654 160BA3DEA 3815B54C8 273960105 2076A15ES
123 1C593A744 1562487F6 0C38617B4 2CA68266A 071C4BF93 2593F0BDC 1562436E5 199BEEA49
124 35B8C7503 278F5TEAA 34A804061 19C657A74 385734710 3FAC27628 0707BED4E 32F20F45E
125 34994C46C 1C6B99499 1AF24D850 11AD795D3 19288BFE9 1360C1B96 3B5SD8DBCO 2554E72D6
126 22D7095A4 34B70502A 3F0CB27D2 04FC214E6 24C0B80CS 03D6F4DC8 1432A099E 26300D70E
127 21C33416F 18B894695 3AC062614 3537CF601 00A20A8B8 1CD10BAFS5 394DF1DCO 0925851ED

3.3.2.2 DL Control Channels

DL control channels convey information essential for system operation. Information on DL control channels
is transmitted hierarchically over different time scales from the superframe level to the subframe level.

In mixed mode operation (WirelessMAN-OFDMA/Advanced Air Interface), an AMS can access the system
without decoding WirelessMAN-OFDMA FCH and MAP messages.
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3.3.2.2.1 Superframe Header

The Superframe Header (SFH) carries essential system parameters and system configuration information.
The SFH is located in the first subframe within a superframe. The SFH uses the last 5 OFDM symbols
within the first subframe.

The PHY structure for resource allocation of the SFH is described in 3.3.1. The subframe where SFH is
located has one frequency partition.

All PRUs in the first subframe of a superframe have the 2 stream pilot pattern defined in 3.3.1 and are per-
muted to generate distributed LRUs. SHF occupies the first Nggy distributed LRUs in the subframe where
Ngpy is no more than 24. The remaining distributed LRUs in the subframe are used for other control and
data transmission.

The permutation and frequency partition of the SFH subframe can be described by DSAC = 0 (all miniband
without subband), DFPC = 0 (reuse 1 only), DCASsgso) = 0 (no subband CRU allocated), and DCASwmso = 0
(no miniband CRU allocated). Definitions of these parameters are given in 3.3.1.

The SFH is divided into two parts: Primary Superframe Header (P-SFH) and Secondary Superframe Header
(S-SFH).

Table 20 inludes the parameters and values for resource allocation of the SFH.

Table 20—Parameters and values for resource allocation of SFH

Parameters Description Value

Ngpy The number of distributed LRUs which are occupied TBD(<=24)
by SFH.
Note that NSFH = NP-SFH + NS—SFH

Np_srH The number of distributed LRUs which are occupied Fixed (value is TBD)
by P-SFH

Ng.spy The number of distributed LRUs which are occupied Variable according to the
by S-SFH type of S-SFH SP

3.3.2.2.1.1 Primary Superframe Header
The Primary Superframe Header (P-SFH) shall be transmitted in every superframe.

The first Np_gpy distributed LRUs of the first subframe are allocated for P-SFH transmission. Np_grz 1S a
fixed value.

3.3.2.2.1.2 Secondary Superframe Header
The Secondary Superframe Header (S-SFH) may be transmitted in every superframe

If the S-SFH is present, the S-SFH shall be mapped to the Ng gz distributed LRUs following the Np_ggy
distributed LRUs. The value of Ng gz is indicated in P-SFH IE.

The S-SFH can be repeated over two consecutive superframes.
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The information transmitted in S-SFH is divided into three sub-packets.
3.3.2.2.2 Advanced MAP (A-MAP)

The Advanced MAP (A-MAP) carries unicast service control information. Unicast service control informa-
tion consists of user-specific control information and non-user-specific control information. User-specific
control information is further divided into assignment information, HARQ feedback information, and power
control information, and they are transmitted in the assignment A-MAP, HARQ feedback A-MAP, and
power control A-MAP, respectively. All the A-MAPs share a region of physical resources called A-MAP
region.

A-MAP regions shall be present in all DL subframes. When default TTI is used, DL data allocations corre-
sponding to an A-MAP region occupy resources in the subframe where the A-MAP region is located

Figure 25 illustrates the location of A-MAP region in the TDD mode.

IA-MAP|A-MAP|A-MAP|A-MAP

DL | DL | DL | DL | UL | UL | UL | UL
SFO | SF1 | SF2 | SF3 | SF4 | SF5 | SF6 | SF7

TDD system with a 4:4 subframe DL:UL split

Figure 25—Example of locations of A-MAP location regions

If FFR is used in a DL subframe, both the reuse 1 partition and the highest-power reuse 3 partition may con-
tain an A-MAP region. In a DL subframe, non-user specific, HARQ feedback, and power control A-MAPs
are located in a frequency partition called the primary frequency partition. The primary frequency partition
can be either the reuse 1 partition or the highest-power reuse 3 partition, which is indicated by ABS through
SFH. Assignment A-MAP can be in the reuse 1 partition or the highest-power reuse 3 partition or both. The
number of assignment A-MAPs in each frequency partition is signaled through non-user specific A-MAP.

The structure of an A-MAP region is illustrated in the example in Figure 26. The resource occupied by each
A-MAP may vary depending on the system configuration and scheduler operation.

In DL subframes other than the first subframe of a superframe, an A-MAP region consists of the first
Na-map distributed LRUs in a frequency partition and the LRUs are formed from PRUs with N, symbols.
In the first DL subframe of a superframe, the A-MAP region consists of the first Ny _pap distributed LRUs
after Ny distributed LRUs occupied by SFH.
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» A-MAP region
4 " “3 Non user-specific A-MAP
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Figure 26—Structure of an A-MAP region

3.3.2.2.2.1 Non-user Specific A-MAP

Non-user-specific A-MAP consists of information that is not dedicated to a specific user or a specific group
of users. The AMS should firstly decode the non-user-specific A-MAP in the primary frequency partition to
obtain the information needed for decoding assignment A-MAPs and HF A-MAPS.

The resource occupied by non-user specific information is of fixed size.
3.3.2.2.2.2 Assignment A-MAP

Assignment A-MAP contains resource assignment information which is categorized into multiple types of
assignment A-MAP IEs. Each assignment A-MAP IE is coded separately and carries information for one or
a group of AMSs.

The minimum logical resource unit in the assignment A-MAP is called MLRU, consisting of Ny pyy = 56
data tones.

The assignment A-MAP IE shall be transmitted with one MLRU or multiple concatenated MLRUs in the A-
MAP region. The number of logically contiguous MLRUs is determined based on the assignment A-MAP
IE size and channel coding rate, where channel coding rate is selected based on AMS’ link condition.

Assignment A-MAP IEs are grouped together based on channel coding rate and A-MAP IE sizes. Assign-
ment A-MAP IEs in the same group are transmitted in the same frequency partition with the same channel
coding rate and contain the same A-MAP IE size. Each assignment A-MAP group contains several logically
contiguous MLRUs. The number of assignment A-MAP IEs in each assignment A-MAP group is signaled
through non-user specific A-MAP in the same subframe.

All the multicast assignment AMAP IEs, i.e., all the assignment AMAP IEs intended for more than a single
AMS, present in any assignment AMAP group, shall occupy a contiguous set of MLRUSs starting from the
beginning the assignment AMAP group. The DL/UL Group Resource Allocation A-MAP IE, and the DL/
UL Composite Persistent A-MAP IE are examples of multicast assignment A-MAP IEs.

All the unicast assignment A-MAP IEs intended for a particular AMS shall be transmitted in the same
assignment A-MAP group. The DL/UL Basic Assignment A-MAP IEs are an example of unicast assign-
ment A-MAP IEs.
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3.3.2.2.2.3 HARQ Feedback A-MAP

HARQ feedback AMAP carries HARQ ACK/NACK information for uplink data transmission.
3.3.2.2.2.4 Power Control A-MAP

Power Control A-MAP carries fast power control command to AMS.

3.3.2.3 Resource Mapping of DL Control Channels

3.3.2.3.1 Superframe Header

3.3.2.3.1.1 Primary Superframe Header

Figure 27 shows the physical processing block diagram for the P-SFH.

MIMO
Add wn| Channel q N a QPSK Map to
P-SFHIE ) CRC encoding »| Randomization P! modulator :Pg::de; » bk

Figure 27—Physical processing block diagram for the P-SFH
The P-SFH IE shall be appended with Ncgrc p.spn bits CRC followed by scrambling with a cell-specific
sequence. The cell-specific sequence is determined from the A-Preamble.
The resulting sequence of bits shall be encoded by the TBCC described in << 15.3.12.2>> with parameter
M = Npop o senKpupsize @04 Ky, = 4L, where L is the number of information bits and Ng,, p_gey is the
number of repetition for effective code rate of [1/16] or 1/24.

The encoded bit sequences shall be modulated using QPSK.

The modulated symbols shall be mapped to two transmission streams using SFBC for two antennas. The two
streams using SFBC may be precoded and mapped to more than two antennas described in section
<<15.3.7.1.1>>.

Antenna specific symbols at the output of the MIMO encoder/precoder shall be mapped to the resource ele-
ments described in section <<15.3.6.2.1.1>>.

3.3.2.3.1.2 Secondary Superframe Header

Figure 28 shows the physical processing block diagram for the S-SFH.

MIMO
Add n| Channel < L a| QPSK ' Map to
S-SFHIE —»  cre P cncoding »| Randomization P odulator > gp::c:ide; — s.sFH

Figure 28—Physical processing block diagram for the S-SFH
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The S-SFH IE shall be appended with a 16-bit CRC followed by scrambling with a cell-specific sequence.
The cell-specific sequence is determined from the A-Preamble.

The resulting sequence of bits shall be encoded by the TBCC described in << 15.3.12.2>> with parameter
M = Ngop s senKpupoize @04 Ky, = 4L, Where L is the number of information bits.

The value of Nge,, 5_gpy 1s indicated in P-SFH.
The encoded bit sequences shall be modulated using QPSK.

The modulated symbols shall be mapped to two transmission streams using SFBC for two antennas. The two
streams using SFBC may be precoded and mapped to more than two antennas.

Antenna specific symbols at the output of the MIMO encoder/precoder shall be mapped to the resource ele-
ments described in section <<15.3.6.2.1>>.

3.3.2.3.2 Advanced MAP (A-MAP)
SFBC with precoding shall be used for the A-MAP region.
3.3.2.3.2.1 Non-user Specific A-MAP

The coding chain for non-user-specific A-MAP-IE to A-A-MAP symbols is shown in Figure 29.

Non-user Channel QPSK MIMO Nsc;)r;;:?

specific B — i » ol » encoder/ —p AMAP

A-MAP encoding modulator preCOder -
symbols

Figure 29—Chain of non-user specific A-MAP-IE to A-A-MAP symbols

The non-user specific A-MAP IE is encoded by TBCC with parameter M = 3K}, 4., and K, 5., = 4L for 1/
12 code, where L is the number of information bits. In FFR configurations, the non-user specific A-MAP is
also encoded with a code rate of 1/12 when it is in the frequency reuse 1 partition. When the non-user spe-
cific A-MAP is in the power boosted frequency reuse 3 partition, it should be encoded with parameter
M = Ky, f3i-e = 4L for 1/4 code rate. The encoded sequence is modulated using QPSK.

For each Tx antenna, symbols at the output of MIMO encoder, denoted by Syys[0] to SyyslLyys-1], are
mapped to tone-pairs from RMP[0] to RMP[Lyy;s/2-1], where RMP is the renumbered A-MAP tone-pairs
described in 3.3.1.3.4 and LNUS is the number of tones required to transmit the non-user specific AMAP IE.

3.3.2.3.2.2 Assignment A-MAP

The Assignment A-MAP (A-A-MAP) shall include one or multiple A-A-MAP-IEs and each A-A-MAP-IE
is encoded separately. Figure 30 describes the procedure for constructing A-A-MAP symbols.
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MIMO
Add »| Channel < L a| QPSK q A-A-MAP
A-AMAPIE—P oo P! encoding P»| Randomization P! modulator Sp:f:de; P symbols

Figure 30—Chain of A-A-MAP-IE to A-A-MAP symbols

A 16-bit CRC is generated based on the contents of the A-MAP IE excluding the station ID. The CRC is
then masked by the Station ID. Following randomization, the resulting sequence of bits shall be encoded by
the TBCC described in <<15.3.12. 2. >>

Coded bits can be repeated to improve the robustness of an A-A-MAP channel based on the link condition of
a particular AMS.

For a given system configuration, assignment A-MAP IEs can be encoded with two different effective code
rates. The set of code rates is (1/2, 1/4) or (1/2, 1/8) and is explicitly signaled in the S-SFH.

In case of FFR, two code rates, either (1/2, 1/4) or (1/2, 1/8), can be used in the reuse 1 partition. Only 1/2
code rate is used in the highest-power reuse 3 partition.

The parameters for TBCC are M = K., = 2L for 1/2 code rate, M = K., = 4L for 1/4 code rate, and
and M =2K,,.,.., and K, =4L for 1/8 code rate where L is the number of information bits. The
encoded bit sequences shall be modulated using QPSK

3.3.2.3.2.3 HARQ Feedback A-MAP

HARQ feedback A-MAP (HF-A-MAP) contains HARQ-feedback-IEs for ACK/NACK feedback informa-
tion to uplink data transmission.

HF-A-MAP-IE(s) R
> " .
2 bits if QPSK; 1 bit if BPSK] Repetition P! scramble »|QPSK/BPSK HEAMAP
—>
HF-A-MAP-IE(s) SFBC symbols
o " a STD
[2 bits if QPSK; 1 bit if BPSK] Repetition P! scramble »|QPSK/BPSK

Figure 31—Chain of HF-A-MAP IE to HF-A-MAP symbols

Figure 31 shows the construction procedure of HF-A-MAP symbols from HF-A-MAP-IE.

Each HF-A-MAP IE carries 1 bit information. Depending on the channel conditions, the modulation can be
QPSK or BPSK. If QPSK is used, 2 HF-A-MAP IEs are mapped to a point in the signal constellation. If
BPSK is used, each HF-A-MAP IE is mapped to a point in the signal constellation. The repetition number,
NRepHF-A-MAP- 18 8. Repeated HF-A-MAP IE bits are scrambled by the Ngep yp-a-map LSBs of the STID of
the associated AMS.

Figure 31 shows a cluster of HF-A-MAP channels, which consists of 4 HF-A-MAP channels numbered as
4c, 4ctl1, 4ct2, 4c+3 where ¢ is the HF-A-MAP cluster index in a HF-A-MAP region. Channel 4c in the
cluster occupies the real part of the first symbol in each tone pair before the SFBC encoder. Channel 4c+1 in
the cluster occupies the imaginary part of the first symbol in each tone pair before the SFBC encoder. Chan-
nel 4c+2 in the cluster occupies the real part of the second symbol in each tone pair before the SFBC
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encoder. Channel 4c+3 in the cluster occupies the imaginary part of the second symbol in each tone pair
before the SFBC encoder.

For each Tx antenna, symbols at the output of MIMO encoder, denoted by Syg[0] to Sgp[Lyg-1], are
mapped to tone-pairs from RMP[Lyys/2] to RMP[(LyystLyg)/2-1], where RMP is the renumbered A-
MAP tone-pairs described in 3.3.1.3.4 and LHF is the number of tones required to support all HF-A-MAP
channels in an A-MAP region. Clusters of HF-A-MAP are indexed sequentially from index 0 within a HF-
A-MAP region in the mapping process.

For persistent allocation, HF-A-MAP resource index is specified in HFA of UL Individual Persistent A-
MAP IE or UL Composite Persistent A-MAP IE.

For group resource allocation, HF-A-MAP resource index for the 1-th AMS in GRA allocation is

Ggtare T | 1" Nyp—g—stap’Noga ) mod Ny 4 _pup > Where ig,,., is the ACK Channel Offset in UL group
resource allocation A-MAP IE, Nyg_y_p4p 18 the total number of HF-A-MAP configured, and Ngg,4 is the
Use Bit Map Size in UL group resource allocation A-MAP IE.

For resource allocation using UL basic assignment A-MAP, HF-A-MAP resource index is

(M(j) +n) mod Nyyp_ 4 4up » Where j is HF-A-MAP Index Parameter in Non-user specific A-MAP IE, n is
HFA in UL basic assignment A-MAP IE, M(j) is STID when j=0 and M(j) is lowest LRU index of corre-
sponding UL transmission when j=1.

3.3.2.3.2.4 Power Control A-MAP
Power Control A-MAP (PC-A-MAP) contains PC-A-MAP-IEs for closed-loop power control of the uplink

transmission. The ABS shall transmit PC-A-MAP-IE to every AMS which operates in closed-loop power
control mode.

ith PC- MSB I-branch m
A-MAP Modulator Repetition
E Q-branch (Q PSK) > (X2) >
SFBC L PSCJQL'\Q@P
(i+1)" PC- M 1 Modulator |—»|  Repetiion >
A-ll\éAP LSB Q-branch (Q PSK) (X2)

Figure 32—Chain of PC-A-MAP IE to PC-A-MAP symbols

Figure 32 shows the construction procedure of PC-A-MAP symbols from PC-A-MAP-IE.
The i" PC-A-MAP-IE shall have the size of 2 bits according to power correction value.

The i and (i+1)th PC-A-MAP IEs shall be mapped to two QPSK symbols as depicted in Figure 32. Only the
i" PC-A-MAP may also be mapped to two QPSK symbols for transmitting to the corresponding MS with
poor channel quality.

Power scaling by sqrt(Pi) (0 <i < Npc_amap.e) Shall be applied to the i PC-A-MAP-IE where NpC-A-MAP-
I 1s the number of PC-A-MAP-IEs and sqrt(P1i) is the value determined by the management entity to satisfy
the link performance.
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The QPSK symbols are repeated Nyep, pc_a-MAP-IE times, where Nie, pc.a-Map-TE equals two.

Figure 32 shows a cluster of PC-A-MAP channels, which consists of 2 PC-A-MAP channels numbered as 2¢
and 2c+1 where c is the PC-A-MAP cluster index in the A-MAP region. Channel 2c in the cluster occupies
the real part of both symbols in each tone pair before the SFBC encoder. Channel 2¢+1 occupies the imagi-
nary part of both symbols in each tone pair before the SFBC encoder.

For each Tx antenna, symbols at the output of MIMO encoder, denoted by Spc[0] to Spc[Lpc-1], are
mapped to tone-pairs from RMP[(LyystLyp)/2] to RMP[(LyystLyrtLpc)/2-1], where RMP is the renum-
bered A-MAP tone-pairs described in 3.3.1.3.4 and LPC is the number of tones required to support all HF-
A-MAP channels in an A-MAP region. Clusters of PC-A-MAP are indexed sequentially in the mapping pro-
cess.

3.3.2.4 Downlink power control
The ABS should be capable of controlling the transmit power per subframe and per user.

An ABS can exchange necessary information with neighbor ABS through backbone network to support
downlink power control.

3.3.2.4.1 Power Control for A-MAP

Downlink transmit power density of A-MAP transmission for an AMS may be set in order to satisfy target
error rate for the given MCS level which is used for the A-MAP transmission. Detail algorithm is left to ven-
dor-specific implementations.

3.3.2.5 DL Control Information Elements

3.3.2.5.1 DL Sub-band Assignment A-MAP IE

The DL Sub-band Assignment A-MAP IE shall have an identical structure to the DL Basic Assignment A-
MAP IE defined in Section 15.3.6.5.2.2. With the exception of the “IE Type” and the “Resource Allocation”
field, all of the other fields shall be interpreted in the same manner as defined for the DL Basic Assignment
A-MAP IE.

The “IE Type” field shall be set to the value 0b0010.

For all bandwidths, the “Resource Allocation” field shall be 11 bits long

The structure and interpretation of the RA field for the DL Sub-band Assignment A-MAP IE shall be as
defined below, for the cases of 5, 10 & 20 MHz.

In all cases, the ABS/AMS shall perform the following pre-processing steps to define some terms that are
used in the indexing and in the interpretation of the RA field. The notation and terms in these steps, related
to sub-channelization, are defined in Section 15.3.5.

3.3.2.5.1.1 Pre-Processing

The mapping between the LRU indices and the physical PRU indices (and vice-versa) may be derived as
described in Section 15.3.6.5.2.2 (“DL Basic Assignment A-MAP IE”).
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Derivation of the mapping between the sub-band-CRU index and the physical PRU index shall be done as
follows. The total number of sub-bands over all partitions may be calculated as

3
Y= Y DCASg ,
m=20

For each frequency partition i, the total number of sub-band-CRUs up-to and including that partition may be
calculated as

i
X, = Y N\DCASg,, 0<i<3
m=20

Then, the sub-band CRUs are indexed as
SBCRU[k] = CRUgp [k—X;_].forX; | <k <(N;DCASgp;+X;_ ;) with 0<i <3, with 0 <k <N, Y

The mapping from the to the physical PRUp; indices (and vice-versa) is as specified in Section 15.3.5.
The LRU & SBCRU indices indicated by the RA field refer to the LRU[] and the SBCRU[] defined above.

3.3.2.5.1.2 Nominal Channel Bandwidth =5 MHz

For a 5 MHz system:
1) A single instance of a resource allocation shall be made using a single IE.
2) The AMS shall interpret the RA field as defined by Table 21.
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Table 21—Interpretation of the RA Field in a 5 MHz system

Total#0of | RA Field Interpretation
sub-
bands
over all
fre-
quency
parti-
tions, Y
Y=6 The 2 MSB bits of the RA field are denoted as the “Indication Type field” (ITF).
The 6 LSB bits of the RA field are denoted as the “Resource Indexing Field” (RIF).
Denote RIF[j] as the jth bit position in the RIF, 0 <=j <6, with j = 0 being the LSB.
ITF == Each of the RIF[/], 0 <= < 6, indicates the allocation or non-allocation of all Ny (=4)
00 CRUs within a particular sub-band.
RIF[;] = 1 = The 4 CRUs with indices & such that {_S_B_C_]%LJ_LQJ = j have been allocated.
1
RIF[/] = 0 = The 4 CRUs with indices & such that {&%HEJ = j have not been allocated.
1
ITF == Each of the RIF[/], 0 <= < 6, indicates the allocation or non-allocation of the 152
01 CRUs within a particular sub-band.
RIF[j] = 1 = The 2 CRUs with indices k such that Lw}‘;[l‘w = 2j have been allocated.
1
RIF[j] = 0 = The 2 CRUs with indices & such that {%/UZ[HJ = 2j have not been allocated.
1
ITF == Each of the RIF[/], 0 <=j <6, indicates the allocation or non-allocation of the last 2
10 CRUs within a particular sub-band.
RIF[j] = 1 = The 2 CRUs with indices k such that FB_]%E/%L"_]J = 2j+ 1 have been allocated.
1
RIF[j] = 0 = The 2 CRUs with indices & such that {%/UZ[HJ = 2j+ 1 have not been allocated,
1
Y <=5 Each of the j bit-positions in the RA field, 0 <=j < 11, indicates the allocation or non-allocation of 2
CRUs within a particular sub-band.
Position j in RA corresponds to the 2 CRUs with indices k such that LiSB]?/R/UZ[k]J =jJ.
1
Denoting RA[/] as the jth position in RA field,0 <j < 11, with j = 0 the LSB,
RA[j] = | = The 2 CRUs with indices & such that WJ = j have been allocated.
1
RA[j] = 0 = The 2 CRUs with indices k such that {%J = j have not been allocated.
1

3.3.2.5.1.3 Nominal Channel Bandwidth =10 MHz

63
Copyright © 2009 IEEE. All rights reserved.



O 001N WU A W

IEEE 802.16m-09/0047
September 23, 2009

For a 10 MHz system a single instance of a resource allocation shall be made using a single IE. Furthermore
when Y (the total number of sub-bands over all frequency partitions) <= 11, the AMS shall interpret the bits
in the Resource Allocation field as indicated by Table 22 (the row corresponding to the particular value of Y
in that table). In the case that Y = 12, the RA field shall be interpreted as in the first row of Table 22.
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Table 22—Interpretation of the RA Field in a 10 MHz or a 20 MHz system, when Y <= 11 (Y

is the total number of sub-bands over all frequency partition)

Total # of RA Field Interpretation
sub-bands
over all fre-
quency
partitions,
Y
Y=10or Each of the j bit-positions in the RA field, 0 <=; < 11, indicates the allocation or non-allocation of
11 all N1 (= 4) CRUs within a particular sub-band.
Denote RA/[j] as thejth bit position in the RA Field, 0 <= < 11, with j = 0 being the LSB.
RA[/] corresponds to the sub-band, i.e., the the 4 CRUs with indices & such that {MJ =
1
Depending on the value of Y, not all j may be relevant.
RIF[j] = 1 = The 4 CRUs with indices & such that %U[k] = j have been allocated.
1
RIF[j] = 0 = The 4 CRUs with indices k such that {%.]%P_L]‘_]J = j have not been allocated.
1
Y =6,7,8 | The 2 MSB bits of the RA field are denoted as the “Indication Type field” (ITF).
or9 The Y LSB bits of the RA field are denoted as the “Resource Indexing Field” (RIF).

Denote RIF[/] as the jth bit position in the RIF, 0 <=; <Y, with j = 0 being the LSB.

ITF = Each of the RIF[;], 0 <= <Y, indicates the allocation or non-allocation of all N1 (= 4)
00 CRUs within a particular sub-band (out of the Y sub-bands).
RIF[j] = 1 = The 4 CRUs with indices k such that w = j have been allocated.

1
RIF[j] = 0 = The 4 CRUs with indices & such that L%J = j have not been allocated.
1

ITF == Each of the RIF/j], 0 <= j <Y, indicates the allocation or non-allocation of the 152
01 CRUs within a particular sub-band.

RIF[j] = 1 = The 2 CRUs with indices k such that %};U‘] = 2j have been allocated.

RIF[j] = 0 = The 2 CRUs with indices & such that L&z[kw = 2j have not been allocated.
1

ITF == Each of the RIF[j], 0 <= j <Y, indicates the allocation or non-allocation of the last 2
10 CRUs within a particular sub-band.

RIF[;] = 1 = The 2 CRUs with indices k such that % =2j+ 1 have been allocated.

RIF[j] = 0 = The 2 CRUs with indices & such that L&};UC]J = 2j+ 1 have not been allocated
1
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Table 22—Interpretation of the RA Field in a 10 MHz or a 20 MHz system, when Y <= 11 (Y

is the total number of sub-bands over all frequency partition)

Y<=5 Each of the j bit-positions in the RA field, 0 <=j < 11, indicates the allocation or non-allocation of 2
CRUs within a particular sub-band.
Denote RA[/] as thejth bit position in the RA Field, 0 <=; < 11, with j = 0 being the LSB.
RA[/] corresponds to the 2 CRUs with indices & such that {%/UZ[HJ =
1
Depending on the value of Y, not all j may be relevant.
RA[j] = 1 = The 2 CRUs with indices & such that %/U[k] = j have been allocated.
1
RA[j] = 0 = The 2 CRUs with indices & such that L%/UZU{]J = j have not been allocated.
1
3.3.2.5.1.4 Nominal Channel Bandwidth = 20 MHz

For a 20 MHz system the following procedure shall be followed:

When Y (total number of sub-bands over all frequency partitions) <= 11, a single instance of a
resource allocation shall be made using a single IE. In this case, the AMS shall interpret the bits in
the Resource Allocation field as indicated by Table 22 (the row corresponding to the particular value
of Y in that table).

When Y (total number of sub-bands over all frequency partitions) > 11, a single instance of a
resource allocation may be made using a single or two IEs.

When an allocation is made using 2 IEs, the RA fields of the two IEs shall be concatenated to form a
22-bit field, referred to as the Concatenated-RA field (C-RA field). The LSB of the RA field of the
IE occurring last in the A-AMARP region shall be interpreted as the LSB of the C-RA field. The AMS
shall interpret the bits in the C-RA field as indicated by Table 23 (the row corresponding to the par-
ticular value of Y in that table). The AMS may infer that two IEs refer to the same instance of a
resource allocation from the values of the ACID and SPID fields.

When an allocation is made using a single IE, the RA field shall be interpreted as in Table 24 &
Table TBD. These tables map the value of the RA field to the indices of 2 non-contiguous sub-
bands, and 3 non-contiguous sub-bands, respectively.

Table 23— Interpretation of the C-RA Field in a 20 MHz system

of sub-
bands

fre-

parti-

Total #

over all
quency

tions, Y

C-RA Field Interpretation

Y =21
22,23
or 24

, | Each of thej bit-positions in the C-RA field, 0 <= j <22, indicates the allocation or non-allocation of

all Ny (= 4) CRUs within a particular sub-band.
Denote RA[j] as thejth bit position in the C-RA Field, 0 <= < 22, with j = 0 being the LSB.

RA[/] corresponds to the sub-band, i.e., the the 4 CRUs with indices & such that {@QNR_Q[_]‘_]J =j
1

Depending on the value of Y, not all j may be relevant.

RA[j] = 1 = The 4 CRUs with indices k& such that _SE%%P_M_]J = j have been allocated.
1

RA[/] = 0 = The 4 CRUs with indices & such that {WJ = j have not been allocated.
1
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Table 23— Interpretation of the C-RA Field in a 20 MHz system

O 001N WU A W

20 <= The 2 MSB bits of the C-RA field are denoted as the “Indication Type field” (ITF).
Y <= The Y LSB bits of the C-RA field are denoted as the “Resource Indexing Field” (RIF).
12 Denote RIF[/] as thejth bit position in the RIF, 0 <= <Y, with j = 0 being the LSB.
ITF == Each of the RIF[/], 0 <= <, indicates the allocation or non-allocation of all Ny (= 4)
00 CRUs within a particular sub-band (out of the Y sub-bands).
RIF[j] = 1 = The 4 CRUs with indices & such that @%J_[_k_] = j have been allocated.
1
RIF[/] = 0 = The 4 CRUs with indices & such that L§E£_U[_'QJ = j have not been allocated.
1
ITF == Each of the RIF[j], 0 <= <Y, indicates the allocation or non-allocation of the 152 CRUs
01 within a particular sub-band.
RIF[;] = 1 = The 2 CRUs with indices k such that w = 2j have been allocated.
RIF[j] = 0 = The 2 CRUs with indices & such that {&E[HJ = 2j have not been allocated.
1
ITF = Each of the RIF[;], 0 <= <Y, indicates the allocation or non-allocation of the last 2
10 CRUs within a particular sub-band.
RIF[j] = 1 = The 2 CRUs with indices & such that &E[HJ = 2j+ 1 have been allocated.
1
RIF[j] = 0 = The 2 CRUs with indices & such that {%/U[HJ = 2j+ 1 have not been allocated.
1

Table 24 maps the value of the 11-bit RA to a pair of non-contiguous sub-band indices.

Table 24—Mapping of decimal values of the 11-bit RA (for 0 <= RA value < 254) to a pair of

non-contiguous sub-band indices, for a 10 MHz system

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

23

21

22

42

43

62

63

82

99

100

116

117

132

133

147

148

161

174

175

186

187

197

198

207

208

216

217

224

225

231

238

242

243

246

247

249

252
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In Table 24, the decimal value of the RA field increase from left to right, and then from top to bottom; val-
ues at the beginning and end of each row are shown in the table. The shaded cells are not used to make inter-
pretations. For a given value of the RA, the mapping using that value is given by the indices of the two sub-
bands as indicated in the “I%' sub-band index” row and the sub-band index” column. As an example,
RA =00001001 (Decimal value 9) maps to the pair of sub-bands indices {0, 11}. Then, the allocation is the
set of LRUs with index & such that VMJ =0 orll.

1

“znd

Table TBD translates values of the 11-bit RA from 253 to 2047 to triplets of non-contiguous sub-band indi-
ces. This table is TBD.

3.3.2.5.2 UL Sub-band Assignment A-MAP IE

The UL Sub-band Assignment A-MAP IE shall have an identical structure to the UL Basic Assignment A-
MAP IE defined in Section 15.3.6.5.2.3. With the exception of the “IE Type” and the “Resource Allocation”
field, all of the other fields shall be interpreted in the same manner as defined for the DL Basic Assignment
A-MAP IE.

The “IE Type” field shall be set to the value 0b0010.

For all bandwidths, the “Resource Allocation” field shall be 11 bits long.

The structure and interpretation of the RA field for the UL Sub-band Assignment A-MAP IE shall be the
same as that for the RA field for the DL Sub-band Assignment A-MAP IE, with all DL parameters/terms
replaced by their UL equivalents.

3.3.2.5.3 Broadcast Control Information Elements

3.3.2.5.3.1 P-SFH IE

The P-SFH IE contains essential system information and it is mapped to the P-SFH. The format of the P-
SFH IE is shown in Table 25.

Table 25—P-SFH IE format

Syntax Size (bit) Notes

P-SFH IE format () {

LSB of Superframe number 4 Part of superframe number
S-SFH change count 4 Describes the S-SFH SPx IE
that apply to this superframe.
S-SFH Size 4 The units of LRU
S-SFH Number of Repetitions 2 Indicate the transmission for-
mat (repetition) used for S-
SFH.
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Table 25—P-SFH IE format

Syntax Size (bit) Notes
S-SFH Scheduling information bit- | 3 0b000: no S-SFH
mat If 1% bit = 1, S-SFH includes

SP1 otherwise no SP1
1f 2" bit = 1, S-SFH includes
SP2 otherwise no SP2
If 3" bit = 1, S-SFH includes
SP3 otherwise no SP3

S-SFH SP change bitmap 3 Indicate the change of S-SFH
SPx IE. The bit #0 to bit #2 is
mapped to S-SFH SP 1 IE to
S-SFH SP3 IE, respectively.

Reserved 4 The reserved bits are for
future extension.

S-SFH Count

Incremented by one (modulo TBD) by the ABS whenever any of the values (except MSBs of superframe
number in S-SFH SP1) of the S-SFH IEs changes. If the value of this count in a subsequent P-SFH IE
remains the same, the AMS can quickly decide that the S-SFH IEs have not changed and may be able to dis-
regard the S-SFH IEs.

S-SFH SP change bitmap

Toggled change bit of S-SFH SP IEs. If any field of S-SFH SP IE is changed (except MSBs of superframe
number in S-SFH SP1), the corresponding bit is toggled.

3.3.2.5.3.2 S-SFH IE

The S-SFH IE is mapped to the S-SFH. Essential system parameters and system configuration information
belonging to the S-SFH are categorized into three S-SFH subpacket IEs such as SP1, SP2 and SP3. These
SPs are transmitted in different timing and periodicity. The periodicity of SP (Tgp) is determined with
TSPI < TSP2 < TSP3.The S-SFH IE format are shown in Table 26.

Each S-SFH subpacket IE is of a fixed size.

Table 26—S-SFH IE format

Syntax Size (bit) Notes

S-SFH IE format () {

If (1% bit of S-SFH Scheduling infor-
mation bitmap == 1) {

S-SFH SP1 IE ()
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Table 26—S-SFH IE format

Syntax Size (bit) Notes
}
if (2" bit of S-SFH Scheduling infor-
mation bitmap == 1) {
S-SFH SP2 IE ()
}
if (Brd bit of S-SFH Scheduling infor-
mation bitmap == 1) {
S-SFH SP3 IE ()
}
}
S-SFH SP1 IE contains information for network re-entry, see Table 27.
Table 27—S-SFH SP1 IE format
Syntax Size (bit) Notes
S-SFH SP1 IE format () {
Start superframe offset where new SP1 2
information is used
MSB of superframe number 8 Remaining bit of SFN except LSB of
SFN in P-SFH
LSB of 48 bit ABS MAC ID 12 Specifies the 12 least bit of ABS ID
Number of UL ACK/NACK channels 2 Channel numbers represented by the two
per HARQ feedback region bits (0, 1,2, 3) are as follows.
For 5 MHz band, 6, 12, 18, 24
For 10 MHz band, 6, 12, 24, 30
For 20 MHz band, 12, 24, 48, 60
Number of UL ACK/NACK channels 2 Channel numbers represented by the two
per HF-A-MAP egion bits (0, 1,2, 3) are as follows.
For 5 MHz band, 4, 8, 12, 16
For 10 MHz band, 8, 16, 24, 32
For 20 MHz band, 16, 32, 48, 64
Power control channel resource size indi- | 2
cator
Non-user specific A-MAP location 1 Reuse 1 or reuse 3
A-A-MAPMCS selction 1
DL permutation configuration (CRU, 13 For 20 MHz, DL_CAS_SBO (4 bits),
DRU partitioning and signaling related DL CAS_MBO (6 bits), DL CAS_SBi
to that) (3 bits)
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Table 27—S-SFH SP1 IE format

O 001N WU A W

Syntax Size (bit) Notes
UL permutation configuration (CRU, 13 For 20 MHz, UL_CAS_SBO0 (4 bits),
DRU partitioning and signaling related UL_CAS MBO (6 bits), UL_CAS _SBi
to that) (3 bits)
Unsync ranging allocation interval chan- | 3
nel information (ranging region periodic-
ity(
Unsync ranging location in the frame 2
(time and frequency)
RNG codes information 8
Ranging code subset/ partition configu- 3
ration
ABS EIRP 7 Signed in units of 1 dBm
Cell bar information 1 If Cell Bar bit = 1, this cell is not allowed
for any new initial entry
Reserved TBD
}

S-SFH SP2 IE contains information for initial network entry and network discovery, see Table 28.

Table 28—S-SFH SP2 IE format

Syntax Size (bit) Notes
S-SFH SP2 IE format () {
Start superframe offset where new 2
SP2 information is used
Frame configuration index 6 The mapping between value of this index
and frame configuration is listed in Table
X, X+1,and X+2
If (Duplexing mode == FDD) {
UL carrier frequency 6
UL bandwidth 3
}
MSB bytes of 48 bit ABS MAC ID 36 Specifies 36 MBS of BS ID
MAC protocol revision 4 version number of IEEE 802.16m sup-
ported on this channel
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Syntax Size (bit) Notes
FFR partitioning info for DL region 12 For 20 MHz, DL_SAC( 5 bits),
DL _FPSC(3 bits), DL_FPC(4 bits)
For 5 MHz, DL_SAC( 3 bits),
DL_FPSC(1 bit), DL_FPC(3 bits)
FFR partitioning info for UL region 12 For 20 MHz, UL_SAC( 5 bits),

UL_FPSC(3 bits), UL_FPC(4 bits)
For 5 MHz, UL_SAC( 3 bits),
UL_FPSC(1 bit), UL_FPC(3 bits)

AMS Transmit Power Limitation 5 Unsigned 5-bit integer. Specifies the

Level maximum allowed AMS transmit power.
Values indicate power levels in 1 dB
steps starting from 0 dBm

EIRPIR.mm 5

reserved

-

S-SFH SP3 IE contains remaining essential system information, see Table 29.

Table 29—S-SFH SP3 IE format

Syntax Size (bit) Notes
S-SFH SP3 IE format () {

Start superframe offset where new 2

SP3 information is used

Rate of change of SP (1-3) info 4

SA-sequence soft partitioning infor- 4

mation

FFR partition resource metrics TBD

MIMO rank 1 OL region signaling TBD

MIMO rank 1 OL region TBD

N1 information for UL power control | TBD

UL Fast FB Size 4 Specifies the size of UL feedback chan-
nel per a UL subframe

# Tx antenna 2 0b00: 2 antennas
0b01: 4 antennas
0b10: 8 antennas
Ob11: reserved

Default RSSI and CINR averaging 3

parameter

SP scheduling periodicity informa- TBD

tion
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Table 29—S-SFH SP3 IE format

Syntax Size (bit) Notes

HO Ranging backoff start 4 Initial backoff window size for MS per-
forming initial ranging during HO pro-
cess, expressed as a power of 2. Values
of n range 0-15 (the highest order bits
shall be unused and set to 0)

HO Ranging backoff end 4 Final backoff window size for MS per-
forming initial ranging during HO pro-
cess, expressed as a power of 2. Values
of n range 0-15

Initial ranging backoff start 4 Initial backoff window size for initial
ranging contention, expressed as a power
of 2. Values of n range 0-15

Initial ranging backoff end 4 Final backoff window size for initial
ranging contention, expressed as a power
of 2. Values of n range 0-15

UL BW REQ channel information 3

Bandwidth request backoft start 4 Initial backoff window size for conten-
tion BRs, expressed as a power of 2. Val-
ues of n range 0-15 (the highest order
bits shall be unused and set to 0)

Bandwidth request backoff end 4 Final backoff window size for contention
BRs, expressed as a power of 2. Values
of n range 0-15

Uplink subframe bitmap for sounding | 8

Sounding multiplexing type (SMT) 1

for sounding

Decimation value D/ Max Cyclic 3

Shift Index P for sounding

Reserved TBD

el

3.3.2.5.4 Unicast Control Information Elements

A-MAP IE is defined as the basic element of unicast service control.

3.3.2.5.4.1 Non-user-specific A-MAP IE

Non-user-specific A-MAP IE consists of information that is not dedicated to a specific user or a specific
group of users. It includes information required to decode assignment A-MAP IE The number of assignment
A-MAPs in each assignment A-MAP group is indicated in the Non-user-specific A-MAP IE. A-MAP IE
also includes HF-A-MAP Index Parameter and HFBCH Index Parameter, which are used to indicate which
transmission parameter is used to calculate HF-A-MAP index and HFBCH index respectively. The detailed
information included in non-user specific information is TBD. The non-user specific A-MAP IE is shown in
Table 30. Non-user specific A-MAP IE has [12] bits in total.

73
Copyright © 2009 IEEE. All rights reserved.



O 001N WU A W

IEEE 802.16m-09/0047
September 23, 2009

Table 30—Non-user specific A-MAP IE

Syntax Size [bits] Notes

Assignment A-MAP size TBD Indicate the number of assignment A-MAPs in each
assignment A-MAP group as shown in <<Table 667.>>

HF-A-MAP Index Parameter | 1 Indicate which transmission parameter is used to calculate
HF-A-MAP index.

HFBCH Index Parameter 1 Indicate which transmission parameter is used to calculate
HFBCH index.

Non-user specific A-MAP 1 If non-user specific A-MAP extension flag is set, it

extension flag indicates that non-user specific A-MAP is extended.

The extended non-user specific part uses the same
PHY structure as the non-user specific A-MAP

Reserved TBD Reserved bits

Table 31 [Detailed entry is TBD] shows the number of the assignment A-MAPs in each assignment A-MAP
group.

Table 31—The number of assignment A-MAPs in each assignment A-MAP group

Assignment A-MAP Assignment A-MAP

Index group-1 group-2

The resource allocation for Broadcast messages (e.g., PGID Info, AAI-TRF-IND, AAI-PAG-ADV, and
other broadcast) is based on A-MAP_IE or non-user specific A-MAP extension.

If the non-user specific A-MAP extension flag in the non-user specific A-MAP is set, the non-user specific
A-MAP extension may be used to specify the information used to decode the PGID Info, AAI-TRF-IND,
AAI-PAG-ADYV, and other broadcast messages. The PHY structure for this extension is the same as the non-
user specific A-MAP.

Table 32 describes Assignment A-MAP IE Types.
Table 32—Assignment A-MAP IE types

A-MAP IE Type Usage
0b0000 DL Basic Assignment A-MAP IE
0b0001 UL Basic Assignment A-MAP IE
0b0010 DL Subband Assignment A-MAP IE
0b0011 UL Subband Assignment A-MAP IE
0b0100 Feedback Allocation A-MAP IE
0b0101 UL Sounding Command A-MAP IE
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A-MAP IE Type Usage

0b0110 CDMA Allocation A-MAP IE

0b0111 DL Persistent A-MAP IE

0b1000 UL Persistent A-MAP IE

0b1001 DL Group Configuration A-MAP IE

0b1010 UL Group Configuration A-MAP IE

0b1011 DL Group Resource Allocation A-MAP
IE

0b1100 UL Group Resource Allocation A-MAP
IE

0b1101 Reserved

Obl1110 Reserved

Obl1111 Reserved

3.3.2.5.4.2 DL basic assignment A-MAP IE

3.3.25.4.3

IEEE 802.16m-09/0047

Table 33 describes the fields in a DL Basic Assignment A-MAP IE used for resource assignment in the DL.

Definitions of the fields in the DL Basic Assignment A-MAP IE are listed following Table 33.

Table 33—DL basic assignment A-MAP IE"

Syntax Size in bits Description/Notes
DL-MAP() {
A-MAP IE Type 4 DL Basic Assignment A-MAP IE
I§izeOffset 5 Offset used to compute burst size index
MEF 2 MIMO encoder format
0b00: SFBC

0b01: Vertical encoding
0b10: Horizontal encoding
Ob11: CDR

if (MEF == 0b01){

Parameters for vertical encoding

(N ==2)1

Mt

1 Number of streams in transmission for Ny = 2
(Mt <=Ny)

0b0: 1 stream

Ob1: 2 streams

telse if(N; == 4){
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Table 33—DL basic assignment A-MAP IE"

Syntax

Size in bits

Description/Notes

Mt

2

Number of streams in transmission for N; = 4
(Mt <=N;)

0b00: 1 stream

0b01: 2 streams

0b10: 3 streams

0Obll: 4 streams

telse if(N; == 8){

Mt

Number of streams in transmission for N = 8
(Mt <=N;)

0b000: 1 stream

0b001: 2 streams

0b010: 3 streams

0b011: 4 streams

0b100: 5 streams

0b101: 6 streams

0b110: 7 streams

0b111: 8 streams

} else if(MEF == 0b10) {

Parameters for horizontal encoding

(N, == 2){

PSI

Allocated pilot stream index for N; =2
0b0: #1 stream
Ob1: #2 stream

Mp

Modulation constellation of the paired user

0b00: QPSK

0b01: 16 QAM

0b10: 64 QAM

0b11: other modulation information not available.

} else{
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Table 33—DL basic assignment A-MAP IE"

Syntax

Size in bits

Description/Notes

Si

4

Index used when Nt= 4 or 8, to identify the combination of the
number of streams and the allocated pilot stream index in a
transmission with MU-MIMO , and the modulation constella-
tion of paired user in the case of 2 stream transmission
0b0000: 2 streams with PSI=stream1 and other modulation
=QPSK

0b0001: 2 streams with PSI=stream1 and other modulation
=16QAM

0b0010: 2 streams with PSI=stream1 and other modulation
=64QAM

0b0011: 2 streams with PSI=stream1 and other modulation
information not available

0b0100: 2 streams with PSI=stream2 and other modulation
=QPSK

0b0101: 2 streams with PSI=stream2 and other modulation
=16QAM

0b0110: 2 streams with PSI=stream?2 and other modulation
=64QAM

0b0111: 2 streams with PSI=stream2 and other modulation
information not available

0b1000: 3 streams with PSI=stream1

0b1001: 3 streams with PSI=stream2

0b1010: 3 streams with PSI=stream3

0b1011: 4 streams with PSI=stream1

0b1100: 4 stream with PSI=stream2

0b1101: 4 streams with PSI=stream3

0b1110: 4 streams with PSI=stream4

0Obl1111: n/a

}

Resource Index

11

5 MHz: 0 in first 2 MSB bits + 9 bits for resource index
10 MHz: 11 bits for resource index

20 MHz: 11 bits for resource index

Resource index includes location and allocation size.

Long TTI Indicator

Indicates number of subframes spanned by the allocated
resource.

0b0: 1 subframe (default)

0Obl: 4 DL subframes for FDD or all DL subframes for TDD

HFA

(4]

TBD
HARQ Feedback Allocation

AI SN

1

HARQ identifier sequence number

ACID

4

HARQ channel identifier

SPID/CoRe Version

(3]

HARQ subpacket identifier for IR and Constellation Rear-
rangement version

Reserved

TBD

Reserved bits

Padding

variable

Padding to reach byte boundary
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*A 16 bit CRC is generated based on the contents of the DL Basic Assignment A-MAP IE. The CRC is masked by the
Station ID.

A-MAP IE Type: Defines the structure of the A-MAP IE for the bits in the A-MAP IE following the A-
MAP IE type field. A-MAP IE Type distinguishes between UL/DL, basic/extended IE. Additional IE types
are reserved for future use.

MEF: MIMO Encoder Format.

PSI: Allocated pilot stream index for horizontal encoding.

Mt: Number of streams in transmission. The DL pilot pattern with Mt streams shall be used in the allocated
resource..

Mp: Modulation constellation of the paired user for 2 stream MU-MIMO operation with Nt =2
Si: Index used when Nt= 4 or 8, to identify the combination of the number of streams and the allocated pilot
stream index in a transmission with MU-MIMO , and the modulation constellation of paired user in the case

of 2 stream transmission

RA: Resource Allocation information is used to signal the type of resource unit allocated (DRU/CRU), the
location (start/end) and allocation size.

Long TTI Indication: Indicator to signal allocations span multiple subframes in time.
HFA: TBD allocation for HARQ feedback.

SPID/CoRe Version: Signaling for HARQ IR including HARQ subpacket identifier for IR and Constella-
tion Rearrangement version.

RI: Resource Index with location and size of one instance of a resource allocation.

Resource Indexing in the DL Basic Assignment A-MAP IE

The resource index RI for an allocation of contiguous LRUs in a DL/UL subframe includes the size (S) of
the allocated resource in number of contiguous LRUs and index (L) of the LRU from where the scheduled
allocation begins.

Derivation of the mapping between LRU index and physical PRU index:

For each frequency partition i, the total number of CRUs & DRUs up-to and including that partition is calcu-
lated as

m=1

S, = Z FPS,,0<i<3 (28)
m=0
CRUpplk—=S; 1], forS; <k <(Lcgry,pp,*Si-1)
LRU[k] = { ' ' }, for0 <i<3 (29)
DRUFP,.[k_(LCRU,FP,.+S;_l)],fOf (LCRU,FPi+Si—1)SKSSi
with 0 < k< Z FPS,,
m=0

78
Copyright © 2009 IEEE. All rights reserved.



O 001N WU A W

IEEE 802.16m-09/0047
September 23, 2009

The mapping from CR Urp, and DRU Fp, O the physical PRU indices (and vice-versa) is as specified in
Section 15.3.5.

The LRU index, L obtained from the RI field refers to the LRU[ ] defined above.

Determining the Resource Index for the Scheduled Resource at the ABS

For a given system bandwidth with N, .= §; LRUs across all frequency partitions, the ABS maintains a

vector /, of length N,, .. in which the non-zero entries contain the starting index for each of the assignable
resource sizes.

X

The ith element of /,,1 <i <96 for 11 bit resource indexing in a DL/UL subframe for a 20 MHz system

bandwidth is defined as in <<equation>>:

0 i=1
I(Gi—1)+(96—(i—1)+1) 2<i<12
L(G-2)+(96—(i-2)+1) i=2kT<k<I2
L(Gi—4)+(96—(i-4)+1) i=4kT<k<I2

L) =3 1 i-8)+(96—(i-8)+1) i=8k7T<k<Il (30)
96
2048~ 3 96—k + 1 92<i<96
k=i
0 otherwise

The resource index RI for an allocation of size S LRUs beginning at LRU L is computed as

o 1(S)+L if1,(5)>0
| not assignable if7,(5) = 0and > 1

wherel <§<96 and 0 <L <95

The ABS first determines if the required resource size is assignable by checking if the S" element in 1, has
a non-zero value or S = 1. If the size S is assignable, then the 11 bit resource index is then determined by
simply adding L to the value of the S element in 1, . If the required resource is not assignable, the next
higher or lower non-zero element in Ia is selected based on the link adaptation scheme employed.

The ith element of 7, for 11 bit resource indexing in a DL/UL subframe for a 10 MHz system bandwidth is
defined as:

i=1
1) =4, . . ,
L(GG-1)+48-(i—1)+1) 2<i<48

RI=1,(5)+L,1<5<48and0<L<47

The i element of 1,, 1<i<24 for 9 bit resource indexing in a DL/UL subframe for a 5 MHz system
bandwidth is defined as:

L 0 i=1
Ia(l)—{la(i1)+(24(i1)+1) 2<i<24
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The resource index RI for an allocation of size S LRUs beginning at LRU L is computed as
RI=1,(85+L,1<8<24and0<L <23
Determining the Scheduled Resource from the Resource Index at the Receiver

At the receiver the 11 bit index, RI in the A-MAP is decoded as follows. The value of element S in /, with
the smallest value equal to or less than the index is used to determine the assigned resource size S. Let this
value be 1,(i).

The starting LRU for the allocation is determined by subtracting the value of the 5" element in 1, from the
index in the A-MAP, i.e.,

L = RI-1i)

Table 34 describes Assignment A-MAP IE Types.
Table 34—Assignment A-MAP IE types

A-MAP IE Type Usage

0b0000 DL Basic Assignment A-MAP IE

0b0001 UL Basic Assignment A-MAP IE

0b0010 DL Subband Assignment A-MAP IE

0b0011 UL Subband Assignment A-MAP IE

0b0100 Feedback Allocation A-MAP IE

0b0101 UL Sounding Command A-MAP IE

0b0110 CDMA Allocation A-MAP IE

0b0111 DL Persistent A-MAP IE

0b1000 UL Persistent A-MAP IE

0b1001 DL Group Configuration A-MAP IE

0b1010 UL Group Configuration A-MAP IE

0b1011 DL Group Resource Allocation A-MAP
IE

0b1100 UL Group Resource Allocation A-MAP
IE

0b1101 Reserved

Obl1110 Reserved

Obl1111 Reserved

3.3.2.5.4.4 UL basic assignment A-MAP IE

Table 35 describes the fields in a UL Basic Assignment A-MAP IE used for resource assignment in the UL.
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Table 35—UL basic assignment A-MAP IE"

Syntax Size in bits Description/Notes

UL-MAP_IE() {

A-MAP IE Type 4 UL Basic Assignment A-MAP IE
Isize0ffser 5 Offset used to compute burst size index
CSM PIMI Indicator 1 Flag to indicate if both CSM and PMI are signaled

0b0: SU-MIMO with or without PMI indication , or CSM
without PMI indication
0bl: CSM with PMI indication

If(CSM-PMI Indicator == 0b0){

M, 2 Number of streams in transmission (M, <= N, ), up to 4
streams per AMS supported

0b00: 1 stream

0b01: 2 streams

0b10: 3 streams

Ob11: 4 streams

SU-PMI Indicator 1 Flag to indicate if both SU-MIMO and PMI are signaled
0b0: SU MIMO without PMI indication, or CSM without
PMI indication

Obl: SU MIMO with PMI indication

If(SU-PMI Indicator ==

0b0){
CSM 1 Flag to indicate CSM
0b0: SU-MIMO
Obl: CSM
if(CSM == 0b0){
MEF 1 MIMO encoder format
0b0: SFBC

Ob1: Vertical encoding
Non-adaptive precoding shall be used at the AMS with SFBC

if(MEF == 0b1){

PF 1 Precoding flag for SU-MIMO when PMI is not signaled
0b0: Non-adaptive precoding
Ob1: Adaptive codebook precoding using the precoder of rank

M, of MS's choice
}
} else if(CSM == 0b1){ Parameters for CSM
PF 1 Precoding flag for CSM when PMI is not signaled

0b0: Non-adaptive precoding
Ob1: Adaptive codebook precoding using the precoder of rank
M, of MS's choice
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Table 35—UL basic assignment A-MAP IE"

Syntax Size in bits Description/Notes
TNS 2 Total number of streams in the LRU for CSM
0b00: reserved
0b01: 2 streams
0b10: 3 streams
Ob11: 4 streams
if(TNS == 2){
SI 1 First pilot index for CSM with TNS =2
} else{
SI 2 First pilot index for CSM with TNS = 3,4
}

}

}else if (SU-PMI Indicator Parameters for SU-MIMO with PMI (adaptive precoding)
== 0b1){

(N, == 2)1

PMI 4 3 bits PMI for N, =2

else if(V, == 4){

PMI 6 6 bits PMI for N,= 4

}

}else iff CSM-PMI Indicator Parameters for CSM with PMI (adaptive precoding)
==0b1){

CSM Format 4 For non CSM, modes, TNS = M,. For CSM modes the follow-
ing combinations apply for upto 4 streams
0b0000: TNS =2, M~1, SI =1
0b0001: TNS =2, M, =1, SI =2
0b0010: TNS =3, M, =1, SI =1
0b0011: TNS =3, M, =1, SI =2
0b0100: TNS =3, M, =1, SI =3
0b0101: TNS =3, M, =2, SI =1
0b0110: TNS =3, M, =2, SI =2
0b0111: TNS =4, M, =1, SI=1
0b1000: TNS =4, M, =1, SI1=2
0b1001: TNS =4, M, =1, SI =3
0b1010: TNS =4, M, =1, SI =4
0b1011: TNS =4, M, =2, SI =1
0b1100: TNS =4, M, =2, SI =2
0b1101: TNS =4, M, =2, SI=3
Ob1110: TNS =4, M, =3, SI =1
Obl111: TNS =4, M,=3,S1=2

(N, == 2)¢

PMI 3 3 bits PMI for N,=2
telse if(N, == 4){

PMI 6 6 bits PMI for N, = 4

82

Copyright © 2009 IEEE. All rights reserved.




O 001N WU A W

IEEE 802.16m-09/0047

September 23, 2009

Table 35—UL basic assignment A-MAP IE"

Syntax Size in bits Description/Notes
h

h

Resource Index 11 5 MHz: 0 in first 2 MSB bits + 9 bits for resource index
10 MHz: 11 bits for resource index
20 MHz: 11 bits for resource index
Resource index includes location and allocation size

Long TTI Indicator 1 Indicates number of subframes spanned by the allocated
resource.
0b0: 1 subframe (default)
0bl: 4 UL subframes for FDD or all UL subframes for TDD
If number of DL subframes, D, is less than number of UL
subframes, U, Long TTI Indicator= 0b1

HFA [4] TBD
HARQ Feedback Allocation

Al_SN 1 HARQ identifier sequence number

ACID 3 HARQ channel identifier

Reserved TBD Reserved bits

Padding variable Padding to reach byte boundary

h

*A 16 bit CRC is generated based on the contents of the UL Basic Assignment A-MAP IE. The CRC is masked by the
Station ID

TNS: Total number of streams in the LRU for CSM

SI: First pilot index for CSM.

PF: Precoding flag to indicate adaptive or non-adsptive precoding.

PMI: Precoding matrix index .

CSM-PMI Indicator: Flag to indicate if both CSM and PMI are signaled
SU-PMI Indicator: Flag to indicate if both SU-MIMO and PMI are signaled
CSM: Flag to indicate if CSM is signaled

The Resource Index field in the UL Basic Assignment A-MAP IE is interpreted as in the DL Basic Assign-
ment A-MAP IE, with 'DL' specific terminology replaced by 'UL' equivalents.

3.3.2.5.4.5 Group resource allocation A-MAP IE

Group control information is used to allocate resources and/or configure resources to one or multiple AMSs
within a user group. The group resource allocation A-MAP IE is shown in Table 36.

Group scheduling requires two operations
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1)  Assignment of an AMS to a group. In order to add a AMS to a group in the DL or UL, the ABS shall
transmit a Group Configuration A-MAP IE.

2)  Allocation of resources to AMSs within a group. In order to assign resources to one or more AMSs
in a group, the ABS shall transmit the DL/UL Group Resource Allocation A-MAP IE. The DL/UL
Group Resource Allocation A-MAP IE is included in user-specific resource assignment in an A-
MAP region. The GRA A-MAP IE contains bitmaps to indicate scheduled AMSs and signal nomi-

O 001N WU A W

nal , MCS, MIMO mode and resource size.

Table 36—DL group resource allocation A-MAP IE"

Syntax Size in bits * Description/Notes

A-MAP IE Type 4 DL Group Resource Allocation A-MAP IE

Long TTI Length 1 Defines number of subframes spanned by the allocated
resource.
0: 1 subframe (default)
1: 4 DL/UL subframes for FDD or all DL/UL subframe for
TDD

Resource Offset [6] Indicates starting LRU for resource assignment to this group

ACK Channel Offset TBD Indicates the start of ACK index used for scheduled allocations
and de-allocations at this subframe in the group. The ACK
channels for scheduled allocations occur first, in the order of
user bitmap, followed by the ACK channel for de-allocations,
followed by the ACK channels for shifted AMSs.

User Bitmap Size [2][5] Indicates the length of User Bitmap

User Bitmap Variable Bitmap to indicate scheduled AMSs in a group. The size of the
bitmap is equal to the User Bitmap Size.
0: AMS not allocated in this subframe
1: AMS allocated in this frame

N_deallocated AMS 2 Number of deallocated AMSs

For(i=0; i<N_deallocated AMS;

i+){

De-allocated AMS index Variable Signals the indices of de-allocated AMS among the inactive
AMS:s in the user bitmap. The length of De-allocated AMS
Index field determined as Ceil {log2(Number of Inactive AMSs
in User Bitmap)}.

¥
Re-arrange Indicator 1 Signals whether the re-arrange bitmap is present in this GRA IE
If (Re-arrange Indicator == 1) {

Re-arrange Bitmap Variable This bitmap signals the occupied bits in the user bitmap. The
size of the bitmap is equal to the number of 0's in the user bit-
map

}
If( Group MIMO mode set
==0b01 or Ob11){
MIMO Bitmap Variable Bitmap to indicate MIMO mode for the scheduled AMSs.
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Table 36—DL group resource allocation A-MAP IE"

Syntax Size in bits * Description/Notes
}
If( Group MIMO mode set ==
Obl1){
PSI Bitmap Variable Bitmap to indicate PSI for MU-MIMO
Pairing Bitmap Variable Bitmap to indicate AMS pair sharing same resource for MU-
MIMO
H
Resource Assignment Bitmap Variable Bitmap to indicate burst size/resource size for each scheduled
AMS
Padding Variable Padding to reach byte boundary

*A 16 bit CRC is generated based on the contents of the DL Group Resource Allocation A-MAP IE. The CRC is masked by the Group
ID for the DL Group Resource Allocation A-MAP IE.

Table 37—UL group resource allocation A-MAP IE"

Syntax Size T bits Description/Notes

A-MAP IE Type 4 UL Group Resource Allocation A-MAP IE

Long TTI Length 1 Defines number of subframes spanned by the allocated resource.
0: 1 subframe (default)
1: 4 DL/UL subframes for FDD or all DL/UL subframe for TDD

Resource Offset [6] Indicates starting LRU for resource assignment to this group

ACK Channel Offset TBD Indicates the start of ACK index used for scheduled allocations at
this subframe in the group

User Bitmap Size [21[5] Size of the user bitmap; may not be needed if user bitmap size is
included in configuration message/A-MAP IE

User Bitmap Variable Bitmap to indicate scheduled AMSs in a group. The size of the
bitmap is equal to the User Bitmap Size

N_deallocated AMS 2 Indicates the number of deleted AMSs in the group.

For(i=0;i<N_deallocated AMS

i) {

De-allocated AMS index Variable Signals the indices of de-allocated AMS among the inactive
AMS:s in the user bitmap. The length of De-allocated AMS Index
field determined as Ceil{log2(Number of Inactive AMSs in User
Bitmap)}.

b
Re-arrange Indicator 1 Signals whether the re-arrange bitmap is present in this GRA 1E
If (Re-arrange Indicator == 1) {
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Table 37—UL group resource allocation A-MAP IE"

Size in bits

Syntax . Description/Notes
Re-arrange Bitmap Variable This bitmap signals the occupied bits in the user bitmap. The size
of the bitmap is equal to the number of 0's in the user bitmap
}
If (N_deallocated AMS !=
0b00 or Re-arrange Indicator
=D {
HF Index TBD Starting HF Index for deallocated AMSs and re-arranged AMSs,
if present
H
If( Group MIMO mode set
==0b01){
MIMO Bitmap Variable Bitmap to indicate MIMO mode for the scheduled AMSs.
}
If( Group MIMO mode set ==
0b10){
PSI Bitmap Variable Bitmap to indicate PSI for MU-MIMO
Pairing Bitmap Variable Bitmap to indicate AMS pair sharing same resource for MU-
MIMO
}
Resource Assignment Bitmap Variable Bitmap to indicate burst size/resource size for each scheduled user
Padding Variable Padding to reach byte boundary

*A 16 bit CRC is generated based on the contents of the UL Group Resource Allocation A-MAP IE. The CRC is
masked by the Group ID for the UL Group Resource Allocation A-MAP IE

3.3.2.5.4.6 Group Configuration A-MAP IE

The unicast group configuration A-MAP IE is used to assign an AMS to a group

Table 38—DL Group Configuration A-MAP IE’

Syntax Size in bits *

Description/Notes

A-MAP IE Type | 4

DL Group Configuration A-MAP IE

Group ID 5

Indicates group identifier.

Lowest MCS in 4
group

The index of the lowest MCS that shall be allowed in this group from
the list of nominal MCSs defined in Table 744.

Highest MCSin | 4
group

The index of the highest MCS that shall be allowed in this group from
the list of nominal MCSs defined in Table 744
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Table 38—DL Group Configuration A-MAP IE

Syntax Size in bits * Description/Notes
HARQ Burst [2] Indicates HARQ data burst size set supported in the group that is
Size Set ID selected from the configured HARQ data burst size set candidates in
additional broadcast message.
GRA Periodic- [2] Indicate the period of transmitting GRA A-MAP IE
ity 0b00: 1 frame
0b01: 2 frame
0b10: 4 frame
Ob11: 8 frame
Group MIMO 2 Indicate Group MIMO mode set supported in the group.
Mode 0b00: SFBC
0b01: SFBC and Vertical encoding
0b10: CL SU-MIMO
Obl11: CL SU-MIMO and CL MU-MIMO
User Bitmap [5] Indicates User Bitmap index to the AMS. An AMS may have multiple
Index User Bitmap Indexes in a group.
Initial ACID [4] Indicates the start of ACID used for group resource allocation.
N_ACID [3] Indicates the number of ACIDs used for group resource allocation.
Padding Variable Padding to reach byte boundary

*A 16 bit CRC is generated based on the contents of the DL Group Configuration A-MAP IE. The CRC is
masked by the Station ID for the DL Group Configuration A-MAP IE

Table 39—UL Group Configuration A-MAP IE”

Syntax Size in bits * Description/Notes
A-MAP IE Type | 4 UL Group Configuration A-MAP IE
Group ID 5 Indicates group index.
Lowest MCSin | 4 The index of the lowest MCS that shall be allowed in this group from
group the list of nominal MCSs defined in Table 744.
Highest MCSin | 4 The index of the highest MCS that shall be allowed in this group from
group the list of nominal MCSs defined in Table 744
HARQ Burst [2] Indicates HARQ data burst size set supported in the group that is
Size Set ID selected from the configured HARQ data burst size set candidates in
additional broadcast message.
GRA Periodic- [2] Indicate the period of transmitting GRA A-MAP IE
ity 0b00: 1 frame
0b01: 2 frame
0b10: 4 frame
Ob11: 8 frame
Group MIMO 2 Indicate Group MIMO mode set supported in the group.
Mode 0b00: SFBC

0b01: SFBC and Vertical encoding
0b10: OL MU-MIMO
Obl11: reserved
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Table 39—UL Group Configuration A-MAP IE

Syntax

Size in bits *

Description/Notes

if (N subframe, A-

MaP ==2){
If(DL:UL
1=3:5){
Alloca- 1 Subframe index when an A-MAP region occurs every 2 subframes
tion Rel- (Nsubframe, A-MAP =2) .
evance 0b0: Allocation in the first DL subframe relevant to an A-MAP region
Ob1: Allocation in the second DL subframe relevant to an A-MAP
region
telse if
(DL:UL
1=3:5){
Alloca- 2 Subframe index when an A-MAP region occurs every 2 subframes
tion Rel- (Ngubframe, A-Map =2) and DL:UL subframe ratio is 8:0, 6:2, 4:4 or 5:3
evance 0b0: Allocation in the first UL subframe relevant to an A-MAP region
Obl: Allocation in the second UL subframe relevant to an A-MAP
region
}
}
User Bitmap [5] Indicates User Bitmap index to the AMS. An AMS may have multiple
Index User Bitmap Indexes in a group.
Initial ACID [4] Indicates the start of ACID used for group resource allocation.
N_ACID [3] Indicates the number of ACIDs used for group resource allocation.
Padding Variable Padding to reach byte boundary

*A 16 bit CRC is generated based on the contents of the UL Group Configuration A-MAP IE. The CRC is
masked by the Station ID for the UL Group Configuration A-MAP IE.

3.3.2.5.4.7 DL PA A-MAP IE

The DL persistent A-MAP IE is specified in Table 40.

Table 40—DL persistent A-MAP IE"

Syntax Size in bits Description/Notes
DL Persistent A-MAP_IE() { -- --
A-MAP IE Type 4 DL Persistent A-MAP IE
if (MCRC is masked with Station ID) {
DL Individual Persistent A-MAP_IE() Refer to Table 41
} else if (MCRC is masked with Composite ID) {
DL Composite Persistent A-MAP_IE() Refer to Table 42
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Table 40—DL persistent A-MAP IE”

Syntax

Size in bits

Description/Notes

}

}

*A 16 bit CRC is generated based on the contents of the DL Individual or Composite Persistent A-MAP IE and the
CRC is masked by Station ID or the Composite ID (well-known ID specified in the system, TBD) respectively

DL Individual PA A-MAP IE

The DL individual persistent A-MAP IE is specified in Table 41.

Table 41—DL Individual Persistent A-MAP IE

Syntax

Size in bits

Description/Notes

DL Persistent A-MAP_IE() {

Allocation Period 2 Period of persistent allocation
If (Allocation Period==0b00), it indicates the dealloca-
tion of a persistently allocated resource.
0b00: deallocation
0b01: 2 frames
0b10: 4 frames
Obl11: 8 frames
If (Allocation Period==0b00){
Resource Index 11 Confirmation of the resource index for a previously
assigned persistent resource that has been deallocated
5 MHz: 0 in first 2 MSB bits + 9 bits for resource index
10 MHz: 11 bits for resource index
20 MHz: 11 bits for resource index
Resource index includes location and allocation size
Long TTI Indicator 1 Indicates number of subframes spanned by the allocated
resource.
0b0: 1 subframe (default)
Obl: 4 DL subframes for FDD or all DL subframes for
TDD
HFA 5 Explicit Index for HARQ Feedback Allocation to
acknowledge receipt of deallocation A-MAP IE
Reserved TBD
} else if (Allocation Period != 0b00){
Igizcopfset 5 Offset used to compute burst size index
MEF 2 MIMO encoder format
0b00: SFBC

0b01: Vertical encoding
0b10: Horizontal encoding
Obll: n/a
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Table 41—DL Individual Persistent A-MAP IE

Syntax

Size in bits

Description/Notes

if (MEF == 0b01){

Parameters for vertical encoding

Mt

Number of streams in transmission for Nt = 8
(Mt <= Ny)

0b000: 1 stream
0b001: 2 streams
0b010: 3 streams
0bO011: 4 streams
0b100: 5 streams
0b101: 6 streams
0b110: 7 streams
Ob111: 8 streams

Reserved

} else if(MEF == 0b10){

Parameters for horizontal encoding

Si

Index to identify the combination of the number of
streams and the allocated pilot stream index in a trans-
mission with MU-MIMO , and the modulation constel-
lation of paired user in the case of 2 stream transmission
0b0000: 2 streams with PSI=stream1 and other modula-
tion =QPSK

0b0001: 2 streams with PSI=stream1 and other modula-
tion =16QAM

0b0010: 2 streams with PSI=stream1 and other modula-
tion =64QAM

0b0011: 2 streams with PSI=stream1 and other modula-
tion information not available

0b0100: 2 streams with PSI=stream2 and other modula-
tion =QPSK

0b0101: 2 streams with PSI=stream2 and other modula-
tion =16QAM

0b0110: 2 streams with PSI=stream2 and other modula-
tion =64QAM

0b0111: 2 streams with PSI=stream2 and other modula-
tion information not available

0b1000: 3 streams with PSI=stream1

0b1001: 3 streams with PSI=stream2

0b1010: 3 streams with PSI=stream3

0b1011: 4 streams with PSI=stream1

0b1100: 4 stream with PSI=stream?2

0b1101: 4 streams with PSI=stream3

0b1110: 4 streams with PSI=stream4

0Obl111: n/a

}

Resource Index

11

5 MHz: 0 in first 2 MSB bits + 9 bits for resource index
10 MHz: 11 bits for resource index
20 MHz: 11 bits for resource index

Resource index includes location and allocation size
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Table 41—DL Individual Persistent A-MAP IE

Syntax

Size in bits

Description/Notes

Long TTI Indicator

1

Indicates number of subframes spanned by the allocated
resource.

0b0: 1 subframe (default)
0bl: 4 DL subframes for FDD or all DL subframes for
TDD

HFA

Explicit index for HARQ Feedback Allocation

ACID

HARQ channel identifier. The ACID field shall be set
to the initial value of HARQ channel identifier for
implicit cycling of HARQ channel identifiers.

N_ACIDs: Number of ACIDs for implicit cycling of
HARQ channel identifier

N_ACID=Floor{ PA_Max ReTx_ Delay/ (Allocation
Period*Frame_length) }+1

}

Reserved

TBD

Reserved bits

Padding

Variable

Padding to reach byte boundary

}

The Resource Index field in the DL Individual Persistent A-MAP IE is interpreted as in the DL Basic

Assignment A-MAP IE.

The maximum HARQ retransmission delay for persistent allocation, PA _Max ReTx_Delay can be com-
puted from N_Max ReTx, the maximum number of retransmission and PA_ReTx Interval, the allowable

delay between consecutive retransmission of persistent allocation as follows.

PA Max ReTx Delay =N Max ReTx * PA ReTx Interval

where PA_ReTx_Interval is determined from Long TTI Indicator, T, the data burst processing time, and

Frame length, the frame length as follows.

If T 3 and

proc

Long TTI Indicator =0,  PA_ReTx Interval = Frame length,  otherwise,

PA_ReTx_Interval =2 * Frame_length.

DL Composite PA A-MAP IE

The DL composite persistent A-MAP IE is specified in Table 42.

Table 42—DL Composite Persistent A-MAP IE

Syntax Size in bits Description/Notes
DL Composite Persistent A-MAP_1E() { - -
Number of allocations 5 Number of allocation specified
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Table 42—DL Composite Persistent A-MAP IE

Syntax

Size in bits

Description/Notes

RCID Type

2

0b00: Normal CID
0b01: RCID11
0b10: RCID7
0bl1: RCID3

For (j=0;j<Number of allocations; j++) {

For loop where each loop element specifies infor-
mation for one allocation.

Persistent Flag

0 = non-persistent
1 = persistent

RCID

variable

Specifies the station ID 16-bit composite ID with
12-bit station ID in MSB and 4-bit FID in LSB in
RCID format, type defined by RCID Type

if (Persistent Flag ==1) {

Allocation Period

Period of persistent allocation

If (Allocation Period ==0b00), it indicates the
deallocation of a persistently allocated resource.
0b00: deallocation

0b01: 2 frames

0b10: 4 frames

Ob11: 8 frames

Allocation Period and ACID Indicator

If Allocation Period and ACID Indicator is 1, it
indicates that allocation information (allocation
period, Number of ACID (ACID) is explicitly
assigned for this allocation. Otherwise, this alloca-
tion will use the same allocation period as the pre-
vious allocation.

Ifj is 0 then this indicator shall be 1.

if (Allocation Period and ACID Indica-
tor==1) {

Allocation Periodicity (AP)

Period of the persistent allocation is this field
value plus 1 (unit is sub-frame/frame TBD)

ACID

HARQ channel identifier. The ACID field shall be
set to the initial value of HARQ channel identifier
for implicit cycling of HARQ channel identifiers.

N_ACIDs: Number of ACIDs for implicit cycling
of HARQ channel identifier

N_ACID=Floor{ PA Max ReTx Delay/ (Alloca-
tion Period*Frame_length) }+1

if (Persistent Flag ==1 & Allocation
Period==0b00){
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Table 42—DL Composite Persistent A-MAP IE

Syntax

Size in bits

Description/Notes

Resource Index

11

Confirmation of the resource index for a previ-
ously assigned persistent resource that has been
deallocated

5 MHz: 0 in first 2 MSB bits + 9 bits for resource
index

10 MHz: 11 bits for resource index

20 MHz: 11 bits for resource index

Resource index includes location and allocation
size

Long TTI Indicator

Indicates number of subframes spanned by the
allocated resource.

0b0: 1 subframe (default)

Ob1: 4 DL subframes for FDD or all DL sub-
frames for TDD

HFA

Explicit Index for HARQ Feedback Allocation to
acknowledge receipt of deallocation A-MAP IE

telse{

Allocation MCS indicator

If Allocation MCS Indicator is 1, it indicates that
Igi.c0 fver 18 explicitly assigned for this alloca-
tion. Otherwise, this allocation will use the same
ISizeOf-Set as the previous subburst. If j is 0 then
this indicator shall be 1.

if (Allocation MCS indicator == 1) {

ISizeOf/"set

Offset used to compute burst size index

}

MEF

MIMO encoder format

0b00: SFBC

0bO01: Vertical encoding
0b10: Horizontal encoding
Obll:n/a

if (MEF == 0b01){

Parameters for vertical encoding

(N, == 2){

Mt

Number of streams in transmission for N, = 2
(Mt <=N;)

0b0: 1 stream
0bl: 2 streams

velse if(N, == 4){

Mt

Number of streams in transmission for Nt = 4
(Mt <=N;)

0b00: 1 stream
0bO01: 2 streams
0b10: 3 streams
0b11: 4 streams

telse if(N; == 8){
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Table 42—DL Composite Persistent A-MAP IE

Syntax

Size in bits

Description/Notes

Mt

3

Number of streams in transmission for Nt = 8

(Mt<=N,)

0b000: 1 stream

0b001: 2 streams
0b010: 3 streams
0b011: 4 streams
0b100: 5 streams
0b101: 6 streams
0b110: 7 streams
0b111: 8 streams

}

} else if(MEF == 0b10){

Parameters for horizontal encoding

if(N; == 2){

PSI

Allocated pilot stream index for N, =2

0bO0: #1 stream
0bl: #2 stream

Mp

Modulation constellation of the paired user

0b00: QPSK
0b01: 16 QAM
0b10: 64 QAM
0bll: n/a

} else{
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Table 42—DL Composite Persistent A-MAP IE

Syntax

Size in bits

Description/Notes

Si

4

Index used to identify the combination of the
number of streams and the allocated pilot stream
index in a transmission with MU-MIMO , and the
modulation constellation of paired user in the case
of 2 stream transmission

0b0000: 2 streams with PSI=stream1 and other
modulation =QPSK

0b0001: 2 streams with PSI=stream1 and other
modulation =16QAM

0b0010: 2 streams with PSI=stream1 and other
modulation =64QAM

0b0011: 2 streams with PSI=stream1 and other
modulation information not available

0b0100: 2 streams with PSI=stream2 and other
modulation =QPSK

0b0101: 2 streams with PSI=stream2 and other
modulation =16QAM

0b0110: 2 streams with PSI=stream?2 and other
modulation =64QAM

0b0111: 2 streams with PSI=stream2 and other
modulation information not available

0b1000: 3 streams with PSI=stream1

0b1001: 3 streams with PSI=stream2

0b1010: 3 streams with PSI=stream3

0b1011: 4 streams with PSI=stream1

0b1100: 4 stream with PSI=stream?2

0b1101: 4 streams with PSI=stream3

0b1110: 4 streams with PSI=stream4

0bl111: n/a

RAI

Resource Allocation Indicator (RAI)

0b00: It indicates that resource allocation informa-
tion is explicitly assigned for this subburst.

0b01: It indicates that resource offset is explicitly
assigned for this subburst and this subburst will
use the same duration as the previous subburst.
0b10: It indicates that this subburst will use the
same duration as the previous subburst and follow
the previous subburst.

Obl11: Rsvd

Ifj is O then this indicator shall be 0b00.

if (RAI == 0b00) {

Resource index

11

5 MHz: 0 in first 2 MSB bits + 9 bits for resource
index

10 MHz: 11 bits for resource index

20 MHz: 11 bits for resource index

Resource index includes location and allocation
size

}

else if (RAI == 0b01) {
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Table 42—DL Composite Persistent A-MAP IE

Syntax Size in bits Description/Notes
Resource offset 7 It indicates the start position of resource region for

this subburst

H

Long TTI Indicator 1 Indicates number of subframes spanned by the
allocated resource.
0b0: 1 subframe (default)
Ob1l: 4 DL subframes for FDD or all DL sub-
frames for TDD

HFA 5 Explicit Index for HARQ Feedback Allocation

}

¥
¥

The Resource Index field in the DL Composite Persistent A-MAP IE is interpreted as in the DL Basic

Assignment A-MAP IE.

3.3.2.5.4.8 UL PA A-MAP IE

The UL persistent A-MAP IE is specified in Table 43.

Table 43—UL Persistent A-MAP IE"

Syntax

Size in bits

Description/Notes

UL Persistent A-MAP_1E() {

A-MAP IE Type

UL Persistent A-MAP IE

if MCRC is masked with Station ID {

UL Individual Persistent A-MAP_IE() Refer to Table 44
} else if MCRC is masked with Composite
ID {

UL Composite Persistent A-MAP_1E() Refer to Table 45

}

}

*A 16 bit CRC is generated based on the contents of the UL Individual or Composite Persistent A-MAP IE and
the CRC is masked by Station ID or the Composite ID (well-known ID specified in the system, TBD) respec-

tively

UL Individual PA A-MAP IE

The UL individual persistent A-MAP IE is specified in Table 44.
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Table 44—UL Individual Persistent A-MAP IE

Syntax Size in bits Description/Notes

UL Persistent A-MAP_IE() { - -

Allocation Period 2 Period of persistent allocation
If (Allocation Period==0b00), it indicates the
deallocation of persistent resource.

0b00: deallocation
0b01: 2 frames
0b10: 4 frames
0b11: 8 frames

If (Allocation Period==0b00){

Resource Index 11 Confirmation of the resource index for a previ-
ously assigned persistent resource that has
been deallocated

5 MHz: 0 in first 2 MSB bits + 9 bits for
resource index

10 MHz: 11 bits for resource index

20 MHz: 11 bits for resource index

Resource index includes location and alloca-
tion size

Long TTI Indicator 1 Indicates number of subframes spanned by the
allocated resource.

0b0: 1 subframe (default)
0bl: 4 DL subframes for FDD or all DL sub-

frames for TDD
HFA 5 Explicit Index for HARQ Feedback Allocation
to acknowledge receipt of deallocation A-
MAP IE
} else if (Allocation Period != 0b00){
Igizcopfset 5 Offset used to compute burst size index
Mt 1 Number of streams in transmission (Mt <= Nt

), up to 2 streams per AMS supported

0b0: 1 stream
0bl: 2 streams

TNS 2 Total number of streams in the LRU for CSM

0b00: reserved

0bO01: 2 streams
0b10: 3 streams
0Obl1: 4 streams

If(TNS > Mt){ Paraneters for CSM
if(TNS ==2) {
SI 1 First pilot index for CSM with TNS =2
97
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Table 44—UL Individual Persistent A-MAP IE

Syntax Size in bits Description/Notes

else {

SI 2 First pilot index for CSM with TNS = 3.4

}
else if (TNS == Mt) {

MEF 1 MIMO encoder format
0b0: SFBC
Ob1: Vertical encoding

PF 1 Precoding Flag

0b0: non adaptive precoding
Ob1: adaptive codebook precoding using the
precoder of rank Mt of MS’s choice

Resource Index 11 5 MHz: 0 in first 2 MSB bits + 9 bits for
resource index

10 MHz: 11 bits for resource index

20 MHz: 11 bits for resource index

Resource index includes location and alloca-
tion size

Long TTI Indicator 1 Indicates number of subframes spanned by the
allocated resource.

0b0: 1 subframe (default)

0b1l: 4 UL subframes for FDD or all UL sub-
frames for TDD

If number of DL subframes, D is less than
number of UL subframes, U, Long TTI Indica-
tor=0b1

HFA 5 Explicit Index for HARQ Feedback Allocation

ACID 3 HARQ channel identifier

N_ACIDs: Number of ACIDs for implicit
cycling of HARQ channel identifier
N_ACID=Floor{ PA Max ReTx Delay/
(Allocation Period*Frame_length) }+1

}
Reserved TBD Reserved bits

Padding Variable Padding to reach byte boundary
} - -

The Resource Index field in the UL Individual Persistent A-MAP IE is interpreted as in the DL Basic
Assignment A-MAP IE.

98
Copyright © 2009 IEEE. All rights reserved.



IEEE 802.16m-09/0047
September 23, 2009

UL Composite PA A-MAP IE

The UL composite persistent A-MAP IE is specified in Table 45.
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Table 45—UL Composite Persistent A-MAP IE

Syntax

Size in bits

Description/Notes

UL Composite Persistent A-MAP_IE() {

Number of allocations

Number of allocation specified

RCID Type

0b00: Normal CID
0b01: RCIDI11
0b10: RCID7
Obl1: RCID3

For (7=0;j<Number of allocations; j++) {

For loop where each loop element specifies
information for one allocation.

Persistent Flag

0 = non-persistent
1 = persistent

RCID

variable

Specifies the station ID 16-bit composite ID
with 12-bit station ID in MSB and 4-bit FID in
LSB in RCID format, type defined by RCID

Type

if (Persistent Flag ==1) {

Allocation Period

Period of persistent allocation

If (Allocation Period ==0b00), it indicates the
deallocation of a persistently allocated
resource.

0b00: deallocation

0b01: 2 frames

0b10: 4 frames

Ob11: 8 frames

Allocation Period and ACID Indicator

If Allocation Period and ACID Indicator is 1,
it indicates that allocation information (alloca-
tion period, Number of ACID (ACID) is
explicitly assigned for this allocation. Other-
wise, this allocation will use the same alloca-
tion period as the previous allocation.

Ifj is 0 then this indicator shall be 1.

if (Allocation Period and ACID Indica-
tor==1) {

Allocation Periodicity (AP)

Period of the persistent allocation is this field
value plus 1 (unit is sub-frame/frame TBD)
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Table 45—UL Composite Persistent A-MAP IE

Syntax Size in bits Description/Notes

ACID 4 HARAQ channel identifier. The ACID field
shall be set to the initial value of HARQ chan-
nel identifier for implicit cycling of HARQ
channel identifiers.

N_ACIDs: Number of ACIDs for implicit
cycling of HARQ channel identifier
N_ACID=Floor{ PA_Max ReTx_Delay/
(Allocation Period*Frame length) }+1

if (Persistent Flag ==1 && Allocation
Period==0b00){

Resource Index 11 Confirmation of the resource index for a previ-
ously assigned persistent resource that has
been deallocated

5 MHz: 0 in first 2 MSB bits + 9 bits for
resource index

10 MHz: 11 bits for resource index

20 MHz: 11 bits for resource index

Resource index includes location and alloca-
tion size

Long TTI Indicator 1 Indicates number of subframes spanned by the
allocated resource.

0b0: 1 subframe (default)

0bl: 4 DL subframes for FDD or all DL sub-

frames for TDD
HFA 5 Explicit Index for HARQ Feedback Allocation
to acknowledge receipt of deallocation A-
MAP IE
H
else{
Allocation MCS indicator 1 If Allocation MCS Indicator is 1, it indicates

that MCS is explicitly assigned for this alloca-
tion. Otherwise, this allocation will use the
same MCS as the previous subburst. If j is 0
then this indicator shall be 1.

if (Allocation MCS indicator == 1) {

I, eOffset 5 Offset used to compute burst size index
}
Number of streams in transmission (Mt <=
Mt 1 Nt ), up to 2 streams per AMS supported
0b0: 1 stream
Obl: 2 streams
TNS 2 Total number of streams in the LRU for CSM

0b00: reserved

0b01: 2 streams
0b10: 3 streams
0Obl1: 4 streams
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Table 45—UL Composite Persistent A-MAP IE

Syntax

Size in bits

Description/Notes

if (TNS > Mt){

Parameters for CSM

if(TNS == 2){

SI

First pilot index for CSM with TNS =2

} else{

SI

First pilot index for CSM with TNS = 3.4

}

}

else if (TNS == Mt) {

Parameters without CSM

MEF

MIMO encoder format
0b0: SFBC
Ob1: Vertical encoding

PF

Precoding Flag

0b0: non adaptive precoding
Ob1: adaptive codebook precoding using the
precoder of rank Mt of MS’s choice

Resource Allocation Indicator (RAI)

0b00: It indicates that resource allocation
information is explicitly assigned for this sub-
burst.

0b01: It indicates that resource offset is explic-
itly assigned for this subburst and this subburst
will use the same duration as the previous sub-
burst.

0b10: It indicates that this subburst will use the
same duration as the previous subburst and
follow the previous subburst.

Ob11: Rsvd

If j is O then this indicator shall be 0b00.

if (RAI ==0b00) {

Resource Index

11

5 MHz: 0 in first 2 MSB bits + 9 bits for
resource index

10 MHz: 11 bits for resource index

20 MHz: 11 bits for resource index

Resource index includes location and alloca-
tion size

+ else if (RAI == 0b01) {

Resource offset

It indicates the start position of resource region
for this subburst
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Table 45—UL Composite Persistent A-MAP IE

Syntax Size in bits Description/Notes

Long TTI Indicator 1 Indicates number of subframes spanned by the
allocated resource.

0b0: 1 subframe (default)

0b1l: 4 DL subframes for FDD or all DL sub-
frames for TDD

f number of DL subframes, D is less than num-
ber of UL subframes, U, Long TTI Indicator=
0bl

HFA 5 Explicit Index for HARQ Feedback Allocation

The Resource Index field in the UL Composite Persistent A-MAP IE is interpreted as in the DL Basic As-
signment A-MAP IE.

3.3.2.5.4.9 HARQ Feedback A-MAP IE
HARQ Feedback A-MAP IE includes one bit and corresponding value for HARQ ACK/NACK information

is shown in Table 46. If HF-A-MAP IE has the Ob0 or Obl, it shall be interpreted as ACK information or
NACK information, respectively.

Table 46—HF-A-MAP-IE

Syntax Size (bit) Notes

HF-A-MAP IE format {

HF-A-MAP IE value 1 0b0 : ACK feedback info.
0b1l : NACK feedback info.

3.3.2.5.4.10 Feedback Allocation A-MAP IE

Table 47 describes the fields in a Feedback Allocation A-MAP IE used for dynamically allocating or de-
allocating UL fast feedback control channels (including both PFBCH and SFBCH) to an AMS. If an AMS
has an existing fast feedback control channel and receives a new feedback channel allocation, the original
fast feedback channel is de-allocated automatically.

Definitions of the fields in the Feedback Allocation A-MAP IE are listed below in Table 47.
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Table 47—Feedback Allocation A-MAP IE

Syntax

Size (bit)

Notes

Feedback-Allocation-MAP_IE() {

A-MAP IE Type

Feedback Allocation A-MAP IE =
0b0010

Channel Index

Variable

Feedback channel index within the UL
fast feedback control resource region

(Dependent on Lgp fp; defined in
3.3.4.33.2)

Short-term feedback period (p)

A feedback is transmitted on the FBCH

2P
every frames

Long-term feedback Period (g)

(2]

A long-term feedback is transmitted on

the FBCH every 27 short-term feedback
opportunities.

If ¢ = 0b00, long-term feedback is not
used.

Frame offset

The AMS starts reporting at the frame of
which the number has the same 3 LSB as
the specified frame offset. If the current
frame is specified, the AMS should start
reporting in eight frames.

Allocation Duration(d)

An FBCH is transmitted on the FBCH
channels indexed by Channel Index for
8x24 frames. If d = 0b000, the FBCH is
deallocated. If d =0b111, the AMS
should report until the ABS command for
the AMS to stop.

ACK allocation flag

Indicated if one ACK channel is allocated

If ( ACK allocation flag == 0bl ) {

HFA

HARQ feedback channel allocation for
Feedback Channel De-allocation
confirmation
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Table 47—Feedback Allocation A-MAP IE

Syntax

Size (bit)

Notes

MaxMt

Variable

[1-2]

Variable number of bits - depends on
number of transmit antenna Nt

If Ne=2: (SU-MIMO and MU-MIMO)
0b0: 1
Obl: 2

If Nt=4: (SU-MIMO and MU-MIMO)
0b00: 1
0b01: 2
0b10: 3
Obl1: 4

If Nr=8 (SU-MIMO)
0b000: 1
0b001: 2
0b011: 4
0bl11: 8

If N=8: (MU-MIMO)
0b00: 1
0b01: 2
0b10: 3
0bl1: 4

MFM

MIMO Feedback Mode as defined in
Table 671

If (MFM = 2,3,5,6) {

Feedback Format

(2]

}

If (MFM = 0,1,4,7) {

FPI

Frequency partition indication: ABS
indicate AMS to send wideband CQI and
STC rate of the frequency partition and
reuse factor in the future:

0b00: Frequency partition index 0

0b01: Frequency partition index 1

0b10: Frequency partition index 2

Ob11: Frequency partition index 3

}

If (MFM = 0,1 & long term feedback
period != 0b00{

104

Copyright © 2009 IEEE. All rights reserved.




O 001N WU A W

September 23, 2009

IEEE 802.16m-09/0047

Table 47—Feedback Allocation A-MAP IE

Syntax

Size (bit)

Notes

Long term FPI

Frequency partition indication: ABS
indicate AMS to send wideband CQI and
STC rate for the second frequency parti-
tion using long term feedback:

0b00: Frequency partition index 0

0b01: Frequency partition index 1

0b10: Frequency partition index 2

Ob11: Frequency partition index 3

}

If (MFM == 3,4,6,7) {

CL SU and MU MIMO

CM

(2]

Codebook Feedback Mode and
Codebook Coordination Enable

0b00: standard with CCE disabled

0b01: transformation with CCE disabled
0b10: differential with CCE disabled
0bl11: standard with CCE enabled

CS

Codebook subset

}

If(MFM==0,1,2,5) {

Measurement Method Indication

0b0: Use the midamble for CQI measure-
ments

Ob1: Use pilots in OL region with
MaxMt streams for CQI measurements

Padding

Variable

Padding to reach byte boundary

MCRC

[16]

16 bit CRC masked by Station ID

}

Channel Index: Uniquely identifies a fast feedback channel on which an AMS can transmit fast feedback
information. With this allocation, a one-to-one relationship is established between Channel Index and the

AMS.

ACK Allocation Flag: BS may set ACK Allocation Flag to 0b1 if Allocation Duration equals 0b00. BS may
set ACK Allocation Flag to 0bl if Allocation Duration doesn’t equal 0b00 and the channel index of the

newly allocated FBCH is the same as the channel index of the deallocated FBCH.

Short-term Feedback Period (p): A short-term feedback is transmitted on the FBCH every 27 frames

Long-term Feedback Period (¢): A long-term feedback is transmitted on the FBCH every 27 short-term
feedback opportunity. If ¢ = 0b00, long-term feedback is not used.
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Allocation duration (d): A FBCH is transmitted on the FBCH channels indexed by Channel Index for 8x24
frames. If d = 0b000, the FBCH is deallocated. If d = 0b111, the AMS shall report until the ABS command
for the AMS to stop.

MFM: MIMO feedback mode, defined in Table 58.

Feedback Format: This field specifies the feedback format index when reporting fast feedback information
in FBCH. Feedback format definitions for different MIMO feedback modes are described in 3.3.5.3.1.4.

FPI: The frequency partition over which the short term period report shall be measured by the AMS.

Long term FPI: The frequency partition over which the long term period report shall be measured by the
AMS.

MaxMt: This field specifies the maximum rank to be fed back by the AMS if MFM=0,1,2,3,4 (which indi-
cates a SU MIMO feedback mode for SM), or it specifies the maximum number of users scheduled on each
RU at the ABS if MFM=5,6,7 (which indicates a MU MIMO feedback mode)

CCE: Codebook Coordination Enable. When CCE is enabled, AMS finds PMI within whole broadcasted
codebook type entry; when the CMI field is set to Ob11, it means AMS finds rate-1 PMI within broadcasted
codebook entries indicated by BC_SI and codebook subset indication CS.

CM: this field specifies codebook feedback mode, which is needed only for MFM 3 and 6.

Measurement Method Indication: This field indicates the use of midamble or pilots for CQI measurement.
3.3.2.5.4.11 Power Control A-MAP IE

The PC-A-MAP IE includes two bits and corresponding values for power correction is shown in Table 48,

e.g., if the power correction value is 0b00, it shall be interpreted as tone power (power density) should be
reduced by 0.5dB

Table 48—PC-A-MAP IE format

Syntax Size (bit) Notes

PC-A-MAP IE format {

Power correction value 2 0b00=-0.5dB
0b01 =0.0 dB
0b10=0.5dB
0bl1=1.0dB

}
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3.3.2.5.4.12 UL Sounding Command A-MAP IE

O 001N WU A W

Table 49—UL Sounding Command A-MAP IE

Syntax Size (bit) Notes

UL Sounding Command IE format() { - -

A-MAP IE type 4

Sounding subframe 3 Indicates the sounding subframe

Sounding subband bitmap variable FFT size dependant

max. 12

If (Multiplexing type == 0) {

Decimation offset d 5 Unique decimation offset

}else {

Cyclic time shift m 5 Unique cyclic shift

}

Periodicity (p) 3 0b000 = Single command, not peri-
odic, or terminate the periodicy. Other-
wise, repeat sounding once per 21
frames, where p is decimal value of the
periodicy field

Antenna switching 1 0b0: Antenna switching
Ob1: No antenna switching

If (Antenna switching == 1) {

Transmit antenna bitmap 4 Indicates an active set of transmit

antennas

b

Padding variable Padding

}

d: Sounding channel index indicates unique decimation offset
n: Sounding channel index indicates unique cyclic time shift.
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*A 16-bit CRC is generated based on the contents of the UL Sounding Channel Command A-MAP IE. The
CRC is masked by the Station ID.

Table 49 specifies the fields of UL Sounding Command A-MAP IE used by the ABS to request sounding
transmission by the AMS. Decimal equivalent of the sounding subframe indicates the subframe number with
sounding symbol (the first subframe in frame is indexed 0). The sounding subband bitmap field is used to
indicate the sounding subbands used in the sounding allocation. For that purpose, the N4 contiguous sub-
carriers are divided into sounding subbands, where each sounding subband compromises Ny * N adjacent
subcarriers with Ny, = 18 for Ngpr = 512, 1024 and N, = 36 for Nppy = 2048. The MSB of the Sounding
subband bitmap field corresponds to the sounding subband with lowest subcarrier indexes. The three period-
icity bits are used to indicate the MS to periodically repeat the sounding transmission. Setting periodicity

Copyright © 2009 IEEE. All rights reserved.




O 001N WU A W

IEEE 802.16m-09/0047

September 23, 2009

bits to 0b000 indicates a single sounding command or terminates the sounding if periodic sounding com-
mand is being performed.

If the antenna switching flag equals 0, the AMS sounds with antenna switching, while if the antenna switch-
ing flag equals 1, the AMS sounds all active transmit antennas. If the antenna switching field equals 1 then
the i™ active antenna of the AMS corresponds to the actual decimation offset g =d +i - 1 for multiplexing
type 0 or to the actual cyclic shift index n=m +i - 1 for multiplexing type 1. To indicate a set of active
antennas Transmit antenna bitmap field is used, where MSB bit of the field corresponds to the first antenna
of AMS. Before assignment of the actual decimation offset value g or cyclic shift index » to the transmit
antenna, the active antennas of AMS shall be renumbered starting from one.

3.3.2.5.4.13 Feedback Polling A-MAP IE

The information element shown in Table 50 is used by the ABS to schedule MMO feedback transmission by
the AMS. The AMS sends the MIMO feedback using a MAC control message or an extended header,
depending on the requested feedback content.

If the feedback includes only the quantized transmit correlation matrix when the ABS is equipped with 2 or
4 transmit antennas, or only the wideband information for MIMO feedback modes 0, 1, 4 and 7, or only the
subband information for 1 subband for MIMO feedback modes 2, 3, 5 and 6, then the MS shall use an
extended header. In other cases, for the feedback of the quantized transmit correlation matrix when the ABS
is equipped with § transmit antennas, or for the feedback of subband information for more than one subband
for MIMO feedback modes 2, 3, 5 and 6, or for multi-BS feedback, the MS shall use a MAC control mes-
sage. In case of feedback for MIMO feedback modes 0, 1, 4 or 7, the MS shall feedback the CQI for FPO if
FPCT equals 1 or 4, or for FPk if FPCT is not equal to 1 or 4, where FPk is determined by k = floor(IDCell/
255).

If MIMO _feedback IE type = 0bl, the AMS shall transmit using MIMO mode 0 if it has multiple transmit
antennas, or using MIMO mode 1 with Mt=1 stream if it has a single transmit antenna. If
MIMO _feedback IE type = 0b0, the AMS shall follows the MEF instruction in the IE.

Table 50—Feedback Polling A-MAP IE

Syntax Size (bits) Notes

A-MAP IE Type{ [4] Feedback Polling IE

The allocation is valid for 2(4-D superframes
starting from the superframe defined by allocation
relevance. If d == 0b000, the pre-scheduled
Allocation Duration (d) 3 feedback header transmission is released. If d ==
Ob111, the pre-scheduled feedback header
transmission shall be valid until the ABS
commands to release it.

If (d ==0b00) {
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Table 50—Feedback Polling A-MAP IE

IEEE 802.16m-09/0047

Syntax

Size (bits)

Notes

Resource Index

11

Confirmation of the resource index for a previously
assigned persistent resource that has been
deallocated

5 MHz: 0 in first 2 MSB bits + 9 bits for resource
index

10 MHz: 11 bits for resource index

20 MHz: 11 bits for resource index

Resource index includes location and allocation
size

HFA

HARQ feedback channel allocation for Feedback
Channel De-allocation confirmation

} else if (d != 0b00){

Dedicated UL allocation

0b0: No dedicated UL resource is allocated. ABS
shall provide UL allocation for the MIMO
feedback IE transmission through UL A-MAP IE
at each designated transmitting frame defined by
this IE.

Ob1: Dedicated UL resource is included in this IE

If (Dedicated UL allocation ==0b1){

[SizeOffset

Offset used to compute burst size index

Resource Index

11

5 MHz: 0 in first 2 MSB bits + 9 bits for resource
index

10 MHz: 11 bits for resource index

20 MHz: 11 bits for resource index

Resource index includes location and allocation
size

}

Period (p)

Transmit feedback header every 4P frame

MIMO _feedback IE type

0b0: feedback for single-BS MIMO operation
Ob1: feedback for multi-BS MIMO operation

If MIMO _feedback IE_type == 0b0){

Single-BS MIMO feedback request

If (Dedicated UL allocation ==
0b1){

MEF

MIMO encoder format

0b0: SFBC

Ob1: Vertical encoding with Mt =2 if Nt=2 or 4, or
Mt =1 if Nt=1

Non-adaptive precoding shall be used at the AMS.
Nt is the number of transmit antennas at the AMS.
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Table 50—Feedback Polling A-MAP IE

Syntax

Size (bits)

Notes

Transmit Correlation Matrix

0b0: feedback of the transmit correlation matrix is
indicated by CM

Ob1: feedback of the quantized ABS transmit
correlation matrix only

Transmit correlation matrix shall be feedback if
CM = 0bl

If (Transmit Correlation Matrix ==
0b0){

ABS requests AMS to feedback CQI And CSI for a
specific MFM.

MaxMt

Variable
lor2

Variable number of bits - depends on number of
transmit antenna Nt

If Nt=2 (SU-MIMO and MU-MIMO):
0b0: 1
0bl: 2

If Nt=4 (SU-MIMO and MU-MIMO):
0b00: 1
0b01: 2
0b10: 3
0bll: 4

If Nt=8 (SU-MIMO):
0b000: 1
0b001: 2
0b011: 4
Ob111:8

If Nt=8: (MU-MIMO):
0b00: 1
0b01: 2
0b10: 3
Obll1: 4

MFM

MIMO Feedback Mode for which the AMS shall
feedback CQI and CSI to the ABS

If (MFM =2, 3,5,6) {

Feedback of CQI and CSI for localized resource
units

Num_best _subbands

0b000: report all subbands
0b001~0b111: Number of best subbands to report
1< Num_best_subbands <= N,

}

If (MFM == 3,4,6,7) {

CL SU and MU MIMO

CM

[TBD]

[TBD]

CS

0b0: report PMI from the base codebook
Ob1: report PMI from the codebook subset
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Table 50—Feedback Polling A-MAP IE

Syntax

Size (bits)

Notes

}

if((MFM=0, 1, 2, 5){

Indication

Measurement Method

0b0: Use the midamble for CQI measurements
Ob1: Use pilots in OL region with MaxMt streams
for CQI measurements

else{

Multi-BS MIMO feedback request

TRU

Target RU indicating which RUs or which type of
RU to work on for feedback

0b00: Latest best subbands reported for single BS
MIMO

0b01: Whole bandwidth

0b10: FFR partition 0

Ob11: boosted FFR partition

ICT

0b00: PMI restriction for single-BS precoding;
0b01: PMI recommendation for single-BS
precoding;

0b10: CL-MD for multi-BS precoding;

0b11: Co-MIMO for multi-BS precoding;

CS

0b0: report PMI from the base codebook
Ob1: report PMI from the codebook subset

N _multiBS reports

N _multiBS reports indicates the number of
reports.

If (ICT = 0b10 or 0b11) {

CPI

Concatenating PMI Feedback indication;

0b0: feedback CPMI for N_multiBS_reports-1
diversity set members;

Ob1: no feedback CPMI

If ICT = 0b11) {

MaxUser

Maximum number of users supported in Co-
MIMO in the same resource.

0b00: 2 users

0b01: 3 users

0b10: 4 users

Obl11: reserved
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Table 50—Feedback Polling A-MAP IE

Syntax Size (bits) Notes
}
Reserved 1
Padding variable Padding to reach byte boundary
MCRC 16 16 bit CRC masked by Station ID

3.3.3 Downlink MIMO
3.3.3.1 Downlink MIMO architecture and data processing

The architecture of downlink MIMO at the transmitter side is shown in Figure 33.

Layers Streams Antennas
Subcarrier |
mapper ;
MIMO
encoder Precoder
‘ ‘ Subcarrier ——
Y v mapper

Figure 33—DL MIMO architecture

The MIMO encoder block maps L layers (L>1) onto M, streams (M,>L), which are fed to the Precoder
block. A layer is defined as a coding and modulation path fed to the MIMO encoder as an input. A stream is
defined as an output of the MIMO encoder which is passed to the precoder.

For SU-MIMO, only one user is scheduled in one Resource Unit (RU), and only one FEC block exists at the
input of the MIMO encoder (vertical MIMO encoding at transmit side).

For MU-MIMO, multiple users can be scheduled in one RU, and multiple FEC blocks exist at the input of
the MIMO encoder (horizontal MIMO encoding at transmit side).

The Precoder block maps stream(s) to antennas by generating the antenna-specific data symbols according
to the selected MIMO mode.

The subcarrier mapping blocks map antenna-specific data to the OFDM symbol
3.3.3.1.1 Layer to stream mapping

Layer to stream mapping is performed by the MIMO encoder. The MIMO encoder is a batch processor that
operates on M input symbols at a time.

The input to the MIMO encoder is represented by an Mx1 vector as specified in Equation (31)
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s = |52 31

Where s; is the i-th input symbol within a batch.
Layer to stream mapping of the input symbols is done in the space dimension first. The output of the MIMO

encoder is an M, x N, MIMO STC matrix as given in Equation (32), which serves as the input to the pre-
coder.

x = S8(s) (32)

Where,
M, is the number of streams
N is the number of subcarriers occupied by one MIMO block
x 1is the output of the MIMO encoder
s is the input layer vector
S() is a function that maps an input layer vector to an STC matrix

S(s) is an STC matrix

The STC matrix x can be expressed as in Equation (33):

X Xpp oo Xy,

X = .x2’1 x2’2 N xz’NF . (33)

Xm0 Xm,2 o0 XM, N,

The four MIMO encoder formats (MEF) are SFBC, vertical encoding (VE), horizontal encoding (HE), and
CDR. For SU-MIMO transmissions, the STC rate is defined as in Equation (34)

_ M
Re i (34)

For MU-MIMO transmissions, the STC rate per user (R) is equal to 1.
3.3.3.1.1.1 SFBC encoding

The input to the MIMO encoder is represented by a 2 x 1 vector.
s (35)
52
The MIMO encoder generates the SFBC matrix.
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sy —S,*

x = 51752
P

S2 5y

Where x is a 2x2 matrix.
The SFBC matrix, X, occupies two consecutive subcarriers.

3.3.3.1.1.2 Vertical encoding

The input and the output of MIMO encoder is represented by an M x 1 vector.

Where s, is the i-th input symbol within a batch.

For vertical encoding, s,...s,, belong to the same layer. The encoder is an identity operation.

3.3.3.1.1.3 Horizontal encoding

The input and output of the MIMO encoder is represented by an M x 1 vector.

Where s, is the i-th input symbol within a batch.

For horizontal encoding, s,...s,, belong to different layers.

Horizontal encoding is only used for MU-MIMO mode. The encoder is an identity operation.

3.3.3.1.1.4 CDR encoding

The input to the MIMO encoder is represented by a 1 x 1 vector.
s =5

The MIMO encoder generates the CDR matrix.

X =[]

The CDR matrix, X, occupies two consecutive subcarriers.
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3.3.3.1.2 Stream to antenna mapping

Stream to antenna mapping is performed by the precoder. The output of the MIMO encoder is multiplied by
an N,xM, precoder, W. The output of the precoder is denoted by an N, x N matrix, z. The mapping can be
defined in Equation (41).

(41)

211 Z1,2 - 21N,

V4 z e Z
z = Wx = 2,1 2,2 2,Np

ZN,1 2N,2 =+ 2N, N,

Where N, is the number of transmit antennas and z;, is the output symbol to be transmitted via the j-th phys-
ical antenna on the k-th subcarrier.

3.3.3.1.2.1 Non-adaptive precoding

With non-adaptive precoding, the precoding matrix is an N XM, matrix W(k), where N, is the number of
transmit antennas, M, is the numbers of streams, and & is the physical index of the subcarrier where W(k) is
applied. The matrix W is selected from a subset of size Ny, precoders of the base codebook for a given rank.
W belongs to one of the subsets of the base codebook specified in <<<15.3.7.2.6.6.2.4.1>>>, according to
the type of allocation, MEF, N, and M,, as specified in Table 51 and Table 52. The notation Cp, o, su(V,
M, N,,) denotes a DL OL SU-MIMO codebook subset, which consists of NV,, complex matrices of dimension
N, by M,. The base codebook and the codebook subsets are defined in 15.3.7.

Table 51—Codebook subsets used for non-adaptive precoding in DL diversity allocations
(DLRU and NLRU)

MEF RU with M, pilot streams outside OL region | RU in OL region with MaxM, streams
SFBC CoroLsuNy My, N,), M, =2 CorLoLsuVss 2, Ny), MaxM, =2

VE CpLoLsu®V, M, N,), M,=1, ..., MaxMt CpLoLsu@y 2, N,,), MaxM, =2

HE na na

Table 52—Codebook subsets used for non-adaptive precoding in DL SLRU

MEF RU with M, pilot streams outside OL region | RU in OL region with MaxM, streams
SFBC na na
VE N=2:C(2, M, 3), M;=1, ..., MaxM, N=2: C(2, MaxM,, 3), MaxM,=1 or 2
NF=4: C(4, M,, 4), M,=1, ..., MaxM, N=4: C(4, MaxM,, 4), MaxM,= 1 or 2
N=8: C(8, M,, 4), M= 1, ..., MaxM, N=8: C(8, MaxM,, 4), MaxM, =1 or 2
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Table 52—Codebook subsets used for non-adaptive precoding in DL SLRU

HE N=2: C(2, MaxM,, 3), M, =1, ..., MaxM, N=2:C(2,2,3), MaxM,=2
N74: C(4, MaxM,, 4), M, =1, ..., MaxM, N74:C(4, 2, 4), MaxM, =2
N=8: C(8, MaxM,, 3), M, =1, ..., MaxM, N=8:C(8, 2, 4), MaxM,=2

Non-adaptive precoding outside the OL region

In a RU allocated outside the OL region, with MEF = 0b00 (SFBC) or 0b01 (VE) and non-adaptive precod-
ing,the matrix W changes every N{Pgc contiguous physical subcarriers according to equation (10), and it
does not depend on the subframe number. The N, <M, precoding matrix W(k) applied on subcarrier & in phys-
ical subband s is selected as the codeword of index i in the open-loop codebook subset of rank A,, where i is
given by

i = s mod Ny, s =0...Ny,—1 (42)
where N, denotes the number of physical subbands across the entire system bandwidth.
In a RU allocated outside the OL region, with MEF = 0b10 (HE) and non-adaptive precoding, the matrix W
changes every Ny PRUs according to Equation (43), and it does not depend on the subframe number. The
NtxMt precoding matrix W(k) applied on subcarrier k in subband s is selected as any Mt unordered columns

of the codeword of index i in the open-loop codebook subset of rank MaxMt, where i is given by
Equation (42).

Non-adaptive precoding inside the OL region
In a RU allocated in the MaxM,-streams OL Region in DLRU or SLRU, the matrix W changes every N
PRUs.

N = N;in all OL regions except in the OL region of type 1 with NLRU. The N, xMaxM, precoding matrix
W(k) applied on subcarrier k in physical subband s is selected as the codeword of index i in the open-loop
codebook subset of rank MaxM,, where i is given by

i = s mod Ny, s =0...Ny,,~1 (43)
where Ng,,;, denotes the number of physical subbands across the entire system bandwidth.

In the OL region of type 1 with NLRU, N = N,, and the N,x1 precoding matrix W(k) applied on subcarrier k
in PRU s in subframe number ¢ is selected as the codeword of index i in the open-loop codebook subset of
rank 1, where i is given by

i = (m+ (¢t mod 2)) mod Ny, s = 0...Nppy—1 (44)
where Npp; denotes the number of physical PRUs across the entire system bandwidth.
3.3.3.1.2.2 Adaptive precoding
With adaptive precoding, the precoder W is derived from the feedback of the AMS.

For codebook-based precoding (codebook feedback), there are 3 feedback modes: Base mode, transforma-
tion mode and differential mode, which are described in <<15.3.7.2.6.6.1>>.

For TDD sounding-based precoding, the value of W is derived from the AMS sounding feedback. The
sounding channel is defined in 3.3.3.2.5.7.
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3.3.3.1.3 Downlink MIMO modes

There are six MIMO transmission modes for unicast DL MIMO transmission as listed in Table 53.

O 001N WU A W

Table 53—Downlink MIMO modes

Mode index Description lf\(/,[:ﬁl/[g (lsln];g()ling MIMO precoding

Mode 0 OL SU-MIMO (Tx SFBC non-adaptive
diversity)

Mode 1 OL SU-MIMO (SM) VE non-adaptive

Mode 2 CL SU-MIMO (SM) VE adaptive

Mode 3 OL MU-MIMO (SM) HE non-adaptive

Mode 4 CL MU-MIMO (SM) HE adaptive

Mode 5 OL SU-MIMO (Tx CDR non-adaptive
diversity)

Table 54—DL MIMO parameters

The allowed values of the parameters for each DL MIMO mode are shown in Table 54.

Number Number
of STC rate uof Number of Number
transmit per layer subcarriers | of layers
streams
antennas
N, Rate M, Np L
2 1 2 2 1
MIMO mode 0 4 1 2 2 1
8 1 2 2 1
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Table 54—DL MIMO parameters

IEEE 802.16m-09/0047

Number Number
of STC rate Number of | Number
transmit per layer of subcarriers | of layers
antennas streams
N, Rate M, Np L

2 1 1 1 1

2 2 2 1 1

4 1 1 1 1

4 2 2 1 1

4 3 3 1 1

4 4 4 1 1
MIMO mode 1 and 8 ! ! ! !
MIMO mode 2 8 2 2 1 1

8 3 3 1 1

8 4 4 1 1

8 5 5 1 1

8 6 6 1 1

8 7 7 1 1

8 8 8 1 1

2 1 2 1 2

4 1 2 1 2

4 1 3 1 3
Momdewd 4 e s

8 1 2 1 2

8 1 3 1 3

8 1 4 1 4

2 172 1 2 1
MIMO mode 5 4 1/2 1 2 1

8 172 1 2 1

M, refers to the number of streams transmitted to one AMS with MIMO modes 0, 1, and 2.

M, refers to the total number of streams transmitted to multiple AMS on the same RU with MIMO modes 3

and 4.
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3.3.3.2 Transmission schemes for data channels
3.3.3.2.1 Encoding and precoding of SU-MIMO
3.3.3.2.1.1 Encoding of SU-MIMO modes

*  MIMO mode 0: SFBC encoding of section 3.3.3.1.1.1 shall be used with MIMO mode 0.
*  MIMO mode 1: Vertical encoding of section 3.3.3.1.1.2 shall be used with MIMO mode 1. The number
of streams is, M,<min(N,N,) where N, is the number of receive antennas and M, is no more than 8.

*«  MIMO mode 2: Vertical encoding of section 3.3.3.1.1.2 shall be used with MIMO mode 2. The number
of streams is , M,<min(N,N,) where M, is no more than 8.

*  MIMO mode 5: CDR encoding shall be used with MIMO mode 5.
3.3.3.2.1.2 Precoding of SU-MIMO modes

*  MIMO mode 0: Non-adaptive precoding of section 3.3.3.1.2.1 with M=2 streams shall be used with
MIMO mode 0.

*  MIMO mode 1: Non-adaptive precoding of section 3.3.3.1.2.1 with M, streams shall be used with
MIMO mode 1.

*  MIMO mode 2: Adaptive precoding of section 3.3.3.1.2.2 shall be used with MIMO mode 2.

*  MIMO mode 5: Non-adaptive precoding of section 3.3.3.1.2.1 with M, = 1 steam shall be used with
MIMO mode 5.

3.3.3.2.2 Encoding and precoding of MU-MIMO

Multi-user MIMO schemes are used to enable a resource allocation to communicate data to two or more
AMSs. Multi-user transmission with one stream per user is supported for MU-MIMO.

MU-MIMO includes the MIMO configuration of 2Tx antennas to support up to 2 AMSs, and 4Tx or 8Tx
antennas to support up to 4 AMSs, with 1 stream per AMS.

Both OL MU-MIMO (mode 3) and CL MU-MIMO (mode 4) are supported
3.3.3.2.2.1 Encoding of MU-MIMO modes

*  MIMO mode 3: Horizontal encoding of section 3.3.3.1.1.3 shall be used with MIMO mode 3.
*  MIMO mode 4: Horizontal encoding of section 3.3.3.1.1.3 shall be used with MIMO mode 4

3.3.3.2.2.2 Precoding of MU-MIMO modes

*+  MIMO mode 3

Non-adaptive precoding of section 15.3.7.1.2.1 shall be used with MIMO mode 3.

With OL MU MIMO inside the OL region, the precoder W with 2 streams is predefined and fixed over time.
With OL MU MIMO outside the OL region, the precoder W is an NxM; sub-matrix of a predefined

NxMaxM, matrix.

The precoding matrix W used by the ABS is represented in Equation (45).

Wk = i) vk vy ()] (45)
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Where v,(k) is the precoding vector for the i-th AMS on the k-th subcarrier.

v;(k) shall be used for precoding the pilot symbols on the i-th pilot stream on the k-th subcarrier.
*  MIMO mode 4

Adaptive precoding of 3.3.3.1.2.2 shall be used with MIMO mode 4.

In CL MU MIMO, the precoder W is an N; x M matrix for each subcarrier. It is used to communicate to M
AMSs simultaneously. The form and derivation of the precoding matrix does not need to be known at the
AMS. The ABS determines the precoding matrix based on the feedback received from the AMS.

The ABS shall construct the precoding matrix W as represented in Equation (46).

w(k) = [vl(k) vy (k) ... vM/(k)] (46)
Where, vk is the precoding vector for the i-th AMS on the £-th subcarrier.
v,(k) shall be used for precoding the pilot symbols on the i-th pilot stream on the k-th subcarrier.
3.3.3.2.3 Mapping of data and pilot subcarriers

Consecutive symbols for each antenna at the output of the MIMO precoder are mapped in a frequency
domain first order across LRUs of the allocation, starting from the data subcarrier with the smallest OFDM
symbol index and smallest subcarrier index, and continuing to subcarrier index with increasing subcarrier
index. When the edge of the allocation is reached, the mapping is continued on the next OFDM symbol.

3.3.3.2.4 Usage of MIMO modes

Table 55 shows permutations supported for each MIMO mode. The definitions of DRU, mini-band based
CRU, and subband based CRU are in subclause [TBD].

Table 55—Supported Permutation for each DL MIMO mode

Mini-band based CRU Mini-band and Subband

DRU (diversity allocation) based CRU
(localized allocation)

MIMO mode 0 Yes Yes No
MIMO mode 1 Yes, with Mi=2 | Yes Yes
MIMO mode 2 No Yes, with M=1 Yes
MIMO mode 3 No No Yes
MIMO mode 4 No Yes Yes

Mini band based CRU diversity allocation represents a resource allocation composed of non-contiguous
minibands.

All pilots are precoded regardless of number of transmit antennas and allocation type.
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3.3.3.2.5 Feedback mechanisms and operation
3.3.3.2.5.1 Open-Loop Region

An open-loop region with MaxMt streams is defined as a time-frequency resource using the MaxMt streams
pilot pattern and a given open-loop MIMO mode with Mt = MaxMt without rank adaptation. The open-loop
region allows base stations to coordinate their open-loop MIMO transmissions, in order to offer a stable
interference environment where the precoders and numbers of streams are not time-varying. The resource
units used for the open-loop region are indicated in a downlink broadcast message [SFH or ABI is TBD].
These resource units shall be aligned across cells.

Only a limited set of open-loop MIMO modes are allowed for transmission in the open-loop region. There is
no limitation to the use of any open-loop MIMO mode outside the open-loop region, as specified in
Table 55.

An open-loop region is associated with a specific set of parameters:
*  Type (number of streams MaxMt, MIMO mode, MIMO feedback mode, type of permutation)
*  Resource unit [TBD]

There are three types of open-loop regions, as specified in Table 56.

Table 56—Types of open-loop regions

MIMO
MaxMt MIMO mode feedback Supported permutation
mode
OL region 2 streams | MIMO mode 0 0 DRU
type 0 MIMO mode 1 (Mt = 2 streams)
1 Miniband based CRU (diversity
.. allocation)
tOL rfigwln 1 stream MIMO mode 5 (Mt = 1 stream)
ype 2 Subband based CRU (localized
allocation)
OL region 2 streams | MIMO mode 2 (Mt = 2 streams) 5 Subband based CRU (localized
type 2 MIMO mode 3 (Mt = 2 streams) allocation)

The OL region type 0 is present if OL-Region-ON is indicated in a downlink broadcast message [SFH or
ABI is TBD].

All base stations that are coordinated over the same open loop region should use the same number of
streams, in order to guarantee low interference fluctuation and thus improve the CQI prediction at the AMS.
All pilots are precoded by non-adaptive precoding with MaxMt streams in the open-loop region. CQI mea-
surements should be taken by the AMS on the precoded demodulation pilots rather than on the downlink ref-
erence signals.

3.3.3.2.5.2 MIMO mode feedback selection

An AMS may send an unsolicited event-driven report to indicate its preferred MIMO mode to the ABS.
Event-driven reports for MIMO feedback mode selection may be sent on the P-FBCH during any allowed
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transmission interval for the allocated P-FBCH. The P-FBCH codewords allocated to event-driven reports
are specified in 3.3.5.3. The precoded pilots shall be transmitted in all the LRUs in the OL region even if
data is not being transmitted by the ABS on some or all of the LRUs

3.3.3.2.5.3 MIMO feedback information

Table 57 specifies the feedback information required for MIMO operation.

Table 57—MIMO feedback information

Feedback information type Description
Long period feed- STC rate For MIMO modes 0, 1 and 2
back
Subband selection For CRU allocations, indicating which subbands are pre-
ferred
Stream index For MIMO mode 3, indicating which streams are pre-
ferred.
Quantized Correlation matrix For transformation codebook feedback mode and long
term wideband beamforming
PMI report for serving cell For long-term wideband beamforming
PMI report for neighboring cell For PMI coordination among multiple ABSs
CQI For link adaptation (MCS selection)
Short period feed- CQI For link adaptation (MCS selection)
back PMI report for serving cell For short-term beamforming with MIMO modes 2 and 4
Event-driven feed- Preferred MIMO feedback For AMS reporting of its preferred MIMO mode in
back mode unsolicited manner

3.3.3.2.5.4 MIMO feedback modes

Each MIMO transmission mode can be supported by one or several MIMO feedback modes. When allocat-
ing a feedback channel, the MIMO feedback mode shall be indicated to the AMS, and the AMS will feed-
back information accordingly.

The description of MIMO feedback modes and corresponding supported MIMO transmission modes is
shown in Table 58. The detailed description of feedback and AMS processing are in the following subsec-
tions.

The feedback of the quantized wideband correlation matrix shall be requested by the ABS for operation with
transformation codebook-based feedback mode. The ABS may request the feedback of the quantized wide-
band correlation matrix independently of the MIMO feedback mode requested in the FBCH_Alloc_IE. The
quantized wideband correlation matrix may be used for wideband beamforming.

MIMO feedback mode 0 is used for the OL-SU SFBC and SM adaptation in diversity permutation. The
AMS estimates the wideband CQI for both SFBC and SM, and reports the CQI and STC Rate. STC Rate 1
means SFBC with precoding and STC Rate 2 means rank-2 SM with precoding.
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Table 58—MIMO feedback modes
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Supported MIMO Supported MIMO
MIMO Description Feedback transmission mode outside the | transmission mode inside the
Feedback | and type of content OL region (when OL region (when
Mode RU Measurement Method Measurement Method
Indication = 0b0) Indication = 0b1)
0 OL SU 1. STC Rate MIMO mode 0 and MIMO MIMO mode 0 and MIMO
MIMO 2. Wideband mode 1. mode 1. Flexible adaptation
SFBC/SM CQI Flexible adaptation between the | between the two modes
(Diversity: two modes
DLRU, STC Rate = 1: SFBC CQI
NLRU) STC Rate = 1: SFBC CQI STC Rate =2: SM CQI
2 <= STC Rate <=4: SM CQI
In DLRU only.
In DLRU: M,=2 for SM.
In Miniband based SLRU:
M, >=2 for SM
1 OL SU 1. STC Rate MIMO mode 1 MIMO mode 5
MIMO SM 2. Wideband 1<=STC<=4 STC Rate =1/2
(Diversity: CQI
NLRU)
2 OL SU 1. STC Rate MIMO mode 1 MIMO mode 5
MIMO SM 2. Subband CQI | 1 <=STC Rate <=8 STC Rate = 1/2
(localized: 3. Subband
SLRU) Selection
3 CL SU 1. STC Rate MIMO mode 2 N/A
MIMO 2. Subband CQI | 1<=STC Rate <=8
(localized: 3. Subband PMI
SLRU) 4.Subband
selection
5. Wideband
correlation
matrix
4 CL SU 1. Wideband MIMO mode 2 (Mt=1) N/A
MIMO CQI
(Diversity: 2. Wideband
NLRU) PMI
3. Wideband
correlation
matrix
5 OL MU 1. Subband CQI | MIMO mode 3 MIMO mode 3
MIMO 2. Subband
(localized: Selection
SLRU) 3. Stream indi-
cator
6 CL MU 1. Subband CQI | MIMO mode 4 N/A
MIMO 2. Subband PMI
(localized: 3. Subband
SLRU) Selection
[4. Wideband
PMI]
5. Wideband
correlation
matrix
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Table 58—MIMO feedback modes

Supported MIMO Supported MIMO
MIMO Description Feedback transmission mode outside the | transmission mode inside the
Feedback | and type of content OL region (when OL region (when
Mode RU Measurement Method Measurement Method
Indication = 0b0) Indication = 0b1)
7 CL MU 1. Wideband MIMO mode 4 N/A
MIMO CQI
(Diversity: 2. Wideband
SLRU, PMI
NLRU) 3. Wideband
correlation
matrix

MIMO feedback mode 1 is used for the OL-SU SM with rank adaptation in diversity permutation. The trans-
mission rank is determined by the STC Rate. STC Rate 1 means the rank-1 precoding.

MIMO feedback mode 2 is used for the OL-SU SM in localized permutation for frequency selective sched-
uling. The STC Rate indicates the preferred number of streams for SM. The subband CQI shall correspond
to the selected rank.

MIMO feedback mode 3 is used for the CL-SU SM in localized permutation for frequency selective sched-
uling. The STC Rate indicates the preferred number of streams for SM. The subband CQI shall correspond
to the selected rank.

The MIMO feedback mode 4 is used for the CL SU MIMO using wideband beamforming with rank 1. In
this mode, AMS shall feedback the wideband CQI. The wideband CQI shall be estimated at the AMS
assuming short-term or long-term precoding at the ABS, according to the feedback period. The channel state
information may be obtained at the ABS via the feedback of the correlation matrix, or via the feedback of
the wideband PMI.

The MIMO feedback mode 5 is used for OL MU MIMO in localized permutation with frequency selective
scheduling. In the mode, AMS shall feedback the subband selection, stream indicator and the corresponding
CQL

The MIMO feedback mode 6 is used for CL MU MIMO in localized permutation with frequency selective
scheduling. In the mode, AMS shall feedback the subband selection, corresponding CQI and subband PMI.
The subband CQI refers to the CQI of the best PMI in the subband. Rank-1 base codebook (or its subset) is
used to estimate the PMI in one subband.

The MIMO feedback mode 7 is used for CL MU MIMO in diversity permutation using wideband beam-
forming MU MIMO. In this mode, AMS shall feedback the wideband CQI. The wideband CQI shall be esti-
mated at the AMS assuming short-term or long-term precoding at the ABS, according to the feedback
period. The channel state information may be obtained at the ABS via the feedback of the correlation matrix.
or via the feedback of the wideband PMI.

3.3.3.2.5.5 Downlink signaling support of DL-MIMO modes

The BS shall send some parameters necessary for DL MIMO operation in a broadcast message. The broad-
cast information is carried in the SFH or in the additional broadcast information.
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The BS shall send some parameters necessary for DL MIMO operation in a unicast message. The unicast
information is carried in the A-MAP IE, in the FBCH_Alloc_IE, or in the Sounding_ IE.

Table 692 specifies the DL control parameters required for MIMO operation.

Table 59—DL MIMO control parameters

Parameter Description Value DL Control Notes
channel
Broadcast Information

Nt Number of transmit 2,4,8 SFH (system
antennas at the BS information)

OL_Region | OL MIMO region, OL-Region-ON (1 bit): Sig- | Additional OL region signaling is
which signaling isused | nal the existence of OL broadcast infor- | SFH-SP3 or ABI
to indicate MS where region. mation (TBD)
is the predefined OL OL-Rank1-Config (3 bit):

MIMO region and to signal the combination of

number of streams (1 sub-band and mini-band in

or2) OL region type 1. Refer to
Table 56.
SB-OL-Region-2-Size (4
bit) : signal the number of
sub-bands in OL region
type 2.

BC SI Rank-1 base codebook | BitMAP: Additional Rank-1 codebook ele-
subset indication for 8 bits if Nt =2 broadcast infor- | ment restriction/recom-
interference mitigation | 16 bits if Nt =4, 8 mation mendation information
with PMI coordination It shall be ignored if

CM = 0b00, 0b01 or
0b10
Unicast Information
MEF MIMO encoder format | SFBC A-MAP IE MIMO encoder format.
Vertical encoding
Horizontal encoding

Mt Number of streams in 1to8 A-MAP IE Number of streams in
transmission the transmission.

SI Index of allocated pilot | 1to 4 A-MAP IE SI shall be indicated if
stream MEF is HE

Feedback Allocation IEs
MFM MIMO feedback mode | Refer to Table 691 To decide the feedback
content and related MS
processing

MaxMt Maximum number of If MFM indicates a SU If MFM indicates a SU
streams feedback mode: 1, 2, 4 or 8. feedback mode: the

If MFM indicates a MU maximum number of

feedback mode: 1, 2, 3, or 4. streams scheduled for
each user
If MFM indicates a MU
feedback mode: the
maximum number of
users scheduled on each
RU
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Table 59—DL MIMO control parameters

Parameter Description Value DL Control Notes
channel
CS indica- Codebook subset type Base codebook or codebook Depending on the
tion for CL MIMO modes 2 | subset MFM and CS indica-
and 4 tion, the MS shall feed-
back a PMI from the
SU or MU base code-
book, or from a subset
of the SU or MU of the
base codebook.
CM Codebook feedback 0b00: standard mode with In codebook-based
mode for CL MIMO codebook coordination dis- feedback mode:
modes 2 and 4 abled Codebook coordina-
0bO01: transformation mode tion disabled: MS finds
with codebook coordina- PMI within whole
tion disabled codebook type entry
0b10: differential mode indicated by CS indica-
with codebook coordina- tion
tion disabled Codebook coordina-
0b11: standard mode with tion enabled: MS shall
codebook coordination find the rate-1 PMI
enabled within codebook entries
indicated by BC_SI and
CS indication

The indication of the type of MIMO feedback for CL MIMO modes 2 and 4 depends on the IE type sent by
the BS. Fast feedback channel allocation IE indicates that the MS shall use codebook-based feedback. The
sounding commend IE indicates that the MS shall use uplink sounding.

When CS indication indicates the use of a codebook subset and MFM indicates a SU CL MIMO mode, the
MS shall use the SU base codebook subset of Table 709 when Nt=4. When CS indication indicates the use
of a codebook subset and MFM indicates a MU CL MIMO mode, the MS shall use the MU base codebook
subset of Table 709 when Nt =4.

3.3.3.2.5.6 Quantized MIMO feedback for closed-loop transmit precoding
15.3.7.2.6.6.1 Quantized feedback modes

An AMS feedbacks a Preferred Matrix Index (PMI) to support DL precoding.

There are three types of codebook feedback modes.

The operation of the codebook feedback modes for the PMI is summarized below:

1) The base mode: the PMI feedback from a AMS shall represent an entry of the base codebook.
It shall be sufficient for the ABS to determine a new precoder.

2) The transformation mode: the PMI feedback from a AMS shall represent an entry of the
transformed base codebook according to long term channel information.

3) The differential mode: the PMI feedback from a AMS shall represent an entry of the differen-
tial codebook or an entry of the base codebook at PMI reset times. The feedback from a AMS
provides a differential knowledge of the short-term channel information. This feedback repre-
sents information that is used along with other feedback information known at the ABS for
determining a new precoder.
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4) Mobile station shall support the base and transformation mode and may support the differential
mode.

The transformation and differential feedback modes are applied to the base codebook or to a subset of the
base codebook.

15.3.7.2.6.6.2 Base mode for codebook-based feedback

The base codebook is a unitary codebook. A codebook is a unitary codebook if each of its matrices consists
of columns of a unitary matrix.

The AMS selects its preferred matrix from the base codebook based on the channel measurements. The
AMS sends back the index of the preferred codeword, and the ABS computes the precoder W according to
the index. Both ABS and AMS use the same codebook for correct operation.

For the base mode, the PMI feedback from a mobile station shall represent an entry of the base codebook,
where the base codebooks are defined as follows for two, four, and eight transmit antennas at the ABS.

The notation C(N,, M,, NB) denotes the codebook, which consists of oNB complex, matrices of dimension N,
by M,, and M, denotes the number of streams.

The notation C(,, M,, NB, i) denotes the i-th codebook entry of C(N,, M;, NB).
15.3.7.2.6.6.2.1 Base codebook for two transmit antennas
15.3.7.2.6.6.2.1.1 SU-MIMO base codebook

The base codebook of SU-MIMO with two transmit antennas consist of rank-1 codebook C(2,1,3) and rank-
2 codebook C(2,2,3), as illustrated in Table 60 and Table 61, respectively.

Table 60—C(2,1,3)

C(2,1,3,m) = [c1; c2]
Index m
‘1 )

000 0 0.7071 -0.7071
001 1 0.7071 -0.5000 - 0.50001
010 2 0.7071 -0.70711
011 3 0.7071 0.5000 - 0.50001
100 4 0.7071 0.7071
101 5 0.7071 0.5000 + 0.5000i
110 6 0.7071 0.70711
111 7 0.7071 -0.5000 + 0.50001
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T
C(2,2,3,m) = {C“ c”}
€21 €22
Index
11 12
€21 €22
000 0 0.7071 -0.7071
0.7071 0.7071
001 1 0.7071 -0.5000 - 0.50001
0.7071 0.5000 + 0.50001
010 2 0.7071 -0.7071
0.7071 0.7071
011 3 0.7071 0.5000 - 0.5000i
0.7071 -0.5000 + 0.5000i1
100~111 4~7 - -

15.3.7.2.6.6.2.1.2 MU-MIMO base codebook

The base codebook for MU-MIMO is the same as the rank 1 base codebook for SU-MIMO, defined in

15.3.7.2.6.6.2.1.1

15.3.7.2.6.6.2.2 Base codebook for four transmit antennas

15.3.7.2.6.6.2.2.1 SU-MIMO base codebook

The base codebooks of SU-MIMO with four transmit antennas consist of rank-1 codebook C(4,1,6), rank-2
codebook C(4,2,6), rank-3 codebook C(4,3,6) and rank-4 codebook C(4,4,6). Table 62, Table 63, Table 64

and Table 65 are included to illustrate the rank-1,2,3,4 base codebooks.

Table 62—C(4,1,6)

Copyright © 2009 IEEE. All rights reserved.

C(4,1,6,m) = [cy3cp5¢35¢4]
Binary Index m
cq c; c3 c4
000000 0 0.5000 -0.5000 0.5000 -0.5000
000001 1 -0.5000 -0.5000 0.5000 0.5000
000010 2 -0.5000 0.5000 0.5000 -0.5000
000011 3 0.5000 -0.5000i 0.5000 -0.50001
000100 4 -0.5000 -0.5000i 0.5000 0.50001
000101 5 -0.5000 0.50001 0.5000 -0.5000i1
000110 6 0.5000 0.5000 0.5000 0.5000
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C(4,1,6,m) = [cq5¢p5¢35¢4]
Binary Index
€1 L) €3 €4
000111 7 0.5000 0.50001 0.5000 0.50001
001000 8 0.5000 0.5000 0.5000 -0.5000
001001 9 0.5000 0.50001 -0.5000 0.50001
001010 10 0.5000 -0.5000 0.5000 0.5000
001011 11 0.5000 -0.5000i -0.5000 -0.5000i1
001100 12 0.5000 0.3536 + 0.35361 0.50001 -0.3536 + 0.35361
001101 13 0.5000 -0.3536 + 0.3536i1 -0.50001 0.3536 + 0.3536i
001110 14 0.5000 -0.3536 - 0.3536i 0.5000i 0.3536 - 0.35361
001111 15 0.5000 0.3536 - 0.35361 -0.5000i -0.3536 - 0.3536i
010000 16 0.5000 -0.4619 - 0.1913i 0.3536 +0.3536i -0.1913 - 0.4619i
010001 17 0.3117 0.6025 + 0.1995i -0.4030 - 0.4903i -0.1122 - 0.2908i
010010 18 0.3117 -0.6025 - 0.19951 -0.1122 - 0.2908i 0.4030 + 0.4903i
010011 19 0.3058 0.1901 - 0.6052i 0.1195 + 0.2866i1 0.4884 - 0.4111i
010100 20 0.5000 -0.1913 +0.46191 | -0.3536 - 0.3536i 0.4619 - 0.1913i
010101 21 0.5000 0.1913 - 0.46191 -0.3536 - 0.3536i -0.4619 + 0.1913i
010110 22 0.5000 0.4619 +0.1913i 0.3536 +0.3536i 0.1913 +0.4619i
010111 23 0.3082 0.0104 +0.3151i 0.4077 + 0.4887i -0.4783 + 0.41451
011000 24 0.3117 0.3573 - 0.2452i 0.6025 - 0.1995i -0.1578 + 0.5360i1
011001 25 0.3117 0.2452 + 0.35731 -0.6025 + 0.1995i 0.5360 + 0.1578i1
011010 26 0.3082 -0.3666 +0.2426i | 0.6092 - 0.1842i 0.1615 - 0.5298i
011011 27 0.3117 -0.2452 - 0.35731 -0.6025 +0.19951 | -0.5360 - 0.1578i
011100 28 0.3117 0.4260 + 0.07931 0.1995 + 0.6025i 0.2674 + 0.4906i
011101 29 0.3117 -0.0793 + 0.42601 -0.1995 - 0.60251 0.4906 - 0.2674i
011110 30 0.3117 -0.4260 - 0.0793i 0.1995 + 0.60251 -0.2674 - 0.4906i
011111 31 0.3117 0.0793 - 0.4260i -0.1995 - 0.6025i -0.4906 + 0.2674i
100000 32 0.5636 -0.3332 - 0.2672i 0.1174 + 0.5512i -0.3308 - 0.2702i
100001 33 0.5587 0.3361 + 0.2735i -0.3361 - 0.27351 -0.1135 - 0.5471i
100010 34 0.5587 -0.3361 - 0.2735i -0.1135 - 0.5471i 0.3361 + 0.2735i
100011 35 0.5587 0.2735-0.3361i 0.1135 + 0.5471i 0.2735-0.3361i
100100 36 0.3082 -0.4887 +0.4077i | -0.6092 - 0.1842i 0.2837 - 0.1205i
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C(4,1,6,m) = [cq5¢p5¢35¢4]
Binary Index
€1 L) €3 €4
100101 37 0.5636 0.2673 - 0.3331i -0.1222 - 0.55011 -0.2673 +0.3331i
100110 38 0.5636 0.3691 + 0.5142i 0.3331 +0.2673i 0.0862 + 0.3032i
100111 39 0.5587 -0.2990 + 0.0880i | 0.3361 +0.2735i -0.5216 + 0.3616i
101000 40 0.5587 0.0880 - 0.29901 0.3361 - 0.2735i1 -0.3616 + 0.5216i
101001 41 0.5587 0.2990 + 0.0881i -0.3362 +0.27351 | 0.5216 + 0.3616i
101010 42 0.5587 -0.0880 + 0.29901 0.3361 - 0.2735i 0.3616 - 0.52161
101011 43 0.5587 -0.2990 - 0.08801 -0.3361 + 0.2735i1 -0.5216 - 0.36161
101100 44 0.5636 0.2741 - 0.15591 0.2672 + 0.3332i 0.1081 + 0.6236i
101101 45 0.5636 0.1559 +0.2741i -0.2672 - 0.3332i 0.6236 - 0.1081i
101110 46 0.5587 -0.2737+0.1492i | 0.2735+0.3361i -0.1132 - 0.6245i
101111 47 0.5587 -0.1492 - 0.2737i -0.2735 - 0.3361i -0.6245 + 0.1132i
110000 48 0.5000 -0.4619 +0.1913i 0.3536 - 0.3536i1 -0.1913 + 0.46191
110001 49 0.3117 0.4030 + 0.49031 -0.6025 - 0.19951 -0.1122 - 0.2908i
110010 50 0.3117 -0.4029 - 0.4904i -0.1184 - 0.2883i 0.6067 + 0.1865i
110011 51 0.3082 0.4887 - 0.40771 0.1205 +0.2837i 0.1842 - 0.6092i
110100 52 0.5000 0.1913 + 0.4619i -0.3536 + 0.35361 | -0.4619 - 0.1913i
110101 53 0.5000 -0.1913 - 0.4619i -0.3536 + 0.35361 | 0.4619+0.1913i
110110 54 0.5000 0.4619 - 0.1913i 0.3536 - 0.3536i1 0.1913 - 0.46191
110111 55 0.3117 -0.2452 +0.35731 0.6025 + 0.1995i1 -0.5360 + 0.1578i
111000 56 0.3117 0.3117 0.4030 - 0.49031 -0.4030 + 0.4903i
111001 57 0.3117 0.3117i -0.4030 + 0.4903i | 0.4903 + 0.4030i
111010 58 0.3082 -0.3152 - 0.0036i 0.4076 - 0.4888i 0.4040 - 0.4872i
111011 59 0.3082 0.0036 - 0.3152i -0.4076 + 0.4888i -0.4872 - 0.40401
111100 60 0.3117 0.2204 + 0.2204i 0.4903 + 0.4030i 0.0618 + 0.6317i
111101 61 0.3117 -0.2204 +0.2204i | -0.4903 - 0.4030i 0.6317 - 0.0618i
111110 62 0.3082 -0.2154 - 0.2302i 0.4887 +0.4077i -0.0451 - 0.6313i
111111 63 0.3082 0.2254 - 0.2204i -0.4888 - 0.4076i -0.6302 + 0.0588i
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T
C4,2,6,m) = {‘311 €12 €13 014}
C C C C
Index m 21 %22 %23 %24
11 12 €13 €14
€21 €22 €23 €24
000000 0 0.5000 0.5000 0.5000 0.5000
0.5000 -0.5000 0.5000 -0.5000
000001 1 0.5000 0.5000 0.5000 0.5000
-0.5000 -0.5000 0.5000 0.5000
000010 2 0.5000 0.5000 0.5000 0.5000
-0.5000 0.5000 0.5000 -0.5000
000011 3 0.5000 -0.5000 0.5000 -0.5000
-0.5000 -0.5000 0.5000 -0.5000
000100 4 0.5000 -0.5000 0.5000 -0.5000
-0.5000 0.5000 0.5000 -0.5000
000101 5 -0.5000 -0.5000 0.5000 0.5000
-0.5000 0.5000 0.5000 -0.5000
000110 6 0.5000 0.5000i 0.5000 0.5000i
-0.5000 -0.50001 0.5000 0.50001
000111 7 0.5000 0.5000i 0.5000 0.5000i
-0.5000 0.5000i 0.5000 - 0.5000i
001000 8 0.5000 - 0.5000i1 0.5000 - 0.50001
-0.5000 - 0.5000i 0.5000 0.5000i
001001 9 0.5000 - 0.5000i 0.5000 - 0.5000i
-0.5000 0.5000i 0.5000 - 0.5000i
001010 10 0.5000 0.5000 0.5000 0.5000
-0.5000 - 0.5000i 0.5000 0.5000i
001011 11 0.5000 0.5000 0.5000 0.5000
-0.5000 0.5000i 0.5000 - 0.5000i
001100 12 0.5000 0.5000i 0.5000 0.5000i
-0.5000 -0.5000 0.5000 0.5000
001101 13 0.5000 0.5000i 0.5000 0.5000i
-0.5000 0.5000 0.5000 -0.5000
001110 14 0.5000 0.5000 0.5000 -0.5000
0.5000 -0.5000 0.5000 0.5000
001111 15 0.5000 -0.3536 + 0.3536i —0.5000i 0.3536 + 0.3536i
0.5000 0.3536 - 0.3536i —0.5000i -0.3536 - 0.3536i
010000 16 0.5000 -0.5000 0.5000 -0.5000
-0.5000 - 0.5000i 0.5000 0.5000i
010001 17 0.5000 -0.5000 0.5000 -0.5000
-0.5000 0.5000i 0.5000 - 0.5000i
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010010 | 18 | 0.5000 -0.5000 0.5000 -0.5000
0.5587 0.3361 +0.2735i -0.3361 - 0.2735i -0.1135 - 0.5471i
010011 | 19 | -0.5000 -0.5000 0.5000 0.5000
0.5000 -0.5000i 0.5000 - 0.5000i
010100 | 20 | -0.5000 -0.5000 0.5000 0.5000
0.5587 -0.3361 - 0.2735i -0.1135 - 0.5471i 0.3361 + 0.2735i
ot0101 | 21 | -0.5000 -0.5000 0.5000 0.5000
03117 -0.2452 + 0.3573i 0.6025 + 0.1995i -0.5360 + 0.1578i
oto110 | 22 | -0.5000 0.5000 0.5000 -0.5000
0.5000 - 0.5000i 0.5000 - 0.5000i
oto111 | 23 | 0.5000 0.5000 0.5000 -0.5000
0.5000 0.5000i -0.5000 0.5000i
011000 | 24 | -0.5000 0.5000 0.5000 -0.5000
0.5587 -0.2990 + 0.0880i 0.3361 + 0.2735i -0.5216 + 0.3616i
011001 | 25 | 0.5000 0.5000 0.5000 -0.5000
0.5000 -0.5000i -0.5000 - 0.5000i
011010 | 26 | 0.5000 0.5000 0.5000 -0.5000
03117 -0.2452 - 0.3573i -0.6025 + 0.1995i -0.5360 - 0.1578i
ottorr |27 | 0.5000 0.5000i -0.5000 0.5000i
0.5000 -0.5000 0.5000 0.5000
o11100 | 28 | 0.5000 0.5000i -0.5000 0.5000i
0.5587 -0.0880 + 0.2990i 0.3361 - 0.2735i 0.3616 - 0.5216i
orttor | 29 | 0.5000 -0.5000 0.5000 0.5000
0.5000 -0.5000i -0.5000 - 0.5000i
o11110 | 30 | 0.5000 -0.5000 0.5000 0.5000
0.5587 -0.2990 - 0.0880i -0.3361 + 0.2735i -0.5216 - 0.3616i
ottt | 31 | 0.5000 0.3536 + 0.3536i 0.5000i -0.3536 + 0.3536i
0.5000 -0.3536 +0.3536i —0.5000i 0.3536 + 0.3536i
100000 | 32 | 0.5000 0.3536 +0.3536i 0.5000i -0.3536 + 0.3536i
0.5000 -0.3536 - 0.3536i 0.5000i 0.3536 - 0.3536i
100001 | 33 | 0.5000 0.3536 +0.3536i 0.5000i -0.3536 + 0.3536i
0.5000 0.3536 - 0.3536i ~0.5000i -0.3536 - 0.3536i
100010 | 34 | 0.5000 0.3536 + 0.3536i 0.5000i -0.3536 + 0.3536i
03117 0.0793 - 0.4260i -0.1995 - 0.6025i -0.4906 + 0.2674i
100011 | 35 | 0.5000 -0.3536 + 0.3536i —~0.5000i 0.3536 + 0.3536i
0.5000 -0.3536 - 0.3536i 0.5000i 0.3536 - 0.3536i
100100 | 36 | -0.5000 0.5000i 0.5000 - 0.5000i
0.3082 0.0104 + 0.3151i 0.4077 + 0.4887i -0.4783 + 0.4145i
100101 | 37 | 0.5000 -0.3536 - 0.3536i 0.5000i 0.3536 - 0.3536i
0.5000 0.3536 - 0.3536i —0.5000i -0.3536 - 0.3536i
100110 | 38 | 0.5000 -0.3536 - 0.3536i 0.5000i 0.3536 - 0.3536i
0.5587 -0.1492 - 0.2737i -0.2735 - 0.3361i -0.6245 +0.1132i
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100111 39 0.3117 0.6025 + 0.1995i -0.4030 - 0.4903i -0.1122 - 0.2908i
-0.5000 0.5000 0.5000 -0.5000

101000 | 40 0.3117 0.6025 + 0.1995i -0.4030 - 0.4903i -0.1122 - 0.2908i
-0.5000 0.5000 0.5000 -0.5000

101001 41 0.3117 -0.6025 - 0.19951 -0.1122 - 0.2908i 0.4030 + 0.4903i
0.3058 0.1901 - 0.6052i 0.1195 + 0.2866i 0.4884 - 0.41111

101010 | 42 0.3117 -0.6025 - 0.19951 -0.1122 - 0.2908i 0.4030 + 0.4903i
0.5000 0.5000 0.5000 0.5000

101011 43 0.3117 0.3573 - 0.2452i 0.6025 - 0.19951 -0.1578 + 0.53601
0.5000 0.5000i -0.5000 0.5000i

101100 44 0.3117 0.2452 +0.3573i -0.6025 + 0.1995i 0.5360 + 0.1578i
0.5000 -0.5000 0.5000 0.5000

101101 45 0.3117 0.4260 + 0.0793i 0.1995 + 0.6025i 0.2674 + 0.4906i
0.5000 -0.3536 + 0.3536i —0.50001 0.3536 +0.3536i

101110 46 0.3117 -0.0793 + 0.4260i -0.1995 - 0.60251 0.4906 - 0.2674i
0.5000 -0.3536 - 0.3536i1 0.50001 0.3536 - 0.35361

101111 47 0.3117 -0.4260 - 0.0793i 0.1995 + 0.60251 -0.2674 - 0.49061
0.5000 0.3536 - 0.35361 —0.50001 -0.3536 - 0.3536i1

110000 48 0.5636 -0.3332 - 0.2672i 0.1174 + 0.5512i -0.3308 - 0.2702i
0.5587 -0.3361 - 0.2735i -0.1135 - 0.5471i 0.3361 +0.2735i

110001 49 0.5587 -0.3361 - 0.2735i1 -0.1135 - 0.54711 0.3361 +0.2735i
0.5587 0.2735-0.3361i 0.1135 + 0.5471i 0.2735-0.3361i

110010 50 0.5587 0.2735-0.3361i 0.1135 + 0.5471i 0.2735-0.3361i
0.5000 0.50001 0.5000 0.50001

110011 51 0.5587 0.0880 - 0.2990i 0.3361 - 0.2735i -0.3616 + 0.5216i
0.5000 - 0.50001 -0.5000 - 0.50001

110100 52 0.5587 0.2990 + 0.0881i -0.3362 + 0.2735i 0.5216 + 0.3616i
0.5587 -0.2990 - 0.08801 -0.3361 + 0.2735i -0.5216 - 0.3616i1

110101 53 0.5636 0.2741 - 0.1559i 0.2672 +0.3332i 0.1081 + 0.6236i1
0.5587 -0.2737 + 0.1492i 0.2735 +0.3361i -0.1132 - 0.6245i

110110 54 0.5636 0.1559 +0.2741i -0.2672 - 0.3332i 0.6236 - 0.10811
0.5587 -0.1492 - 0.2737i -0.2735 - 0.3361i -0.6245 + 0.1132i

110111 55 0.3117 0.4030 + 0.49031 -0.6025 - 0.19951 -0.1122 - 0.2908i
0.5000 0.5000 0.5000 0.5000

111000 56 0.5000 0.1913 + 0.4619i -0.3536 + 0.3536i1 -0.4619 - 0.1913i
0.5000 -0.1913 - 0.4619i -0.3536 + 0.3536i1 0.4619 +0.1913i

111001 57 0.3117 0.3117 0.4030 - 0.49031 -0.4030 + 0.49031
0.5000 -0.5000 0.5000 0.5000

111010 58 0.3117 0.3117 0.4030 - 0.49031 -0.4030 + 0.4903i
0.3082 -0.3152 - 0.00361 0.4076 - 0.48881 0.4040 - 0.4872i

111011 59 0.3117 0.3117i -0.4030 + 0.4903i 0.4903 + 0.4030i
0.5000 - 0.50001 -0.5000 - 0.50001
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111100 60 03117 0.3117i -0.4030 + 0.4903i1 0.4903 + 0.4030i
0.3082 0.0036 - 0.31521 -0.4076 + 0.48881 -0.4872 - 0.40401
111101 61 0.3117 0.2204 + 0.22041 0.4903 + 0.40301 0.0618 +0.6317i
0.5000 -0.3536 - 0.35361 0.50001 0.3536 - 0.35361
111110 62 0.3117 -0.2204 + 0.22041 -0.4903 - 0.40301 0.6317 - 0.06181
0.5000 0.3536 - 0.35361 —0.50001 -0.3536 - 0.35361
1 | 63 0.3117 -0.2204 + 0.2204i -0.4903 - 0.4030i 0.6317 - 0.0618i
0.3082 0.2254 - 0.2204i -0.4888 - 0.4076i -0.6302 + 0.0588i
Table 64—C(4,3,6)
T
C11 €12 €13 €14
C(4,3,4,m) = Cy1 Cpp Cp3 Coy
Binary Index m C31 €33 €33 C34
C11 12 €13 Ci4
Cay Cy Cy3 Coy
C31 C3 C33 C34
000000 0 0.5000 0.5000 0.5000 0.5000
0.5000 -0.5000 0.5000 -0.5000
-0.5000 -0.5000 0.5000 0.5000
000001 1 0.5000 0.5000 0.5000 0.5000
0.5000 -0.5000 0.5000 -0.5000
-0.5000 0.5000 0.5000 -0.5000
000010 2 0.5000 0.5000 0.5000 0.5000
-0.5000 -0.5000 0.5000 0.5000
-0.5000 0.5000 0.5000 -0.5000
000011 3 0.5000 -0.5000 0.5000 -0.5000
-0.5000 -0.5000 0.5000 0.5000
-0.5000 0.5000 0.5000 -0.5000
000100 4 0.5000 0.5000 0.5000 0.5000
0.5000 -0.5000i1 0.5000 -0.5000i1
-0.5000 -0.5000i1 0.5000 0.50001
000101 5 0.5000 0.50001 0.5000 0.50001
0.5000 -0.50001 0.5000 -0.50001
-0.5000 0.5000 0.5000 -0.50001
000110 6 0.5000 0.50001 0.5000 0.50001
-0.5000 -0.50001 0.5000 0.50001
-0.5000 0.5000 0.5000 -0.50001
000111 7 0.5000 0.50001 0.5000 0.50001
0.5000 -0.5000i 0.5000 -0.5000i
-0.5000 -0.5000 0.5000 0.50001
001000 8 0.5000 0.5000 0.5000 0.5000
0.5000 -0.5000 0.5000 -0.5000
-0.5000 -0.50001 0.5000 0.50001
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001001 9 0.5000 0.5000 0.5000 0.5000
-0.5000 -0.5000i 0.5000 0.50001
-0.5000 0.5000 0.5000 -0.50001
001010 10 0.5000 0.50001 0.5000 0.50001
0.5000 -0.50001 0.5000 -0.50001
-0.5000 -0.5000 0.5000 0.5000
001011 11 0.5000 0.50001 0.5000 0.50001
-0.5000 -0.5000 0.5000 0.5000
-0.5000 0.5000 0.5000 -0.5000
001100 12 0.5000 0.5000 0.5000 -5000
0.5000 0.50001 -0.5000 0.50001
0.5000 -0.5000 0.5000 0.5000
001101 13 0.5000 0.5000 0.5000 -0.5000
0.5000 -0.5000 0.5000 0.5000
0.5000 -0.50001 -0.5000 -0.50001
001110 14 0.5000 0.3536+0.35361 | 0.50001 -0.3536+0.3536i
0.5000 -0.3536+0.3536i | -0.5000i 0.3536+0.3536i
0.5000 0.3536-0.3536i1 -0.5000i -0.3536-0.35361
001111 15 0.5000 -0.3536+0.3536i | -0.5000i 0.3536+0.3536i
0.5000 -0.3536-0.35361 | 0.5000i 0.3536-0.35361
0.5000 0.3536-0.35361 -0.50001 -0.3536-0.35361
001111 = 111111 16 = 63 NA

The indexes from 16 to 63 are not used in 6-bits downlink PMI feedback for M, = 3 codebook.

Table 65—C(4,4,6)

C11 €12 €13 €14

Cp1 Cpp €3 Cy

C(4,3,4,m) =
€31 €33 €33 C34
Binary Index m C41 Cap Ca3 Cay
1 Ci C13 Cl4
€21 Cx Ca3 Co4
C31 3 C33 C34
Cyq1 (%) Ca3 Cag
000000 0 0.5000 0.5000 0.5000 0.5000
0.5000 -0.5000 0.5000 -0.5000
-0.5000 -0.5000 0.5000 0.5000
-0.500 0.5000 0.5000 -0.5000
000001 1 0.5000 0.50001 0.5000 0.50001
0.5000 -0.5000i1 0.5000 -0.5000i1
-0.5000 -0.5000i1 0.5000 0.50001
-0.5000 0.50001 0.5000 -0.50001
135

Copyright © 2009 IEEE. All rights reserved.




O 001N WU A W

September 23, 2009

Table 65—C(4,4,6)

IEEE 802.16m-09/0047

000010 2 0.5000 0.5000 0.5000 0.5000
0.5000 -0.5000 0.5000 -0.5000
-0.5000 -0.5000i 0.5000 0.50001
-0.5000 0.50001 0.5000 -0.5000i
000011 3 0.5000 0.0000+0.50001 | 0.5000 0.50001
0.5000 0.0000-0.5000i 0.5000 -0.5000i
-0.5000 -0.5000 0.5000 0.5000
-0.5000 0.5000 0.5000 -0.5000
000100 4 0.5000 0.5000 0.5000 -0.5000
0.5000 0.0000+0.50001 | -0.5000 0.50001
0.5000 -0.5000 0.5000 0.5000
0.5000 0.0000-0.50001 -0.5000 0.000-0.50001
000101 5 0.5000 0.3536+0.35361 | 0.5000i -0.3536+0.3536i
0.5000 -0.3536+0.35361 | -0.5000i 0.3536+0.3536i
0.5000 -0.3536-0.35361 | 0.5000i 0.3536-0.3536i
0.5000 0.3536-0.3536i -0.5000i -0.3536-0.3536i1
000110~ 111111 6~63 NA

The indexes from 6 to 63 are not used in 6-bits downlink PMI feedback for M, =4 codebook.

In terms of the chordal distance, the hierarchical structure of C(4,1,6) is depicted in Figure 34. In this hierar-
chical structure, it is shown that C(4,1,6) consists of 16 codeword clusters. Each codeword cluster has four
codewords, of which one codeword is from Layer 1 and the three other codewords are from Layer 2. For any
given Layer 2 codeword, its chordal distance to all other Layer 1 codewords of different clusters is always
much larger than that distance to the Layer 1 codeword of its same cluster
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Lo— — — — = | _____________
codeword
| cluster 1 |
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Figure 34—Chordal distance map of C(4,1,6)
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As a potential benefit, this hierarchical structure can facilitate codeword searching. More specifically, code-
word searching in C(4,1,6) can start from all Layer 1 codewords. Only when a Layer 1 codeword satisfies a
certain criterion, associated Layer 2 codewords within the same cluster need to be searched.

The binary indices of the codewords in cluster, i,i < [0, ..., 15] is given by Table 66.
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Table 66—Binary indices of the codewords in cluster i

Codeword in
cluster i

Layer 1 codeword

Layer 2 codewords

Codeword 1

Codeword 2

Codeword 3

Binary index

00x;3x;,5x;1%;9

01x;3%;5%;1 X0

10x;33,5%;1 %59

11x;3%55%;1 %50

i=xx 2 +xpx 20 xyy x 243,05, € [0, 110 € [0, .., 151,/ € [0, 1,2, 3]

15.3.7.2.6.6.2.2.2 MU-MIMO base codebook

The base codebook for MU-MIMO is same asthe rank 1 base codebook for SU-MIMO, defined in

15.3.7.2.6.6.2.2.1.

15.3.7.2.6.6.2.3 Base codebook for eight transmit antennas

15.3.7.2.6.6.2.3.1 SU-MIMO base codebook

The base codebooks of SU-MIMO with eight transmit antennas consist of rank-1 codebook C(8,1,4), rank-2
codebook C(8,2,4), rank-3 codebook C(8,3,4), rank-4 codebook C(8,4,4), rank-5 codebook C(8,5,4), rank-6
codebook C(8,6,4), rank-7 codebook C(8,7,4) and rank-8 codebook C(8,8,4). Table 700 illustrates the rank-

1 base codebook, and Table 68 illustrates the ranks 2,3,4,5,6,7,8 base codebooks.

Table 67—C(8, 1, 4)

Copyright © 2009 IEEE. All rights reserved.

Binary . C(8,1,4,m) = [¢q5 €53 €35 €43 €55 €65 C75 Cgl
Index

¢ Cy C3 C4 Cg Cg Cy Cg

0000 0 0.3536 -0.3051 0.1732 0.0062 - -0.1839 0.3112 - -0.3533 - 0.2987
- + 0.35351 + 0.16771 0.01241 +

0.1786i1 0.3082i 0.30201 0.1892i

0001 1 0.3536 -0.2514 0.0041 0.2456 - -0.3535 0.2571 + -0.0123 - -0.2397
- + 0.25431 + 0.2427i 0.3533i +

0.24861 0.35351 0.0082i 0.25991

0010 2 0.3536 -0.1697 -0.1907 0.3527 -0.1479 | -0.2107+ 0.3502 + -0.1254
- + + -0.3211i 0.28391 0.04861 -

0.3102i 0.2977i 0.0244i 0.3306i1

0011 3 0.3536 -0.0614 -0.3322 0.1768 0.2708- | -0.2709- | -0.1767+ 0.3323
- + + 0.2273i 0.2272i 0.3062i +

0.3482i 0.12101 0.30621 0.12081

0100 4 0.3536 0.0638 - -0.3306 -0.1830 | 0.2646+ 0.2784 - -0.1642 - -0.3376
0.34781 - + 0.23451 0.21801 0.31311 +

0.1254i 0.30251 0.1050i

0101 5 0.3536 0.1881- | -0.1534 | -0.3513 -0.2204 0.1168 + 0.3447+ | 0.2499 -

0.2994i - - + 0.3337i 0.0786i1 0.25011

0.31851 0.03951 0.27641
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C(8,1,4,m) = [cy3 ¢35 €35 €43 C55 €65 C75 Cgl

Binary m
Index

€1 ) C3 C4 Cs €6 ¢7 Cg

0110 6 0.3536 0.2892- | 0.1196- | -0.0936 -0.2727 -0.3525- | -0.3040+ | -0.1449
0.20341 0.33271 - - 0.02721 0.18051 +

0.3409i 0.2251i 0.32251

0111 7 0.3536 0.3461- | 0.3241- | 0.2885- | 0.2407- 0.1828 - 0.1172 - 0.0467 -

0.0721i 0.1412i 0.2044i 0.2590i 0.3026i 0.3336i 0.3505i

1000 8 0.3536 0.3461 0.3241 0.2885 | 0.2407+ | 0.1828 + 0.1172 + 0.0467
+ + + 0.2590i 0.3026i 0.3336i +

0.07211 0.14121 0.20441 0.35051

1001 9 0.3536 0.2892 0.1196 -0.0936 -0.2727 | -0.3525+ | -0.3040 - -0.1449
+ + + + 0.02721 0.18051 -

0.2034i 0.3327i 0.3409i 0.2251i 0.3225i

1010 10 0.3536 0.1881 -0.1534 | -0.3513 -0.2204 0.1168 - 0.3447 - 0.2499
+ + + - 0.33371 0.0786i +

0.2994i1 0.31851 0.03951 0.27641 0.25011

1011 11 0.3536 0.0638 -0.3306 | -0.1830 | 0.2646 - 0.2784+ | -0.1642+ | -0.3376
+ + - 0.2345i1 0.2180i 0.3131i -

0.3478i 0.1254i 0.3025i 0.1050i

1100 12 0.3536 -0.0614 | -0.3322 | 0.1768- | 0.2708+ | -0.2709+ | -0.1767- | 0.3323-

+ - 0.3062i 0.2273i 0.2272i 0.3062i 0.1208i

0.3482i1 0.12101

1101 13 0.3536 -0.1697 | -0.1907 | 0.3527- | -0.1479 -0.2107 - 0.3502 - -0.1254
+ - 0.0244i + 0.2839i 0.0486i +

0.3102i 0.2977i 0.3211i 0.3306i

1110 14 0.3536 -0.2514 | 0.0041 - 0.2456 -0.3535 0.2571 - -0.0123+ | -0.2397
+ 0.3535i + - 0.2427i 0.3533i -

0.24861 0.25431 0.00821 0.25991

1111 15 0.3536 -0.3051 | 0.1732- 0.0062 -0.1839 0.3112+ | -0.3533+ | 0.2987-

+ 0.3082i + 0.1677i 0.0124i 0.1892i

0.1786i 0.35351 | 0.3020i

The two rank-8 matrices used for rank-2 to rank-8 transmission for SU-MIMO are

V1

(03536 03536 03536

0.3536 0.3536 0.3536 0.3536 0.3536

0.3536 —0.3536 0.3536i —0.3536i 0.25+0.25; —0.25-0.25; —0.25+0.25; 0.25-0.25{
0.3536 0.3536 —0.3536 —0.3536 0.3536i 0.35361 —0.3536i —0.3536i

_ |0.3536 —0.3536 —-0.35367 0.3536i —0.25+0.25/ 0.25-0.25i 0.25+0.25; —0.25-0.25i
0.3536 0.3536 0.3536 0.3536 —-0.3536 —-0.3536 —0.3536 —0.3536
0.3536 —0.3536 0.3536i —0.3536i —0.25-0.25i 0.25+0.25; 0.25-0.25; —0.25+0.25i
0.3536 0.3536 —0.3536 —-0.3536  —-0.3536i —-0.35361 0.3536i 0.3536i
10.3536 —0.3536 —0.3536i 0.3536i 0.25-0.25; —0.25+0.25; —0.25-0.25; 0.25+0.25i |
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0.3536 0.3536 0.3536 0.3536 0.3536 0.3536 0.3536 0.3536
0.3536 —-0.3536 0.3536i —0.3536i  0.25+0.25i —0.25-0.25{ —0.25+0.25; 0.25-0.25i
0.25+0.25i 0.25+0.25i —-0.25-0.25/ -0.25-0.25; —-0.25+0.25/ —0.25+0.25; 0.25-0.25i 0.25-0.25i
yy = | 025+0.25i -025-0.25; 0.25-025/ -025+0.25; -0.3536 0.3536 0.3536i —0.3536i
0.3536i 0.3536i 0.3536i 0.3536i —0.3536i —0.3536i —0.3536i —0.35361
0.3536i —-0.3536i —-0.3536 0.3536 0.25-0.25i -0.25+0.25; 0.25+0.25i —0.25-0.25i
-025+0.25i -025+0.25; 0.25-0.25; 0.25-0.25; 0.25+0.25; 0.25+0.25i -0.25-0.25; —0.25-0.25i
|-0.25+0.25; 0.25-0.25; 0.25+0.25; —0.25-0.25;  0.3536/ —0.3536i 0.3536 —0.3536

IEEE 802.16m-09/0047

The 4bits 8Tx base codebook for ranks 2 to 8 is constructed from the two 8x8 base matrices and is specified
in Table 68. Note that only the column indices of the corresponding base matrices are shown in Table 68 for

brevity.
Table 68—Ranks 2 to 8 of SU MIMO 4bit 8Tx base codebook
Codebook

1}{:‘5&" Nf‘;‘tsr‘ix C824) | CB834) | CB44) | C@B54) | CB,64) | CB874) | C@88.4)

(CMI)
0 15 135 1537 12357 123567 | 1234567 | 12345678
1 26 246 2648 12468 124568 | 1234568 n/a
2 37 237 3726 23467 234678 | 1234678 n/a
3 » 48 148 4815 13458 134578 | 1234578 n/a
4 53 357 5372 23567 234567 | 2345678 n/a
5 46 468 6481 14568 134568 | 1345678 n/a
6 27 267 7264 24678 124678 | 1245678 n/a
7 81 158 8153 13578 123578 | 1235678 n/a
8 13 123 1234 12345 123456 | 1234567 | 12345678
9 24 124 1246 12456 124567 | 1245678 n/a
10 23 234 2437 23478 123478 | 1234578 n/a
11 . 14 134 1348 13478 134678 | 1234678 n/a
12 58 578 3578 23578 235678 | 1235678 n/a
13 67 678 4678 14678 145678 | 1345678 n/a
14 57 576 5678 35678 345678 | 2345678 n/a
15 68 568 1568 13568 123568 | 1234568 n/a

The indexes from 1 to 7 and 9 to 15 are not used in 4-bits downlink PMI feedback for M, =8 codebook.

15.3.7.2.6.6.2.3.2 MU-MIMO base codebook

The base codebook for MU-MIMO is same asthe rank 1 base codebook for SU-MIMO, defined in

15.3.7.2.6.6.2.3.1
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15.3.7.2.6.6.2.4 Codebook subset selection

In codebook-based precoding with CL MIMO operation, the precoding matrix (k) shall be derived from a
PMI within the base codebook or a subset thereof. Subset information is transmitted in BC_SI and CS indi-
cation.

Base Codebook Subset Indication (BC_SI) field determines which elements of the rank-1 codebook are
restricted or recommended for PMI feedback in case of MIMO mode 2 and 4. If the i-th element of BC_SI is
set to 0, then the i-th element of the rank-1 codebook, C(Nt, 1, Ng, 1), is restricted for PMI feedback. This
field shall be ignored when CM is not set to Ob11. CM is transmitted in FBCH_Alloc_IE.

Codebook subsets

OL MIMO subset

The OL SU-MIMO codebook subset shall be used for non-adaptive precoding with MIMO mode 0 and
MIMO mode 1.

The notation Cpy, or su(N,, My, N,,) denotes the DL OL SU-MIMO codebook subset, which consists of N,,
complex matrices of dimension N, by M,, and M, denotes the number of streams. The notation Cpy, o sy(Ns,
M,, N,,, i) denotes the i-th codebook entry of Cpy or su(V, My, N,y).

OL SU-MIMO subset for two transmit antennas

Table 69 gives the number of codewords N,, for each rank of the OL SU-MIMO codebook subset for 2Tx.

Table 69—Size of the DL 2TX OL SU-MIMO codebook subset

Rank 1 2

N,

w

2 1

The codewords of the OL SU-MIMO codebook subset for two transmit antennas are given in Table 70 for
each rank. The corresponding codewords of the DL base codebook for two transmit antennas are also given
in Table 70.

Table 70_CDL,0L,SU(2’1’2) and CDL,OL,SU(2’271)

Cpr,oLsu(2, 1,2, n) CpLoLsu(2 2, 1,m)
" C(2,1,3,m) in downlink n C(2,2,3,m) in downlink
base codebook base codebook
0 C(2,1,3,2) 0 C(2,2,3,2)
1 C(2,1,3,6)

OL SU-MIMO subset for four transmit antennas

Table 71 gives the number of codewords N,, for each rank of the OL SU-MIMO codebook subset for 4Tx.
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Table 71—Size of the DL 4TX OL SU-MIMO codebook subset

Rank 1 2 3 4

N

w

4 4 2 1

The codewords of the OL SU-MIMO codebook subset for four transmit antennas are given in Table 72 for
each rank. The corresponding codewords of the DL base codebook for four transmit antennas are given in
Table 72.

Table 72—Cp, o su(4,1,4), CpL,oL,su(4:2,4), CpL oL, su(4:3,2) and Cp; o su(4:4,1)

Cor,oLsu4 1,4, n) CoL,oL,su4 2,4, n) CoL,oL,su4 3,2, n) Cor,oLsu@ 4,1, n)
" C(4,1,6,m) in base " C(4,2,6,m) in base " C(4,3,6,m) in base n C(4,4,6,m) in base
codebook codebook codebook codebook
0 C(4,1,6,8) 0 C(4,2,6,23) 0 C(4,3,6,12) 0 C4,4,6,4)
1 C(4,1,6,10) 1 C(4,2,6,29) 1 C(4,3,6,13)
2 C(4,1,6,9) 2 C(4,2,6,27)
3 C(4,1,6,11) 3 C(4,2,6,25)

15.3.7.2.6.6.2.5.1.3 OL SU-MIMO subset for eight transmit antennas<<<need to create higher level
Headers>>

Table 73 gives the number of codewords Nw for each rank of the OL SU-MIMO codebook subset for 8Tx.

Table 73—Size of the DL 8Tx OL SU-MIMO codebook subset

Rank 1 2 3 4 5 6 7 8

N, 8 4 4 2 2 2 2 1

The codewords of the OL SU-MIMO codebook subset for eight transmit antennas are given in Table 74 and
Table 75 for each rank. The corresponding codewords of the DL base codebook for eight transmit antennas
are given in Table 74 and Table 75.

Table 74—Cp, or,su(8,1,8), CpL,oL,su(8:2,4), CpLoL,5u(8,3,4) and Cp o su(8,4.2)

Cpr,oLsu(8, 1,8, 1) Cor,oLsu®, 2,4, n) Cor,oLsu®, 3,4, n) CorL,oLsu® 4,2, n)
C(8,1,4,m) in base " C(8,2,4,m) in base C(8,3,4,m) in base n C(8,4,4,m) in base
codebook codebook codebook codebook
C(8,1,4,0) 0 C(8,2,4,0) C(8,3,4,0) 0 C(8,4,4,0)
C(8,1,4,3) C(8,2,4,1) C(8,3,4,1) 1 C(8,4,4,1)
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Table 74—Cp__ oL ,su(8,1,8), CpL,oL,su(8:2:4), CpL,0L,su(8:3,:4) and Cp o1 su(8,4,2)

Cor,oL,su®8; 1,8, n) CoL,oL,su(8 2,4, n) CoL,oL,su(8, 3,4, n) Cor,oL,su8 4,2, n)
n C(8,1,4,m) in base " C(8,2,4,m) in base " C(8,3,4,m) in base C(8,4,4,m) in base
codebook codebook codebook codebook

2 C(8,1,4,5) 2 C(8,2,4,2) 2 C(8,3,4,2)

3 C(8,1,4,7) 3 C(8,2,4,3) 3 C(8,3.4,5)

4 C(8,1,4,9)

5 C(8,1,4,11)

6 C(8,1,4,13)

7 C(8,1,4,15)

Table 75—Cp,_or,su(8,5,2), CpL,0L,5u(8.6,2), CpL0oL,5u(8,7,2) and Cp o su(8,8,1)

CoL,oL,su0®8, 5,2, n) Copr,0L,sU(8; 6, 2, n) Cor,oL,su®8, 7,2, n) Cor.oLsu8: 8,1, n)
" C(8,5,4,m) in base " C(8,6,4,m) in base " C(8,7,4,m) in base C(8,8,4,m) in base
codebook codebook codebook codebook
0 C(8,5,4,0) 0 C(8,6,4,0) 0 C(8,7,4,0) C(8,8,4,0)
1 C(8,5.4,1) 1 C(8,6,4,1) 1 C(8,7,4,1)

15.3.7.2.6.6.2.5.2 CL SU-MIMO subset

15.3.7.2.6.6.2.5.2.1 CL SU-MIMO subset for four transmit antennas

Codebook subset selection for four transmit antennas is specified in Table 76.

Table 76—Subset selection of the base codebok for four transmit antennas

Rank One Two Three

Four

Subset selection C(4,1,6,m) C(4,2,6,m) C(4,3,6,m)
m=0tol5 m=0tol5 m=0tol5

C(454’6’m)
m = 0 to5

15.3.7.2.6.6.2.5.3 CL MU-MIMO subset

15.3.7.2.6.6.2.5.3.2. CL MU-MIMO subset for four transmit antennas
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The base codebook subset for MU-MIMO is the same as the rank 1 of the base codebook subset for SU-
MIMO, defined in Table 76.

15.3.7.2.6.6.3 Transformation codebook based feedback mode

The base codebooks and their subsets of rank 1 for SU and MU MIMO can be transformed as a function of
the ABS transmit correlation matrix. A quantized representation of the ABS transmit correlation matrix shall
be fed back by the AMS as instructed by the ABS

For the transformation mode, the PMI feedback from a mobile station shall represent an entry of the trans-
formed base codebook according to long term channel information.

In transformation mode, both ABS and AMS transform the rank 1 base codebook to a rank 1 transformed
codebook using the correlation matrix.

The transformation for codewords of rank 1 is of the form in Equation (47)

- Ryv.
= =l 47
T @n

v; is the i-th codeword of the base codebook,
v; is the i-th codeword of the transformed codebook,

R is the N; X N, transmit correlation matrix.

After obtaining the transformed codebook, both AMS and ABS shall use the transformed codebook for the
feedback and precoding process of rank 1. The codebooks of rank > 1 shall be used without transformation
when the AMS is operating with transformation codebook-based feedback mode.

The correlation matrix R shall be fed back to support transformation mode of codebook-based precoding.
R is fed back periodically and one correlation matrix is valid for whole band.

During some time period and in the whole band, the correlation matrix is measured as

R=E(H/H,) (48)

Where H;; is the correlated channel matrix in the i-th OFDM symbol period and j-th subcarriers.

The measured correlation matrix has the format of

onj(ryy) 1o

R_L " ”2] (N,=2) (49)
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I 12 r13 T4
R = COHJ:(”lz) ’fzz Tz Ty (N, =4) (50)
conj(r,3) conj(r,3) 33 34
conj(r4) conj(ryy) conj(rsy) ray
(51)
11 12 I3 T4 s 16 Iy I8
conj(ry,) pY) 73 724 s 26 a7 728
conj(ry3) conj(rys) 33 T34 I35 36 37 38
R = COHJ:(FM) COUJ:(724) COHJ:(”34) r'44 s a6 Ty Tag (N, = 8)
conj(rys) conj(rys) conj(rys) conj(rys) I'ss I's6 I's7 I'sg
conj () conj(rye) conj(rz) conj(rye) conj(rsg) T'66 I'e7 T8
conj(ry;7) conj(r,;) conj(rs;) conj(ryy) conj(rsy) conj(re;) — ry;  rog
[conj(ryg) conj(ryg) conj(ryg) conj(ryg) conj(rsg) conj(reg) conj(ryg) rgg|

where the diagonal entries are positive and the non-diagonal entries are complex. Because of the symmetriy
of the correlation matrix, only the upper triangular elements shall be fed back after quantization.

The R matrix is normalized by the maximum element amplitude, and then quantized to reduce the feedback
overhead.

The equation of normalization is

R

R = max(abs(rij))

(ij=1,...N)) (52)

The normalized diagonal elements are quantized by 1 bit, and the normalized complex elements are quan-
tized by 4 bits.

The equation for quantization is
— gVt (53)

q = a

a=[0.6 0.9] and =0 for diagonal entries

Table 77—Quantization parameters for diagonal entries of R

Diagonal
Entries a b 1
q; 0.6 0 0.6000
q> 0.9 0 0.9000

a=[0.1 0.5] and b=[0 1/8 1/4 3/8 1/2 5/8 3/4 7/8] for non-diagonal upper trangular entries
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Table 78—Quantization parameters for non-diagonal entries of R

Non-
Diagonal a b q
Entries

q; 0.1 0 0.1000

q> 0.1 1/8 0.0707 +0.0707i
q3 0.1 1/4 0.0000 + 0.1000i
q4 0.1 3/8 -0.0707 + 0.0707i
qs 0.1 172 -0.1000 + 0.0000i
qs 0.1 5/8 -0.0707 - 0.0707i
q7 0.1 3/4 -0.0000 - 0.1000i
qs 0.1 7/8 0.0707 - 0.07071
q9 0.5 0 0.5000

q10 0.5 1/8 0.3536 +0.3536i1
q11 0.5 1/4 0.0000 + 0.5000i
q12 0.5 3/8 -0.3536 + 0.3536i
q13 0.5 172 -0.5000 + 0.0000i
q14 0.5 5/8 -0.3536 - 0.3536i
q;s 0.5 3/4 -0.0000 - 0.5000i
q16 0.5 7/8 0.3536 - 0.35361

The total number of bits of feedback is 6 bits for 2 transmit antennas and 28 bits for 4 transmit antenna. The
AMS and ABS shall use the same transformation based on the correlation matrix fed back by the AMS.

15.3.7.2.6.6.4 Differential codebook-based feedback mode

The differential feedbacks exploit the correlation between precoding matrixes adjacent in time or frequen-
cies. The feedback shall start initially and restart periodically by sending a one-shot feedback that fully
depicts the precoder by itself. The codebook for the one-shot feedback is defined for the base mode.

Denote the feedback index, the correspondingly fed back matrix, and the corresponding precoder by ¢, D(¢),
and V(?), respectively. The sequential index is reset to 0 at 7, + 1. The index for the initial or the restart
feedback is 0 and V(0) = D(0). The indexes of the subsequent differential feedback are 1, 2, ..., T}, and the
corresponding precoders are V(1)=Qy.1)D(?), where Qy,.1 is a unitary N, x N, matrix computed from the
previous precoder V(¢-1); N, is the number of transmit antennas. The dimension of the fed back matrix D(¢)

is N,xN; fort=0, 1,2, ..., T,,,» Where N, is the number of spatial streams.

The rotation matrix Qv (1) of V(¢-1) has the form @, , = [V(F 1) V- 1)} , where V“(+— 1) consists of
columns each of which has a unit norm and is orthogonal to the other columns of Qy,.1) . Define the House-
holder matrix Q_ of unit vector X as:
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o - I— %wwH for [[wl, | >0
x [[wll

1 otherwise

where x| = 1 and w = ¢”°x— e,; 0 is the phase of the first entry of x; e;=[1 0 ... 0]. For Ny =1, V(¢-1) is an
N,x 1 vector and @y, ;) = Qy, ). For Ny=2 and N;=4,V(¢-1) is 4x2. Denote V(z-1) as B = [by b,]. Two
columns are appended to B as M = [B e; ¢;], where ¢; and ¢ are vectors with all zeros except that the /M and
jth entries are ones,_respectively. The index i and j are selected. Let the M and j entries of
g = (IRe(B)| + |1m(1!2))‘Hs be the smallest and the second smallest, respectively, where |4| converts 4’s entries
to their absolute valibs; |[Re(B)| and |Im(B))| are the real and imaginary parts of B, respectively. Gram-

Schmidt orthogonahzatlon is applied on e; as m; = bl b - b, »b, , Where by “is the conjugate of B’s entry
of on the & row and /™ column. Normahzatlon follows the orthogonalization as b, = The matrlx Bis
extended by one column as B=[b; b b3] The Gram-Schmidt process on e; is m, = Jl 3& b - 2b2 ]3b3.

The followed normalization is b, = Finally, Qv .1) = [V(#-1) b3 by]. The Gram- Schmldt orthogonal-
ization is the same as the one apphJJzin ‘ilh the transformed codebook. An illustration of the computation of
Qv(z-1) is shown in <<Figure xxx>>. Let A be a vector or a matrix with two columns. Denote Q4 the rota-
tion matrix of A.

The feedback matrix D(?) is selected from a differential codebook. Denote the codebook by D(N;, Ny N,,),

where N, is the number of codewords in the codebook. The codebooks D(2,1,4), D(2,2,4), D(4,1,16) and
D(4,2 16) are listed in Table 77, Table 78, Table 79, Table §0. Denote D;(N,,N,,N,,) the i codeword of
D(N,, Ny N,,). The rotation matrixes @,, s of the D;(N,N,,N,,)s comprises a set of N; by N, matrixes that is
denoted by Opy ., -

The differential codebook D(4,3,N,,) is computed from 0, ; y ,- The i codeword of D(4,3,N,,) denoted by
D;(4,3,N,,) is computed as

0100

D,4,3.N,) = |20 19g RIICRRIRE
10 O 0

where 0;(4,1,N,) consists of the last three columns of the i* " matrix in Op, 1., % The differential codebook

D(4,4,Nw) is computed from 0y, , v - The i codeword of D(4,4,N, ) 1s the '™ matrix in Op.an,) - TW

sets of differential codebooks are defined. One has a large step size for fast tracking capability and the other

has a small step size for high tracking accuracy. For ¢ = 1, the codebook with large step size shall be used. A

1-bit indicator may be fed back for the step size used for t =2, ..., Tjjax-

Table 79—D(2,1,4) codebook

Index Codeword Index Codeword
T RE
Codebook 1 1] 3 |:cos(15) sin(15)¢ lzﬂ
of large = =
step size 2 | [eos15) sin(1s) 4| Leos(15) sin(15)e7™]
146
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Table 80—D(2,2,4) codebook

-0.1914 + 0.0534i -0.1467 - 0.1320i]"

Index Codeword Index Codeword
. 120
Codebook { {1 0} 3 cos(15)  sin(15)¢
of large 01 sin(15)¢'°  —cos(15)
step size "
5 {COS(IS) sin(lS)} 4 cos(15)  sin(15)e 7%
sin(15) —cos(15) sin(15)e?' —cos(15)
Table 81—D(4,1,16) codebook
Index Codeword Index Codeword
1 1 o o o 9 [cos(20°) 0.2553 +0.1430i 0.0282 +
0.08971 0.1469 + 0.0308i]T
2 [c0s(20°) 0.2062 - 0.0657i 10 [cos(20°) 0.0507 - 0.3289i
0.0485 - 0.2038i -0.0885 + 0.1358i]T 0.0276 + 0.0448i 0.0508 - 0.0297i]T
3 [cos(20°) -0.0531 - 0.0765i 11 [cos(20°) -0.0352 + 0.2445i
0.0806 - 0.1811i -0.1432 - 0.2203i]T 0.0560 +0.1197i -0.1178 - 0,1569i]T
4 [cos(20°) -0.0762 - 0.1024i 12 [cos(20°) -0.0505 - 0.0233i
Codebook -0.2492 - 0.18651 0.0616 + 0.0028i]T -0.1061 +0.3140i 0.0505 + 0.0382i]T
of large
step size 5 [cos(20°) -0.0475 - 0.0535i 13 [c0s(20°) -0.3407 - 0.0014i
0.0266 - 0.01091 0.1997 + 0.2668i]T 0.0280 +0.01081 0.0021 + 0_0020i]T
6 [c0s(20°) -0.0478 - 0.0010i 14 [cos(20°) -0.0180 - 0.0100i
-0.0229 +0.03251 0.2359 - 0.2397i]T 0.3300 + 0.05021 0.0685 - 0.0205i]T
7 [cos(20°) 0.0030 + 0.1854i 15 [cos(20°) -0.0401 - 0.0885i
-0.1733 -0.1136 + 0.19921]T 0.0946 + 0.10841 -0.2792 + 0.0942i]T
8 [cos(20°) 0.1926 - 0.0378i 16 [cos(20°) -0.0436 + 0.2160i

0.0596 - 0.2318i 0.1057 + 0.0002i]"

147

Copyright © 2009 IEEE. All rights reserved.




O 001N WU A W

September 23, 2009

IEEE 802.16m-09/0047

Table 82—D(4,2,16) codebook

0.7006 - 0.1414i -0.5130 -
0.0152i -0.1561 +0.2422i
0.3191 +0.2023i]T

Index Codeword Index Codeword

1 1 0 0 0 9 [0.9770 0.1518 + 0.0929i
01 0 0 0.0606 - 0.0773i 0.0063 -

0.0647i

-0.0507 - 0.1011i -0.0981 +
0.8703i -0.1618 - 0.0957i -
0.3914 + 0.1776i]"

2 [0.9571 -0.0238 +0.0314i - | 10 [-0.6295 -0.5472 - 0.3123i
0.0454 - 0.2541i -0.0790 + -0.0136 - 0.1891i 0.2222 -
0.0977i 0.3486i

-0.0965 +0.0299i 0.9114 + 0.5496 - 0.3201i -0.7539 -
0.0872i -0.0431 - 0.3386i - 0.0022i 0.0440 + 0.0657i -
0.1023 +0.1567i]" 0.0189 +0.1434i]T

3 [-0.0262 0.7460 - 0.6224i | 11 [0.3622 -0.8103 - 0.3554i
0.2085 +0.1061i 0.0104 - 0.0797 - 0.2550i -0.1050 +
0.0226i 0.0596i

0.6933 +0.5709i 0.1217 + -0.8270 + 0.3289i -0.2410 -
0.0055i -0.1479 - 0.3702i - 0.0429i -0.1349 - 0.3222i -
0.1061 - 0.0917i]" 0.0937 +0.1311i]T

4 [0.9990 0.0386-0.0212i | 12 [-0.4402 -0.8115 - 0.0841i
0.0035 - 0.0023i 0.0002 + 0.0434 +0.1299i -0.1636 +
0.0019i 0.3083i

-0.0343 - 0.0200i 0.8730 + -0.7666 +0.1113i 0.5535 +
0.0488i 0.3473-0.1714i 0.2857 0.0180i 0.0170 +0.1186i -
Codebook -0.0483i]T 0.1660 + 0.2268i]T
of large 5 [0.9556 0.1479 - 0.0806i - | 13 [l 0 0 0
step size 0.0215 +0.1307i -0.0706 - 0 -0.8741 +0.0445i 0.3194 -
0.1894i 0.1760i 0.3172—0.0173i]"
-0.0844 +0.0610i 0.8284 -
0.3568i 0.1996 - 0.1472i -
0.1478 + 0.3037i
T
]

6 [-0.8726 0.1100 - 0.0735i - | 14 [-0.8851 -0.3025 + 0.3449i
0.4250 - 0.1821i -0.0795 + 0.0049 + 0.0437i -0.0340 -
0.0325i 0.0557i

0.1648 +0.1221i 0.9722 - 0.2630 +0.2692i -0.7941 -
0.0007i -0.0410 - 0.1039i 0.0049i 0.2671 - 0.0632i -
0.0018 +0.0180i]T 0.2947 + 0.2561i]T

7 [-0.6845 -0.0048-0.7234i | 15 [0.8990 -0.1582 - 0.1183i
0.0310-0.0167i 0.0831 + 0.1246 - 0.0775i -0.3616 -
0.0006i 0.0214i

0.0085 + 0.6243i 0.6200 + 0.0035 +0.2203i -0.8650 +
0.0054i -0.3294 - 0.2343i 0.3492i -0.0464 + 0.0693i
0.2292 - 0.0994i]T 0.2338 +0.1398i] T

8 [0.5617 0.8043+0.1719i - | 16 [0.5212 0.3746 + 0.7570i
0.0617 - 0.0099i 0.0607 - 0.0670 +0.1016i -0.0085 -
0.0241i 0.0003i

0.3025 - 0.7018i -0.4381 +
0.0708i -0.2495 - 0.2784i
0.2622 - 0.1028i]T
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Table 83—D(8,1,16) codebook

0.0387 - 0.0003i 0.0357 +
0.0531i -0.1838 + 0.0992i -
0.0685 - 0.2188i -0.0579 -
0.0243i]"

Index Codeword Index Codeword
1 [c0s(20°) 0 -0.1449 - 0.1483i 9 [cos(20°) 0 0.1314 +0.0144i
0.0019 +0.0060i 0.0336 + 0.0509 +0.0237i 0.0301 +
0.0253i -0.0242 - 0.1235i - 0.0390i 0.0311 + 0.0019i
0.2259 + 0.0069i 0.0409 - -0.0091 +0.0202i 0.2958 +
0.0598i 1T 0.0708i]T
2 [c0s(20°) 0 -0.0005 + 0.0004i 10 [c0s(20°) 0 0.0292 + 0.0247i -
0.0334 +0.0152i 0.0022 + 0.3217 +0.1076i -0.0073 +
0.0207i -0.0651 + 0.1824i 0.0175i 0.0049 +0.0013i 0.0048
0.0153 +0.2095i -0.0093 - -0.0017i -0.0004 - 0.0001i]T
0.1830i]T
3 [c0s(20°) 0.3402-0.03521 0 0 0 | 11 [c0s(20°) 0 0.0702 - 0.0699i
00 0]" 0.0279 - 0.0024i 0.0380 -+
0.0396i -0.0493 - 0.0118i -
0.0215 +0.1480i -0.1441 +
0.2401i]T
4 [c0s(20°) 0 -0.0264 - 0.0267i 12 [cos(20°) 0 -0.1352 +0.2709i
0.0602 + 0.0858i 0.0281 + 0.0727 +0.1069i -0.0037 -
0.0282i 0.2700 +0.1283i - 0.00661 -0.0406 - 0.0670i -
Codebook 0.0290 - 0.0870i -0.0700 + 0.0100 + 0.0186i -0.0156 +
of large 0.0173i]T 0.0413i]"
step size
5 [cos(20°) -0.2005-0.2771i 0 0 | 13 [cos(20°) 0 -0.1771 - 0.1261i
0000]" 0.0068 +0.00731 0.0303 -
0.0033i -0.0678 + 0.0243i
0.2320 - 0.0669i 0.0581 +
0.0424i]T
6 [cos(20°) 0 -0.0368 +0.0937i - | 14 [c0s(20°) 0 0.0091 - 0.0155i
0.0494 - 0.3041i 0.0844 + 0.0183 - 0.0622i -0.3302 +
0.0300i 0.0619 + 0.0044i 0.0004 0.0486i 0.0145 - 0.0213i 0.0072
-0.0052i -0.0043 - 0.0018i]T -0.0162i -0.0063 +0.0050i]"
7 [cos(20°) 0 0.1291 - 0.0176i 15 [cos(20°) 0 0.0473 - 0.0160i
0.0518 +0.0286i 0.0540 + 0.0085 - 0.0123i 0.0046 -
0.0451i 0.0479 - 0.2164i 0.1215 0.3373i 0.0003 - 0.0018i -0.0172
+0.0023i -0.0800 - 0.1457i]T -0.0097i -0.0070 - 0.0022i]"
8 [cos(20°) 0 0.1048 + 0.0160i 16 [c0s(20°) -0.1397 +0.3122i 0 0

000 0"

3.3.3.2.5.7 Unquantized MIMO feedback for closed-loop transmit precoding

15.3.7.2.6.7.1 UL sounding

To assist the ABS in determining the precoding matrix to use for SU-MIMO or MU-MIMO, the ABS may
request the AMS transmit a sounding signal in an UL sounding channel. The ABS may translate the mea-
sured UL channel response to an estimated DL channel response. The transmitter and receiver hardware of

ABS and AMS shall be calibrated.

The UL sounding channel defined in subclause [TBD] is used in MIMO transmission
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3.3.3.3 Transmission schemes for control channels
For two ABS transmit antennas, the P-SFH, S-SFH, and A-MAP shall be transmitted using SFBC.

The input to the MIMO encoder is represented by a 2 x 1 vector.

)
S2

xo| 7 (55)
S2 Sl
The two-stream pilot pattern defined in 3.3.1.4.1 is used for SFH and A-MAP transmission.
3.3.3.4 MIMO transmission schemes for E-MBS

3.3.4 Uplink physical structure

Each uplink subframe is divided into 4 or fewer frequency partitions; each partition consists of a set of phys-
ical resource units across the total number of OFDMA symbols available in the subframe. Each frequency
partition can include contiguous (localized) and/or non-contiguous (distributed) physical resource units.
Each frequency partition can be used for different purposes such as fractional frequency reuse (FFR). Figure
484 illustrates the uplink physical structure in the example of two frequency partitions with frequency parti-
tion 2 including both contiguous and distributed resource allocations, where Sc stands for Subcarrier.

Entire
subframe
Multi cell
Frequency Frequency
partition 1 partition 2
Distributed Contiguous
Cell-specific

Sc6 Sc5 Sc4 Sc3 Sc2 Sc1

Figure 35—Example of uplink physical structure
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3.3.4.1 Physical and logical resource unit

A physical resource unit (PRU) is the basic physical unit for resource allocation that comprises Psc consecu-
tive subcarriers by Nj,,, consecutive OFDMA symbols. P is 18 and Ny, is 6, 7, 5, and 9 OFDMA symbols
for type-1, type-2, type-3, and type-4 subframes, respectively. A logical resource unit (LRU) is the basic
logical unit for distributed and localized resource allocations. An LRU has PN, subcarriers.

The LRU size for control channel transmission should be same as for data transmission. Multiple users are
allowed to share one control LRU. The effective number of data subcarriers in an LRU depends on the num-
ber of allocated pilots and control channel presence.

3.3.4.1.1 Distributed logical resource unit

The distributed logical resource unit (DLRU) contains a group of subcarriers that are spread across the dis-
tributed resource allocations within a frequency partition. The size of the DLRU equals the size of a PRU,
i.e., Py subcarriers by N, OFDMA symbols. The minimum unit for forming the DRU is a tile. The uplink

ym
tile size is 6 x Nsym, where the value of N, depends on the subframe type.

YV

3.3.4.1.2 Contiguous logical resource unit

The localized logical resource unit, also known as contiguous logical resource unit (CLRU) contains a group
of subcarriers that are contiguous across the resource allocations. The size of the CLRU equals the size of a
PRU, i.e., Py subcarriers by N, OFDMA symbols.

3.3.4.2 Multi-cell resource mapping

The UL multi-cell resource mapping consists of subband partitioning, miniband permutation and frequency
partitioning and is defined in the following sub-clauses.

3.3.4.2.1 Subband Partitioning

The PRUs are first divided into subbands and minibands; a subband comprises of N; adjacent PRUs and a
miniband comprises of N, adjacent PRUs where N; = 4 and N, = 1. Subbands are suitable for frequency
selective allocations as they provide a continuous allocation of PRUs in frequency. Minibands are suitable
for frequency diverse allocation and are permuted in frequency.

The number of subbands is denoted by Kgz. The number of PRUs allocated to subbands is Lgg=N; - Kgg. A
4 or 3-bit (TBD) field called Uplink Subband Allocation Count (USAC) determines the value of Kgp
depending on system bandwidth. The USAC is transmitted in the SFH. The remaining PRUs are allocated to
minibands. The number of minibands in an allocation is denoted by K, ;5. The number of PRUs allocated to
minibands is Ly,g = N, - Kj,p. The total number of PRUs is Npg;; = Lgg + Ljg. The maximum number of
subbands that can be formed is denoted as N, where N, = | Npgy/ N, |. Mappings between USAC and
Kgp are shown in Tables 714 through 716 for system bandwidths of 20MHz, 10MHz, and 5SMHz, respec-
tively.

Table 84—Mapping between USAC and Kgg for 20MHz

# of subbands # of subbands
USAC allocated (Kgp) USAC allocated (Kgp)
0 0 16 16
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Table 84—Mapping between USAC and Kgg for 20MHz

USAC aﬁlgg;:lel:ib?ll(l:;) USAC aﬁlgiz?el:ib(all(l:;)
1 1 17 17
2 2 18 18
3 3 19 19
4 4 20 20
5 5 21 21
6 6 22 N.A.
7 7 23 N.A.
8 8 24 N.A.
9 9 25 N.A.
10 10 26 N.A.
11 11 27 N.A.
12 12 28 N.A.
13 13 29 N.A.
14 14 30 N.A.
15 15 31 N.A.

Table 85—Mapping between USAC and Kgg for 10 MHz

tsac | futtheds | usac | forubbnds
0 0 8 8
1 1 9 9
2 2 10 10
3 3 11 N.A.
4 4 12 N.A.
5 5 13 N.A.
6 6 14 N.A.
7 7 15 N.A.
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Table 86—Mapping between USAC and Kgg for 5SMHz

IEEE 802.16m-09/0047

tsac | futathads | usac | forbbods
0 0 4 4
1 1 5 N.A.
2 2 6 N.A.
3 3 7 N.A.

The PRUs are partitioned and reordered into two groups: subband PRUs (PRUgp), and miniband PRUs
(PRU,p). The set of PRUgp is numbered from 0 to (Lgg - 1) and the set of PRU, 5 from 0 to (L5 - 1).

Equation (56) defines the mapping of PRUs into PRUggs. Equation (58) defines the mapping of PRUs to

PRUygs. Figure 2 illustrates the PRU to PRUggs and PRU)gs mapping for a 10 MHz bandwidth with Kqg
equal to 7.

PRU,[j1 = PRU[i]; 0<j<Lg—1 (56)

where

i=N, H&w : LLJ+HLJ : GCD(NS“Z’]’VrNS“b/KSBDJ}mod {Nyp} + {j} mod {N,}  (57)
sub

S

PRU,5[k] = PRU[i]; k=0,1,...,Lyz—1 (58)
where
N k+L k+L GCD(NA’M’ Nsu /K )
LY ﬂ_{_{fﬂ{:ﬁlj@fu%ﬂ bN[u[, »/Ksp | J}mod (N} + {(k+Lgzimod {N,} Ks3(>509)
K =0
k
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Figure 36—PRU to PRUgg and PRUyg mapping for BW=10 MHz, Kgg=7
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3.3.4.2.2 Miniband permutation

The miniband permutation maps the PRUygs to permuted-PRUygs (PPRUy,ps) to insure allocation of fre-
quency diverse PRUs to each frequency partition. Equation (60) describes the mapping from PRUygs to
PPRUMBS.

O 001N WU A W

PPRU,,5[j1 = PRU,[i]; 0<j<Lyp—1 (60)

12 where:

15 i = (q(j)ymodD) - P+ VT@J

19 P = min(Kyz, Ni/N,)

3 r(j) = max{j— ((K,;zmodP)-D),0}

D-1
29 K

D = —MB+1J
30 LP

32 Figure 37 illustrates the mapping from PRU to PRUgp and PRU, 3.

26 q(j):j+V(j)J

34
35
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Figure 37—Mapping from PRUs to PRUgg and PPRUyg mapping for BW=10 MHz, Kgg=7

3.3.4.2.3 Frequency partitioning

The PRUgps and PPRUyps are allocated to one or more frequency partitions. By default, only one partition
is present. The maximum number of frequency partitions is 4. The frequency partition configuration is trans-
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mitted in the S-SFH SP1 in a 4, 3-bit composite field called the Uplink Frequency Partition Configuration
(UFPC), depending on system bandwidth. The Frequency Partition Count (FPCT) defines the number of fre-
quency partitions. The Frequency Partition Size (FPS;) defines the number of PRUs allocated to FP,. FPCT
and FPS; are determined from UFPC as shown in Table 87 through Table 89.

A 3,2, or 1-bit called the Uplink Frequency Partition Subband Count (UFPSC) defines the number of sub-
bands allocated to FP;, for i > 0. When UFPC = 0, UFPSC is equal to 0.

Table 87—Mapping between UFPC and frequency partitioning for 20MHz

Freq.
UFPC (;)I“,‘O”;t;,"l“l‘;i?z FPCT FPSi (i=0) FPSi (i>0)
FP3)
0 1:0:0:0 1 NprU 0
1 0:1:1:1 3 0 Npry * 173
2 1:1:1:1 4 Npgry * 1/4 Npgry * 1/4
3 3:1:1:1 4 Npry * 1/2 Npgy * 1/6
4 5:1:1:1 4 Npry * 5/8 Npgy * 1/8
5 9:1:1:1 4 Npgry * 9/12 Npgry * 1/12
6 9:5:5:5 4 Npry * 3/8 Npry * 5/24
7-15 Reserved

Table 88—Mapping between UFPC and frequency partitioning for 10MHz

Freq.
UFPC g;‘:?g‘;ﬁ FPCT FPSi (i=0) FPSi (i>0)

FP;)
0 1:0:0:0 1 NpruU 0
1 0:1:1:1 3 0 Npry * 173
2 1:1:1:1 4 Nppy * 1/4 Npgy * 1/4
3 3:1:1:1 4 Npry * 172 Npry * 1/6
4 5:1:1:1 4 Npry * 5/8 Npgy * 1/8
5 9:5:5:5 4 Npry * 3/8 Npgry * 5/24
6-7 Reserved
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Table 89—Mapping between UFPC and frequency partitioning for SMHz

Freq.
UFPC (;);;tgll’oln;i?z FPCT FPSi (i=0) FPSi (i>0)
FP;)
0 1:0:0:0 1 Npru 0
1 0:1:1:1 3 0 Npry * 173
2 1:1:1:1 4 Npgry * 1/4 Npgry * 1/4
3 3:1:1:1 4 Npry * 172 Npgy * 1/6
4 9:5:5:5 4 Npgry *3/8 Npgy * 5/24
4-7 Reserved

The number of subbands in the i”" frequency partition is denoted by Kgp ppi> as shown in Equation (61),

K¢z — (FPCT—1)- UFPSC i=0,FPCT = 4
Ksp rp, = UFPSC i>0,FPCT = 3 or 4 61)
Kqp i=0,FPCT =1

The number of minibands in the i frequency partition is denoted by K pp; as shown in Equation (63),
Kyip rpi = (FPS;—Kgp rp; - Ny )/ N, 0<i<FPCT (62)

When UFPC = 1 and FPCT = 3, the number of subbands in FP; (for i > 0) is given by Kgp rp; =UFPSC. The
number of minibands in the i’ frequency partition is denoted by K5 rp; as shown in Equation (63),

Ky, ppi = (FPS;~Kgp ppi- Ny)/Ny 0<i<FPCT (63)

The numbers of subband PRUs and miniband PRUs in each frequency partition are Lgp pp; = Ny * Kgp pp;
and LMB,FPi = Nz . KMB,FPi respectively.

The mapping of subband PRUs and miniband PRUs to the frequency partition i is given by the following
equations:

PRUgp(ky) 0<j<Lgp pp;
PPRU p5(k,) Lgp ppi <J<(Lsg rpi ™ Lyp, rpi)

PRUgp,(j) = { (64)

1—1 1—1

Where £, = z Lsg ppm*J and k, = z Lyig rpm *J—Lsp rpi-

m=0 m=0

Figure 38 depicts the frequency partitioning for BW of 10 MHz, Kqg = 7, FPCT = 4, FPSo = FPSi = 12, and
UFPSC = 2.
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Figure 38—Frequency partition for BW=10 MHz, Kgg=7, FPCT=4, FPS(y=FPS;=12, UFPSC=2

3.3.4.3 Cell-specific resource mapping

PRUpgp;s are mapped to LRUs. All further PRUs and tile permutations are constrained to the PRUs within a

frequency partition.
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3.3.4.3.1 CRU/DRU allocation

The partition between CRUs and DRUs is done on a sector specific basis. Let Lsp cpypp; and Lyp cru Fpi
denote the numbe of allocated subband CRUs and miniband CRUs for FP; (i > 0). The number of total allo-
cated CRUs, in units of a subband (i.e. N; PRUs), for FP; (for i > 0) is given by uplink CRU allocation size,
UCAS;. The numbers of subband-based and miniband-based CRUs in FP, are given by UCASgp and
UCASyp ¢, in units of a subband and miniband, respectively.

For FPy, the value of UCASgp is explicitly signaled in the SFH as a 5, 4 or 3-bit fieldto indicate the number
of subbands in unsigned-binary format. A 5, 4, or 3-bit uplink miniband-based CRU allocation size
(UCAS)p,¢) is sent in the SFH only for partition FP, depending on system bandwidth. The number of sub-
band-based CRUs for FP, is given by the Equation (65).

Lsg_cru,rpy = Ny UCASgp (65)

The mapping between UCAS) 5 () and the number of miniband-based CRUs for FP;) is shown in the Table 90
through Table 92 for system bandwidths of 20 MHz, 10 MHz, and 5 MHz respectively.

Table 90—Mapping between UCASyg o and number of miniband-based CRUs for FP, for 20

MHz
# of miniband-based # of miniband-based
UCASpp,o CRU for FP, UCASyp,0 CRU for FP,
(LMB-CRU,FP0) (LmB-CRU,FP0)
0 0 16 28
1 2 17 32
2 4 18 36
3 6 19 40
4 8 20 44
5 10 21 48
6 12 22 52
7 14 23 56
8 16 24 60
9 18 25 64
10 19 26 68
11 20 27 72
12 21 28 76
13 22 29 80
14 23 30 84
15 24 31 88
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Table 91—Mapping between UCASyg o and number of miniband-based CRUs for FP, for 10

MHz
# of miniband-based # of miniband-based
UCASyg 0 CRU for FP, UCASyp,0 CRU for FP,
(LmB,Fro) (LmB,Fro)
0 0 8 16
1 2 9 18
2 4 10 20
3 6 11 22
4 8 12 24
5 10 13 38
6 12 14 40
7 14 15 42

Table 92—Mapping between UCASyg ¢ and number of miniband-based CRUs for FP, for 5

MHz
# of miniband-based # of miniband-based
UCASMB,O CRU for FPo UCASMB,O CRU for FPO
(LmB,Fpo) (LmB,FPo)
0 0 4 8
1 2 5 10
2 4 6 18
3 6 7 20

For FP; (i > 0), only one value for UCAS; is explicitly signaled for all i > 0, in the SFH as a 3, 2 or 1-bit field
to signal the same numbers of allocated CRUs for FP; (i > 0). When UFPC =0, UCAS; = 0. For FP; (i > 0),
the number of subband CRUs (Lgp.cry pp) and miniband CRUs (Lyp.cryppy) are derived using
Equation (66) and Equation (67) respectively.

Lsg_cru,ppi = Ny -min{UCAS,;, Kgp rp;} (66)
0, UCAS, < Kgy pmi

Lyp_cru,rri = { l (67)
(UCAS; = Kp rpi) - N UCAS; > Kgp pi

The total number of CRUs in frequency partition FP;, for 0 <i < FPCT, is denoted by Lcgy gp;> calculated
as shown in Equation (69).
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LCRU,FPi = LSB—CRU,FPiJrLMB—CRU,FPi (68)

The number of DRUs in each frequency partition is denoted by Lppy pp;, calculated as shown in
Equation (69)

Lpgu.rei = FPS;—Legy, ppi for0<i<FPCT (69)

The mapping from PRUpp; to CRUEp; (for 0 <i < FPCT)is given by Equation (70):

o PRUpp,[/], 0<j<Lsg_cru,rpi
CRUppilj] = i < (70)
PRUpp[k+Lgg_cru, rril; Lsp_cru,rpi<J <Lcru, rri

where k = s/j - Lsp cru rpil-
s/] is the CRU/DRU allocation sequence defined in Equation (71) and < s[j] < FPS;— Lgp_ cry. -

i] = {PermSeq(j) + UL_PermBase } mod(FPS;~ Lz cry. r) (71)
where PermSeq() is the permutation sequence of length (FPS;- Lgg crypp) and is determined by
SEED={IDcell*343} mod 210 The permutation sequence is generated by the ‘random sequence generation
algorithm specified in 3.3.5.3.3. The UL_PermBase is an interger set to preamble IDcell.

The mapping of PRUgp; to DRUEp; is given by Equation (72):

DRUpp[j1 = PRUpplk+ Lgp ppil,  0<j<Lpry rpi (72)

where k = s[j + Lcpy, i -Ls-cru Fpil -

Figure 5 presents an example to illustrate the various steps of subband partitioning, miniband permutation,
frequency partitioning, and cell-specific resource mapping (CRU/DRU allocation) for the case of 10 MHz
system bandwidth. For this example, K¢z = USAC = 7, FPCT = 4, FPS; = 12 (for i>0), UFPSC = 2,
UCASspg=1, UCASyp o =2, and UCAS; = 2.

Table 93 presents a summary of the parameters used to configure the UL PHY structure.
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Table 93—UL PHY Structure - Summary of parameters

Related
Operation | Signaling | Chamnel for | ¢, j Ui Definition Units
Procedure Field (BW20/ Signaling Sionaled Fields
10/5MHz) g
Sector Sub-band USAC (5/4/3) | SFH-SP2 Kgsp Number of Subbands Sub-
Com- Partitioning | bits bands
mon
Lgg =N;*Kgp Number of PRUs assigned | PRUs
Mini-band to Subbands
Partitioning Ly Number of PRUs assigned | PRUs
to minibands
Frequency UFPC (4/3/3 FPCT Number of Frequency Par- | Fre-
Partitioning | bit) titions quency
Parti-
tions
FPS; Number of PRUs in FP; PRUs
UFPSC (3/2/1 Ksg, Fpi Number of SBs assigned to | Sub-
bit) FP; bands
Kwmp, Fri Number of MiniBands as- | Sub-
signed to FP; bands
(Groups
of NI
PRUs)
LSB, FPile*KSB, FPi Number of MiniBands as- PRUs
signed to FP;
Ly, rri=N2*Kyis, rp Number of PRUs assigned | PRUs
to be Subbands in FPi
Sector CRU/DRU | UCASgg, (5/ | SFH-SPI1 Lsp_cru, Fpi Number of Subband-based | CRUs
Specific | Allocation 4/3 bit) CRUs in FP;
LuvB-cru, Fri Number of Miniband-based | CRUs
UCASyg, (5/ CRUs in FP;
4/3 bit) L -L N .
CRUiFPi =LSB-CRU, umber Of CRUs in FPl CRUs
Fpi LMB-CRU, FPi
UCAS; (3/2/1) Lpru ppi =FPS; - | Number of DRUs in FP; DRUs
bit Lcru_rpi
Tile Permu- | IDCell (10bit) Obtained from
tation SA-Preamble
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UCASSB,0 =1, UCASMB,0 = 2, UCASi=2, and IDCell=2.

Figure 39—Frequency partition for BW=10 MHz.
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3.3.4.3.2 Tile permutation

Each of the DRUs of an UL frequency partition is divided into 3 tiles of 6 adjacent subcarriers over N,
symbols. The tiles within a frequency partition are collectively tile-permuted to obtain frequency-diversity
across the allocated resources.

The tile permutation that allocates physical tiles of DRUs to logical tiles of subchannels is performed in the
following manner:

Tile(s,n,t) = Lpgy pp;-n+g(PermSeq(), s, n, t) (73)

where:
Tiles(s,n,z) is the tile index of the n'M tile in the s™ distributed LRU of the /" subframe.
n is the tile index, 0 to 2, in a distributed LRU.
t is the subframe index with respect to the frame.
s is the distributed LRU index, 0 to Lpry ppi-1-

PermSeq() is the permutation sequence of length Lppypp; and is determined by
SEED={IDcell*343} mod 210 The permutation sequence is generated by the random sequence gen-
eration algorithm specified in Section <<15.3.5.3.4>>, and

g(PermSeq(),s,n,t) = {PermSeq[(n+ 107 * s+ 1213 * {) mod Lppy; pp;]*UL_PermBase} mod
Lpru,Fpi

3.3.4.3.3 Resource allocation and tile permutation for control channels
The distributed LRUs in each of uplink frequency partition may be further divided into data, bandwidth
request, and feedback channels. The feedback channels can be used for both HARQ ACK/NAK and fast
feedback. The allocation order of data channels and UL control channels are TBD.

3.3.4.3.3.1 Bandwidth request channels

The number of bandwidth request channels in frequency partition FP;, Lgypg rp;» is indicated by the (TBD)-
bit field UL BWREQ_SIZE in the S-SFH (TBD) in the unit of LRUs.

Lywg. rpi = Npywy- UL_BWREQ_SIZE (74)
Where Ny, is 1 in MZone and 2 in LZone with PUSC.

Bandwidth request channels are not necessarily present in all subframes and the allocation can differ from
subframe to next.

In MZone, the bandwidth request channels are of same size as LRUs, i.e. three 6-by-6 tiles. In LZone with
PUSC, the bandwidth request channels consist of three 4-by-6 tiles. The bandwidth request channels use
LRUs constructed from the tile permutation specified in 3.3.4.3.2.

3.3.4.3.3.2 Feedback Channels

Let UL_FEEDBACK SIZE distributed LRUs in frequency partition FP; be reserved for feedback channels
in the units of LRU. The number of feedback channels in frequency partition F'P;, is Lpp p;.

Lpg ppi = Ny - UL_FEEDBACK_SIZE (75)

where Nﬂ7 is 3 in MZone and 4 in LZone with PUSC.
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The feedback channels are formed by 3 permuted 2-by-6 mini-tiles. The mini-tile reordering process
applied to each distributed LRU is described below and illustrated in <<Figure UL- 1>>.

1)  The uplink tiles in the distributed LRUs reserved for feedback channels are divided into 2-by-6 feed-
back mini-tiles (FMTs). The FMTs so obtained are numbered from 0to 3 - Ly zp;— 1.

2) A mini-tile reordering is applied to the available 2-by-6 FMTs as specified by Equation (76) and
Equation (77) to obtain the reordered FMTs (RFMTs).

3)  Each group of three consecutive RFMTs forms a feedback channel.

The closed form expressions for the FMT reordering function used in step 2 above are as Equation (76) in
MZone and Equation (77) in the LZone with PUSC:

MiniTile(s,n) = 9-ﬂoor(§) +mod(s,3)+3-n (76)
P s
MiniTile(s,n) = 6-floor(zj +mod(s,2)+2-n (77)
Where

MiniTile(s,n) is the n'™ mini-tile of the s feedback channel.
7 is the mini-tile index in a feedback channel. n can take a value of 0, 1 or 2.

s is the feedback channel index. s can take an integer value in the range 0 to Lgpg gp;i-1.
HARQ feedback channels

Each feedback channel constructed according to 3.3.4.3.3.2 can be used to transmit six HARQ feedback
channels. The number of HARQ feedback channels is denoted by Lyrp gp;-

A pair of HARQ feedback channels is formed by three reordered 2-by-2 HARQ mini-tiles (RHMT). The
HMTs reordering process and the construction of HARQ feedback channel are described below and illus-
trated in Figure 74.

1) Each 2x6 RFMT is divided into three consecutively indexed 2-by-2 HMTs. The HMTs so obtained
are numbered from 0t0 3 - Lyp pp;— 1.

2) A HMT reordering is applied to the HMTs as specified by Equation (78) to obtain the reorderd
HMTs (RHMTs).

3)  Each group of three consecutive RHMTs forms a pair of HARQ feedback channels.

The closed form expression for the HMT reordering function used in step 2 above is as Equation (78).
. K
HMT(k,m) = 9 .ﬂoor@ +mod(K+m,3)+3 -m (78)

where
HMT(k,m) is the m-th HMT of the k-th HARQ feedback channel.
m is the HMT index in a HARQ feedback channel. m can take a value 0, 1 or 2.
k is the HARQ feedback channel index. k can take an integer value in the range 0 to Lyzp p; -1.
ko= Lk/2]

For persistent allocation, index k is specified in HFA of DL Individual Persistent A-MAP IE or DL Compos-
ite Persistent A-MAP IE.
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For group resource allocation, index k for the ™ AMS in GRA allocation is Gygare T |1 Lizrs/ Nora |)modNypg 5
where iy, is the ACK Channel Offset in DL group resource allocation A-MAP IE, Ly is the total number
of HFBCH configured, and Ngp 4 is the Use Bit Map Size in DL group resource allocation A-MAP IE.

For resource allocation using DL basic assignment A-MAP, index k is (M(j) + n)modL 5 , Where j is HFBCH
Index Parameter in Non-user specific A-MAP IE, n is HFA in DL basic assignment A-MAP IE, M(j) is
STID when j = 0 and M(j) is lowest LRU index of corresponding DL transmission when j = 1.

Fast Feedback Channels

A fast feedback channel consists of one feedback channel.

Index of distributed LRUs in a frequency paﬂitio»n

Feedback Channels BW REQ Data
Channels

symbol

Allocation of UL control and data channels in the distributed LRUs
of a frequency partition of an UL subframe.

Figure 40—Allocation of channels in the UL frequency partition

3.3.4.3.4 Logical Resource Unit Mapping

Both contiguous and distributed LRUs are supported in the uplink. The CRUs are directly mapped into con-
tiguous LRUs. Precoding and/or boosting applied to the data subcarriers will also be applied to the pilot sub-
carriers. The DRUs are permuted as described in 3.3.4.3.2 to form distributed LRUs.

3.3.4.3.5 WirelessMAN-OFDMA Systems Support

When frame structure is supporting the WirelessMAN-OFDMA MSs in PUSC zone by FDM manner as
defined in 3.3.3.4, a new symbol structure and subchannelization defined in the subclause are used.

3.3.4.3.5.1 Basic Symbol Structure for FDM based UL PUSC Zone Support

The subcarriers of an OFDMA are partitioned into N, ;. left guard subcarriers, Ny .o, right guard subcarri-
ers, and N 4.4 used subcarriers. The DC subcarrier is not loaded. The N4 subcarriers are divided into mul-
tiple PUSC tiles. Basic symbol structures for various bandwidths are shown in Table 94, Table 95, and
Table 96.

Table 94—512 FFT OFDMA UL subcarrier allocations for DRU

Parameters Value Comments
Number of DC subcarriers 1 Index 256 (counting from 0)
Ng tefi 52 Number of left guard subcarriers
Ng, right 51 Number of right guard subcarriers
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Table 94—512 FFT OFDMA UL subcarrier allocations for DRU

Parameters

Value

Comments

N, used

409

Number of all subcarriers used in
WirelessMAN-OFDMA PUSC zone
within a symbol, including DC carrier

Table 95—1024 FFT OFDMA UL subcarrier allocations for DRU

Parameters Value Comments
Number of DC subcarriers 1 Index 512 (counting from 0)
N lefi 92 Number of left guard subcarriers
N right 91 Number of right guard subcarriers
Nysed 841 Number of all subcarriers used in

WirelessMAN-OFDMA PUSC zone
within a symbol, including DC carrier

Table 96—2048 FFT OFDMA UL subcarrier allocations for DRU

Parameters Value Comments
Number of DC subcarriers 1 Index 1024 (counting from 0)
Ng tefi 184 Number of left guard subcarriers
Ng, right 183 Number of right guard subcarriers
Nysed 1681 Number of all subcarriers used in

WirelessMAN-OFDMA PUSC zone
within a symbol, including DC carrier

4 contiguous
subcarriers

6 symbols

3.3.4.3.5.2 Resource Block for FDM based UL PUSC Zone Support

When supporting FDM based UL PUSC zone, a tile consists of 4 consecutive subcarriers and 6 OFDMA
symbols, as shown in Figure 41.

A 4

y

Figure 41—Resource block for FDM based UL PUSC zone support
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3.3.4.3.5.3 Subchannelization for FDM based UL PUSC Zone Support

When supporting FDM based UL PUSC zone, UL subchannelization shall conform the following rules:

1) For the WirelessMAN-OFDMA system bandwidth, all usable subcarriers given in Table 94,
Table 95, and Table 96 are divided into PUSC tiles.

2) UL PUSC subchannelization is performed as described in section <<8.4.6.2.2>>.

3)  Available subchannels for Advanced Air Interface AMS shall be specified through subchannel bit-

map broadcasted by [system descriptor, TBD].

4)

All PUSC tiles of specified subchannels from step 3 are extended in time domain from 3 OFDM

symbols to Ny, OFDM symbols, where Ny, is dependent of subframe type.

5) Based on specified subchannels of step 3 with symbol extension tiles of step 4, DRUs for Advanced
Air Interface are made up.

6) Repeat step 4 and step 5 for remained OFDMA symbols of every uplink subframe.

Overall process of subcarrier to subchannel mapping is shown in Figure 42.
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Figure 42—Example of subchannelization for FDM base UL PUSC zone support

3.3.4.4 Pilot structure

Uplink pilot is dedicated to each user and can be precoded or beamformed in the same way as the data sub-
carriers of the resource allocation. The pilot structure is defined for up to 4 transmission streams.

The pilot pattern may support variable pilot boosting. When pilots are boosted, each data subcarrier should

have the same Tx power across all OFDM symbols in a resource block.

Figure 47 shows the pilot structure for contiguous LRUs where the number of streams is one, two, three or
four. Note that the pilot patterns for UL contiguous LRUs are same as in the downlink case. Figure 43 and
Figure 44 show the pilot structure for distributed LRUs where the number of streams is one or two, respec-
tively. Figure 45 and Figure 46 contain the one and two-stream pilot patterns for the distributed PUSC LRU.
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(a) type-1 subframe
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(b) type-3 subframe
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1

(c) type-2 subframe

Figure 43—Pilot patterns of 1-Tx stream for distributed LRUs
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1 1
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Figure 44—Pilot patterns of 2-Tx streams for distributed LRUs
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Figure 45—Pilot pattern of 1-Tx stream for distributed PUSC LRUs
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4 contiguous
subcarriers

Figure 46—Pilot pattern of 2-Tx stream for distributed PUSC LRUs
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Figure 47—Pilot patterns for contiguous LRUs for 1 Tx stream
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Figure 48—Pilot patterns for contiguous LRUs for 2 Tx streams
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Figure 49—Pilot patterns for contiguous LRUs for 3 Tx streams

6 symbols

18 contiguous subcarriers

Figure 50—Pilot patterns for contiguous LRUs for 4 Tx streams
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(©

The pilot patterns of type-4 subframe are derived from the type-2 subframe patterns. The first seven symbols
of type-4 subframe pilot patterns are identical to the type-2 subframe patterns. The last two symbols of type-
4 subframe pilot patterns are generated by appending the first two symbols of type-2 subframe pilot patterns.
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Figure 51—Pilot patterns of 1-Tx stream for distributed LRUs
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Figure 52—Pilot patterns of 1-Tx stream for type-4 subframe distributed LRUs
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Figure 53—Pilot patterns of 2-Tx streams for distributed LRUs

9 symbols

v

N =] A

sJauleaqns
snonBuoo 9

1

2

(d) type-4 subframe

Figure 54—Pilot patterns of 2-Tx stream for type-4 subframe distributed LRUs
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Figure 55—Pilot pattern of 1-Tx stream for distributed PUSC LRUs
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Figure 56—Pilot patterns of 1-Tx stream for type-4 subframe distributed PUSC LRUs
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Figure 58—Pilot patterns of 2-Tx stream for type-4 subframe distributed PUSC LRUs
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Figure 59—Pilot patterns for contiguous LRUs for 1 Tx stream

9 symbols

A
v

4|1 1 1

sJalIBOgNS SNONBIUoo g|

175
Copyright © 2009 IEEE. All rights reserved.

IEEE 802.16m-09/0047



O 001N WU A W

September 23, 2009

6 symbols

“«——>
Al 1
2 2

4]

8

@

[&]

Q

]

(%]

2] 1 1

S 2 2
2

2

[]

o

[ee]

1 1
v 2 2
(a) (b)

Figure 61—Pilot patterns for contiguous LRUs for 2 Tx streams
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Figure 63—Pilot patterns for contiguous LRUs for 3 Tx streams
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Figure 65—Pilot patterns for contiguous LRUs for 4 Tx streams
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Figure 66—Pilot patterns of 4-Tx stream for type-4 subframe contiguous LRUs

3.3.4.5 Uplink physical structure for multicarrier support

Guard subcarriers between carriers form integer multiples of PRUs. The structure of guard PRU is the same
as the structure defined in 15.3.8.1 and 15.3.8.4 The guard PRUs are used as miniband CRUs at partition
FPO for data transmission only. The number of useable guard subcarriers is predefined and should be known
to both AMS and ABS based on carrier bandwidth.
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3.3.5 Uplink control channel

3.3.5.1 Physical uplink control channel

3.3.5.1.1 Fast feedback control channel

The DRUs are permuted by UL tile permutation as described in 3.3.4.3.2 to form distributed LRUs for both
data and control resource/channel. A UL feedback mini-tile (FMT) is defined as 2 contiguous subcarriers by
6 OFDM symbols. The UL feedback control channels are formed by applying the UL mini-tile permutation
to the LRUs allocated to the control resource. The fast feedback channels are comprised of 3 RFMTs. The
details of feedback mini-tile permutation and the subchannelization of Fast feedback are described in
3.3.4.3.3.2.

3.3.5.1.1.1 Primary fast feedback channel

The primary fast feedback channel is comprised of 3 RFMTs. The construction process of primary fast feed-
back channels is described in 3.3.4.3.3.2.

3.3.5.1.1.2 Secondary fast feedback channel

The secondary fast feedback channel has the same physical control channel structure as the primary fast
feedback channel. The secondary fast feedback channels are comprised of 3 RFMTs. The construction pro-
cess of secondary fast feedback is described in 3.3.4.3.3.

3.3.5.1.2 HARQ feedback control channel

Each UL HARQ feedback resource consists of three RFMTs. A total resource of three distributed 2x6
RFMTs supports 6 UL HARQ feedback channels. The 2x6 RFMTs are further divided into UL HARQ mini-
tiles (HMT). A UL HARQ mini-tile has a structure of 2 subcarriers by 2 OFDM symbols.

3.3.5.1.3 Sounding channel

Uplink channel sounding provides the means for the ABS to determine UL channel response for the purpose
of UL closed-loop MIMO transmission and UL scheduling. In TDD systems, the ABS can also use the esti-
mated UL channel response to perform DL closed-loop transmission to improve system throughput, cover-
age and link reliability. In this case ABS can translate the measured UL channel response to an estimated DL
channel response when the transmitter and receiver hardware of ABS and AMS are appropriately calibrated.

3.3.5.1.3.1 Sounding PHY structure

The sounding signal occupies a single OFDMA symbol in the UL sub-frame. The sounding symbol in the
UL sub-frame is located in the first symbol. Each UL sub-frame can contain only one sounding symbol. For
type-1 subframe, the sounding signal shall not be transmitted in the LRU which contains other control chan-
nels. For type-2 subframe, sounding signals can be transmitted in any resource unit. For the six-symbol PRU
case, the remaining 5 consecutive symbols are formed to be a five-symbol PRU used for data transmission,
as shown in Figure 67. For the seven-symbol PRU case, the remaining 6 consecutive symbols are formed to
be a six-symbol PRU for data transmission, as shown in Figure 67. Multiple UL subframes in a 5-ms radio
frame can be used for sounding. The number of subcarriers for the sounding in a PRU is 18 adjacent subcar-
riers.
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Figure 67—Sounding PHY structures for (a) 6-symbol PRU and (b) 7-symbol PRU cases.

3.3.5.1.4 Ranging channel

The UL ranging channel is used for UL synchronization. The UL ranging channel can be further classified
into ranging channel for non-synchronized and synchronized AMSs. The ranging channel for synchronized
AMSs is used for periodic ranging. The ranging channel for non-synchronized AMSs is used for initial

access and handover.

3.3.5.1.4.1 Ranging channel structure for non-synchronized AMSs

The ranging channel for non-synchronized AMSs is used for initial network entry and association and for
ranging against a target BS during handover.

A physical ranging channel for non-synchronized AMSs consists of the ranging preamble (RP) with length
of Tpp depending on the ranging subcarrier spacing Afy,, and the ranging cyclic prefix (RCP) with length of

Trcp in the time domain.

A ranging channel occupies a localized bandwidth corresponding to 1 subband.

Power control operation described in 3.3.5.4.3 applies to ranging signal transmission.

Table 97 contains ranging channel formats and parameters.

Table 97—Ranging channel formats and parameters

Format No. Trcp Trp Af rp
1 35xTy+7x Ty 8x Tp Af/8

Copyright © 2009 IEEE. All rights reserved.
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where T}, Tg and Af are defined in 3.3.1.1.

@: The Tycp for Formats 0 depends on OFDMA parameters, and subframe types as:
ky = (N, +1)/2 and k, = (N, —4)/2.
where Ny, is the number of OFDMA symbols in a subframe as defined in 3.3.4.1.

Ranging channel for non-synchronized AMSs is allocated in one or three UL subframes for Format 0 or For-
mat 1, respectively. Format0 has a repeated structure as shown in Figure 68. The transmission start time of
the ranging channel is aligned with the UL subframe start time at the AMS. The remaining time duration of
the subframes is reserved to prevent interference between the adjacent subframes.

1 subframe
- L
- > < > < -
TRCP T RP T RP
- -
Ranging channel for non-synchronized AMSs
(a) Format 0
3 subframes
- |
- > >
Trep Trp
- |

Ranging channel for non-synchronized AMSs
(b) Format 1

Figure 68—Ranging channel allocations in subframe(s)

3.3.5.1.4.2 Ranging channel structure for synchronized AMSs

The ranging channel for synchronized AMSs is used for periodic ranging. The AMSs that are already syn-
chronized to the target ABS are allowed to transmit the periodic ranging signal. For femtocell, the ranging
channel for synchronized AMSs can be used for initial ranging, handover ranging, and periodic ranging.

The physical structure in the ranging channel for synchronized AMSs occupies 72 subcarriers by K OFDMA
symbol time. For femtocell, K is equal to 1 and the rest of subcarriers can be used for data transmission.
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Power control operation described in 3.3.5.4.3 applies to ranging signal transmission.

3.3.5.1.4.3 Ranging Channel for FDM-based UL PUSC Zone Support

The ranging channel for FDM-based UL PUSC Zone Support is composed of 6 distributed LRUs by using
the symbol structure defined in 3.3.4.3.5.1.

A ranging transmission for non-synchronized AMSs shall be performed during two consecutive symbols
same as <<Figure 253>> in <<8.4.7.1>>. The same ranging code is transmitted on the ranging channel dur-
ing each symbol, with no phase discontinuity between the two symbols. A time-domain illustration of the
ranging transmission for non-synchronized AMSs is shown in Figure 69 (a).

A ranging transmission for synchronized AMSs shall be performed during a symbol same as <<Figure
255>> in <<8.4.7.2>>. A time-domain illustration of the ranging transmission for synchronized AMSs is
shown in Figure 69 (b).

time time
guard
CP GRD interval
1 1 1
A L A . |
I copy samples I 1 copy samples ! I copy samples !
] N I ] |
OFDM symbol period OFDM symbol period OFDM symbol period
(a) Ranging channel structure (b) Ranging channel structure
for non-synchronized AMSs for Synchronized AMSs

Figure 69—Ranging channel structure for FDM-based UL PUSC Zone Support

For ranging channel for non-synchronized AMSs, the transmitted signal is according to <<15.3.2.5>>,
<<Equation (173)>>, except that 0<¢<2T,.

Ranging channels for non-synchronized AMSs and ranging channel for synchronized AMSs are allocated in
a UL subframe. Within the allocated ranging subframe, first 4 symbols in a UL subframe are occupied for
the ranging structure for non-synchronized AMSs. The last symbol in the same UL subframe is occupied for
the ranging channel for synchronized AMSs. A time-domain illustration of the ranging subframe is shown in
Figure 70.
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1 subframe (=6 OFDMA symbols)

- L

- > < > < L L > >
Ts Tg Tg Tg Ts Tg

- > - > B B
Ranging channel for Ranging channel for Ranging channel for
non-synchronized AMSs non-synchronized AMSs synchronized AMSs

Figure 70—Ranging channel structures and allocations for FDM based UL PUSC Zone Sup-
port

3.3.5.1.5 Bandwidth request channel

Bandwidth request information is transmitted using contention based random access on this control chan-
nel.The bandwidth request (BR) channel contains resources for the AMS to send a BR preamble and an
optional quick access message.

In the LZone with PUSC, a BW REQ tile is defined as four contiguous subcarriers by six OFDM symbols.
The number of BW REQ tiles per BW REQ channel is three. Each BW REQ tile carries a BW REQ pream-
ble only.

In the Mzone, a BW REQ tile is defined as six contiguous subcarriers by six OFDM symbols. Each BW
REQ channel consists of three distributed BW-REQ tiles. Each BW REQ tile carries a BW REQ preamble
and a quick access message. The AMS may transmit the access sequence only and leave the resources for
the quick access message unused.

3.3.5.2 Uplink control channels physical resource mapping

3.3.5.2.1 Fast feedback control channel

There are two types of UL fast feedback control channels: primary fast feedback channel (PFBCH) and sec-
ondary fast feedback channels (SFBCH).

3.3.5.2.1.1 Primary fast feedback control channel

The primary fast feedback channels are comprised of three distributed FMTs. Figure 71 illustrates the map-
ping of the PFBCH.

183
Copyright © 2009 IEEE. All rights reserved.



O 001N WU A W

IEEE 802.16m-09/0047
September 23, 2009

time

v

frequency
Co1 [ Cos |Cos [ Cor |Cog | Coun

C‘I,O C1,2 C1,4 C1,6 C1,8 C‘1,10

C1,1 C1,3 C1,5 C1,7 C1,9 C1,11

C2,1 C2,3 C2,5 C:2,7 02,9 C2,11

Figure 71—PFBCH comprised of three distributed 2x6 UL FMTs

Primary fast Sequence Modulation Symbol sequence Primary fast
feedback ———p| quen » . to subcarrier | —— feedback channel
generation (& repetition) -
payload mapping symbol s[k]

Figure 72—Mapping of information in the PFBCH

The process of composing the PFBCH is illustrated in Figure 72. The / PFBCH payload bits are used to gen-
erate PFBCH sequence according to Table 98. The resulting bit sequence is modulated, repeated and
mapped to uplink PFBCH symbol s[k] (0 mapped to +1 and 1 mapped to -1). The mapping of primary fast
feedback channel symbol s[k] to the UL FMTs is given by Equation (79). This set of sequences can carry up
to six information bits.

C,; = sIK[11, for i = 0,1,2, 0<j<11 (79)

1,

where
K;[j] denotes the jth element of K
Ky=1{0,1,2,3,4,5,6,7,8,9,10,11}
K;=1{9,10,11,3,4,5,0,1,2,6,7,8}
K, ={3,4,5,6,7,8,9,10,11,0,1,2}
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Table 98—Sequences for PFBCH

Index Sequence Index Sequence
0 1111111111 32 101011001001
1 101111010110 33 111011100000
2 011010111101 34 001110001011
3 001010010100 35 011110100010
4 101010101010 36 100111111010
5 111010000011 37 110111010011
6 001111101000 38 000010111000
7 011111000001 39 010010010001
8 110011001100 40 111110011100
9 100011100101 41 101110110101
10 010110001110 42 011011011110
11 000110100111 43 001011110111
12 100110011001 44 101010011111
13 110110110000 45 111010110110
14 000011011011 46 001111011101
15 010011110010 47 011111110100
16 101011111100 48 111111001010
17 111011010101 49 101111100011
18 001110111110 50 011010001000
19 011110010111 51 001010100001
20 111110101001 52 110010101111
21 101110000000 53 100010000110
22 011011101011 54 010111101101
23 001011000010 55 000111000100
24 100111001111 56 100110101100
25 110111100110 57 110110000101
26 000010001101 58 000011101110
27 010010100100 59 010011000111
28 110010011010 60 110011111001
29 100010110011 61 100011010000
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Table 98—Sequences for PFBCH

Index Sequence Index Sequence
30 010111011000 62 010110111011
31 000111110001 63 000110010010

3.3.5.2.1.2 Secondary fast feedback control channel

The SFBCH is comprised of 3 distributed FMTs with 2 pilots allocated in each FMT. Pilot sequence
PoP1P2P3P4p5 are modulated as [1 1 1 1 1 1] with pilot boosting.

The SFBCH symbol generation procedure is as follows. First, the SFBCH payload information bits
agaa,...a, ; are encoded to M bits byb,b,...b,, , using the TBCC encoder described in <<15.3.12.2>>.

The values of parameters L and M are set to / and 60, respectively. The value of K., should be set as
Equation (80)

L (1=1,8,9) (80)
Kyupsize =\ 51 (I=10,11)
60 (12<1<24)

The coded sequence byb,b,...b,, ; is then modulated to M/2 symbols c,cc,...c), 1 using QPSK. The
8

modulated symbols are mapped to the data subcarriers of the SFBCH FMTs as shown in Figure 73.

time

v

Po Cs Cio | Ci5 | Cp | Co5

frequency
Co Cs C14 P+ C21 C2

Cq P2 Ciz | Cig | Co2 | Co7

Cy C7 Ciz | Cy7 P3 Cas

Cs Cs Py Cig | Co3 | C29

Cs4 Cg | Cis | Cig | Co4 | Ps

Figure 73—SFBCH comprising of three distributed 2x6 UL FMTs

186
Copyright © 2009 IEEE. All rights reserved.



O 001N WU A W

September 23, 2009

3.3.5.2.2 HARQ feedback control channel
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The HARQ feedback control channel resource of three distributed FMTs shall be further divided into nine
HARQ mini-tiles (HMTs), each having a structure of two subcarriers by two OFDM symbols. Each pair of
HARQ feedback channels are allocated three HMTs, identified by similar patterns in the structure shown in
Figure 74. The orthogonal sequence (C;y, C; 1, C;», C;3, where i=0,1 and 2) as shown in Table 99 is
mapped to each HMT to form HARQ feedback channels, where and i denotes HMT index. Each group of
three RFMTs can therefore support six HARQ feedback channels.

When each channel carries one bit of HARQ feedback, two sequences are used to signal each ACK or
NACK feedback. In one unit, four sequences are used for two HARQ channels, 1% and ond HARQ feedback

channel. The sequence and mapping of the HARQ feedback are show in Table 99.

time
Coo |Cot |Coo |Cor |Cop | Con
frequency
Co2 |Cos |Coz |Cos |Coz |Cos
v
Cio |Cit |Cio |Cit |Cip | Cas
Ciz |Cis |Ciz |Cis |Ciz |Cis
Cao | Car |Capo |Cat | Cop | Car
Co2 |Cas |Ca2 |Cos | Coz | Cas
HARQ HARQ

FBCH
1,2

FBCH

3,4

Figure 74—2x2 HMT structure

HARQ
FBCH
5,6

Table 99—Orthogonal sequences for UL HARQ feedback channel

Sequence
index

Orthogonal sequence

1-bit Feedabck

0

[+1 +1 +1+1]

Even numbered channel ACK

1

[+1 -1 +1 -1]

Even numbered channel NACK

[+1 +1 -1 -1]

0Odd numbered channel ACK

[+1 -1 -1 +1]

Odd numbered channel NACK
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3.3.5.2.3 Sounding channel
3.3.5.2.3.1 Sounding sequence

Define b, as the complex coefficients modulating all subcarriers in the sounding symbol, 0 < k<N, ,— |
( N,.q 1susedanumber of used subcarriers dependent on FFT size), such that the signal transmitted by
the AMS is defined by Equation (81):

j21‘[f,tk:Nme‘171 j2n(k—N”“2“_1)Af(t—Tg)
s(t) = Reqe z b,-e (81)
k=0
k#Nused71

2

For decimation separation (multiplexing type 0), the occupied subcarriers are decimated (where D is a sub-
carrier decimation value transmitted in the SFH) starting with offset g relative to the first used subcarrier (k
= 0). The occupied subcarriers for each transmit device (AMS or AMS antenna) shall be modulated by
BPSK symbols extracted from the Golay sequence according to Equation (82):

| Nused_ 1
5. @,(5,G([k+u+oﬁfsewfz)]modzo48)), KeB ks =t4— kmod D=

0, otherwise

where k is the subcarrier index (0<k<N,,,~1), Nyq 1S the number of used subcarriers in the sounding
symbol, G(x) is the Golay sequence defined in Table 100 0 < x <2047 . fft is the FFT size used, u is a shift
value, where the actual value of u is derived from u = mod(/Dcell,256), offsetD(fft) is an FFT size specific
offset as defined in Table 101, B is the group of all allocated subcarriers according to the sounding instruc-
tions, D is the decimation value, g is the actual decimation offset.

For cyclic shift separation (multiplexing type 1), the sequence used by a Tx device (AMS or AMS antenna)
associated with the n-th cyclic shift index is determined according to Equation (83):

(83)

1 —j2TcI—cn N - 1
b 2.(E—G([k-i-u+offsetD(ﬁt)]m0d2()4g)) T ke gt
=

0, otherwise

where £ is the subcarrier index 0 <k<N,,,,—1, N,,,; isthe number of used subcarriers in the sound-
ing symbol, G(x) is the Golay sequence defined in Table 100 (0 < x <2047 ), P is the max cyclic shift index
(transmitted in SFH), # is the cyclic time shift index, which ranges from 0 to P-1, B is the group of allocated
subcarriers according to the sounding instructions, u is a shift value defined from u = mod(/Dcell, 256), fft is

the FFT size used, and offsetD(fft) is an FFT size specific offset as defined in Table 101.

Table 100—Golay sequence of length 2048 bits

0xEDE2,  OxEDID,  OxEDE2,  OxI2E2, 0xEDE2,  OxEDID,  0x121D, 0xEDID,
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0XEDE2,
0XEDE2,
0x121D,
0XEDE2,
0XEDE2,
0x121D,
0XEDE2,
0XEDE2,
0XEDE2,
0XEDE2,
0x121D,
0x121D,
0x121D,
0xEDE2,

0x121D,

0xEDID,
0xEDID,
0x12E2,
0XEDID,
0XEDID,
0x12E2,
0XEDID,
0xEDID,
0XEDID,
0XEDID,
0x12E2,
0x12E2,
0x12E2,
0XEDID,

0x12E2,

Table 100—Golay sequence of length 2048 bits

0XEDE2,
0XEDE2,
0x121D,
0XEDE2,
0XEDE2,
0x121D,
0XEDE2,
0XEDE2,
0XEDE2,
0XEDE2,
0x121D,
0x121D,
0x121D,
0XEDE2,

0x121D,

0x12E2,
0x12E2,
0xEDID,
0x12E2,
0x12E2,
0xEDID,
0x12E2,
0x12E2,
0x12E2,
0x12E2,
0XEDID,
0XEDID,
0xEDID,
0x12E2,

0xEDID,

0x121D,
0xEDE2,
0xEDE2,
0XEDE2,
0x121D,
0x121D,
0x121D,
0XEDE2,
0x121D,
0XEDE2,
0XEDE2,
0x121D,
0XEDE2,
0XEDE2,

0xEDE2,

0x12E2,
0XEDID,
0XEDID,
0XEDID,
0x12E2,
0x12E2,
0x12E2,
0xEDID,
0x12E2,
0XEDID,
0XEDID,
0x12E2,
0xEDID,
0xEDID,

0xEDID,

0XEDE2,
0x121D,
0x121D,
0x121D,
0XEDE2,
0xEDE2,
0xEDE2,
0x121D,
0XEDE2,
0x121D,
0x121D,
0XEDE2,
0x121D,
0x121D,

0x121D,
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0x12E2,
0xEDID,
0XEDID,
0XEDID,
0x12E2,
0x12E2,
0x12E2,
0XEDID,
0x12E2,
0XEDID,
0XEDID,
0x12E2,
0XEDID,
0XEDID,

0xED1D

Note: hexadecimal series should be read, left-to-right, as a sequence of bits where each 16 bit word is started
at the MSB and ends at the LSB where the second word MSB follows. First bit of sequence is referenced as

offset 0.

3.3.5.2.3.2 Multiplexing for multi-antenna and multi-AMS

Table 101—Sounding sequency offset values

FFT Size Offset
2048 30
1024 60
512 542

The uplink sounding channels of multiple AMS and multiple antennas per AMS can be multiplexed through
decimation separation or cyclic shift separation in each sounding allocation. Also, in case of multiple UL
subframes for sounding, time division separation can be applied by assigning different AMS to different UL
subframe. For cyclic shift separation each AMS occupies all subcarriers within sounding allocation and uses
the different sounding waveform. For frequency decimation separation each AMS uses decimated subcarrier
subset from the sounding allocation set with different frequency offset.

For antenna switching capable AMS and multi-antenna AMS, ABS can command the AMS to switch the
physical transmit antenna(s) for sounding transmission. For sounding with antenna switching, the AMS shall
transmit sounding symbol with the i-th antenna (0, 1, ..., N,-1) on frames = * 20-1)4 i, where = 0 corre-
sponds to the frame where UL sounding command A-MAP IE is received, p is periodicity in UL sounding
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command A-MAP IE, and j is a running index (=0, 1, 2, ... for p # 0 and j = 0 for p = 0). For sounding
with antenna switching and periodical sounding allocation (p # 0 ), the assigned periodicity 2~ shall be
larger or equal to the number of AMS transmit antennas N,

3.3.5.2.4 Ranging channel
3.3.5.2.4.1 Ranging channel for non-synchronized AMSs
Ranging preamble codes

The ranging preamble codes are classified into initial ranging and handover ranging preamble codes. The
initial ranging preamble codes shall be used for initial network entry and association. Handover ranging pre-
amble codes shall be used for ranging against a target ABS during handover. For a ranging code opportunity,
each AMS randomly chooses one of the ranging preamble codes from the available ranging preamble codes
set in a cell, except that in the handover ranging case where a dedicated ranging code is assigned, the AMS
shall use the assigned dedicated preamble code.

The Zadoff-Chu sequences with cyclic shifts are used for the ranging preamble codes. The pth ranging pre-
amble code x,(k) is defined by

r, k(k+1)+2 k-5, N
NRP

x,(k) = exp(fj-fv S),k =0,1,...Ngp—1 (84)

where

p  isthe index for pth ranging preamble code which is made as the spth cyclic shifted sequence from the
root index r,, of Zadoff-Chu sequence.

r, = mod((1 -2 - mod(| p/M,, |,2)) - (| p/Mys/2 |+ o) + Neps Nap)s p=01,...Npor — 1 (85)

(86)

s, =mod(p, M,,) ,p=0,1,..., Nror, — 1

where 7, is broadcasted in the S-SFH and M, is the number of cyclic shifted codes per ZC root
index according to Table 102. Nypry; is the total number of initial (0~Np~1) and handover pream-
ble codes (Njy~Nj+Nyo-1) per sector.

N¢g is the unit of cyclic shift according to the cell size. It is defined by Npg = | Ngp/ M, |, where M,
is the number of cyclic shifted codes per ZC root index according to Table 102.

Npgp is the length of ranging preamble codes defined as Npp =139 for ranging channel Format 0 in
Table 97 and Npp =557 for ranging channel Format 1 in Table 97.

The number of cyclic shifted codes per root index (M), the start root index of ZC code (r,,4), and the ranging
preamble code partition information are broadcasted by S-SFH. The number of cyclic shifted codes per root
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index is defined in Table 102. The start root index of ZC code is defined by r,,, = 4-k +1 =(1,5,9,...,65).
The ranging preamble code partition information indicate the number of initial and handover ranging pream-
ble codes and is defined in Table 103.

Table 102—The number of cyclic shifted codes per ZC root index, M,

index 0 1 2 3

M,

ns

Table 103—Ranging preamble code partition information table, N;y and Ny

Partition Index 0 1 2 3 4 5 6 7 8 9 0 11 |12 |13 | 14 | 15

Number of ini- 8 8 8 8 16 | 16 | 16 | 16 | 24 | 24 | 24 | 24 | 32 | 32 | 32 | 32
tial ranging pre-
amble codes, Ny

Number of hand- | 8 16 | 24 | 32 | 8 16 | 24 | 32 | 8 16 | 24 | 32 | 8 16 | 24 | 32
over ranging pre-
amble codes,

Nuo

Ranging channel configurations

The information for ranging time resource allocation is indicated by the S-SFH in a regular allocation. The
information of ranging channel allocation consists of the ranging configuration with subframe-offset (Ogr)
for ranging resource allocation in the time domain. The information for ranging frequency resource alloca-
tion, i.e., the subband index for ranging resource allocation is determined by the /DCell and the allocated
number of subbands Kgp according to the Equation (87), where IDCell is defined in 3.3.2.1.2 and Kgp is
defined in 3.3.4.2.1.

Igp = mod(IDCell, Kg) 87)
where Igp denotes the subband index (0,..., Kgg-1) for ranging resource allocation among Kgg subbands.
Table 104 shows the information of ranging channel allocation in a regular allocation, which is indicated by
the S-SFH.

(1) Tt indicates the subframe allocating ranging channel for Format 0 and 1. For Format 1, it indicates

the starting subframe for allocating ranging channel subframe in contiguous 3 subframes.

The ranging channel for handover ranging can also be allocated by AMAP based on ABS scheduling deci-
sion in any subframe, except the subframe that has already been used for a regular allocation.
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Table 104—Ranging channel allocations by S-SFH

Configurations The subframe allocating Ranging channel M
0 Ogi" UL subframe in every frame
1 Og#" UL subframes in the first frame in every superframe
2 OSF”’ UL subframe in the first frame in every even numbered super-

frame, i.e., mod(superframe number, 2) =0

3 OSF’h UL subframe of the first frame in every 4 superframes, i.e.
mod(superframe number, 4) =0

Ranging signal transmission

Equation (88) specifies the transmitted signal voltage to the antenna, as a function of time, during ranging
channel format 0 or 1.

(Ngp—1)/2
s(f) = Re ej2nfct Z xp(k-i- (Nep—1)/2) - eJ'27r(k+Kn/_/:m)Apr(f*Tm) (88)
k= —~(Ngp—1)/2
where
t is the elapsed time since the beginning of the subject ranging channel.
Npp is the length of ranging preamble code in frequency domain.
xp(1) is the p-th ranging preamble code with length Ngp.
K ofset is the parameter related to the frequency position and is defined by
Koper = AWNysea— 1)/2 =Py (kg=2) + | 2 - ko/Npgyr |} - A/ Afgp
Npry is the total number of PRUs as defined in <<3.3.4.2.1 Subband partitioning>>.
kg is the lowest PRU index of the assigned ranging channel.
Py, is the number of the consecutive subcarriers within a PRU in frequency domain
as defined in <<15.3.8.1 Physical and logical resource unit>>.
Afpp is the ranging subcarrier spacing.

3.3.5.2.4.2 Ranging channel for synchronized AMSs

The Padded Zadoff-Chu codes with cyclic shifts are used for the ranging preamble basic codes. The pth
ranging preamble code x,,(n,k) is defined by

(k+s. - k+s, -m+1
r, (k+s, ]\’rﬂ)(,lsp m )),cq(n), k=0,1,..,Ngp—1 (89)
RP

x,(n, k) = exp(fj ST
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where

p is the index for pth ranging preamble code for n'" OFDMA symbols within a basic unit
which is made as the spth cyclic shifted sequence from the root index r,, of Zadoff-Chu sequence.

The start root index, 7, is broadcasted. Nyory; is the number of periodic ranging preamble codes per sector
(0~Npg -1) which is defined by Table (t.1). For femtocell, Nyory; is the total number of initial (0~Npy, -1),
handover (N ~N;y +Nyo -1) and periodic ranging preamble codes (N + Nyo ~ Njy + Nyo + Npg - 1) per
sector which is defined by Table 738 and Table (t.1).

m is the unit of cyclic shift.
Ngp is the length of ranging preamble codes.
C,(n) is[TBD].

The start root index of ZC code (rs0), and the ranging preamble code information are broadcasted. The rang-
ing preamble code information indicates the number of periodic ranging preamble codes.

Ranging channel configurations

The information of ranging channel allocation consists of the ranging configuration with subframe-offset
(Ogp) for ranging resource allocation in the time domain where OSF is same subframe-offset of ranging
channel for non-synchronized AMSs defined in 3.3.5.2.4.1.

Table 105 shows the information of ranging channel allocation when number of UL subframe per frame
(NUL) is larger than 1.

Table 105—Ranging channel allocations for synchronized AMSs

Configurations Subframe allocating ranging channel
0 mod(Ogg+1, Ny )™ UL subframe in every frame
1 mod(Ogz+1, Nyyp)™ UL subframe in the first frame in every superframe
2 mod(Og+1, Ny )™ UL subframe in the first frame in every [TBD]" superframe
3 mod(Ogp+1, Ny )™ UL subframe in the first frame in every [TBD]™ superframe

3.3.5.2.4.3 Ranging Channel for FDM-based UL PUSC Zone Support

When frame structure is supporting the WirelessMAN-OFDMA MSs in UL PUSC zone by FDM manner as
defined in <</5.3.8.3.5>>, the ranging codes for WirelessMAN-OFDMA in the <<§&.4.7.3>> are used for
AMS:s.

The binary codes are the pseudonoise codes produced by the PRBS described in Figure 75, which imple-
ments the polynomial generator 1+X'+X*+X’+X!>. The PRBS generator shall be initialized by the seed
b14..b0 = 0,0,1,0,1,0,1,1,s0,s1,s2,s3,s4,85,s6, where s6 is the LSB of the PRBS seed, and s6:s0 =
UL_PermBase, where s6 is the MSB of the UL_PermBase.
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o

Figure 75—PRBS generator for ranging code generation

The binary ranging codes are subsequences of the pseudonoise sequence appearing at its output Cj. The
length of each ranging code is 144 bits. These bits are used to modulate the subcarriers in a group of six
adjacent distributed LRUs, where distributed LRUs are considered adjacent if they have successive LRU
numbers. The bits are mapped to the subcarriers in increasing frequency order of the subcarriers so that the
lowest indexed bit modulates the subcarrier with the lowest frequency index and the highest indexed bit
modulates the subcarrier with the highest frequency index. The six distributed LRUs are called a ranging
LRU.

The number of available codes is 256, numbered 0, ... , 255. Each ABS uses a subgroup of these codes,
where the subgroup is defined by a number S, 0<5<255. The group of codes shall be between S and
((S+ O+ N+ M) mod 256).
—  The first N codes produced are for initial ranging. Clock the PRBS generator 144 x (S mod 256)
times to 144 x ((S+ N) mod 256) — 1 times.
—  The next O codes produced are for handover ranging. Clock the PRBS generator 144 x ((S+ N) mod
256) times to 144 x ((S+ N+ O) mod 256) — 1 times.
—  The next M codes produced are for periodic ranging. Clock the PRBS generator 144 x ((S+ N+ O)
mod 256) times to 144 x ((S+ N+ O + M) mod 256) — 1 times.

3.3.5.2.5 Bandwidth request channel

Each BR channel shall comprise of 3 distributed BR tiles for frequency diversity. A BR tile in the M-Zone is
defined as 6 contiguous subcarriers by 6 OFDM symbols. As shown in Figure 76, the BWREQ tile is made
up of two parts - a preamble portion and a data portion. The preamble portion transmits the BR preamble on
a resource that spans 4 subcarriers by 6 OFDM symbols. The data portion of the BWREQ tile spans 2 con-
tiguous subcarriers by 6 OFDM symbols and transmits the quick access message for the 3-step BR. The pro-
cedure for the formation of BR channel is defined in 3.3.4.3.3.1.
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Figure 76—6x6 BR Tile Structure in the Advance Air Interface

For the 3-step BR, 16 bits of BW request information is constructed from 12 bits of STID and 4bits of pre-
defined BR information described in <<Section 15.2.11.1.5.1>>. Let 5,5,5,535,555¢5755598¢5 087, and

51251354515 denote the STID and pre-defined BR information respectively. By reordering the bits of STID
and pre-defined BR information, 16bits of BW request information is formed as

bobbyb3bybsbsbbgbeb by b12b13b14b15= S0S132335435S6575859S10511S12d0d1d2 (90)
where
d; = mod(s;+s;,3+8,,6FS10FS113.2) 0<i<3

3 bits of the 16 information bits shall be carried in the BR preamble using the preamble index. The combined
resource in the data portions of the three tiles that form the BR channel shall be used to transmit the remain-
ing 13 bits of information. The frame number and 16 bits of the bandwidth request message shall be used to
select three sequences of length 24 from Table 106 in order to construct 72 preamble symbols.
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Table 106—BR channel Preamble sequences

IEEE 802.16m-09/0047

u P,(K),0<k<24

O |11 1|1{1}j1 |11 }j1]1]1

1

wjrjojrjrjrjojojopjrjoqgo

mjrjrjojrjrjrjojojojrijo

Rjrjrjprjryprjrjrjrjprjriji1

B3r1rjojrjojryrj1ryjojojogl

4 jrjojojrjojrjrjrjgojoqgo

iIsjrjrjojojrjojrjrgrjoqgo

6jrjojrjojojrjojrjgrjrijo

17jrjojojrjojofjrjoyjtrjrjyi1

wjljrjojojojrjofjojrjojriyi1

o11jrjojojogrrjojoji1rjoqgl

201 jrjrjojojofjrjojoj1rijo

210t jrjrjrjojofjofjrjojoqg1

21t1jofj1rjrjrjofjojojrjoq]o

231t jrjojrjrjrjojojojrijo

11]1
110
110
1]1
110
110
110
1]1
1]1
1]1
110
1]1
0]0
0]1
01]1
010
01]1
0]1
0]1
0]0
010
010
01]1
010

The preamble sequences transmitted in the three BR tiles of a BR channel are defined as

P,(K),0<k<24

where k is symbol index, u is sequence index.

1]1]1
ol1]o
0o]o]1
o]o]o
1]o]o
11]o
1]t
0o]1]1
1]o]1
ol1]o
0]o]1
1]o]o
o]olo
1o}t
1l1]o
1]t
o]1]1
0o]o]1
o]o]o
1]o]o
ol1]o
1]o]1
1l1]o
o]1]1
on

The mapping between the combination of the frame number and the 16 bits of the bandwidth request mes-
sage b,b,b,050,b5bcb,bgbob ob1D,b13D14b,5 to the physical preamble index u is as below equation.
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u = mod(q + bin2dec(b ;b ,4b,5) + 87,24) (92)
where
r= mod(z bin2dec(by;bs; lb3i+2)’3j 93)
i=0
g = | bin2dec(byb b,b3b,bsbshb,bgbob ob;)/24 | x t (94)

and ¢ is frame number.

The selected preamble sequence P,(0),P,(1),...,P,(23) shall be BPSK modulated (0 mapped to +1 and 1
mapped to -1) and mapped to Pry, Pr,,... Pr,;.

The 16 bit information in the quick access message transmitted in the BR channel shall be used to generate 5
bits CRC ryr 7,137, using generating polynomial x> +x"+x”+ 1. The 13 bits information together with
the 5 CRC bits, b3b,bsbsb,bgbob b 12D \3b14b 577 7,r37,, shall be encoded into 72 bits
Cg, €1, €3, -...nC7 Using the TBCC code with parameters L=18, K, 4., = 72 and M =72. The 72 coded bits
shall then be QPSK modulated and scrambled to generate 36 data symbols M, M, ....., M35 . The com-
bined resource of the data portion in the three distributed BR tiles that form the BR channel shall be used to
transmit these data symbols.

In order to support operation in the legacy mode, a BR tile shall be defined as 4 contiguous subcarriers by 6
OFDM symbols. As shown in Figure 77, only the BR preamble shall be transmitted in all 24 subcarriers that
form the BR tile. In this case, the preamble index u shall be randomly selected from 0 to 23.

Time
<
Prg Pry Prg Pryo Prig Pryg
Pry Prg Prg Prq3 Pry7 Pro4
Pl’z Pre Pl’10 PI'14 Pl’18 Pr22
;ﬂ Pl’3 PI'7 Pl’11 PI'15 Pl’1g PI'23
2
g =
2 "
< []
Prg Pry Prg Pryo Prig Pryo
Pry Prg Prg Prqs Pry7 Pro4
PI'2 PI’6 Pl’10 Pr14 PI'18 PI’22
v PI'3 PI’7 Pl’11 Pr15 PI'19 PI’23

Pro Pry Prg Prqp Prig Pryg
Pry Prg Prg Prqs Pry7 Pryq
Pry Prg Prio Prig Prig Prao
Prs Pry Pryq Pris Prig Pros

Figure 77—4x6 BR tile structure
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For AMS with multiple transmission antennas, the multi-antenna transmission of BR shall be limited to 1-
stream mode 1 uplink MIMO scheme defined in 3.3.6.

3.3.5.3 Uplink control information content

The UL control channels carry multiple types of control information to support air interface procedures.
Information carried in the control channels is classified into the following categories:

1)  Channel quality feedback

2)  MIMO feedback

3) HARQ feedback (ACK/NACK)

4)  Uplink synchronization signals

5) Bandwidth requests

6) E-MBS feedback.

7)  Frequency partition selection (for DRU only) (TBD)

3.3.5.3.1 Fast feedback control channel

The UL fast feedback channel shall carry channel quality feedback and MIMO feedback. There are two
types of UL fast feedback control channels: primary fast feedback channel (PFBCH) and secondary fast
feedback channels (SFBCH). The UL fast feedback channel starts at a pre-determined location, with the size
defined in a DL broadcast control message. Fast feedback allocations to an AMS can be periodic and the
allocations are configurable.

3.3.5.3.1.1 Primary fast feedback control channel

The UL PFBCH carries 6 bits of information, providing feedback contents in Table 107.

Table 107—PFBCH Feedback Content

PFBCH Feedback

Related MIMO N
Content feedback mode Description/Notes
CQI 0,1,2,3,4,5,6,7 1) Wideband CQI

2) Subband CQI for Best -1 subband

STC Rate Indicator 0,1,2,3

Subband index 2,3,5,6 Subband selection for best-1 subband

PMI 3,4,6,7 1) wideband PMI
2) subband PMI for best-1 subband

Event-driven N/A Indicate request to switch MIMO feedback
Indicator (EDI) for mode between distributed and localized
request for switching allocations.
MFM
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Table 107—PFBCH Feedback Content

Indicator (EDI) for
Buffer management

PFBCH Feedback
Related MIMO .

Content feedback mode Description/Notes
Event-driven N/A This is used to request UL bandwidth.
Indicator (EDI) for
Bandwidth  Request 2 sequences (two services)
Indicator
Event-driven N/A AMS informs ABS about the frequency
Indicator (EDI) for partition index (for MIMO feedback modes
Frequency partition 0,1,4,7)
selection (FPS)
Event-driven N/A Indicates occupancy status of HARQ soft

buffer

For PFBCH transmission, three encoding types are defined. Encoding type corresponding to MFM and feed-
back format in Feedback Allocation A-MAP IE is used.

PFBCH Encoding Type 0

Table 108—Contents Encoding Type 0 in PFBCH

Index Content (Value) Description/Notes
0 STC rate = 1, MCS=0000
1 STC rate = 1, MCS=0001
2 STC rate =1, MCS=0010
3 STC rate =1, MCS=0011
4 STC rate =1, MCS=0100
5 STC rate =1, MCS=0101
6 STC rate =1, MCS=0110
7 STC rate =1, MCS=0111
8 STC rate =1, MCS=1000
9 STC rate =1, MCS=1001
10 STC rate =1, MCS=1010
11 STC rate =1, MCS=1011
12 STC rate =1, MCS=1100
13 STC rate =1, MCS=1101
14 STC rate =1, MCS=1110
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Table 108—Contents Encoding Type 0 in PFBCH
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Index Content (Value) Description/Notes
15 STC rate =1, MCS=1111
16 STC rate =2, MCS=0000
17 STC rate =2, MCS=0001
18 STC rate =2, MCS=0010
19 STC rate =2, MCS=0011
20 STC rate =2, MCS=0100
21 STC rate =2, MCS=0101
22 STC rate =2, MCS=0110
23 STC rate =2, MCS=0111
24 STC rate =2, MCS=1000
25 STC rate =2, MCS=1001
26 STC rate =2, MCS=1010
27 STC rate =2, MCS=1011
28 STC rate =2, MCS=1100
29 STC rate =2, MCS=1101
30 STC rate =2, MCS=1110
31 STC rate =2, MCS=1111
32 STC rate =3, MCS=0100
33 STC rate =3, MCS=0101
34 STC rate =3, MCS=0110
35 STC rate =3, MCS=0111
36 STC rate =3, MCS=1000
37 STC rate =3, MCS=1001
38 STC rate =3, MCS=1010
39 STC rate =3, MCS=1011
40 STC rate =3, MCS=1100
41 STC rate =3, MCS=1101
42 STC rate =3, MCS=1110
43 STC rate =3, MCS=1111
44 STC rate =4, MCS=1000
45 STC rate =4, MCS=1001
46 STC rate =4, MCS=1010
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Table 108—Contents Encoding Type 0 in PFBCH

Index Content (Value) Description/Notes
47 STC rate =4, MCS=1011
48 STC rate =4, MCS=1100
49 STC rate =4, MCS=1101
50 STC rate =4, MCS=1110
51 STC rate =4, MCS=1111
52 Reserved
53 Reserved
54 Reserved
55 Event-driven Indicator (EDI) | Event-driven for buffer management
for Buffer management (80%
full)
56 Event-driven Indicator (EDI)
for Buffer management (full)
57 Event-driven Indicator (EDI) | Indicate request to switch MIMO feedback Mode between dis-
for request for switching tributed and localized allocations
MFM
58 Event driven indicator (EDI) AMS informs ABS about the frequency partition index (for
for frequency partition 0 indi- | MIMO feedback modes 0,1,4,7)
cation (reuse-1)
59 Event driven indicator (EDI)
for frequency partition 1 indi-
cation (reuse-3)
60 Event driven indicator (EDI)
for frequency partition 2 indi-
cation (reuse-3)
61 Event driven indicator (EDI)
for frequency partition 3 indi-
cation (reuse-3)
62 Event-driven Indicator (EDI) | Event-driven Indicator for Bandwidth request
for Bandwidth Request Indi-
cator (sequence 1)
63 Event-driven Indicator (EDI)
for Bandwidth Request Indi-
cator (sequence 2)

PFBCH Encoding Type 1
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IEEE 802.16m-09/0047

Index Content (Value) Description/Notes
0 Subband index 0
1 Subband index 1
2 Subband index 2
3 Subband index 3
4 Subband index 4
5 Subband index 5
6 Subband index 6
7 Subband index 7
8 Subband index 8
9 Subband index 9
10 Subband index 10
1 Subband index 11 Subband index for Best-1 subband (refer 15.3.9.3.1.4 feedback
12 Subband index 12 format)
13 Subband index 13
14 Subband index 14
15 Subband index 15
16 Subband index 16
17 Subband index 17
18 Subband index 18
19 Subband index 19
20 Subband index 20
21 Subband index 21
22 Subband index 22
23 Subband index 23
24 Reserved
Reserved

54 Reserved
55 Event-driven Indicator (EDI)

for Buffer management (80%

ful) Event-driven for buffer management
56 Event-driven Indicator (EDI)

for Buffer management (full)
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Table 109—Contents Encoding Type 1in PFBCH

Index

Content (Value)

Description/Notes

57

Event-driven Indicator (EDI)
for request for switching
MFM

Indicate request to switch MIMO feedback Mode between dis-
tributed and localized allocations

58

Event driven indicator (EDI)
for frequency partition 0 indi-
cation (reuse-1)

59

Event driven indicator (EDI)
for frequency partition 1 indi-
cation (reuse-3)

60

Event driven indicator (EDI)
for frequency partition 2 indi-
cation (reuse-3)

61

Event driven indicator (EDI)
for frequency partition 3 indi-
cation (reuse-3)

AMS informs ABS about the frequency partition index (for
MIMO feedback modes 0,1,4,7)

62

Event-driven Indicator (EDI)
for Bandwidth Request Indi-
cator (sequence 1)

63

Event-driven Indicator (EDI)
for Bandwidth Request Indi-

cator (sequence 2)

Event-driven Indicator for Bandwidth request

PFBCH Encoding Type 2

Encoding Type 2 in PFBCH is used for PMI reporting. The PMI of the i -th codebook entry, C (N;, M,, Np,
i), is mapped into sequence index i in PFBCH.

PFBCH Encoding Type 2
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Table 110—Contents Encoding type 3 in PFBCH

Index Content (Value) Description/Notes
0 STC rate = 1/2, MCS=0000
1 STC rate = 1/2, MCS=0001
2 STC rate =1/2, MCS=0010
3 STC rate =1/2, MCS=0011
4 STC rate =1/2, MCS=0100
5 STC rate =1/2, MCS=0101
6 STC rate =1/2, MCS=0110
7 STC rate =1/2, MCS=0111
8 STC rate =1/2, MCS=1000
9 STC rate =1/2, MCS=1001
10 STC rate =1/2, MCS=1010
11 STC rate =1/2, MCS=1011
12 STC rate =1/2, MCS=1100
13 STC rate =1/2, MCS=1101
14 STC rate =1/2, MCS=1110
15 STC rate =1/2, MCS=1111
16~54 | Reserved
55 Event-driven Indicator (EDI) for Buffer
management (80% full)
Event-driven for buffer management
56 Event-driven Indicator (EDI) for Buffer
management (full)
57 Event-driven Indicator (EDI) for request Indicate request to switch MIMO feedback Mode
for switching MFM between distributed and localized allocations
58 Event driven indicator (EDI) for frequency
partition 0 indication (reuse-1)
59 Event driven indicator (EDI) for frequency
partition 1 indication (reuse-3) AMS informs ABS about the frequency partition index
60 Event driven indicator (EDI) for frequency (for MIMO feedback modes 0,1.4,7)
partition 2 indication (reuse-3)
61 Event driven indicator (EDI) for frequency
partition 3 indication (reuse-3)
62 Event-driven Indicator (EDI) for Band- Event-driven Indicator for Bandwidth request
width Request Indicator (sequence 1)
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Table 110—Contents Encoding type 3 in PFBCH

63 Event-driven Indicator (EDI) for Band-
width Request Indicator (sequence 2)

3.3.5.3.1.2 Secondary fast feedback control channel
The UL SFBCH carries narrowband CQI and MIMO feedback information. The number of information bits

carried in the SFBCH ranges from 7 to 24. The number of bits carries in the fast feedback channel can be
adaptive.

Table 111—SFBCH Feedback Content

PFBCH Feedback Related MIMO D intion/Not
Content feedback mode escription/iNotes

Subband CQI 2,3,5,6 Reporting of average and differential CQI
of selected sub-bands.

Subband index 2,3,5,6 Indicating the selected subbands

Subband PMI 3,6 Precoding Matrix Indicator of one sub-
band for CL MIMO

Stream Indicator 5 It is needed for OL MU MIMO only and

used to indicate which spatial stream to
estimate CQI

STC Rate Indicator | 2,3,5,6

PFBCH Indicator 2,3,5,6 One bit indicator is used for indicating the
transmission of PFBCH in the next
SFBCH opportunity. In the transmission
of PFBCH, encoding type 0 is used.

3.3.5.3.1.3 Channel quality indicator (CQl) definition

The CQI feedback together with the rank feedback (when applicable) composes the spectral efficiency value
reported by the AMS. This value corresponds to the measured block error rate which is the closest, but not
exceeding, a specific target error rate.

The AMS reports the CQI by selecting a nominal MCS index from table X. MCS index should be selected
assuming 4 LRUs in type-1 subframe as a resource allocation, and 10% as a target error rate for the first
HARQ transmission. In order to allocate the AMS with MCS level and rank appropriate for the actual
requirements, the ABS should make adjustments to the AMS reported spectral efficiency, by considering
parameters values different from the reference ones and by adapting to delay and mobility conditions.

The nominal MCS for CQI feedback shall be selected from Table 112.
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Table 112—MCS table for CQl

MCS Index Modulation Code Rate
0000 QPSK 31/256
0001 QPSK 48/256
0010 QPSK 71/256
0011 QPSK 101/256
0100 QPSK 135/256
0101 QPSK 171/256
0110 16QAM 102/256
0111 16QAM 128/256
1000 16QAM 155/256
1001 16QAM 184/256
1010 64QAM 135/256
1011 64QAM 157/256
1100 64QAM 181/256
1101 64QAM 205/256
1110 64QAM 225/256
1111 64QAM 237/256

For MU-MIMO feedback modes with codebook-based feedback, the CQI is calculated at the AMS assum-
ing that the interfering users are scheduled by the serving ABS using rank-1 precoders orthogonal to each
other and orthogonal to the rank-1 precoder represented by the reported PMI.

3.3.5.3.1.4 Feedback format

The detailed format for MIMO feedback mode 3 with differential codebook is in Table 118. Short term
report happens in every reporting period as defined in feedback allocation A-MAP IE. For M > 1, two long
term reports will puncture two short term reports continuously according to long term feedback period in
feedback allocation A-MAP IE. For M = 1, the long term report will puncture one short term report accord-
ing to long term feedback period in feedback allocation A-MAP IE.

Feedback format for MFM 0,1,4,7

Feedback formats for MFM 0, 1, 4, and 7 are listed in Table 113. Short term report happens in every report-
ing period as defined in feedback allocation A-MAP IE, long term report will puncture short term report
according to long term feedback period in feedback allocation A-MAP IE. The long period report shall start
by puncturing the first short period report if MFM = 4 or 7, or by puncturing the 29-th short period report if
MFM = 0 or 1, where ¢ is defined in the feedback allocation A-MAP IE. The wideband CQI is one average
CQI corresponding to the MIMO mode signaled by the combination MFM and STC rate, with averaging
over the whole band. In the case where the number of DL frequency partitions FPCT > 1, the wideband CQI
is one average CQI over the corresponding frequency partition.
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Table 113 shows feedback formats for MIMO feedback mode 0, 1, 4, and 7 when Measurement Method
Indication = 0b0 in Feedback Allocation A-MAP IE (operation outside the open-loop region):

Table 113—Feedback formats for MIMO feedback mode 0, 1,4, and 7

MFM FBCH Number Rep.ort Feedback Fields Sll.e m Description/Notes
of reports | Period bits
Short Wideband CQI and | N/A Joint encoding of CQI and
STC rate STC rate
Encoding type 0
0 PFBCH 2 Long Wideband CQl and | N/A Joint encoding of CQI and
STC rate STC rate
Encoding type 0
Long term FPI for FFR
Short Wideband CQI and | N/A Joint encoding of CQI and
STC rate STC rate
Encoding type 0
! PFBCH 2 Long Wideband CQI and | N/A Joint encoding of CQI and
STC rate STC rate
Encoding type 0.
Long term FPI for FFR
Short Wideband CQI N/A STC rate =1
Encoding type 0
4 PFBCH 2
Long Wideband PMI N/A PMI for rank 1
Encoding type 2
Short Wideband CQI N/A STCrate=1
Encoding type 0
7 PFBCH 2
Long Wideband PMI N/A PMI for rank 1
Encoding type 2

Table 114 shows Feedback formats for MIMO feedback mode 0, 1, 4, and 7 when Measurement Method
Indication = Ob1 in Feedback Allocation A-MAP IE (operation inside the open-loop region)

Table 114—Feedback formats for MIMO feedback mode 0,1, 4, and 7

MFM FBCH Number of Rep‘ort Feedback Fields Sllfb m Description/Notes
Reports Period Bits
0 PFBCH 1 Short Wideband CQI and N/A Joint encoding of
STC rate CAI and STC rate

Encoding type 0

1 PFBCH 1 Short Wideband CQI N/A CQI for STC
rate = 1/2
Encoding type 3

Feedback format for MFM 2
The detailed format is listed in Table 115. Short term report happens in every reporting period as defined in
feedback allocation A-MAP IE, long term report will puncture short term report according to long term
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feedback period in feedback allocation A-MAP IE. The long period report shall start by puncturing the first
short period report. If the PFBCH indicator in SFBCH is set to 'l', PFBCH is transmitted by puncturing
SFBCH in the next feedback opportunity regardless of short-term and long-term feedback using encoding

type 0.

The CQI of subband m shall be computed as follows for the first short period report following a long period
report: (Subband m CQI index) = (Subband avg CQI index) + (Subband m differential CQI). Subband avg
CQI index is an average measure of the CQI over the M reported subbands. The possible differential CQI
values are {-1, 0, +1, +2}. The AMS shall ensure that the reported differential CQI will produce a value of
subband m CQI in the range of 0 to 15.

Table 115 shows Feedback formats for MIMO feedback mode 2 when Measurement Method Indication =
0b0 in Feedback Allocation A-MAP IE (operation outside the open-loop region)

Table 115—Feedback formats for MIMO feedback mode 2

Feedback Number Report . Size in o
Format FBCH of reports Period Feedback Fields bits Description/Notes
Short Subband CQI and N/A Joint encoding of CQI
STC rate (rate=1 and STC rate with
and 2) PFBCH encoding Type
oM=1) PFBCH 2 0
Long Subband index N/A PFBCH encoding Type
1
Subband index 3,4,0r5 Subband index for 5, 10,
_ Subband CQI 4 or 20MHz
TM=1 SFBCH ! STC rate 1~3 Support of STC rate 1 to
PFBCH indicator 1 8
Short Subband avg CQI 4
differential CQI 2x3=6
2M=3) SFBCH 2 Long Subband index 5,8o0rll
Wideband STC rate 1~3
PFBCH indicator 1 Subband index for 5, 10,
Short Subband avg CQI 4 or 20MHz
differential CQI 2x5=10
3M=5) SFBCH 2 Long Subband index 3,100r 16
Wideband STC rate 1~3
PFBCH indicator 1

Table 116 shows Feedback formats for MIMO feedback mode 2 when Measurement Method Indication =
0bl in Feedback Allocation A-MAP IE (operation inside the open-loop region)
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Table 116—Feedback formats for MIMO feedback mode 2

F;zgzlaactk FBCH olf\lll;g;::,?;s Illel')i(:)l;lt Feedback Fields Sltfiism Description/Notes
Short Subband CQI for N/A Joint encoding of CQI
STC rate = 1/2 with STC rate = 1/2
PFBCH encoding type
0 (M=1) PFBCH | 2 3
Long Subband index N/A PFBCH encoding type
|
Subband index 3,4o0r5
1 (M=1) SFBCH 1 Subband CQI 4
PFBCH indicator 1
2 Short Subband avg CQI 4
Differential CQI 2x3=6
2 (M=3) SFBCH
Long Subband index 5,8o0r 11
PFBCH indicator 1 Subband index for 5,
10 or 20MHz
2 Short Subband avg CQI 4 STC rate = 1/2
Differential CQI 2x5=10
3 (M=5) SFBCH
Long Subband index 3,10 0r 16
PFBCH indicator 1

Feedback format for MFM 3

The detailed format is listed in Table 117. Short term report happens in every reporting period as defined in
feedback allocation A-MAP IE, long term report will puncture short term report according to long term
feedback period in feedback allocation A-MAP IE. The long period report shall start by puncturing the first
short period report. For feedback format 0 with 3 reports using the PFBCH, Subband PMI shall be transmit-
ted first after subband index. Subband CQI and subband PMI are then transmitted alternately and subband
index is transmitted in the long term period by PFBCH encoding type 1. If the PFBCH indicator in SFBCH
is set to 'l', PFBCH is transmitted by puncturing SFBCH in the next feedback opportunity regardless of
short-term and long-term feedback using encoding type 0.

The CQI of subband m shall be computed as follows for the first short period report following a long period
report: (Subband m CQI index) = (Subband avg CQI index) + (Subband m differential CQI). Subband avg
CQI index is an average measure of the CQI over the M reported subbands. The possible differential CQI
values are {-1, 0, +1, +2}. The AMS shall ensure that the reported differential CQI will produce a value of
subband m CQI in the range of 0 to 15.
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Table 117—Feedback formats for MIMO feedback mode 3

Feedback FBCH Number Rep_ort Feedback Fields Size in bits | Description/Notes
Format of reports | Period
Short Subband CQI N/A PFBCH encoding
Type 0
Short Subband PMI N/A PFBCH encoding
oM=1) PFBCH 3 Type 2
STCrate=1
Long Subband index N/A PFBCH encoding
Type 1
Short Subband differential | 2x2
CQI (3~6)x2
Subband PMI
1M=2) SFBCH 2 Long Subband index 4,7,0r9
Wideband STC rate 1~3
Subband avg CQI 4
PFBCH indicator 1
Short Subband differential 2x3
CQl (3~6)x3
subband PMI
_ Subband index for
2M=3) SFBCH 2 Long Subband index 5,8, 0r1l 5, 10, or 20MHz
Wideband STC rate 1~3
Subband avg CQI 4
PFBCH indicator 1
Short Subband differential | 2x4
CQI (3~4)x4
Subband PMI
3(M=4) | SFBCH 2 Long | Subband index 4,9, 0r 14
Wideband STC rate 1~3
Subband avg CQI 4
PFBCH indicator 1

Table 118—Feedback formats for MIMO feedback mode 3 for differential codebook

Feedbac

Number

Report

PFBCH indicator 1

Kk Format FBCH of Reports Period Feedback Fields Size in bits Description/Notes
Short Subband CQI 4 Diff. PMI
Differential PMI 2-4 (Nt=2: 2 bit,
Padding 0-1 Nt=4: 4 bit,
Nt=8: 4 bit)
Padding
oM =1) SFBCH 2 1:if Nt=2
0: otherwise
Long Subband index 3,40r5 Subband index for 5,
STC rate 1to3 10, or 20MHz
Base PMI 3-6 PMI for reset.
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Table 118—Feedback formats for MIMO feedback mode 3 for differential codebook

Feedbac Number Report . S o
Kk Format FBCH of Reports Period Feedback Fields Size in bits Description/Notes
Short Diff CQI 2x2=4 Diff. PMI(
Differential PMI 2x2~2x4=4~8 Nt=2: 2 bits per sub-
band,
Nt=4: 4 bits per sub-
band,
Nt=8: 4 bits per sub-
1 (M=2) | SFBCH 3 band)
Long Subband index 4,70r9 Subband index for 5,
Avg CQIL 4 10, or 20MHz
PFBCH indicator | 1
Long Base PMI 2x3~2x6=6~12
STC rate 1~3
Short Diff CQI 3x2=6 Diff. PMI
Differential PMI 3x2~3x4=6~12 | (Nt=2: 2 bits per sub-
band,
Nt=4: 4 bits per sub-
band,
Nt=8: 4 bits per sub-
2(M=3) | SFBCH 3 band)
Long Subband index 8or10 Subband index for 5,
STC rate 1~3 10, or 20MHz
Avg CQI 4
PFBCH indicator | 1
Long Base PMI 3x3~3x6=9~18
Short Diff CQI 4x2=8 Diff. PMI
Differential PMI 4x2~4x4=8~16 | (Nt=2: 2 bits per sub-
band
Nt=4: 4 bits per sub-
band
Nt=8: 4 bits per sub-
band)
Long Subband index 4,9 0r 14 Subband index for 5,
3(M=4) SFBCH 3 STC rate 1~3 10, or 20MHz
Avg CQI 4 (Nt=2: 3 bits per sub-
PFBCH indicator | 1 band,
Nt=4: 4 bits per sub-
band,
Nt=8: 4 bits per sub-
band)
Long Base PMI 4x3~4x4=12~1
6

Feedback format for MFM 5
The detailed format is listed in Table 119. Short term report happens in every reporting period as defined in
feedback allocation A-MAP IE, long term report will puncture short term report according to long term
feedback period in feedback allocation A-MAP IE. The long period report shall start by puncturing the first
short period report. If the PFBCH indicator in SFBCH is set to 'l', PFBCH is transmitted by puncturing
SFBCH in the next feedback opportunity regardless of short-term and long-term feedback using encoding

type 0.
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The CQI of subband m shall be computed as follows for the first short period report following a long period
report: (Subband m CQI index) = (Subband avg CQI index) + (Subband m differential CQI). Subband avg
CQI index is an average measure of the CQI over the M reported subbands. The possible differential CQI
values are {-1, 0, +1, +2}. The AMS shall ensure that the reported differential CQI will produce a value of
subband m CQI in the range of 0 to 15.

Table 119—Feedback formats for MIMO feedback mode 5

Feedback Number of | Report . Size in Description/
Format FBCH Reports Petl‘)iod Feedback Fields bits Not[::s
Short Subband index 3,4,0r5 Subband index
_ Subband CQI 4 for 5, 10, or
oM=1 SFBCH ! Stream Index 1~2 20MHz
PFBCH indicator 1
Short Subband avg_CQI 4
Subband differential CQI | 2x2=4
Stream Index (1~2)x2
1 (M=2) SFBCH 2
Long Subband index 4,7,0r9 Subband index
PFBCH indicator 1 for 5, 10, or
20MHz
Short Subband avg_CQI 4
Subband differential CQI | 2x3=6
Stream Index 3x(1~2)
2 (M =3) SFBCH 2
Long Subband index 5,8,0r 11 | Subband index
PFBCH indicator 1 for 5, 10, or
20MHz
Short Subband avg_CQI 4
Subband differential CQI | 2x5=10
Stream Index (1~2) x5
3(M=5) SFBCH 3
Long Subband index 3,10, or Subband index
PFBCH indicator 16 for 5, 10, or
1 20MHz

Feedback format for MFM 6

The detailed format is listed in Table 120. Short term report happens in every reporting period as defined in
feedback allocation A-MAP IE, long term report will puncture short term report according to long t