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An Advanced ARQ Scheme (A’RQ) on Relay Link for 802.16;j

Toshiyuki Kuze, Shigeru Uchida, Kentaro Sawa  Jeffrey Z. Tao, Koon Hoo Teo, Jinyun Zhang

Mitsubishi Electric Corp Mitsubishi Electric Research Lab
5-1-1 Ofuna Kamakura, Kanagawa 201 Broadway
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1. Introduction

As illustrated in Figure 1, IEEE 802.16] MMR impsse demanding performance requirement on relapssat
which will functionally serve as an aggregating mioon behalf of the BS for traffic collection froand
distribution to the multiple MSs associated witlerth The OFDMA-based 802.16e standard [2], howaser,
designed and optimized solely for single-hop comigation between SSs/MSs and a BS in the PMP méde.
a result, its direct application on the relay Imiay render a potential bottleneck and prepondsrdinit the
overall network performance.

In particular, when the ARQ protocol is deployedkedily on the high speed relay link, the severityvondow
lock effectand undesirable sensitivity to CINR es#tion will be exacerbated, ultimately leading to dismal
performance degradation. As a solution, we pro@msenhanced ARQ mechanism to accomplish religpilit
high capacity, low delay and jitter on the relaykliwhich is essential to the success of multifeayr network.

The enhanced ARQ scheme, which is calléR@®,
= Mitigates the window lock effect by increasing thimdow size,
= Lessens the sensitivity to CINR estimation by idtraing an erasure correction code at MAC layer and
leveraging the associated coding gain,
thereby delivering a performance superior to theecu IEEE 802.16e ARQ scheme.

/ High throughout, low delay and high reliability \

‘MS ‘ Simple RS ‘ BS ‘ Sophisticated RS ‘ MS ‘

&

()

Figure 1: IEEE 802.16j relay system and requiremsnt
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In the following, a brief summary of the proposedR® scheme is provided in Section 2, while the
performance evaluation results are discussed itidde8. Section 4 completes this contribution wditailed
proposed text change.

2. Summary of Proposal

The system operation, namely the operations asmnédter and receiver side, is illustrated in Fig@rend
Figure 3 respectively; and can be summarized as follows.

2.1 Transmitter side
The operations at transmitter side can be dividealfollowing steps:

= Concatenation

Multiple MSDUs can be concatenated to create a MB®U, with a concatenation header being
placed in front of each individual MSDU to indicats length. Note that MSDUs of different
CIDs may be concatenated together, which essgntialplies an operation of connection
aggregation. To maintain QoS, only CIDs correspaogtb the same service quality level can be
aggregated. The actual algorithm to select cofmoectto be aggregated is implementation
dependent. Padding bits may be needed in ordeofar length of the resultant concatenated
MSDU to meet certain requirement.

= Encoding:

The concatenated MSDU then will be encoded by asuge correction code (ECC). As a result,
multiple system packets and parity packets of esjzal will be generated.

= Final frame construction and transmission:

Sequence number will be assigned to each codedcepadk addition, group sequence number
will be used to identify all the coded packets theg¢ originated from the same concatenated
MSDU prior to encoding.

For error detection, CRC field will be insertedoinhe coded packets train in a periodic manner.
The coded packet train and the associated CRGsfigilll be fragmented into a few fragments.
A MAC header will be attached in front of each frant for transmission.
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MAC SDU #n [ MAC SDU Zn+ [ MAC SDU Zn+2 |

ARO SDU !
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Encode sp |sp [sp [sPi [sp|sp[sp|sp| |pp[PP|PP |pp | PP |
A B E~ BT E S EIE3 [se[seff
MALC Fragment
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2.2 Receiver side

MAC
DeFragmentation

CRC Judgment

Decode

Deconcatenation

Figure 2: System operations at

transmitter side.
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MAC SDU m MAC SDU #g+ﬂ MAC SDU #n+2

Figure 3: System operations at receiver side.

Similarly, the operations at receiver side canib&dd into following steps:

Decoding:

— Upon reception, consecutive MPDUs will be assemibggther.

The coded packets and CRC

fields will be located, and CRC fields will be ugeddetect any error. If no error is detected. An
attempt to decode the coded data packets (a.kstiersypackets) will be made, and the
transmitter will be notified of the status of deowyl(i.e., success or failure). The transmitter
determines whether or not to transmit more pardgkets further in the sequence based upon the
feedback.

De-concatenation:
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— Once the original concatenated MSDU is recoverkdha& appended concatenation headers will
be removed, and individual MSDU contained thereifi tae retrieved and delivered to the
higher (sub)layer.

3. Performance Results

To evaluate the performance of the proposed enbahR€) (A°RQ) protocol, a system level simulation
platform has been developed, which accurately nsoaléthe protocol details of OFDMA PHY and MAC
defined in IEEE 802.16e. Table 1 and Figure 4 dlesthe settings of the simulation.

Table 1: Simulation Settings

Parameter | Value
Channel Mode| SUI
Path loss Mode] Cost 231 NLOS

Shadowing Log normal Shadowing

Cell Number] 19 cells
Number of usef 1 Center cell
AMC | 1. QPSK R=1/2 Please refer to Figure 4
2. 16QAM R=1/2
3. 64QAM R=1/2
4. 64QAM R = 3/4
Center Frequency [GHZ]2.6
Bandwidth [MHz]| 10
BS Tx Power [W]| 10

Mobility | Fixed Okm/h
Pedestrian 4km/h
Vehicular 40km/h

Required BER 107
Maximum MAC PDU Size [Bytes] 2047
ACK Period [frame]| 10

ARQ Window Size 1024
ARQ Block Size 128
A’RQ | Max CP Size [Byte] 128
Num of Initial PP 0 First transmission attempt
Num of additional PP 9 Subsequent transmission continggnt
upon the failure of initial
transmission

MAC Schedulel Proportional fairness
Traffic Load Factor[%] 100,66,50,33,25
Simulation time] 5100 frames
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4. 64QAM R=3/4
9 v /

@ 3. 640AM R=1/2

® 2.16QAM R=1/2

—
v ~ |
1. QPSK R=1/2 \

Figure 4. AMC settings

Figure 5 compares the throughput performance opgeed ARQ and general ARQ (G-ARQ) scheme of
802.16e. The figure evidently demonstrates thaihadraffic load increases, the throughput of GeAénters a
plateau of 5 Mbps, while ZRQ can sustain a throughput as high as 10 Mbpss gignificant performance
improvement achieved by?RQ is primarily due to its capability of mitigatirthe window lock effect that
plagues the G-ARQ in heavy traffic condition.

20

Traffic | | |
18H—+-G-ARQ| - - - - - -+ e e +— === =
I I
| |

16

B e
N D

Throughput (Mbps)
=
o

" 1 1 1 1
% 20% 40% 60% 80% 100%
(Traffic load) / (PHY capacity)

Figure 5: Throughput comparison: ARQ versus G-ARQ
(64QAM R=3/4, buffer =5580 blocks)

Delay is another key statistics that deserves secbxamination. Figure 6 and Figure 7 depicintean delay
and jitter for both ARQ and G-ARQ, respectively. As compared to the RAthese two figures confirm that
A’RQ excels in its delay performance as well.
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Figure 6: Mean delay comparison: ZRQ versus G-ARQ
(64QAM R=3/4, buffer = 1024 blocks).

|
|
H
| —G-ARQ (100% buffer occupancy)
02 T E —AZRQ (100% buffer occupancy) ||
0.1 ____1_______1]—G-ARQ (25% buffer occupancy) ||
. | |
I I —AZRQ (25% buffer occupancy)
0 | | T T
0 100 200 300 400 500
Delay (ms)

Figure 7: Delay distribution comparison: &RQ versus G-ARQ
(64QAM R=3/4, buffer = 1024 blocks).

IEEE 802.16e system relies on proper feedback diRCéstimation to perform AMC function. It has been
found that G-ARQ is very sensitive to the CINR mstiion value. For example, Figure 8 and Figur&é@is
that a 3dB overestimation can easily cost G-ARQismdl 75% performance degradation in a pedestrian
mobility environment. On the other hand, due ® tbding gain it enjoys, 2RQ can dampen this undesirable
sensitivity, and thus can still maintain a supetimoughput even with an inaccurate CINR estimation
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15
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Figure 8: Sensitivity to CINR estimation - AMC.
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N
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Figure 9: Sensitivity to CINR estimation - mobility

4. Proposed Text Changes
6. MAC common part sublayer
6.3.2 MAC PDU formats

6.3.2.1.1 Generic MAC header
Change the text in Table 6 as indicated:

10
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Table 6 — Type encodings

#4 ARQ Feedback Payload aAtRQ Feedback Payload
1 = present, 0 = absent

For ARQ-enabled connections, this bit shall betadt.
For A’RQ-enabled connections, this bit shall also bemat

6.3.2.2 MAC subheader and special payloads
Insert the following paragraph at the end of 6.3.2.

Various types of subheaders may be present in a MBO with generic MAC header. For a connectiort tha
enables ARQ, fragmentation subheader (FSH) and/or packiftheader (PSH) will be used in the same
manner as that for an ARQ-enabled connection. AARE subheader (%H) shall be placed immediately after
FSH and PSH. The FSH and PSH contain the groupeseg number (GSN), while the’RQ subheader
contains the coded packet number (CPN) and codgdd&péCP) length.

6.3.2.2.1 Fragmentation subheader
Change the text in Table 8 as indicated.

Table 8 — Fragmentation subheader format

Syntax Size Notes
Fragmentation Subheader ( ){
FC 2 bits | Indicates the fragmentation state efpayload

00= no fragment

01= last fragment

10= first fragment

11= continuing(middle)fragment

If(ARQ-enabled Connection)

BSN 11 bitg Sequence number of first block ha turrent SDU
fragment.

else if (ARQ  enabled
Connection)

GSN 6 bits | Group Sequence number of first block inGbhded Packet
reserved 5 bits -
else {
if (Type bit Extended Type) See Table 6
FSN 11 bit§ Sequence number of the currefd B&gment. This fielg

shall increment by one (modulo 2048) for each fragiy

11



2006-11-14 IEEE C802.16j-06/176r1

including unfragmented SDUs.
Else
FSN 3 bits | Sequence number of the current B&gunent.

This field shall increment by one (modulo 8) forcleh
fragment, including unfragmented SDUSs.

}

Reserved 3 bits

}

6.3.2.2.3 Packing subheader
Change the text in Table 11 as indicated.

Table 11 — Packing subheader format

Syntax Size Notes
Packing subheader ( {
FC 2 bits | Indicates the fragmentation state efplayload

00= no fragment

01= last fragment

10= first fragment

11= continuing(middle)fragment

if(ARQ-enabled Connection)

BSN 11 bit§ Sequence number of first block h@ ¢urrent SDU
fragment.
else if (ARQ enabled Connection)
GSN 6 bits | Group Sequence number of first block ia oded
Packet
Reserved 5bitg -
else {
if (Type bit Extended Type) See Table 6
FSN 11 bit§ Sequence number of the currett 8&yment. This fielg

shall increment by one (modulo 2048) for each fragh
including unfragmented SDUs.

else
FSN 3 bits | Sequence number of the current S&ginent.

This field shall increment by one (modulo 8) fockep
fragment, including unfragmented SDUSs.

}

Length 11 bits Length of the SDU fragment in dyteluding packing
sub header.

}

Insert new subclause 6.3.2.2.7.

12
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6.3.2.2.7 ARQ subheader

The ARQ subheader (SH) is specified in Table 13m. For theRQ-enabled connection, the’RQ
subheader is always placed immediately after thé &%l/or PSH.

Table 13m — ARQ subheader format

Syntax Size Notes
A’RQ Subheader (){
CPN 11 bits| Sequence number of first block in the CP.
Coded Packet Size 10 bits The size of CP (Codekie®)
Reserved 3 bitg —
}

Renumber clause “6.3.2.2.7" to be “6.3.2.2.8", arghumber the associated subclauses accordingly

6.3.2.2.8 Extended subheader format

Change the text in Table 13b and 13c as indicated

Table 13b — Description of extended subheader ty(i#s)

EStype | Name ESbody size Description

5 PDU SN(long) extended subheader 2 bytes Seedb8

6 A’RQ extended subheader 1 bytes See 6.3.2.2.8.9
7-127 Reserved — —

Table 13c — Description of extended subheader tyfés)

EStype | Name ESbody size Description

5 Reserved —

6 A’RQ extended subheader 1 bytes See 6.3.2.2.8.9
7-127 Reserved — —

Insert new subclause 6.3.2.2.8.9.

6.3.2.2.8.9 ARQ extended subheader

13
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A’RQ extended subheader specifies the size of CRG GRC-16 or CRC-32), and the period of CRC for
coded packets (CPs) for the current MAC PDU.

Table 13m - ARQ extended subheader

Syntax Size Notes
A’RQ extended sub header ( ){
CRC Indicator for subheader 4bitf  0: absent

1. CRC 16 present

2: CRC 32 present

4: reserve

CRC period for coded packets 4bit  0: CRC attachregaty CP
1: CRC attachment per' ZPs
2: CRC attachment pefZPs

15: CRC attachment pe2CPs

6.3.2.3 MAC management messages

Change the text in Table 14 as indicated:

Table 14 — MAC Management messages

Type Message name | Message description Connection

0

1

2

3

66 MOB_ASC-REP| Association result report message imapy
management

67 KRQ-Feedback | StandalonéRQ Feedback Basic

68 ARQ-Discard ARQ Discard message Basic

69 ARQ-Reset 7RQ Reset message Basic

68-255 Reserved —

Insert new subclause 6.3.2.3.61.

14
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6.3.2.3.61 ARQ Feedback message

A system supporting /RQ connection shall be able to receive and prottesg’RQ Feedback message. The
A’RQ Feedback message can be used to signal anyreatiohi of different CIDs. The message shall be sen
on the appropriate basic management connection.

Table 109z - ARQ Feedback message

Syntax Size Notes
A°RQ Feedback Message Formaf(){
Management Message Type=67 8 bits
A’RQ Feedback Payload variable
}

A’RQ_Feedback_Payload field shall be either sentgusiis ARQ Feedback message or by packing
(“Piggybacking”) the ARQ_Feedback Payload as described in 6.3.3.4.3.

Insert new subclause 6.3.2.3.62.

6.3.2.3.62 ARQ Discard message

This message is applicable t6RQ-enabled connections only. The transmitter séhidsmessage when it
wants to skip a certain number ofRQ SDUs (regarding to GSN). ThéRQ Discard message shall be sent as
a MAC management message on the basic managemamation of the appropriate direction. Table 109aa
shows the format of the Discard message.

Table 109aa -A’RQ Discard message format

Syntax Size Notes
A’RQ_Discard_Message Format |()
{
Management Message Type =68 8 bits
Connection 1D 16 bits| CID to which this messagjerrs.
reserved 2 bits Shall be set to zero
GSN 6 bits Sequence number of the last blogk in

the transmission window that the
transmitter wants to discard.

Insert new subclause 6.3.2.3.63.
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6.3.2.3.63 ARQ Reset message

This message is applicable tdRQ-enabled connection only. The transmitter orifer may send this
message. The message is used in a dialog to hespatent connection’s?RQ transmitter and receiver state
machines. The 7/RQ Reset message shall be sent as a MAC managemssage on the basic management
connection of the appropriate direction. Table 108ows the format of the Reset message.

Table 109ab -A’RQ Reset message format

Syntax Size Notes
A’RQ Reset Message Format( ){
Management Message Type =69 8 bits

Connection ID 16 bits CID to which this messagfers.

Type 2 bits | 0b00 = Original message from Initrafo
0b01 = Acknowledgement from
Responder

0Ob10 = Confirmation from Initiator
Obl11 = Reserved

Direction 2 bits | 0b00 = Uplink or downlink
Reserved 4 bits| Shall be set to zero

}

For transport CIDs, the Direction bit shall be tse®b00 on transmission, and ignored on recepidRQ is not
applicable to the secondary management CIDs.

6.3.3 Construction and transmission of MAC PDUs

Insert new subclause 6.3.3.3.3.

6.3.3.3.3 Fragmentation for 2RQ-Based connections

For A’RQ-based connections, fragmentation subheadered irs a way similar to that of ARQ-enabled
connections.

The A’RQ subheader (%H) is included immediately after FSH and PSH. Witee subheader protection is
needed, CRC can be inserted behind the last subhedthe presence of the CRC for subheader an@R@
size is determined during the service flow estabtient. Figure 15a shows an example of a MAC PDth wi
A’RQ subheader and CRC protection.
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Payload (one A°’RQ SDU or fragment of an
A’RQ SDU)

Other
subheaders
FSH
ARQ
subheader
CRC16
CRC
(optional)

Generic
MAC header

Figure 25a —Example MAC PDU with FSH and /RQ subheader, and CRC for subheader

Insert new subclause 6.3.3.4.4.

6.3.3.4.4 Packing for 2RQ-enabled connections

For A’RQ-based connections, packing subheader is useavay similar to that of ARQ-enabled connections.
Multiple fragments of multiple 2&RQ SDU can be packed into a single MAC PDU, if )agks enabled for a

connection.

The A’RQ subheader (%H) is included immediately after FSH and PSH. Witee subheader protection is
needed, CRC can be inserted behind the last subhedthe presence of the CRC for subheader an@R@

size is determined during the service flow estabtient.
Figure 30a shows an example of a MAC PDU wifiR@ subheader and CRC protection.

The following figure illustrates the structure ofMAC PDU with A’RQ Packing subheaders. Each of the
packed ARQ SDU or ARQ SDU fragments or ZRQ feedback payload requires its own Packing sul#tea
A’RQ subheader and CRC for subheader protection.

Payload (one A2RCQ SDU or

Payload (one A2RC SDU ar
fragment of an A2RQ SOU)

fragment of an A2RQ SOU)

header
CRC (optional)

Generic MAC
SH (UL anly)
PSH
AZRG subheader
CRCI18

Grant management
PSH
A2R0 subheader
CRC16

Figure 30a — Example MAC PDU with PSH and’RQ subheader, and CRC for subheader

6.3.4 ARQ mechanism

Insert following paragraphs at the end of this dau

A’RQ can also be used in conjunction with erasureection code LDPC (ECCL) mechanism to further
improve the reliability, link capacity, delay andtgr. Similarly, ARQ is an optional feature for
implementation. When implemented, it may be erthble a per-connection basis. The per-connecti

shall be specified and negotiated during conneatieation. A connection cannot have a mixture tR@ with
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non- A’RQ traffic. Similar to other properties of the MAotocol, the scope of a specific instance tRA is
limited to one unidirectional connection.

For A’RQ-enabled connections, enabling of fragmentat®mgtional. When fragmentation is enabled, the
transmitter may partition each?RQ SDU into fragments for separate transmissioedas the rule of ARQ.
When fragmentation is not enabled, the connectiwil e managed as if fragmentation was enablethign
ca;se, each fragment formed for transmission stwdtain all the coded packets associated with threnpa
A“RQ SDU.

The ARQ feedback information can be sent as a stand&ibh® management message on the appropriate
basic management connection, or piggybacked omiatingl connection. ARQ feedback cannot be fragmented.

The A’RQ is a reliable data transmission mechanism usiagure Correction Code LDPC.?RQ creates CPs
(Coded Packets) from the!RQ SDU, and CPs is consists of SPs (System PackmdsPPs (Parity Packets).

6.3.4.2 ARQ Feedback IE format

Insert new paragraphs and table 111a at the entthisfsubclause.

A Feedback Payload for’RQ consists of one or more?RQ Feedback Payload IEs. The Feedback Payload
may be sent on an’RQ -enabled connection. A set of such IEs of thimat may be transported either as a
packet payload (“piggybacked”) within a packed MROU or as a payload of a standalone MAC PDU.

Table 111a defines the’RQ Feedback IE used by the receiver to signal ipesir negative acknowledgement
of decoding attempt. In case of the negative askexdgement, the receiver shall indicate the nunolbeoded
packets that have been correctly decoded. Basaul this, the transmitter determines the numbedditeonal
parity packets to be transmitted next.

“Received CP Number” IEs are included théR® Feedback IE to indicate the number of coded gtack
belonging to the sameRQ SDU that can not be decoded correctly at theiver The “Received CP
Number” shall be organized in the increasing oaféeSN value.

Table 111a -A’RQ Feedback IE

Syntax Size Notes
A’RQ Feedback IE(Last){ Variable
CID 16 bits | The ID of the connection being
referenced
LAST 1 bit 0=More ARQ feedback IE in the list
1=Last ARQ feedback IE in the list
Reserved 1 bit
BGSN 6 bits Base Group Sequence Number
Number of Active bits 4 bits 0x0=1, 0x1=2, 0x2=3, - - OxOF=16
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Reserved 4 bits
ACK MAP 16 bits | Each bit set to one indicates |[the
corresponding ARQ SDU has beeh
decoded successfully. The bit
corresponding to the BGSN is MSB|of
this map.
For (i=0; i<Number of NACK;
++i) {
Received CP Number 16 bits Indicate the ReddBR number for the
A’RQ SDU with “not succeeded” Group
SN.
}
}

Number of Active bits
Indicate the number of active bits in the MAP the¢ used to convey ACK or NACK to the transmitt@he
first active bit is the MSB within the MAP entry.

ACK MAP

Each bit that is set to one indicates the corrediponA’RQ SDU has been decoded successfully. The bit
corresponding to the BGSN value in the IE is thestmmignificant bit of the MAP entry. The bits for
succeeding GSN are assigned left-to-right (MSB3$®) within the MAP entry.

6.3.4.3 ARQ parameters

Insert new subclause 6.3.4.3.8.

6.3.4.3.8 ARQ_GSN_MODULUS
A’RQ_GSN_MODULUS is equal to the number of unique G@Ne, i.e., 2

Insert new subclause 6.3.4.3.9.

6.3.4.3.9 ARQ_CP_SIZE

A’RQ_CP_SIZE is the value of coded packet (CP). tiAdl system packets (SPs) and parity packets (PPs)
created from the same’RQ SDU shall have the same length, which is spetifiy the ARQ_CP_SIZE. This
parameter is determined on a péR® SDU basis.

Insert new subclause 6.3.4.3.10.

6.3.4.3.10 ARQ_SYNC_LOSS_TIMEOUT
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A’RQ_SYNC_LOSS TIMEOUT is the maximum time interval “R&Q TX NEXT_GSN/
A’RQ_RX_HIGHEST_GSN or /RQ_TX_NEXT_GSN/ ARQ_RX_HIGHEST shall be allowed to remain at
the same value before declaring a loss of synchatioh of the sender and receiver state machines whta
transfer is known to be active. ThéRQ receiver and transmitter state machines maraigpéndent times.
Each has its own criteria for determining when degasfer is “active”. Synchronization of théRQ state
machine is governed by a timer managed by thenrittes state machine. Each timefRQ GSN is updated,
the timer is set to zero. When the timer exceeds/é#iue of ARQ_SYNC_LOSS_TIME, the transmitter state
machine shall reset the transmitter state variable.

Insert new subclause 6.3.4.3.11.

6.3.4.3.11 ARQ_RX_PURGE_TIMEOUT

The AMARQ RX PURGE_TIMER is the timer to detect the timg-oto decode. The
A’RQ_RX_PURGE_TIMER is stated when the coded packearcing GSN is received and this timer is
stopped when the decoding ofRQ SDU is finished successfully.

Insert new subclause 6.3.4.3.12.

6.3.4.3.12 ARQ_WINDOW_SIZE

A’RQ_WINDOW_SIZE is the maximum number of unacknowkd ARQ SDU at any given time. The
A’RQ SDU is considered unacknowledged, if the codackets created from the?RQ SDU have been
transmitted but no acknowledgement has been ratejjeen that the acknowledgement is enabled #&fRQ
connection. ARQ_WINDOW_SIZE shall be less than or equal to bathe ARQ_GSN_MODULUS.

Insert new subclause 6.3.4.3.13.

6.3.4.3.13 ARQ_FEEDBACK_TIMEOUT

A’RQ_FEEDBACK_TIMEOUT is the protection timer to dete¢he missing of Feedback Information IEs.
A’RQ_FEEDBACK_TIMEOUT timer is started when the 1&® belonging to the same GSN is transmitted,
and the timer is stopped when théR® Feedback IEs are received correctly. When thigrtexpires, the
transmitter detects the state of the missifB® Feedback IEs and transmits a certain numbearitypackets

to the receiver.

6.3.4.4 ARQ procedures

Insert new subclause 6.3.4.4.2.

6.3.4.4.2 ARQ state machine variables
All A°RQ state machine variables are set to 0 at cormmecteation.
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Insert new subclause 6.3.4.4.2.1.

6.3.4.4.2.1 Transmitter variables

A’RQ_TX_WINDOW_START: All ARQ SDU with GSN up to (ARQ_TX_WINDOW_START - 1) have
been acknowledged. By receiving®RQ Feedback IEs, the receiver decoded successfuly to
(A’RQ_TX_WINDOW_START -1).

A’RQ_TX_NEXT_GSN: GSN of the next’RQ SDU to encode. This value is incremented onermpding
next ARQ SDU. And this value shall reside in the intervAPRQ TX_WINDOW_START to
(A’RQ_TX_WINDOW_START + ARQ_WINDOW_SIZE), inclusive.

Insert new subclause 6.3.4.4.2.2.

6.3.4.4.2.2 Receiver variables

A’RQ_RX_WINDOW_START: All XRQ SDU with GSN up to (/RQ_RX_WINDOW_START -1) have
been decoded successfully.

A’RQ_RX_HIGHEST_GSN: GSN of the highest CP receiygds one. This value shall reside in the interval
A’RQ_RX_WINDOW_START to (ARQ_RX_WINDOW_START + ARQ_WINDOW_SIZE), inclusive.

6.3.4.5 ARQ-enabled connection setup and negotiatio

Insert following paragraph at the end of this suhde.

For A’RQ, connections are set up and defined dynamitaibugh the DSA/DSC class of messages. The CRC
for the subheader protection and the period of @&&®Ghe CPs shall be set. All théRQ parameters shall be
set when an ARQ-enabled connection is set up. The transmittel @ceiver variables shall be reset on
connection setup.

6.3.4.6 ARQ operation

6.3.4.6.1 Sequence number comparison

Insert following paragraphs at the end of this dabse.

In the ARQ-enabled connection, GSN (Group Sequence Nunaimer)CPN (Coded Packet Number) are used
for the sequence number comparison. The CPN igrassiwith the value in the range of 0 {d-2 for the first

CP to the last CP belonging in the same GSN. Thie 8%ssigned with the value in the range of 0°ttoRthe
CPs created from the saméRQ SDU. The GSN is incremented by 1 for evefiR@ SDU.
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Fragment and Packing is performed by using GSNGPN. The FSH and PSH contain the GSN of first CP,
and £RQ SH contains the CPN of first CP.

6.3.4.6.2 Transmitter state machine

Insert following paragraphs at the end of this dabse.

For a ARQ connection that acknowledgement is enablé®@Q\SDU and CPs created from théR&Q SDU
may be in one of the following four states — natts@utstanding, discarded, and waiting-for-sengiagty.
Any A’RQ SDU begins as not-sent. After it sent it becomesstanding for a periodic time termed
A’RQ_FB_TIMEOUT. While an ARQ SDU is in outstanding state, it is either ackieolyed and discarded, or
transitions to waiting-for-sending-parity after’Q FB_TIMEOUT or Feedback IEs including decoding
failure. An A°RQ SDU can become waiting-for-sending-parity be#fBQ_FB_TIMEOUT period expires if it

is negatively acknowledged (the decoding fails)n A4RQ SDU may also be acknowledged or change from
waiting-for-sending-parity to discard. All PPs aent in the side of the transmitter, th&R® SDU transits
from waiting-for-sending-parity to discard.

ARQ_FB_TIMEOUT or
"not success” by AZRQ FEBI

Figure 33a — ARQ transmit block states
For an ARQ-enabled connection, the transmitter shall fiemtdle (transmit or discard) the PPs of tHR®
SDU in “waiting-for-sending-parity” state and ortlyen SPs of the next?’RQ SDU in the “not-send” state.
CPs of the ARQ SDU in “outstanding” or “discarded” state shadit be transmitted. When CPs of théR®
SDU are transmitted, the PP with the lowest CPiélowest GSN shall be sent first.

A’RQ SDU and CPs created from th&R& SDU state sequence is shown in Figure 33a.
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MAC PDU formation continues with a connection’s treent” A°RQ SDUs. The transmitter builds each MAC

PDU using the rules for fragmentation and packisdomg as the number oRQ SDUs to be sent plus the

number of ARQ SDU already transmitted and awaiting transmissioPPs does not exceed the limit imposed
by A°RQ_WINDOW _SIZE. As each “not-sent”’RQ SDU is formed and included in a MAC PDU, it is

assigned the current value of2Q_TX_NEXT_GSN, which is then incremented.

When the ARQ Feedback IEs are received, the transmitter shaltk the validity of the GSN. A valid GSN is
one in the interval ARQ_TX_WINDOW_START to ARQ_TX_NEXT_BSN-1 (inclusive). If GSN is not valid,
the transmitter shall ignore the acknowledgment.

Synchronization of the ZRQ state machines is governed by a timer managedebiransmitter state machine.
Each time ARQ_TX_WINDOW_START is updated, the timer is sezéwo. When the timer exceeds the value
of ARQ_SYNC_LOSS_TIMEOUT, the transmitter state maclsinall initiate a reset of the connection’s state
machines as described in Figure 34a.

When in ARQ reset error state in Figure 34a and Figure 8&bSS shall re-initialize its MAC, the behavior
for BS is implementation dependant.

A Discard message may be sent to the receiver wietransmitter has sent all PPs and wants to AR§Q
SDU up to the GSN value specified in the Discardsage. The message may be sent immediately or enay b
delayed up to ARRQ_RX_PURTE_TIMEOUT + ARQ _RETRY_TIMEOUT. Upon receipt of the Discard
message, the receiver updates its state informatidndicate the specified 2RQ SDU were received and
forwards the information to the transmitter throegh/’RQ Feedback IE at the appropriate time.

For an ARQ connection that acknowledgement is disabled?RQACP may be one of the following 2 states —

not-sent anddone as shown in Figure 35c. After it is sent, ing@s from not sent to done state. When the CP
belonging in the new &RQ SDU is sent, the value ofRQ_TX_NEXT_GSN is incremented one.
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Transmitter Receiver
Disable AR Reset
Transmission Type=0x0
' '
Send Disable
AIRQ Reset reception
Type=0x0 ¢

AZRGRX_WINDOW

_START=0
Set T22 ¢
Discard all
Incomplete SDUs
Wait for And CPs
AZRC Feset ¢
Deliver all
¢ ¢ complete S0OUs
g AZRC Feset ¢
> Timeout T22 > Type=l or 0x2 Enahle
reception

! ]

Clear T22 Send
Retries AZRC Feset
exhausted? ¢ Type=0x1

AZRG T WINDOW
START=0

|

Discard AZR G SDUs
and CPs created from
the A2R 0 SO

!

Enable
transmission

End ARG Reset

Figure 34a — ARQ Reset message dialog — initiated by transmitter.

End ARG Reset

AZRC Reset error
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Transmither Receijver
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L=

Send
AR Reset
Type=0:0

Send
AR Reset
Type=0:1

St T22 Set T22
WETS] A ;u; ItR?s[et
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B — —
I } ' |

. AR Reszet AR Reset .
> Timeout T22 ‘ > Type=tbd orOsd > Type= Ol or 0o > Timeout TZ22
v v
Clear T22 Clear T22
Retries » Retries
exhausted? + exhausted?,
ACRQ_TX_WIND oW ACRQ_RX_WIN DO

_START=0 _START=0

v v

Discard A°RQ S Us Discard incomplete
A'RQ Reset errar and CPs= created from AORO SDUs, deliver

AR Reset errar

the A°RQ SDU complete A°RQ SDUs
Enable Enable
transmission reception

Send
End A4‘RQ Reset ARQ Reset

Type=0:2

End A°RQ Reset

Figure 35b — ARQ Reset message dialog — initiated by receiver.

Figure 35¢c — ARQ CP states.

6.3.4.6.3 Receiver state machine

Insert following paragraphs at the end of this dabse.
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For an ARQ connection that acknowledgement is enabledintegrity of the received PDU is checked based
on the CRC after subheaders and CRC included peaibdin the data parts (CPs region). If subheaderd
some CPs pass the checksum, it is unpacked anagi®dnted, if necessary. The receiver maintainsliag-
window defined by ARQ_RX_WINDOW_START state variable and théR&®Q WINDOW_SIZE parameter.
When a CP created from théRQ SDU with a number that falls in the range defibg the sliding window is
received, the receiver shall accept it. CPs crefited the ARQ SDU numbers outside the sliding window
shall be rejected as out of order.

The sliding window is maintained such that th&R® RX_WINDOW_START variable always points to the
lowest numbered ZRQ SDU and CPs created from théR&® SDU that has not been decoded successfully.
When a ARQ SDU with a number corresponding to théR® RX_WINDOW_START is decoded
successfully, the window is advanced (i.e.?R® RX_WINDOW_START is incremented modulo
A’RQ_GSN_MODULUS) such that the?RQ_RX_WINDOW_START variable points to the next |sue
numbered ARQ SDU and CPs created from théR&Q SDU has not been decoded successfully. The timer
associated with /RQ_SYNC_LOSS_TIMEOUT shall be reset.

When the CPs dont result in an advance of the’R@ RX_WINDOW START, the
A’RQ_RX_PURGE_TIMEOUT for the /RQ SDU decoded from these CPs shall be startedn\ieevalue of
the timer for a ARQ SDU exceeds RQ_RX_PURGE_TIMEOUT, the timeout condition is matk&/hen the
timeout condition is marked,’RQ_RX_WINDOW_START is advanced to the GSN of th&tn&’RQ SDU
not yet decoded successfully after the marké8@ SDU. Timers for delivered blocks remain activel are
monitored for timeout until the GSN values are wé&ghe receiver window.

When the ARQ_RX_WINDOW_START is advanced by expire ofRQ_RX_PURGE_TIMEOUT, any GSN
values corresponding to the?RQ SDUs that have not yet been decoded successésiging in the interval
between the pervious and currerfiR® RX_WINDOW_START value shall be marked as recgiaed the
receiver shall send a’RQ Feedback IE to the transmitter with the updaéatmation. And any ARQ SDUs
decoded successfully in the interval shall be @e#d to the upper layer and CPs decoded unsuchigssfthe
interval shall be discarded.

When a discard message is received from the tratesihe receiver shall discard the CPs createunh fthe
specified ARQ SDU, advance /RQ_RX_WINDOW_START to the GSN of the first?RQ SDU not yet
decoded successfully after the GSN provided inCiseard message, and mark all not decoded corrigcthe
interval from the previous to new?RQ_RX_WINDOW_START values as decoded successfultyA’RQ
Feedback IE reporting.

The result of the decoding to théRQ SDU shall be sent to the transmitter by usinddG&hen the receiver
can’t decode successfully, the number of CPs redeborrectly with the GSN for the?’RQ SDU is included in
the A’°RQ Feedback IE.

When the ARQ SDU is decoded successfully, théR® SDU shall be segmented and assembled into MAC

SDU. MAC SDU shall be transferred to the upper taywhen ARQ_DELIVER_IN_ORDER is enabled,
MAC SDU is handed to the upper layers from the MBDBUs with sequence numbers small than MAC PDU
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segmented and assembled. WhéR®_DELIVER_IN_ORDER is not enabled, MAC SDUs araded to the
upper layer in order of segmentation and assemble.

The action to be taken by the receiver state machimen an ARQ Reset message is received, are provided in
Figure 34a. The action to be taken by the recestate machine when it wants to initiate a resethef
transmitter ARQ state machine, are provided in Figure 35b.

Synchronization of the Z/RQ state machines is governed by a timer managetiebyeceiver state machine.
Each timer ARQ_RX_WINDOW_START is updated, the timer is setz&yo. When the timer exceeds the
value of ARQ_SYNC_LOSS TIMEOUT, the receiver state machirall shitiate a reset of the connection’s
sate machines as described in Figure 35b.

| | Arrival of CF | |

GSH in
ARG Wind oww
FangeT?

fes

Mo

‘ ARO_RX_HIGHEST_GSH |
= GEN+1

Set Timer
AYRO_RX_PURGE_TIMEOUT
for this GSN

-

¥
‘ Lecode of A°RQ S0U |

F ail

he resultof Decode
[Success or Fail)

Supoess

Stop Timer
AR _RX_PURGE_TIMEDQUT
for this GEM

GEN=RDT_R¥X_
WAND O STARTE

F

Update
PURC_WINDOW _START

Reset Timer
ARQ_SWNC_LOSS TIWMECOUT

h 4 ¥

. Store Store
TS ‘ ‘ Coded Packets | ‘ ARQ SDU |

¥

|: Done

Figure 36b — ARQ block reception.
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For an ARQ connection that acknowledgement is enabled, vare®’RQ CP is received, its integrity is
determined based on CRC. If the CP passes the sinackhe receiver checks the GSN for the CP with
A’RQ_RX_HIGHEST_GSN in figure 36b. When the GSNdsanced the 2RQ_RX_HIGHEST_GSN, then
A’RQ RX HIGHEST GSN is set to the value of the GSNusplone, and CPs having
A’RQ_RX_HIGHEST _GSN-1 is decoded by using ECC LDP@d A’°RQ_RX_PURGE_TIMER is started.
And if the FC of FSH or PSH is “last fragment”, tlezeiver shall try to decode as receiving last.CPs

Insert new subclause 6.3.4.6.4.

6.3.4.6.4 Transmitter operation for/RQ

6.3.4.6.4.1 ARQ SDU construction

To form an ARQ SDU, multiple protocol data units (i.e., eitddBDUs or MPDUSs, but not both) may be
aggregated at the transmitter, and a new aggreghéader is appended in front of each aggregateldUM&
MPDU. The aggregation header is illustrated inuFeég36d and defined in Table 111e.

7 6 5 4 3 2 1 0
P|FC| Reserve

— Length —

Figure 36d — Format of aggregation header

Table 111e — Format of aggregation header

Syntax Size Notes

PAD Bit 1 bit | The content of next region specitteel length IE.

0: Pad (Next MAC SDU is not concatenated.)

1: In the next region, the concatenation headdhef
segment of the next MAC SDU is set

Segment 2 bits | The Segment status of the SDU

Status 00. No Segment

01: Last Segment

10: First Segment

11 Middle Segment

Length 16 The length of segment of SDU (1 — 65535 Byte)
bits

The maximum size of ZRQ SDU is limited by the predefined number of sysfEackets (SPN) and predefined
maximum size of coded packet (MAX_CODED PACKET_S)ZEhe length of ARQ SDU is less than
MAX_CODED_SIZE x SPN (= MAX_SDU_LENGTH).
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In A°RQ-enabled connection, the number of system pad&R) and the maximum size of coded packet
(MAX_CODED_PACKET_SIZE) are specified in the seesidata flow establishment. The size of coded
packet (CP) is from 1 byte to MAX_CODED_PACKET_SlZtepending on the number of protocol data unit
(i.e., MSDU or MPDU) and the size of each unit dwér In addition, the size of coded packet isdixe a
single ARQ SDU, but may vary among differenfRQ SDU. Padding bits shall be appended at theoénd
A’RQ SDU to make its total length a multiple of cogetket number (CPN). An example of aggregation is
provided in Figure 36e.

Length4

Figure 36e — Example of aggregation forrRQ

Denote L as the total length of all the protocdbdanits (i.e., MPDU or MSDU) and the associategragation
header that will be aggregated to form a singfR@ SDU. The coded packet sizERS then can be
determined ageil[L/CPN], where CPN (coded packet number) is a system parameter rdgdtia prior.
Finally, the number of padding bytes needed steICBSx CPN) - L.

6.3.4.6.4.2 Erasure Correction Code encoding

Upon the formation of an &RQ SDU, it is encoded by using erasure correctiotlec(ECC) LDPC. For
example, when the number of system packets isai@Dthe ECCL LDPC rate of 2 is used, 180 systerkgiac
and 180 corresponding parity packets are creadaC LDPC supports code rate 1/3 as a minimum catde r
and it is a rate compatible code. The LDPC codpéified in subclause 6.3.4.7.

6.3.4.6.4.3 Sequence number assignment

Each ARQ SDU is assigned with a distinct group sequenmeber (GSN), which falls in the range of 0 fo12
The encoding of an /RQ SDU shall generatgystem packet numbéBPN) of system packets, followed by
PPN number of parity packets. All the system ptcked parity packets generated for the safRQASDU
are of the same length 6P Sbytes, and each of them are assigned with a distoued packet numbgCPN),
which starts from 0 and goes up t8-2. For all the coded packets that belong to #raesKRQ SDU, they
shall have the same GSN. The GSN and CPN aretagether for sequence number comparison. An exampl
of GSN and CPN assignment is shown in Figure 36f.

Fragmentation and packing are performed by usiny &% CPN. The FSH and PSH shall contain the GSN of

the first coded packet, while?’RQ SH shall carry the CPN of the first CP. The eplenmof FSH, PSH, and
A’RQ SH to assign the GSN and CPN is shown in ther€igég.
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CPM =0 1 2 m—1 m it m+2 X
e IERERER IENERREEEE 1 pr |
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Figure 36f — Example of GSN and CPN assignment
Fragment AZRD SDU #k > ——AZRG SDU #k+1—m
GEM=10 GEMN=11
0 1 Bl 2 3 |9 4 5 |4 s 7 lH & |2 0 1T 2 [ 3 [
Fragr_nent Fragment
- &2 = o w2 = =
bzlEzBlo | /22| |2z|858 5 | °
o|x© o= ©
Facking
=l [ “|LTo
F1EH RN R A EH B BN EN
ol=° ol|l=°
Figure 36g — Example of GSN and CPN in FSH, PSH aR&H.
6.3.4.6.4.4 CRC
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The cyclic redundancy check (CRC) that covers eypeegefined number of coded packets is appenddteat
end of the last one of the corresponding codedeiackThis predefined number is set during theicerdata
flow establishment. In addition, a CRC is alwagtached at the end of the last coded packets 4R SDU.
Since the size of coded packets may vary from ofRQASDU to another, the CRC period shall be selected
such that the product abded packet sizend CRC periodis no less than a predefined limit. An example of
CRC in ARQ is shown in the Figure 36h.

[se | s | [sp ] |se| [ ] | Pp| [ Pr]
2CPs... @mﬂftaﬂhf’mﬂt The final GP(PP) is attached the GRG
s | sp Jg| [se s |l [ [Pe fEl [P fE]

Figure 36h — Example of CRC in 7RQ.

6.3.4.6.4.5 MPDU construction and transmission

The blocks of coded packets and associated CRC t&halivided to form multiple MPDUSs for transmissio
Each MPDU created thereof shall contain integer memof coded packets and CRC field(s). In addjtiom
CRC field can be the first block in a resultant MPD

If acknowledgement is enabled in théR&, all the system packets shall be transmittext, fiollowed by parity
packets, if necessary. Upon the reception ofRQ\ Feedback IE, the transmitter calculates the murob
parity packets to be carried in the next MPDU fansmission. The actual algorithm to determineni@ber
of parity packets to include in the MPDU is implartegion dependent. For example,

Number of parity packets = MAX [(the number of eded SPs — the number of CPs received successfjly),
+ (the number of SPs x 0.05), where number 0.05s#d@ number of the minimum additional PPs inEGE
LDPC.

The transmitter shall stop transmitting parity petskunder the following conditions.

1) The Feedback IEs indicates that the target GSKRASDU has been successfully decoded by the receive

2) The AARQ_RX_PURGE_TIMEOUT timer expires in the side af teceiver, and Feedback IEs include the
information decoded successfully for the target GINRQ SDU.

3) When transmitter has transmitted all the paritykpéx

If acknowledgement is not used in théR®), all the system packets and parity packets diellsed to
construct MPDUSs, all of which will be transmittea the receiver. Thus, a resultant MPDU may conbaih
system packets and parity packets.

Insert new subclause 6.3.4.6.5.
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6.3.4.6.5 Receiver operation foRQ

6.3.4.6.5.1 Receiver operation fofRQ

The coded packet size is indicated in tH&R@ subheader. The CRC period and size used foretteived
packet shall be negotiated during the service f®tablishment. If a CRC period or size differenint the
ones agreed upon during the service flow setup bellused for an ZRQ SDU, the new values should be
indicated in the extended?RQ subheader. Once the CRCs are located, theypearhecked to determine
whether any coded packets are in error. The diyreeceived coded packets that belong to a sidgRQ
MSDU at the transmitter side are decoded using EO@C. If the original ARQ SDU can be decoded
successfully, it will be de-aggregated into constitt protocol unit(s) based on the information aorgd in the
aggregation header.

If acknowledgement is enabled in théRE), receiver shall transmit?RQ Feedback information on a periodic
basis, upon the detection of new GSN or upon theption of the last parity packet of théRQ SDU being
currently handled.

If acknowledgement is not enabled in th&R®, receiver shall not return anyRQ Feedback information to
transmitter.

Insert new subclause 6.3.4.7.

6.3.4.7 Erasure Correction code at MAC layer
A rate compatible LDPC code is used as an erasureation code in ARQ.

Insert new subclause 6.3.4.7.1.

6.3.4.7.1 Code Structure and description of RC-LDPC

The construction of RC-LDPC codes is specified Wweldhe parametepis a prime number, and the base
parity-check matrix oveGF (2) with LDGM (Low-Density Generation Matrix) structurs defined by a matrix
Hg of sizeM xN = (pJ)x(pL+ pJ) such that

[ I(po,o) I(pO,l) I(pO,L—l) I(O) 0 0
I(po) 1Py I(py) 10 10 O DU
: : : : o - . . :
Ho= 1(Psi2-10) 1(Pys2-12) = 1(Pys2ai-a) 10 10 O P,
B : : : I o - 0 100 O :
0 10 O 10 .
L |(p3710) |(p3—12) I(pJ—l,L—l) 0 0 | (0) 0 0 | (O)_
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where foro<j<J-1 o<l<L-1, I(p;,) represents the circulant permutation matrix witloree at column-
(r+p;,)modp, (0O<r < p-Iforrow-r, (O<r<p-1), and zero elsewhere. It follows thaD) represents the
px pidentity matrix. Ando is zero matrices of sizex p.

For example| (1) is as follows,

[0 1 0 - 0]

00 1 - 0
@)=

000 - 1

1 0 0 - 0]

Let Hg, be aM x(N-M) submatrix of left hand side df ; such that

I (po,o) I (pO,l) | (pO,L—l)

H = I (F:)m) I (E)ll) I (p?,L—l)

I(p;-LO) I(p.J-l,l) I(pJ.-l,L-l)

where p,, = ((p,, [(j +1))modp,) modp, p, =157and for L =36,

For all p,

Poo =146 Py, =149 py, =84, py; =141 po, =14, pys =109 pog =14, Py, =7, Pog =126

Pos =119 Pozo =135 Poyy =42 Poy2 = 22, Poys =41 Poys =102 poys =102 gy =141 pyy, =144
Pois =145 Po1o =45 Poao = 26, Poar =124 Doy =154 Poos =150 Pooy =42 Poos =114 Py, =145
Poz7 =153 Po2g =145 Poae =85 Pogo =156 Poz; =103 oz, =142 Py =131 Py =155 pygs =131

And letz = [z“] be aJxL overGF(2). The product oz andHg, is defined as following:

Z0,0I (po,o) Zo,ll (po,l) Zo,L—lI (po,L—l) |

M=Z0OHg = 21’0| (:plyO) Zl,ll (:pl,l) Z1,L—1| (:pl,L—l)

_ZJ—l,OI(pJ—l,O) ZJ—1,1I (pJ—l,l) ZJ—l,L—lI (p.]—l,L—l)

where

B I(p“) forzj'| =1
Zj,ll(pjvl)_{o forz“ =0
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This product defines a masking operation for whacket of permutation matrices khg, is masked by zero-
entries ofz . The distribution of the permutation matricesMn is the same as the distribution of 1-entrieg of

The RC-LDPC code€ is defined as the null space of a parity-check imatr,, such that:

Hy = [MH,],
where
[1(0) © e e 0 ]
10) 1(0) O R :
0 .
- 10 100 O
T l1® o - 0 10 O
0 10 0 . .10
P 0
L0 - 0 10 0 - 0 1]

Hence, a parity check matriM for a LDPC codeC is given by designing only a masking matrx

The information block siz& = N-M andN is the code word block size. Through changmga LDPC set of
variable information length for various code ratas be obtained.
The parity check matrix of LDPC codes can be fdiscribed by only small parametersaf and p,, . Z;* is

prepared a binar@6x 36 matrix for all codeword length.
The masking matrixz are designed to be avoided short cycles accotdiag appropriate degree distribution.

A masking matrixZ for minimum code rate 1/3 in this specificatiorsi®wn as follows;
A
Z,=|— Zs :
Z4(1:36,2:13) 0,4,

where
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7*(1:36,2:13) is a submatrix oZ * formed by from i row to 36" row and from 2column to 18 column, and

Ose04 1S @ 36 X 24Zero matrix.

[M|HT] = [Z LUH BL|HT] for all code word length. The information block

H,, is a parity check matrid ,, :

sizes of LDPC code€ is K

36x p, where eachp is odd number.

L x p=

ry ), respectively. And

(rl r

u, ) and parity bits as

(Ul u,

Let v be a systematic codeword such that:

u andr are information bits as

ry ) satisfyingH,, " =0.

r

£

Uy

vi=(u, u,

Insert new subclause 6.3.4.7.2.

6.3.4.7.2 Encoding

For H,, =[h ], the syndrome equatidn,, (V' =0 results in the fast-encoding equations below. hbsee
equations show that the parity elements of the wod# are determined from the original sparse pantitgck

matrix without any need to computing the dense geoematrix.
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K
duh; 1<i<p
i=1

K
=y, uh, p<I<K
i=1

K
htO uh;, K<lsM
i=1

Insert new subclause 6.3.4.7.3.

6.3.4.7.3 Puncturing

The RC-LDPC encoder consists of a common LDPC esrcadd a puncturing device. The decoder for RC-
LDPC codes is the same as an ordinary LDPC decadgayithm with received LLR=0 for puncturing bits.

A set of code rates and un-puncturing bitsfséor RC-LDPC codes can be represented by:
For the number of un-puncturing higs K), :{ﬁ} ,
q={q, :84627351};
X=0p,Y=0;
Forl=1toi
If x< K thenf, =r,,Xx=X+8;
Elsey=y+1, x=q,;
Endif

End for
For the number of un-puncturing bis K),

F={r}, fork <1 <i.

11. TLV encodings

Change the text in the following table as indicated

Table 383 — Service flow encodings

Type | Parameter

47 ARQ Enable

48 ARQ WINDOW _SIZE

49 ARQ FB TIMEOUT

50 ARQ SYNC LOSS

51 ARQ DELIVER IN_ ORDER
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52 ARQ PURGE_TIMEOUT

53 ARQ CP NUMBER

54 ARQ CRC_PERIODIC

55 ARQ CRC SUBHEADER

56 MAX_CODED PACKET SIZE

11.13 Service flow management encodings

Insert new subclause 11.13.38.

11.13.38 ARQ TLVs for ARQ-enabled connections

A’RQ technique is not applied to the secondary manageconnection. So, in the REG-REQ and REG-RSP
message sequence, the parameters of iR@Are not used.

Insert new subclause 11.13.39.

11.13.39 ARQ Enable

This TLV indicates whether or not?RQ use is requested for the connection that isgbsétup. A value of 0
indicates that ARQ is not requested and a value of 1 indicatesARRQ is requested. The DSA-REQ shall
contain the request to uséRQ or not. The DSA-RSP message shall contain tbhepagnce or rejection of the
request. ARQ shall be enabled for this connection only iftbsides report this TLV to be non-zero. The MS
shall either reject the connection or accept thmeotion for the ARQ.

Type Length Value Scope
[145/146].47| 1 0= A°RQ Not Requested/AcceptedSA-REQ, DSA-RSP
1= A’RQ Requested/Accepted

Insert new subclause 11.13.40.

11.13.40 ARQ_Window_Size

This parameter is negotiated upon connection setuguring operation. The DSA-REQ/DSC-REQ message
shall contain the suggested value for this paramdiee DSA-RSP/DSC-RSP message shall contain the
confirmation value or an alternate value for thargmeter. The smaller of the two shall be usedhas t
A’RQ_WINDOW_SIZE.

Type Length | Value Scope
[145/146].48| 2 >0 and< (A°RQ_BSN_MODULUS/2) | DSx-REQ, DSx-R$P
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Insert new subclause 11.13.41.

11.13.41 ARQ_FB_TIMEOUT

The DSA-REQ message shall contain the value of paisameter as defined by the service flow. If this
parameter is set to 0, then th&R&Q FB_TIMEOUT value shall be considered infinite.

Type Length | Value Scope
[145/146].49| 2 O=Infinite DSA-REQ, DSA-RSP
1—65535 (1Qus granularity)

Insert new subclause 11.13.42.

11.13.42 ARQ_SYNC_LOSS_TIMEOUT

The BS shall set this parameter. The DSA-REQ or ISP message shall contain the value of this paeame
as set by the BS. If this parameter is set to 8ntthe ARQ_SYNC_LOSS_TIMEOUT value shall be
considered infinite.

Type Length | Value Scope
[145/146].50| 2 O=Infinite DSA-REQ, DSA-RSP
1—65535 (1Qus granularity)

Insert new subclause 11.13.43.

11.13.43 ARQ_DELIVER_IN_ORDER

The DSA-REQ message shall contain the value ofghiameter. This TLV indicates whether or not dsiti
be delivered by the receiving MAC to its client Apgtion in the order in which the data was handé&do the
originating MAC.

Type Length | Value Scope
[145/146].51| 1 0—Order of delivery is not preserved | DSA-REQ, DSA-RSP
1 —Order of delivery is preserved

If this flag is not set, then the order of delivasynot preserved. If this flag is set (to 1), thée order of
delivery is preserved.

Insert new subclause 11.13.44.

11.13.44 ARQ_RX_PURGE_TIMEOUT

The DSA-REQ message shall contain the value ofgarameter as defined by the parent service flothis
parameter is set to 0, then th&R&®Q RX_PURGE_TIMEOUT value shall be considered itgin
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Type Length | Value Scope
[145/146].52| 2 O=Infinite DSA-REQ, DSA-RSP
1 —65535 (1Qus granularity)

Insert new subclause 11.13.44.

11.13.44 ARQ_CP_NUMBER

This parameter is negotiated upon connection setuguring operation. The DSA-REQ/DSC-REQ message
shall contain the suggested value for this paramdiee DSA-RSP/DSC-RSP message shall contain the
confirmation value or an alternate value for thisgmeter. ARQ_CP_NUMBER is fixed in a certainRQ-
enabled connection.

Type Length | Value Scope
[145/146].53| 2 108, 180,... DSA-REQ, DSA-R§P

Insert new subclause 11.13.45.

11.13.45 ARQ_CRC_PERIODIC

This parameter is negotiated upon connection setuguring operation. The DSA-REQ/DSC-REQ message
shall contain the suggested value for this paramtee DSA-RSP/DSC-RSP message shall contain the
confirmation value or an alternate value for thisgmeter. ARQ_CRC_PERIODIC specifies the number of
CPs attached a CRC. If this parameter is set @REL;s are not attached for the CPs and MAC PDU hasta
only one MAC PDU.

Type Length | Value Scope
[145/146].54| 2 0=Set CRC for one MAC PDU DSA-REQ, DSA-RSP
1—65535

Insert new subclause 11.13.46.

11.13.46 ARQ_CRC_SUBHEADER

This parameter is negotiated upon connection setuguring operation. The DSA-REQ/DSC-REQ message
shall contain the suggested value for this paramtee DSA-RSP/DSC-RSP message shall contain the
confirmation value or an alternate value for thasgmeter. If this parameter is set to 0, CRCsHerprotection

of subheaders are not used, and just only one GRAtached MAC PDU in the end of MAC PDU. If this
parameter is set to 1, CRCs for the protectiorubheaders are used.
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Type Length | Value Scope
[145/146].55| 1 0=Set CRC for one MAC PDU DSA-REQ, DSA-RSP
1=Attach the CRC for the confirmatign
of Subheaders

Insert new subclause 11.13.47.

11.13.47 MAX_CODED_PACKET_SIZE

The DSA-REQ message shall contain the value ofgarameter as defined by the parent service flothid
parameter is set to 0, then the MAX_CODED_PACKEEZES$pecifies the predefined default size.

Type Length | Value Scope
[145/146].56| 2 0=128 (Default) DSA-REQ, DSA-RSP
1-65535
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