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Support for a Simplified Uplink-Only Relaying Mode
K. Baum, B. Classon, M. Cudak, S. Ramachadran, P. Sartori, E. Visotsky
Motorola

Introduction

The introduction of relaying for IEEE802.16 canvgeseveral purposes, such as range extensionillgayp f
and increased data rates near the edge of aA®kxplained in [1] and [2], relaying is especidigneficial for
the uplink, since a SS transmits at a much lowergodevel than a BS. Because of this power diffeeg the
downlink is often interference-limited while thelunk is often thermal-noise-limited even for a reaable cell
radius (e.g., 2 km). Therefore, although the saashdhust in general be capable of supporting netaghn both
the downlink and uplink, there is significant valnancluding support for a simplified uplink-oniglaying
mode as well. The main purpose of this contrilbvuttoto propose a simplified uplink-only relayingpde for
inclusion in the overall 802.16j standard. In thimplified mode, downlink transmissions are ndayed at all,
which can significantly reduce the complexity oé ttelay station, reduce downlink overhead, and Kiymoute
management and handoff.
The solution presented here has the following aidpes:
1. The uplink-only RS (U-RS) is a simplified unit thatly needs to perform a few layer-one operations
and a minimal set of layer-two tasks.
2. One or more U-RS can be deployed in each sectparéicular U-RS does not need to be aware of other
U-RS.
3. The BS always remains in control of the transmissibereby resulting in increased transmission
reliability.
4. The architecture still permits hybrid-ARQ (HARQ)he performed on the uplink.
As a side benefit, the signaling and route selaatiethods developed for the uplink-only relayingd@aonay
also be used as part of the full two-way relayirgde In particular, for a two-way relaying schetimat
chooses uplink and downlink routes independertily,uplink-only mode described here can be used for
managing the uplink part of the relaying. Moregviea two-way relay is deployed where downlinkayghg
would not be particularly helpful, it should be pilde to completely turn off the downlink relayipgrtion of
the relay and have it act as an uplink-only relay.

General Description

The disparity in PA power between SS and BS sugdbat a solution can be tailored to provide theessary
assistance to the uplink while not being involvedhe downlink. As a result, cost efficiencies bamachieved
by creating a subordinate relationship betweerysedad the BS allowing the RS to be low cost wiilsuring
robust reliable transmission supervised by a ckatrdority. The cost efficiencies may be realibgdeducing
RS complexity such that it only focuses on layee-operations and a minimal set of layer-two tasks.

System Configuration and Operation

Figure 1 depicts the possible communication patlsviegween BSs, SS, and U-RS. Figure 1a) shows the
typical communication paths in a cellular systerthwihe U-RS disabled. A BS coordinates the resaurcéhe
cell by distributing control information and arlaiting access requests. In addition, the BS trassaiia
directly to the SS and receives data directly fam§S. Figure 1b) shows the communication pathstivé U-
RS enabled. In this case, the BS still coordinegssurces in the cell by distributing control inf@tion and
arbitrating access requests. Additionally, the BBtioues to transmit data directly to the SS. Haoavethe
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uplink data from the SS follows a triangular pathktfbeing received and detected by the U-RS thesncoded
and transmitted to the BS by the U-RS. Figure dnc) d) show two variations on the U-RS configuratio
Figure 1c) shows multiple active U-RS simultanepuspeating the SS data to the BS. Figure 1d) sliogvs
simultaneous co-existence of a relayed and nowedlaplink communication. In accordance with th2.86j
requirements, the SS is completely unaware of txietemce of a relay within in the system. Noté tha
Figure 1, and throughout this contribution, anothegrmediate RS may play the role of the BS.

data————p» data—————m
BS controb——p»| SS BS controb———p»| SS
[—————data—— /
N S
U-RS U-RS
a) U-RSisdisabled b) U-RSis active
data————p»
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\ / —data——
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N Ay : R
R g %2 SS

\\‘ U-RS / % /

G
-
U-RS U-RS
. . simultaneous co -existence of a relayed
¢) multiple U-RSare active d o Yy
and non-relayed communication

Figure 1 Communication pathways between BSs, SQJaredays.

In the broadest sense, the above procedure isithenam required to increase uplink data transmissaies,
especially in a noise-limited scenario. Typicalhe determination of whether a U-RS is to be engddag made
on an average channel quality basis (e.g., takiag®wing but not fast fading into account). The B{/ore
generally, one or more U-RS) is a subordinate re&pause the resource allocation for the SS to UlFRRSs
provided by the BS.

Considering a two-way RS that utilizes the U-RSqeol for the uplink part, the decision of whetherelay
both downlink and uplink SS transmissions or jastuiplink SS transmissions can be made at thedfrtiee
SS network entry and may be periodically re-evadats part of regular route maintenance procedures.
decision could be also made on a per-CID basisfasction of the QoS requirements for that flow.

Operations to be Performed

In order to support a U-RS, a link between the UaR8 the BS needs to be established and maintakmed.
implementation of the various tasks that need tpdséormed is detailed below.

SS Ranging and Network Entry with U-RS

When the SS ranges, there are two possible scenario
2
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1. Both the RS and the BS receive the ranging codepatver level sufficient to perform measurements.
2. Only the RS receives the ranging code with a highugh power.

For case 1, he overall process is summarized uwr€&ig and is described next. Consider the network
configuration depicted in Figure 1. It is assurtltest a U-RS is aware of the possible CDMA rangiodes as
well as the ranging region allocation used at tBe Bwo mechanisms are proposed for obtaining this
information. The first is for the RS to monitordadecode the BS UCD and UL-MAP transmissions. This
the preferred method since it does not introducktiatal overhead. However, as a backup mecharasmew
MAC management message is also defined and caarmanitted by the BS to the RS.

Once the U-RS obtains the BS ranging channel irdtion, both the U-RS and the BS monitor the BSirang
region. Upon detecting a CDMA ranging code, thRE<creates a RS_RNG_REP MAC Management message
(defined in the Proposed Text section) and trarssiinib the BS. This message carries the indexo#mer

attributes of the ranging code received, and tbemenended power and timing adjustments for thesSS a
measured at the RS. Simultaneously with the UtRSBS also possibly detects the ranging code arfdnms

its own RSSI and time-advance measurements.

Upon receiving the RS_RNG_REP message, the BS gesjga RSSI measurement with the RSSI
measurement reported by the RS. Based on the cmmpathe BS may make the decision to activatdthe
RS. However, prior to activating the relay for 88, the BS first completes the network entry agistration
process for the ranging SS. Note that upon comopleif the ranging procedure, the identity of ti®iS
provided to the BS via the RNG-REQ message, whiclhdcbe used to map the power and timing adjustment
parameters reported in the RS_RNG_REP to the sp&St If the initial ranging procedure takes nmlgt
power and timing adjustment iterations, the U-RBticmies to report its ranging measurements in the

RS RNG_REP messages, so that the BS is alwayssgegsion of the current timing advance and power
adjustment parameters as measured at the U-RS.

At the completion of the registration process, 3&timing advance/power parameters are matchéwtB$
rather than the RS. If the BS decides to activatak relaying for the SS, the BS may then sendrasolicited
RNG-RSP message to the SS with new time and paiyestanent parameters configured so as to attain the
timing advance and power levels reported in thetmezent RS_RNG_REP message for that SS. At the sa
time, BS activates the U-RS as described in tHevimhg section.

The RS_RNG_REP messagay also be used during periodic ranging once kpifaying has been activated.
That is, the RS continually monitors the rangiegion of the BS and reports appropriate timing adeand
power level adjustments to the BS in the RS_RNG_RIEBsage. The BS transmits the RNG-RSP message
with the parameters configured to obtain the timadgance and power level adjustments specifiedan t
RS_RNG_REP message. If multiple CDMA codes areatetl at the RS simultaneously from multiple raggin
SS, the power and timing adjustments for thesexat®combined into a single RS_RNG_REP mess&ge
RS_RNG_REP message is also to be used by the @-Rpdrt detection of a BW Request CDMA code to the
BS.

Finally, note that in some deployments, the distdmetween a RS and the BS may be small enougthth&S
could keep its timing advance and power parametatshed to the BS rather than the RS. In thigBdn,
part of the cyclic prefix is basically being usedabsorb the propagation delay difference betwe®8 o BS
link and an SS to RS link. In such cases, a manleghead savings can be achieved by eliminatingriaé
unsolicited RNG-RSP transmission of the BS.
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Figure 2. SS network entry process with U-RS wiheth the U-RS and the BS receive the ranging code..

SS UL burst allocation

Activate transparent relaying:

v

-
-t

RS-UL_MAP_RX-REP or RS_Assign-CID
\J

For case 2 (only the RS receives the ranging cbdénmgh enough power), a very similar processlEn

employed, and is described in Figure 3.
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SS network entry process with U-RS wihenBS does not receive the ranging code.

Relay Assignment to a Connection

Each U-RS (or group of U-RS) is assigned the ClDese transmissions it needs to monitor in the Wplin
portion of the current frame. Different methodsassignment are possible depending on the frametstel[3]:

The first method is based on the U-RS receivingageuwbding the BS UL-MAP. A new BS to RS message,
RS_Assign-CID, is defined and is used to instrhetRS which CID assignments are to be monitored and
relayed by the U-RS. After receiving the RS_Asgii)D message, the RS determines which resourceeds
to receive and attempt to detect on a frame-by-€rbasis by receiving and decoding the BS UL-MAPteNo
that the RS_Assign-CID message does not need tram&mitted in every frame — it only needs to be
transmitted when there is a change in the CiDsafleato be relayed.

The second method is to use a new BS to RS me€R8gdl. MAP_RX-REP, that directly specifies the SS
burst allocations to be received and relayed byRBe This message needs to be transmitted toShenRa
frame-by-frame basis. This method can be useldeitRS mode, and also enables a full two-way RS to
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leverage more of the signaling defined for the UsR&le. In some two-way relaying configurationg RS

may transmit its own SS-directed preamble and obmtformation synchronously with the BS, making it
impossible for the RS to receive the BS UL-MAP.suith a case, the RS-UL_ MAP_RX-REP message can be
used by the BS to specify the burst allocationsetoelayed by the RS.

The RS_Assign-CID and RS-UL_MAP_RX-REP messageslareto be used for channel measurements to
enable UL route selection for the SS. This ishertdiscussed in [4].

RS-to-BS Resource Assignment

Two options are possible of the RS-to-BS resousseggament:

1. The resources for the RS-to-BS link can be spetifgng the existing UL_MAP message, where the
CID of the allocation is set to the relay’s CID.itiMhis method, it is suggested that the RS-t0-BS
resources be in a separate zone than the diret-BS-transmissions.

2. Another alternative is to provide an allocation R#8-to-BS transmissions in the RS-UL_Zone (UL
Relay Zone 2 in [3]) using the RS-UL_Zone_Allocatid¢E transmitted from the BS to RS as part of the
BS-t0-RS DL MAP as described in [3]. This solutisrmore flexible for supporting both uplink-only
relays and two-way relays. Details of this solutawa given below.

When a U-RS is provided an allocation for RS-totBfismissions with the RS-UL_Zone_Allocation_IE
message, the allocation specified in the RS-UL_Zétlecation_IE is in-effect until the reception thfe next
RS-UL_Zone_ Allocation_IE. In the RS-UL_Zone, theR$ initiates all transmissions to the BS. Thaaibl-
RS autonomously constructs and transmits a buesttéd at the BS. This burst is constructed aacgrid the
following three rules:

1. The burst is encoded according to the UIUC valeigied in the RS-UL_Zone_Allocation_IE.

2. The length of the burst (in slots) may not excémdléngth of the U-RS allocation specified in tH&-R
UL _Zone_ Allocation_IE.

3. MAC PDU segmentation at the U-RS to fit the lengtlhe burst to the size of the allocation is not
permitted.

Hence, the length of the burst could possibly lmteh then the full length of the U-RS UL allocatioThe
length of the burst is signaled to the BS in a spaRS-UL_BCH (Burst Control Header) message.s Thi
message occupies the first slot of the allocatrmhaarries the RS-UL_Burst_Prefix_IE specifying linegth of
the RS-to-BS burst. Note that multiple MAC PDUeawred at the U-RS could be packed by the RS into a
single burst. This process is the same as the MBO concatenation process described in Sectio3.8.8f
the IEEE 802.16-2004 Specification. If desired A& with selective repeat process could be enaiuheithe
RS-to-BS link, wherein the BS provides ACK/NAK fédxaatk for each burst. In that case, each RS-UL_BCH
to carry a sequence number to identify bursts veckin error for retransmission. In the case NffeCK, an
entire burst (all concatenated MAC PDU) is to earesmitted from the RS. Note that this RS-to-BSource
assignment scheme is also applicable to the fahixay RS configuration. The structure of the RS-Bane is
illustrated in Figure 4.



2006-11-08

References

I
for burst 1 UL relay
burst 1
BCH -
for burst 2
UL relay
burst 2
BCH ]
for burst 3
UL relay
burst 3
BCH
for burst 4 UL relay
burst 4
BCH —% .
for burst 5
UL relay
burst 5
- -
UL Relay Zone 1 RS-UL_Zone

-

(UL Relay Zone 2)

o

-t

Figure 4. Proposed RS-UL_Zone structure.

UL Portion of the frame

IEEE C802.16j-06_160 rl

[1] |EEE C802.16e-04/237, “Link budget on the uplink B8BEE 802.16e,” Jul. 2004.
[2] |IEEE C802.16e-04/286, “Transparent Uplink RelayimgOFDMA,” Aug. 2004.
[3] IEEE C80216j-06_155, “Proposal for Multihop Relaame Structure for 802.16j,” Motorola, Nov.

2006.

[4] |IEEE C80216j-06_159, “Signaling for Efficient Roudi,” Motorola, Nov. 2006.



2006-11-08 IEEE C802.16j-06_160 rl

Proposed Text Changes

In section 6.1.1, insert the following paragraph

In order to improve the uplink data rates with difigd RS and system functionality, an uplink-omglaying
mode and associated RS device class is definechkJphly relay stations (U-RS) may be deployed el in
order to break the SS to BS link into a SS to UHRISand a U-RS to BS link on an “as-beneficial’sisa such
as to provide higher data rates, capacity, or @ageon the uplink. This uplink-only relaying preses
illustrated in Figure ABC.

The messages defined for the U-RS mode are alsbassgart of the message set for full two-way R&aion.

An RS with two-way relaying capability shall alsave the capability to disable its downlink funciity and
operate in an uplink-only relaying mode. When opegan the uplink-only relaying mode, the RS shoglerate
asifitis a U-RS.

data————p»| data————p»|
BS controb————| SS BS contro———p»| SS
[—————data—— \ /
%, &
X
N ¥
U-RS U-RS
a) U-RSisdisabled b) U-RSis active
data—————m»
BS contro————p» SS data———p»]
BS controb——p»| SS
\ / (—data—
\ o@fo’)f,@ F \ oG,
ONg,
%2 6\\‘ ’/ & < O/as:
22 & 3% SS
2 U-RS R
/ \ &a&/
U-RS U-RS
. . simultaneous co -existence of a relayed
¢) multiple U-RSare active d - Yy
and non-relayed communication

Figure ABC. Communication pathways between BS, I85&RS.

Add a new section 6.3.2.3.AA
Section 6.3.2.3.AA Transparent Relay CID Assign (RS_Assign-CID) Message

With the RS-Assign-CID message, the BS will assiga or more CIDs to a U-RS for the purpose of
monitoring UL allocations made to these CIDs. TP may be assigned to only one U-RS or to multiple
RS. Upon reception, a U-RS will delete all pregiguassigned CIDs to monitor and adopt those newly
assigned. This message can be sent with an eraptf BS CIDs to indicate that this U-RS shall mebay any
SS.
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Syntax Size Notes
RS-Assign-CID_Message Format() {

Management Message Type=TBD 8 bits

Transaction ID 16 bits

TLV Encoded Information Variable TLV Specific
}

Parameters shall be as follows:

CID (in the generic MAC header)

U-RS Primary Management CID.

Transaction ID

Unique identifier for this transaction assignedlsg sender.
All other parameters are coded as TLV tuples.
Monitored CID (see 11.20)

Add a new section 6.3.2.3.AB
Section 6.3.2.3.AB Transparent Relay CID Assign ACK (RS_Assign-CID-ACK) Message

This message is sent in response to a RS_Assigmed3age.

Syntax Size Notes
RS_Assign-CID-ACK_Message Format()

{

Management Message Type=TBD 8 bits

Transaction ID 16 bits

Confirmation Code 8 bits

}

Parameters shall be as follows:

CID (in the generic MAC header)

U-RS Primary Management CID.

Transaction ID

Unique identifier for this transaction assignedlsg sender.
Confirmation Code

Zero indicates the request was successful. Nontadrcates failure.

Add a new section 11.20
Section 11.20 Monitored CID

The value of this field specifies the CID assighgdhe BS to a particular U-RS. This field shalgresent in
the RS_Assign-CID assignment message.

Type Length | Value Scope

TBD 2 CID RS-Assign-CID
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Add a new section 6.3.2.3.AC
Section 6.3.2.3.AC RS-UL_MAP_RX-REP

To enable UL reception of the burst a the RS, t8esBnd this message to the RS to indicate thecplartiUL
burst allocation made to the SS. This messagehs sent on the RS Primary Management CID.

Syntax Size Notes

RS-UL_MAP_RX-

REP Message Format() {

Management Message Type=TBD 8 bits

N_Assignments 4 bits Number of assignments to relay
For (i=0;i<N_Assignments;i++) {

uluC 4 bits

OFDMA symbol offset 7 bits

Length 4 bits Length of the SS uplink zone
Permutation 2 bits

PUSC UL _IDcell 7 bits

First slot in zone 10 bits First slot of the allboa for the SS
Length 10 bits Length of the allocation for the S$
}

Add a new section 6.3.2.3.AD
Section 6.3.2.3.AD. RS Ranging Report (RS_RNG-REP) Message

This message shall be sent by an RS to the BS umswiicited manner following detection of a CDM#nging
code in the BS ranging region, and/or measurintherRNG-REQ message transmitted from SS and/or
measuring in UL transmission from SS.

Syntax Size Notes
RS-RNG-REP_Message Format() {

Management Message Type=TBD 8 bits

Downlink Channel 1D 8 bits

Bit#0: Report on CDMA code
REP_IND 2 bits (initial and periodic)
Bit#1: Report on UL _Burst

If(Report on CDMA Code==1)

N_CDMA_Code 5 bits Number of ranging codes regbrt
For (i=0;i<N_CDMA_Code;i++ ) {
TLV Encoded Information Variable TLV Spkci
}
}
If(Report on UL_Burst){
N_Burst 5 bits Number of reports on UL_MAP-IE

For(i=0;i<N_Burst;i++){

10
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. Basic CID of SS appears in
CID 16 bits UL MAP_IE
TLV Encoded Information Variable TLV Specific
}
}
}

A RS shall generate RS-RNG-REP including the foihg parameters:
Primary Management CID (in the generic MAC header)

The RS-RNG-REP message may include the followimgrpaters encoded as TLV tuples:
Timing Adjust (11.6)
Power Level Adjust (11.6)
Offset Frequency Adjust (11.6)
Ranging code attributes (11.6)

Add a new section 8.4.5.4.30
Section 8.4.5.4.30 RS Uplink Zone Allocation |E (RS_UL_Zone_Allocation_| E)

This IE is to be transmitted from the BS to thed&®%art of the UL_RS-MAP. It indicates an uplitib@ation
for the RS in the RS-UL_Zone. The RS shall use @alibcation for all subsequent frames until reiogpof the
next RS_UL_Zone_Allocation_IE.

Syntax Size Notes
RS_UL_ Zone_ Allocation_IE () {

CID 16 bits RS primary management CID
Sequence Number 8 bits

UluC 4 bits

OFDMA symbol offset 7 bits

Length 4 bits Length of the RS uplink zone
Permutation 2 bits

PUSC UL _IDcell 7 bits

First slot of the zone 10 bits First slot of thimedtion for the RS
Length of the zone 10 bits Length of the allocafionthe RS
}

Add a new section 8.4.4.8.AA
Section 8.4.4.8.AA. RS-to-BS Burst Control Header

The first slot of every RS UL allocation beginshwé RS-UL_BCH to enable decoding of the RS burtet
BS. The Burst Control Header carries the RS _UL eZéhefix specifying the length and encoding oftibest.
This information is sufficient to enable decodirfglee RS burst at the BS. The Burst Control Heasler
encoded using the convolutional coding scheme raiit 2 and QPSK modulation, and a repetition faator
three.

11
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Syntax Size Notes

RS _UL_Zone Prefix_Format(){

Burst length 8 bits Length of the burst in slots
uluC 4 bits Modulation
Coding_Indication 3 bits Encoding scheme
Reserved 1 bit

}
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