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Proposal for Centralized HARQ Retransmission Scheduling

Eugene Visotsky and Roger Peterson — Motorola
Shashikant Maheshwari — Nokia

1 Introduction

This contribution is concerned with scheduling &R retransmission attempts on a multihop pathnitvidr
system. This contribution focuses on the cenedligcheduling approach, with burst allocationsalbhops
performed mainly at the MR-BS and with limited sdhkng performed at the RS, if necessary. The
contribution proposes both the DL and UL HARQ nesraission scheduling strategies. The proposetegtes
support a per-hop multi-channel stop-and-wait HAR@Qtocol, with retransmissions performed only omp$o
where previous transmission attempts have fail€dese retransmission strategies in general aréietto a
specific HARQ ACK/NAK feedback scheme, nor are thied to a specific method of scheduling initial RQ
transmission attempts. Nevertheless, this propagbl supports and is compatible with the DL and U
ACK/NACK reporting schemes proposed in [ 1 ] and [, as well as proposed therein scheme to schedule
initial HARQ attempts. In this contribution, threetransmission scheduling strategies are propasadely
explicit scheduling, pre-scheduling, and impligheduling. The first strategy is applicable on aop of the
multihop path, whereas the latter two are propdgethe access link hop.

2 Explicit Scheduling of HARQ Retransmissions

2.1 Explicit DL Scheduling of HARQ Retransmissions

It is assumed that all DL HARQ transmission attesrgpe scheduled at the MR-BS. As proposed in, [MR-
BS schedules in advance burst allocations for tiigali DL transmission attempts on the multihop hpat
assuming successful decoding of the initial trassion attempts on the preceding hops. This inatisdmpt
schedule spans multiple frames in time, taking atoount the decoding delays and other timing caimés at
the intermediate RSs along the path. Each RSasnmed of its HARQ burst allocations via the leg&t4&RQ
DL MAP IE as defined in the IEEE 802.16e-2005 sfieatiion, Section 8.4.5.3.21. The precise methseduo
deliver this IE to an RS is outside the scope ©f tlontribution. As a possibility, this IE coul@ lelivered to
an RS as part of a MAC management message sentlimMR-BS. A HARQ DL MAP IE received at an RS
in framei, is applicable in frameé+d , whered denotes the IE scheduling delay at an RS andngmenum of
one frame. This IE scheduling delay is a systemarpater announced to an RS as part of control gegsa
Following the IE scheduling delay, in frame d , the HARQ DL MAP IE is included in the DL R-MAP @
downstream RS, or it is included in the legacy Di®/Iin the access interval if intended for the MS.

The proposed scheduling scheme applies to patisasititrary number of hops. As an example, comside
three-hop path as shown in Figure 1. The corredipgrbounce diagram is shown in Figure 2. In igert,
evolution of a single HARQ channel of a multihopwil is shown. In general, the scheme supports pheilti
parallel channels enabling a multi-channel stopraad HARQ protocol. For this example, a decoddejay
of one frame per hop and an ACK/NACK forwardingayedf one frame per hop are assumed. Furthermore,
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In the example of Figure 2, a HARQ DL MAP IE appliene frame later after it is received at the idéshRS.
That is, an IE scheduling delay of one frame isiaes]. Furthermore, to simplify the figure, a dengddelay

of zero frames at an intermediate RS is assumed for th€ Management messages carrying HARQ DL MAP
IEs. This is in contrast to the assumption of fsame decoding delay for the data packets. Itse8 eeasonable

to assume that the MAC management message andielaading delays are the same. In that case, tlae da
bursts and the accompanying HARQ DL MAP IEs to dde subsequent bursts on downstream hops need to
be transmitted in the same frame. For brevitypanloe diagram for this case is omitted.

As shown in Figure 2, the initial transmission waipe is scheduled in advance on all hops, alloworglie one
frame decoding delays at the intermediate RSsthitnexample, the initial transmission on the secbap in
frame 3 has failed. Assuming a synchronous HARE&ack scheme proposed in [ 1 ], the UL HARQ
feedback region is allocated in the framen at an RS for a HARQ burst received in framewhere
n=hx p+(h +1)><j , h is the number of hops from the RS to the MSjs the processing delay at the
intermediate relay, equal in this case to the trassion delay of one frame, arjdis the HARQ_ACK_Delay

for DL burst, equal in this case to the decodinigylplus the ACK/NACK delay of one frame. Uponeatng

a NACK in frame 9 identifying failure on the secohdp, MR-BS schedules the retransmission in frathe 1
allowing for the IE scheduling delay of one frameR&1. Furthermore, the initial transmission agieon the
access link is scheduled in advance, assuming ssfatelecoding of the second transmission attetnRS2.

DL hop 1 DL hop 2 L access hop
UL access hop

UL hop 3 UL hop 2

Figure 1. Example topology
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Figure 2. Example of DL explicit scheduling approach.

2.2 Explicit UL Scheduling of HARQ Retransmissions

The explicit scheduling of HARQ retransmissionstioa UL follows the same strategy as on the DL. tTha
the initial transmission attempt is scheduled iaaate on all hops between an MS and MR-BS. Alllduikst
allocations are signaled to the RSs from the MRvizSthe HARQ UL MAP IE. After a fixed IE schedugin
delay, this IE is signaled from the upstream R8 tlownstream RS in the UL R-MAP in the relay ingror it

is signaled to an MS from its access RS in thessctd -MAP. Assuming the UL HARQ feedback scheme
proposed in [ 2 ], ACK/NACK feedback for a failed.UHARQ burst is provided to the MR-BS via UL ACK
channel in the form of encoded NACK.. This encotddCK provides information about the link where the
transmission for burst is failed. The transmittiR®§ obtains feedback from the receiving RS regardihg
HARQ bursts via the legacy HARQ-MAP IE. Retranssioas are scheduled on the failed hop and onwards,
where transmissions on subsequent hops are scHedubelvance, assuming successful transmissiortheon
preceding hops.
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3 Pre-scheduling of HARQ Retransmissions on the Access Link

3.1 Pre-scheduling of DL HARQ Retransmissions on the Access Link

As evident in Figure 2, the explicit scheduling ecte leads to substantial packet completion delays,
particularly in the case of decoding failure on #leeess link. For instance, assuming in Figutea the initial
transmission attempt on the access link fails ami 5, the second transmission attempt on thatwitikoe
performed only in frame 12. Note, however, thathwa smaller intermediate RS decoding delay, tlherss
transmission attempt could be performed soonern ifstance, assuming a zero frame decoding delan at
intermediate RS, the initial transmission attempt ke performed in frame 3, and the retransmisstempt

will be performed in frame 9. In any case, sucbteansmission delay could be detrimental to théopmance

of voice or other delay-sensitive applications inMIMR network. To reduce packet completion delagsing

due to failures on the access link, a pre-schedguimategy for HARQ retransmissions on the acceésis$
proposed.

Continuing with the topology in Figure 1, a bourdiagram showing pre-scheduling as applied on the DL
access link is shown in Figure 3. In this case,-B®R provides an allocation to RS2 for a retransiomnss
attempt on the access link in advanassuming a decoding failure on the initial transmission attempt. This
pre-scheduling strategy enables the MR-BS to eif@ctecond retransmission attempt without waitorgtlie
ACK/NAK feedback from the MS, thereby significanttgducing packet completion latency. The second
HARQ attempt is utilized by an RS only if necesséngsed on the ACK/NACK feedback provided to itthg

MS in the UL access zone. If the second transomnsattempt has been allocated, but is not necesba\RS
may optionally utilize this allocation for other qposes, such as forwarding high priority traffic @ntrol
messages to one of the MS under its coverage. fBaahility requires the RS to perform limited amomous
scheduling. If the RS lacks autonomous scheduaqupbility, it will remain silent during the preksduled
retransmission attempt. In general, an arbitramloer of retransmission attempts can be pre-sceeédul

The number of pre-scheduled retransmission attemgpends on the prevailing channel conditions @ th
access link, such as average signal-to-noise ptad@rence ratio or average packet error ratee algorithm to
determine the number of pre-scheduled retransnmissit@mpts is not specified. CQI feedback provittech

the MS to the MR-BS for centralized scheduling dimit adaptation could be also used as input to the
retransmission pre-scheduling algorithm.

Pre-scheduled HARQ attempts are signaled to thesad@S from the MR-BS via the legacy HARQ DL MAP
IE. The number of pre-scheduled attempts, as aglthe type of HARQ retransmission scheduling polic
enacted by the MR-BS for a given MS connectionsighaled to the access RS via the RS_HARQ_Config
message. Prior to exhausting pre-scheduled HARQn@EMission attempts for a given HARQ channel, the
access RS does not forward ACK/NACK feedback taviRe BS, and MR-BS allocates an UL HARQ feedback
region for the HARQ channel only following the Igse-scheduled retransmission attempt. If the ssCcE&S
exhausts pre-scheduled retransmission attemptsyatts to the explicit retransmission strategy fomdiards a
NACK to the MR-BS through the allocated UL HARQ dieack channel. On the other hand, if the access RS
successful in delivering the packet to the MS dymme of the pre-scheduled retransmission atterntpasl|
forward an ACK through the allocated UL HARQ feedbahannel. As noted above, this UL HARQ feedback
channel is allocated only following all pre-schestlilretransmission attempts, and the access RSIlys on
permitted to forward the ACK in the allocated feadk channel.

To preserve the synchronous nature of the 802.16&IBRQ feedback scheme, only HARQ flows with the
same number of pre-scheduled retransmission atseanptallowed to be jointly scheduled into the s&ARQ
4
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region. Extending the coded DL HARQ feedback peapon [ 1 ] to enable pre-scheduling, an UL HARQ
feedback region is allocated in the framen at an RS for a HARQ region received in framewhere
n=hx p+(h +1)>< | +(p+ j)><k, h is the number of hops from the RS to the MSis the static processing
delay at the intermediate relay, equal in this césethe transmission delay of one framg,is the
HARQ_ACK_ Delay for DL burst, equal in this caseth® decoding delay plus the ACK/NACK delay of one
frame, andk is the number of prescheduled retransmissionsnpttefor a HARQ flow. Identifiers may be
inserted in the HARQ DL MAP IE and HARQ ACK Regi@étiocation IE to identify a DL HARQ region with
its corresponding UL HARQ feedback region.
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Figure 3. Example of DL pre-scheduling approach.

3.2 Pre-scheduling of UL HARQ Retransmissions on the Access Link

The pre-scheduling strategy for the UL is similathe proposed retransmission pre-scheduling scloenibe

DL. Following the Explicit UL Scheduling Propogal Section 2.2, the initial transmission attempttioa UL
access link is scheduled at the MR-BS and signalébe access RS via the legacy HARQ UL MAP IE.eTh
initial transmission attempts on subsequent upsireaps are allocated at the MR-BS in advance, asgum
successful decoding of the initial transmissioeratits on the preceding hops. All allocations &geaded to

the intermediate RSs via the legacy HARQ UL MAP TEo reduce HARQ retransmission latency on thessce
link, several access link HARQ retransmission aptesmare pre-scheduled by the MR-BS. For each pre-
scheduled retransmission on the access link, aitsain advance on subsequent upstream hopssarerade.

5
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For an example of an UL pre-scheduling strateggrref Figure 4. In the figure, a repeat transroissittempt
is pre-scheduled in frame 5 on the access linkamcesponding allocations for HARQ attempts on R&2-
RS1 and RS1-BS links are made in frame 7 and fi@mespectively. For this example, an IE schedutialay
of two frames on the UL is assumed.

If on the access link a packet is successfullyiveckat the access RS prior to exhausting all preduled
retransmission attempts, the access RS may ufiizescheduled allocations for other purposes, sagh
granting BW for other MS under its control. If dme access link a packet is not successfully receim the
allotted number of transmission attempts, the ac&s reverts to the explicit UL scheduling strategy this
case, no explicit feedback is provided to the MR+B§arding the state of the HARQ channel on thessc
link. This serves as a negative acknowledgemerihatMR-BS, which may proceed to schedule another
transmission attempt on the access link. In casedecoding failure on an RS-t0-RS or RS-to-MRIBE, an

RS follows the feedback scheme of [ 2 ] and tratsmencoded NACK via the UL ACK channel.

The specific retransmission strategy utilized oam #dlccess link for a given UL HARQ flow is signaledthe
access RS via the RS_HARQ_Config message. Thisagesalso instructs the access RS as to the nwhber
pre-scheduled retransmission attempts allowed eraticess link for a given MS connection. The algar to
compute the number of pre-scheduled retransmissit@mpts is unspecified, but could be based orC3é
feedback provided from the access RS to the MRdg&rding the UL access link.
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Figure 4. Example of UL pre-scheduling approach.
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4 Implicit Scheduling of HARQ Retransmissions on the Access Link

4.1 Implicit Scheduling of DL HARQ Retransmissions on the Access Link

It is assumed that all DL HARQ transmission attesrgoe scheduled at the MR-BS. As proposed in, [MR-
BS schedules in advance burst allocations for thigal DL transmission attempts on the multihop hpat
assuming successful decoding of the initial trassion attempts on the preceding hops. This inatitdmpt
schedule spans multiple frames in time, taking atoount the decoding delays and other timing caimés at
the intermediate RSs along the path. Each RSasned of its HARQ burst allocations via the leg&t&RQ
DL MAP IE as defined in the IEEE 802.16e-2005 sfpeation, Section 8.4.5.3.21.

In the implicit scheduling scheme, if a HARQ atteérfgls on the access link, then the access RSrassthat
the burst allocation for retransmission of the ndARQ attempt for the same HARQ sub-burst is resgrat
the same position after N_DL_RETX_DELAY frames. TMR-BS will receive the encoded NACK following
the first unsuccessful transmission attempt ancefbee it will not schedule any data for that aibon. The
value of N_DL_RETX_DELAY is larger thanxDL_HARQ_ACK_DELAY , wheren is the number of hops

between the MS and the MR-MS. The access RS vadify the HARQ DL MAP IE received from the MR-
BS by explicitly creating the HARQ region for ratemitting the HARQ attempt.

If an initial HARQ attempt fails on relay links, éh explicit scheduling of HARQ retransmission wok
performed.

Implicit scheduling of HARQ retransmission on tree@ss link will not require transmission of the HARL
MAP [E from the MR-BS to an access RS to enableansimission attempts. Therefore this scheme is
bandwidth efficient.

4.2 Implicit Scheduling of UL HARQ Retransmissions on the Access Link

The implicit scheduling scheme for the UL is simita the proposed implicit scheduling scheme onDhe
Following the Explicit UL Scheduling Proposal incBen 2.2, the initial transmission attempt on theaccess
link is scheduled at the MR-BS and signaled toabeess RS via the legacy HARQ UL MAP IE. The aiti
transmission attempts on subsequent upstream hepdl@cated at the MR-BS in advance, assumingesstal
decoding of the initial transmission attempts oe fireceding hops. All allocations are signaledthe
intermediate RSs via the legacy HARQ UL MAP IE.

In the implicit scheduling scheme, if a HARQ atterfgls on the access link, then the access RSrassthat
burst allocation for retransmission of the HARQeatpt for the same HARQ sub-burst is reserved atesam
position after N_UL_RETX_ DELAY frames. The MR-BSIweceive a NACK following the first attempt and
therefore it will not schedule any data for thdo@tion. The value of N_UL _RETX_ DELAY is largdnan
nxDL_HARQ_ACK_DELAY , wheren is the number of hops between MS and MR-MS. Tdoess RS will

modify the HARQ UL MAP IE by explicitly creating 6h(HARQ region for retransmitting HARQ attempts.

If initial HARQ attempt fails on relay links, theexplicit scheduling of HARQ retransmission will be
performed.

Implicit scheduling of HARQ retransmission on thecess link will not require transmission of HARQ UL
MAP IE from MR-BS to the access RS to enable ratraasion attempts. Therefore it is bandwidth effic
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5 Proposed Text

[Insert new Section 8.4.15.3]

8.4.5.13 Centralized HARQ Retransmission Scheduling for Relaying Extension

In an MR system with centralized scheduling, all R{d retransmissions shall be scheduled at the MR-BS.
Burst allocations for DL HARQ retransmissions shlsignaled to the intermediate RSs on the mydtjeth
between the MR-BS and a destination MS in the HARQMAP IE defined in Section 8.4.5.3.21. Burst
allocations for UL HARQ retransmissions shall bgnsied to the intermediate RSs on the multihop path
between a source MS and the MR-BS in the HARQ ULRME defined in Section 8.4.5.4.24. MR-BS or RS
shall support the explicit HARQ retransmission stthimg method on both UL and DL specified in Seatio
8.4.5.13.1. An MR-BS may implement DL and UL pokeduling of retransmissions on the access link as
specified in Section 8.4.15.3.2, or implement impl[HARQ retransmission scheduling on the access dis
specified in Section 8.4.15.3.3. A particular HAR&ransmission strategy shall be applied at apsscRS on

a per-HARQ flow basis. An MR-BS shall signal tethccess RS a particular retransmission strategg fo
HARQ flow by means of the RS HARQ Configuration wege defined in Section 6.3.2.3.AA

[Insert new Section 8.4.15.3.1]

8.4.5.13.1 Explicit HARQ Retransmission Scheduling

Explicit scheduling of HARQ retransmissions shallimplemented at the MR-BS for both UL and DL HARQ
flows. Retransmissions shall be performed onlyhops where the initial transmission attempt hakedai
Following a decoding failure on any hop, an allamafor a retransmission on that hop shall be mtediby the
MR-BS to the MS or RS that initiated the unsucagssfinsmission. In addition, advance allocatidois
subsequent hops shall be provided by the MR-B®adRSs on the partial path beginning with the dallek
and ending at the destination node.

[Insert new Section 8.4.15.3.2]

8.4.5.13.2 HARQ Retransmission Pre-scheduling

Optionally, MR-BS may schedule multiple retransnauss in advance on the DL and UL access links. The
allocation of retransmissions is at the discretdrthe MR-BS, but a retransmission shall be schestiulo
sooner than the preceding transmission plus “HARGQKADelay for DL Burst” on the DL access link or
“HARQ ACK Delay for UL Burst” on the UL access linkThe number of pre-scheduled retransmissions is a
the discretion of the MR-BS, but could be basedh@nestimated number of retransmissions that kedylto
occur on the access link. The number of pre-sdeddetransmissions for a HARQ flow shall be pr@ddo

the access RS in the RS HARQ Configuration messa@be.access RS shall not provide HARQ feedbat¢keo
MR-BS prior to exhausting the pre-scheduled HARt@mpts. If the last pre-scheduled retransmisssomoi
successful, an access RS shall revert to the é&xdWRQ retransmission scheduling mode. If a re$raission

is successful prior to exhausting all pre-schedtl&dRQ transmission attempts, an access RS shatrarmgmit

in the pre-scheduled allocations, or may use phedided allocations for other purposes.

On the UL, for each pre-scheduled retransmissidwamce allocation on subsequent upstream hopsegdth
to the MR-BS shall be also made.

[Insert new Section 8.4.15.3.3]

8.4.5.13.5 Optional Implicit HARQ Retransmission Scheduling

Implicit HARQ retransmission scheduling schemeny/@pplied on the access link. In the impliciheduling
scheme, if a HARQ attempt fails on the access lih&n the access RS assumes that the burst abiodati
retransmission of the next HARQ attempt for the saftRQ sub-burst is reserved at the same posifiten a

8
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N_DL _RETX_ DELAY frames. The MR-BS will receive trecoded NACK following the first unsuccessful
transmission attempt and therefore it will not skile any data for that allocation. The value of
N_DL_RETX_ DELAY is larger thamxDL_HARQ_AC K_DELAY wheren is the number of hops between

the MS and the MR-MS. The access RS will modify HHARQ DL MAP IE received from the MR-BS by
explicitly creating the HARQ region for retransnmg the HARQ attempt.

The implicit scheduling scheme for the UL is simita the implicit scheduling scheme on the DL. the
implicit scheduling scheme, if a HARQ attempt faols the access link, then the access RS assuntesutisa
allocation for retransmission of the HARQ attemmt the same HARQ sub-burst is reserved at sameiqrosi
after N_UL_RETX_ DELAY frames. The MR-BS will res&i a NACK following the first attempt and
therefore it will not schedule any data for thdo@dtion. The value of N_UL_RETX DELAY is largdran
nxDL_HARQ_ACK_DELAY , wheren is the number of hops between the MS and the MR-NIBe access

RS will modify the HARQ UL MAP IE by explicitly crting the HARQ region for retransmitting HARQ
attempts.

If an initial HARQ attempt fails on DL or UL reldinks, then explicit scheduling of HARQ retransnsswill
be performed.

[Insert new Section 6.3.2.3.AA]

6.3.2.3.AA RSHARQ Configuration (RS HARQ_Config) message

The RS_HARQ_Config message generated at the MRg@Sifies to an access RS a HARQ retransmission
scheduling mode for HARQ flows routed through tH&. Rf no RS_HARQ_Config message is received for an
active HARQ flow, then the explicit HARQ retranssimn scheduling mode is used for that flow by difau
For a given HARQ flow, a HARQ retransmission schHedumode is in effect as specified in the moserdly
received RS_HARQ_Config message. HARQ retransomsstheduling mode of a HARQ flow can be updated
by the MR-BS at any time during the course of theRI connection. The RS_HARQ_Config message shall
be transmitted on the access RS basic CID.

Syntax Size Notes
RS HARQ Config Message Format {
Management Message Type=TBD 8 bits
N_CID 4 bits Number of MS CIDs to which this message
refers
For (j=0; j<N_CID; j++){
CID 16 bits CID of a HARQ connection
HARQ retransmission mode 1 bit 0- Pre-scheduling

1: Implicit scheduling

If (HARQ retransmission mode == 0){

N_attempts 3 bits Number of preschedulé@mnemissions
}
}
Padding Variable
}

[Insert in the following text at the end of the sub-clauseg]
8.4.5.4.25HARQ ACK region allocation |E

9
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If pre-scheduling of retransmissions on the DL nalded, only HARQ flows with the same number of-pre
scheduled retransmission attempts shall be schebdioie the same HARQ region. An UL HARQ feedback
region is allocated in the frame-n at an RS for a HARQ region received in frameavhere

n=hxp+(h+1)xj+(p+j)xk,

h is the number of hops from the RS to the MSis the static delayj denotes HARQ_ ACK_Delay for a DL

burst, andk is the number of prescheduled retransmissionsnptge for a HARQ flow. Identifiers may be
inserted in the HARQ DL MAP IE and HARQ ACK Regi@étiocation IE to identify a DL HARQ region with
its corresponding UL HARQ feedback region.
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