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[0001] METHOD FOR PHYSICAL LAYER
AUTOMATIC REPEAT REQUEST FOR A BASE STATION

[0002] BACKGROUND

[0003] The present invention relates to wireless communication systems.

More particularly, it relates to a modification fo such systems by employing a
- physical layer (PHY) automatic repeat request (ARQ) scheme.

[0004] Proposed broadband fixed wireless access (BFWA) communication

systems, using either single carrier-frequency domain equalization (SC-FDE) or orthogonal
- frequency division multiplex (OFDM) plan on using a high speed downlink packet access

(HSDPA) application. This application will transmit downlink packet data at high speeds. Iri-

BFWA, a building or group of buildings are connected, either wirelessly or wired, and operate as a

single subscriber site. The data demand for such a system is quite high for the single site's multiple

end users requiring large bandwidths.

[0005] The current proposed system employs a layer 2 automatic repeat request (ARQ)

system. Data blocks unsuccessfully transmitted to the subscribers are buffered and retransmitted

from layer 2. The data blocks stored in layer 2 are typically large, are transmitted for high signal to

noise ratio {(SNR) reception, are received with a low block error rate (BLER), and are

infrequently retransmitted. Additionally, layer 2 ARQ signaling is typically slow requiring large

buffers and long retransmission intervals.

[0006] - Accordingly, it is desirable to have alternatives in addition to a layer 2 ARQ
system.

[0007] SUMMARY

[0008] According to a first aspect of the invention, there is provided a method for

adjusting data modulation at a base station comprising: receiving data at a transmitter for
transmission; formatting the received data into packets for transmission, each packet having a
particular type of encoding/data modulation; transmitting the packets; monitoring a return
channel for receipt of an acknowledgement for each packet that the packet has been received;
retransmitting a packet at the transmitter, if an acknowledgement for that packet has not been
received; collecting refransmission statistics; and adjusting each particular type of

encoding/data modulation using the collected retransmission statistics.
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Abstract: A physical automatic repeat request nethod inplenmented by a base
station (30) having a transmtter (38) and a receiver24 pedruar} 2005 si cal

| ayer, at the transmitter (38) receives data and formats the received data
i nto packets having a particul ar encodi ng/ data nodul ati on. The physi cal

| ayer transmits the packets and retransmts packets upon failure to receive
a correspondi ng acknow edgnent (56) for a given packet. An adaptive

nodul ation and coding controller in the transmtter collects retransnission

statistics (60) an ad sts the artl ar _enco on u3| ng
the col l ected stat @?fcon Ogﬁﬁrllg}fg{lgpn %6'6 ?’Bﬁ‘gﬂmﬁ
PHYSI CALadjﬁs\iEBdaué\Lﬂéa\d%TblcaREl%EATstREQJEﬁ]brE@ BHoridAxGirg Sa'tATlhtmaﬁ&GOfB} :
BACKGROUND [ 0003] The. @r esent i.nventi.an rek%6 ? tto Wi r el £55; %gmmnl cation
syst ens. CRSPLSIG YT AT EYPS 2% pteraqenfodvVipg PARRS OF 1R QY7 oRY D SRy st ems by
enpl oyi ngaca paamzsila@adg h agaat[cu(aPHmodaigtdamamo&ulate;meabr ueamumém(dAB@)cetscherre.

[ 0004] Pr oposed padba fixed wirele access t| on
ystens, FREHGE and REPTaRHG F EOSHKT PAROYFUTENCY o RESIL R 1o B ( sc. Fog
or orthogmabewlﬁernaqetene&'pdkwh‘asmcéﬂptablemhep«a(eO:DM pl an on using a high
speed downlink packet access (HSDPA) application. This application wll
transmt downlink packet data at high speeds. Iri- BFWA a building or
~group of buildings are connected, either wirelessly or wired, and operate

as a single subscriber site. The data demand for such a systemis quite
high for the single site's multiple
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end users requiring | arge bandw dths. [0005] The current proposed system

enploys a layer 2 automatic repeat request (ARQ  systefifetpaid 20bgcks
~unsuccessfully transmtted to the subscribers are buffered and

retransmtted fromlayer 2. The data blocks stored in |layer 2 are
typically large, are transmtted for high signal to noise ratio (SNR
reception, are received with a low block error rate (BLER), and are
i nfrequepoby] r et r ans MBRIEEDESCRIPTION@H PHE DRWVINGSARQ signaling is

typicall owrequiring large buffers and l.ong retransm ssi.on intervals.
[ 0006T AOTIGH not v Hebte gl BF peeritn s otk abpdin BF PORRS AR on 1o o
| ayer 2 piQicasA®Oem [0007] SUMMARY [0008] According to a first aspect of
the inveptiqn, there is, proyided a srethod for adjusting data. nodul ation at
L base. sRBHIon conbreues AG: & Habaiart Gt Uelnh SR SRR T Grapive

transm sgoulatich@id@ddingng t he received data into packets for transm ssion,
each pac having_a particul ar type qf encodi ng/data,. nodul ati on,;
transmit the paER® 3; 1Srr%’ﬁﬁ°€o‘?lf‘. a" P& A "F&Hﬂﬁ&ﬁwlf%?p BleFBt of an
acknow eggrirenire.f or each packet that the packet has been received,
retransmtting a packet at the transmtter, if an acknow edgenent for that
packet has not been received; collecting retransm ssion statisties; and
adj ust i nppoexch par DETAILED DEJGRIPIIONST THE FREFERRED'PMBOBINIBNTSISI Nng t he

col l ecte transnission statistics. -1 24 Fehruary. ccording to a
second -ag)a{a‘ﬁt of t lguﬁeﬁi}ear?fi%ﬁ?“’?cﬁ%?l‘ésqog a&"&?ﬁ‘&%ﬁ‘yﬁcﬁ% for adjusting
dat a nodaidaipiitkphgtical AR@E®. st ati on, conprising: formatting data into packets
for tra 1 SSi on qve W rel ir interface; .receivi.n a ts of data
over sai E’ﬁg]r i nt e?li‘eé%gwgg"éﬁﬁ thF‘ﬁé’asSSﬁﬁ%%ﬁﬁﬁeﬁ?“é?ggp@ egséfeoﬁ‘b/ dat a
modul at i ¢e high@layeasRQ treaeiitee t3aekdt in ncdestk I AtThe fackerslfrbh aassmiltdeilng a
positive ackn edgenent. at, the ysical layer of said ai I nt r(% ace when
D ecel v BHLKCE REcraien ien Al saamnper [ o Bosr” Ruti i THOORY 0000]
BRI EF DES&RHRT Qbb ehcodtthORAYWNGES fobtd brrdricgtiédting t@ledARIC), bppands esdonpl i fi ed
bl ock diagrans of d { nk d uplink hysi cal ARQs..[0011] Figqure 2 is a
{1 ow ook grgisen Gt rpEiies dP A s BB ssrdaimip popitaioh 9
: - coding (AMC) controller 12¢, such as by using binary phase shift keying (BPSK), quadrature

phase shift keying (QPSK) or m~ary quadrature amplitude modulation (i.e. 16-QAM or 64-

QAM). Additionally, for orthogonal frequency division multiple




nodul ati on and codi ng. [0012] Figure 3 is block diagram show ng a

mul ti -channel stop and wait architecture. [00131 DETAI piEethiaSyfioed! ON OF
THE PREFERRED EMBODI MENTS .[00141 Figures | a and | b respectively show a
downl i nk physical ARQ 10 and uplink physical ARQ 20. [0015] The downl i nk
“physical ARQ 10 conprises a .base station 12 receiving packets from the

hi gher l'ayer ARQ transmtter 14a provided in network:14. The packets from

transmtter wedamane applied to the physical |ayer ARgR-{i@anstter 12a in
base station 12. The ARQ transmtter 12a encodes the data with a forward

error correcting code (FEC), appends error check sequences (ECSs),
nodul ates the data as directed by the adaptive nodul ati on and codi ng (AMO)
control | er d2ess (GERMAAShdMisonigollsrA2a gaapm&eshbdhanm&sagto(c&?SK)

?rggglrgt iu:‘:)ﬁ ??%%%ig%mhgﬁx%ﬁ&l&gﬁ\fﬁggdm{monal]l%qgfnor 0 glolnfatrdfi equency
- di vision mﬁlhewpb@anr Heb1 6 thryud 008 A8 1d b9 36 @Gﬁ'ﬁtﬂﬁ@@@ﬂﬂ@@braccess
(OFDVR). { furfiile SANLL O Blnal 20 TR %%Mttéﬁ%%&@%?b@%ﬁ Higdnto carty the

"~ packet data ysical Tayer Yransmtter s packets to
the subscr imbessagaior ret@nehisgianif phcessary, byaflmdfer mampyy msarypomteém ithe h,
circulator Qhhspfittel x0r 12d and antenna 13. The transmtter 12a al so

tenporarily stores the nessage for retransmission, if necessary, in a
buf fer menof0P1¢lncor gevenned siohsubreriber paih decetess thopacketyThepadkatienna 15 of

subscri ber MBﬁtIméo@ah?ﬁ&ﬁ'léﬁ@?AR@%e&%k%atﬂ&h@h@@ﬁ&ﬁ&r&uﬁtoﬂo?ﬂﬂﬁleﬁo?t o physi cal

| ayer ARQ receiver 16a through switch, circulator or duplexor 16b. At the

recei ver 16D Ahthegaeerver 163 trgpckeidobiba desdpdemd chaslied for ermeresingusi ng  t he

ECS. The raggin. fihmremeép FANHER |c§ntﬁﬁ$‘§:%@ﬂgﬁﬁéﬁt A RS 1qr016C tO
ei t her acknowl edge recei pt of acgac ket wth an acceptable error rate

or to requddersa P‘&h’éﬁ? e ﬁe‘-BSPt obt packptaritlan yeeinkle arragradsorde know edgment

signal or xbﬁ@&smtﬁatnlsﬂgssﬁnmyqﬁ&mm&ﬂm&eggﬂmo&i&&%?\entk%gaﬂ The ACK is
sent by ACK transmitter 16c¢ q%(p {;ﬁ base station 12 rough switch 16b and

ant enna 15 AERIANE 3 2esak gnentNAY-erface 14 to |
[0017] The ACK is sent by ACK transmitter 16c o the base station 12

through switch 16b and antenna 15. The ACK is sent via the air interface 14 to
antenna 13 of base station 12. The received ACK is processed by an
dcknowledgment receiver 12h in the base station. The ACK receiver 12b delivers
the ACK/NAKSs to the adaptive modulation and coding (AMC) controller 12c and
to the transmitter 12a. The AMC controller 12¢ analyzes the channel quality to
the subscﬁber unit 16 using statistics of the received ACKs and may vary the
. FEC encoding and modulation techniques of subsequent transmissions of the
message, as will be described in more detail. If the subscriber unit 16
acknowledges receipt of the packet, receipt of this ACK at base station 12 causes
the original packet, which was temporarily stored in a buffer memory, to be
cleared in readiness for the next packet.
[0018] If no ACK is received or a NAK is received, the physical layer
transmitter 12a retransmits the original message or selectively modified version
of the original message to subscriber 16. At the subscriber unit 16, the
retransmission is combined with the original transmission, if available. This

technique facilitates receipt of a correct message by use of data redundancy or

.




antenna 13 of base station 12.  The received ACK is processed by an
acknow edgnent receiver L2b in the base station. The ASKFese8h\®I0612b
delivers the ACKINAKs to the adaptive nodul ati on and codi ng (AMO)
controller 12c and to the transmtter 12a. The AMC controller 12c anal yzes
t he channel quality to the subscriber unit 16 using statistics of the
“received ACKs and may vary the FEC encodi ng. and nodul ation techni ques of
~ subsequent twansmbssi ons of the message, as will be desgghbge,in nore
detail. If the subscriber unit 16 acknow edges recei pt of the packet,
receipt of this ACK at base station 12 causes the original packet, which
was tenporarily stored in a buffer nmenory, to be cleared in readiness for
t he next paéRlettive[repepgicombining. Athe P@ketedmmémacc@tm&emr kseeairyed, the
physi cal | ay rressa or
ﬁnsfei*ﬂe@-%ﬁlgﬁérq{iye}g ff%(f fg{]e or LIO§ES 9& gcgeg b]g Eﬁs:glg

selectively mpdified version i na ber 16, At
“the subscri Bagketsmre deliveredhio the bighankamirs b in the soowhianeckded infwihibie or i gi nal

transm SSi Ofhe dfta 3MAIARES to & & [ ece t of . a
correct messa et%y usté of “dat génr%gld%%dﬁr% lgl{ﬁe B%% JII;‘J“’E)ru (Fy f’ﬁ‘é ™fD 1131019838
PCTf U502/ 26§9‘1"9§3@1 dée Wéula@péamheoﬁquemngmsmh@s pdiokitdgohavbergtan accept abl e
error rate aéfﬁledtiﬁtagéfvﬁrde%cﬁasﬁ'm@&rn h8. %ﬁgrtfhg SHELASE LB pcessing.

The accept abl e recejved packets are ivere hi gher T'ayers 16d in
the same dafarelPRepispignyRieatemped, a%&'é}lfﬁeasnemwm@m@fqrmmbmm er 12a in

the base st aéit@Racket.. Pecolifl: %ﬁ%ﬂlﬁﬁedg@ﬁaﬁﬁﬁﬁgﬁﬁqp nt e@ g r Ofsuch as

r et r ansni ssklons is limted to an operat or -
in the rangByBtrefuqes ixgnsmispigp delags M‘iﬂﬁﬁﬁﬁﬁmﬂﬁépgfwfe ret r ansni SSI ons are

attenpted, {doeopuf f e3imaE Py ARG %ﬁﬁrﬁﬁtﬁe‘)&h}@&l tixyefrhﬁhe Hﬁébexlpgfket
Decodi ng an gcknow{ edgnent using smal |l packets at the physica | ayer

reduces t r affSIRRERISHR™ feanstraces &y amasticndae channsl, |I?F§a1%ﬁw101{%199]35 8 nce PHY ARQ

occurs at 't agoofhyabealof thay @fanntRQuaiyDEEingihe réﬁ&ﬁs%ﬂ%ﬂrﬁs%dtﬁ;ﬁcé)%ur rences for
a parti cuI a annebg a%Ctransm ssjon statistics, is good neasure of that

channel  gRpio PRE YaZY oo mepuletion, %@épﬂ@gl%ﬂﬁzm‘ﬁhﬁr thadC control | er

12¢c may varqhahhel mwatm(mgnﬁz@d Q@ditdgaiBe IR RErhhidPakiathanagl . as shown
in Figure 2, ditionally, the. retransm ssion statistics can

4dlso be'com er link quality measurements; such as bit error rates
(BERs) and block error rates (BLERS), by the AMC controller 12¢ to gauge the

channel quality and determine whether a change in the modulation and coding

scheme is required.
[6020] To illustrate for SC-FDE, the retransmission occurrences for a
particulaf chanrel are measured to produce retransmission statistics, (60). A
decision on whether to change the modulation scheme is made using the
retransmission statistics, (62). If the retransmissions are excessive, a more
" robust coding and modulatioﬁ scheme is used, (64), usually at a reduced data
- transferrate. The AMC controller 12c may increase the spreading factor and use
more codes to transfer the packet data. Aliernately or additionally, the AMC
controller may switch from a high data throughput modulation scheme to a lower
one, such as from 64-QAM to 16-QAM or QPSK. If the raie of retransmissions is
low, a switch to a higher capacity modu'lation scheme is made, such as from
QPSK to 16-ary QAM or 64-ary QAM, (66). The decision preferably uses both the
retransmission rate and other link quality measurements signaled from the
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al so be conbined with other link quality neasurenents, such as bit error
rates (BERs) and block error rates (BLERs), by the Al\@.u;gmjégljoea 12c to
gauge the channel quality and deternine whether a change in the nodul ation
and coding schene is required. [0020] To illustrate for SC-FDE, the
rretransm ssion occurrences for a particular channel _are measured to
produce retransm ssion statistics, (60). A decision on whether to change
t he nodul at ivoowssekane i s nmade using the retransm ssi eomstatdsati cs, (62).
If the retransmi ssions are excessive, a nore robust coding and nodul ati on
schene is used, (64), usually at a reduced data transfer rate. The AMC
controller 12c may increase the spreading factor and use nobre codes to
transfer t hrecepaekath daBER oARLERN 2| Fhodeciiah imdnatd prefetdbdy #dviBy control | er
may switch tgg%agc k}qum ata throughput nodul ati on schene to a | ower one,
such as from 6-QAM or QPSK. If the rate of retransnmissions is

| ow, a switlé2llo a HrgPEPMdathacétransmindishatduorenseshermsed i mendter theuch as from

QS 10 16-cRhndIAY ofidolubcldiihr Fc@aﬁet-xmﬁ &Qan%&%r RLELELAYY uses both
the retransmssion rate an measur enents signal ed from
t.he 24 Febrateflinky gwditydon 3y oalgssbrpawhmzllmmesr eewi qenlity,stheth as BER or
BLER, (62) _sum%nqﬁ%a%l B sdib vt ia Ro6! APV fkql¥icy LY Eeay%em operat or.

[ 0021) For OFDVA, the retransm ssion occurrences are use o nmonitor the
channel qua&rdergo WC@%W@@M%%“&MSH?#@DP&S fenseme Suiverperigd.elfor

retransm S§hORetrh@nfbdidd fatd u(ﬂ'l i‘ettr)éngﬂfssi%npt%ﬁ;élhﬁﬁ"l@ﬁl[@“ﬁgﬂgﬂe@ eligh ndi cat es
‘poor quality, that subchannel e selectively d fromthe OFDM

frequency Splity( gayrevipysly gubed S‘ﬂl‘}};ﬁ‘i‘@éﬁ s hesaddsfl ‘@alél"io peoOFRM ity
subchannel sretlg@n@@m(g‘eyt ure period. If the retransm ssion rate or
retransmssion . rate/li| qual ity indicates high qualit reviously
nul | ed subdR%fhel s i?ﬁ‘?glﬁ@ TS HABHBEAK OCHITERRES SO Slef(?re“&ﬁéﬁwcg (66).

[0022] Usi AgxibhRy 6SbRSAE SHUARHOE GHI EEREELShAMe 2o PRSI r{dalchAMel provi des a
flexibility to match the nodul ation and coding scheme to the average

channel  cSMRATHPISIL" P26k uerc Rigidiepalivathe rebrgsimisyion Fafg it ieareitesi on rate is
i nsensi ti Veada@urement error and reporting delay from the subscriber unit 16.

[0023] The uplink ARQ 20 is similar in nature to the downlink ARQ 10 and
is comprised of a subscriber unit 26 i which packets from a higher layer ARQ

transmitter 28a of the higher layers 28 are transferred to physical layer ARQ
transmitter 26a. The message 1s transmitted to the base station antenna

through switch 26d, subscriber antenna 25 and air interface 24. The AMC

controller, likewise, may vary the modulation and coding scheme using the
retransmission statistics of a channel.
[0024] Physical layer ARQ receiver 22a, similar to receiver 16a of Figure
la, determines if the message has an acceptable error rate requiring
refransmission. The acknowledgment transmitter reports status to subscriber
unit 26, causing the transmitter 26a.to retransmit or alternatively to clear the
original messagé temporarily stored at transmitter 26a in readiness to receive
~ the next message from the higher layers 28. Successfully received packets are
sent to the network 24 for further processing.
{00257 Although not shown for purposes of simplicity, the system is
preferably used for a HSDPA application in a BFWA system, although other
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neasurenent error and reporting delay fromthe subscriber unit 16. [0023 ]
The uplink ARQ 20 is simlar in nature to the downlinkoARGAENME | S
conprised of a subscriber unit 26 in which packets froma higher layer ARQ -
transmtter 28a of the higher layers 28 are transferred to physical |ayer
ARQ transmitter 26a. The nmessage is transmtted to the base station
antenna through sw t©th 26d, subscriber antenna 25 fand air |nt_erface 24.

The AMC conwpoMiess | i kew se, may vary the nodul ati orrcamiuz@z@ﬁy ng schene
using the retransnssion statistics of a channel. [0024] Physical |ayer
ARQ receiver 22a, simlar to receiver 16a of Figure la, determines if the

nmessage has.an acceptabl e error rate requiring retransm ssiqn_. The .
acknogvl edgnEHPeTPERFERPT may by uprdr (The AEW A syttomaubsweiftpanencyditisid®, causi ng

the transm tufex db@mk Aivigéd ApRF SC-PHES: CFIMA Yx%&éhta%f;&leﬁa{htetbgge origi nal

t orari | ored at transmtter 26a in readiness to receive ,the
. g)s(ts agngss:ggtaflf’ﬁrﬁn%ih%ﬁ ﬁ’f irerubserhers apgin Suet dogations| yTheepitersdngacket s are
sent to t hecovgiriverakbaddsthiion ndralhee nREO6EFSiRGribdQ023] Eﬂhtsggwepm shown
for purposes Qf sinmplicity, the systemis_ preferably use or a HSDPA

appl i cati on"T'h BYBEVIKC SJULRl vssrs Mefhah oBe haplding orssepersl meighb@dGs WO

113/ 015183 8b i gdSht 2kA6HO.1 Thep bpplatiord ©P2alPieqiBe 4380 b LG RFVA Syst em
o i e ex or1 ti% glll%l gi 0?1 dﬁg?ex@d% or OFDVA.

. . u * - - .
T sueh a e (e Rilher P vor Shrae AMvecobercing Sabser | bers are | n
fixed | ocat [986] TheA BIIRIARQ m@%yeﬁmbh ﬁﬁyﬂeﬂmxﬁb%h%ttiﬁﬂlﬂiegﬁaﬂs 2; gew_n ;J Wﬁr
f bscri .1s- Each ,subscri ber ni serve nu
g:neS lt;u i'l di ﬁ‘g&%‘?mé‘ lg]?/ Y %e R r‘i@)“tr"dt‘}f'ﬁ @@,Aﬁa&?“& ERYIARQ @Erese
appl i cat i orfe wspdix edjynctien withéhighek &iyge ABGRMMCH bB1ayd® tdsdch@adear ge nunber

of end userg,, &P cri,ber. unit. site. [0Q2 A .PHY ARQ depl oyed in suc
a systemi sﬁlte i ans‘ggﬁzfﬁﬁéﬁe%tﬁeﬁst”ﬁ?%?‘m P 0 bl‘}é’r’hg]ﬁ% lavee ARENI um access

control | er sI00RACs) . Pigura 3 eis udt }mﬂwéﬁir?@saﬁﬁncgalhﬂmtgﬁgb ?H@ Z\b@&t |r ggu\(/:“ets ht o

Ih:a? Ih g.::] . lma}s/ grglﬁ%%uég Ecg'gagf’%? A.inﬁ)éi-}%h I'Ié\ﬁ gllhyffl(é%} ygﬁ_—\ga transmit function 3
may be located at the base station, subscriber unit or both depending on whether
downlink, uplink or both PHYARQs are used. Blocks 34a of data arrive from the
network. The network blocks are placed in a queue 34 for transmission over the
data channel 41 of the air interface 43. An N-channel sequencer 36 sends data of
the blocks sequentially to the N transmitters 40-1 to 40-n. Each transmitter 40-1
to 40-n 1s associated with a transmit sequence in the data channel 41. Each
transmitter 40-1 to 40-n FEC encodes and provides ECS for the block data to
produce packets for AMC modulation and transmission in the data channel 4].
The FEC encoded/ECS data is stored in a buffer of the transmitter 40-1 to 40-n
for possible retransmission. Additionally, control information is sent from the
PHYARQ transmitter 38 to synchronize reception, demodulation and decoding at
the receivers 46-1 to 46-n.
{0028] Bach of the N receivers 46-1 to 46-n receives the packet in its
associated timeslot. The received packet is sent to a respective hybrid ARQ
decoder 50-1 to 50-n (50). The hybrid ARQ decoder 50 determines the error rate,
such as BER or BLER, for the received packet. If the packet has an acceptable

exror rate, it is released to the higher levels for further processing and an ACK is

-6-




.[0027] Figure 3 is an illustration of an N channel stop and wait
architecture for a PHYARQ 30. The Physical Layer ARQ tpafeBidanf 2006t i on 38
may be | ocated at the base station, subscriber unit or both dependi ng on
- whet her downlink, uplink or both PHYARQ are used. Blocks 34a of data
arrive fromthe network. The network blocks are placed in a queue 34 for
transmi ssion over the data channel 41 of the air interface 43- An

N- channel sewuenoess 36 sends data of the bl ocks sequerdrgbdysef 0 the N
transmtters 40-1 to 40-n. Each transmtter 40-1 to 40-n is associated
with a transmt sequence in the data channel 41. Each transmtter 40-1 to
40-n FEC encodes and provides ECS for the block data to produce packets
for AMC node¢rdthiydhe AGK trazsagitties 64.0H thmerrtreratiais amadvapinble od o packee FEC

encoded/ ECSydakatetvdd S At &&:Q%@@fs b A8l ADRMLALBIailedof O 40-N FOT

possi bl e retransm ssi on. ddi ti onal ont ro ormation s sent fromthe
PHYARQ t r.an&af %@ﬂ’"ﬁ@ed@tﬂyr@émdéhfvozferm@@épﬂcmblm@ewwulram@mlﬁeﬂj decodi ng
at the recghydgrs 46-1 to 46-n. [0028] Each of the N receivers 46-1 to 46-n
recei ves the acket in its associated tineslot. The received packet is
sent to ar &0581;“ v eOng/anmirepch i@ combindiprackgs usingtusion qd¢s593s folliws. hybri d ARQ

~decoder 50 def &irBd R8ddd 1B cBltiOecdifddGrith SHGthe ge%tm%l%r rideGlRe 85&& the

received packet. |f the packet_has an accept error rat

rel eased t odttpds H?tﬁfﬁépnﬁé‘iléq fcifigte toergembining c Baaspasketgeatainingnthe | s -6 24
February 2084ind\td I86Qb88BSHBEhilYST? 1%3&:@9 %he'sﬁi%ketbiété et dfkdsapsm tter 54.

If the error rate js unacce&cabl e or Cfgac ket. was received, no ACK is
sent or a Neeegssedsbinthe tusbqcdaceday;tp Fecgrricibe spaplkdatnr Since thy wsond e buf f er ed

at the decopgiefihsa@hffROhRNcdBhg, G4 BIH Hnlid104rt Rafpeatt iR At fdiftdin Packet .

[[0029] (One approach for conbining packets using turbo codes is as foll ows.
If a turbo Biclaxingsdrme. |[§51??eﬁ’§1%89%vﬁ@‘é‘#eﬁﬁ5&%"@6@§@l dseadingt rate, the

packet dat @vbity aha aREEdidsRA diferbBf td iIkPbR BRGANMERI DY ancther Packet
containing the xge;&gcallsm o ?sdt?-gnsgrlmit]:agr %‘ht ltX' o> dgcgglgett an pac_ket
data, both. ?)‘g’cf gn 0 received p s
combmed using a maximum ratio combining of symbols. The combined signalis
subsequently decoded.
{0030] The ACK for each receiver 46-1 to 46-n is sent in a fast feedback
channel (FFC) 45. The fast feedback channel 45 is preferably a low latency
channel. For a time division duplex system, the ACKs may be sent in idle
periods between upstream and downstream transmissions. The FFC 45 is
preferabiy a low speed, high bandwidth CDMA channel overlaying other in-band
transmissions. The FFC CDMA codes and modulations are selected to minimize
interference to other in-band transmissions. To increase the capacity of such a
FFC 45, multiple codes may be used.
[0031] The ACK receiver 56 detects the ACKs and indicates to the
corresponding transmitter 40-1 to 40-n whether the ACK was received. If the
ACK was not received, the packet is retransmitted. The retransmitied packet
may have a different modulation and coding scheme as directed by the AMC
controller 12¢, 26¢. If the ACK is received, the transmitter 40-1 to 40-n clears the
previous packet from the buffer and accepts a subsequent packet for

transmission.




processed by the turbo decoder to recover the original data. Since the
second packet has a different encoding, its soft synboksepigarympped to
different points in the decoding schenme. Using two packets with different
encodi ng adds coding diversity and transm ssion diversity to inprove the
overall BER In another approach, the identical signal is transmtted. The
two received packets are conbined using a maxi numratio conbi ning of
synbol s. Thewoomhisxed signal is subsequently decoded. pdiAR3BkseThe ACK for
each receiver 46-1 to 46-n is sent in a fast feedback channel (FFC) 45.
The fast feedback channel 45 is preferably a low |l atency channel. For a
time divisign duplex system the ACKs may be sent in idle periods between
upst r eam anEOQi;&J\mst r EBProbmBeisef tsasisorigers Pind rEgeiyeab N is bapdehenaibhy a | ow
speed, hi ghabaacwneidbr HNA <& |2y LN-band ansm ssi ons.
The FFC CDI\%c%des and rmdul%ﬁggﬁésc}l%‘gase dgg?gg&{igkrﬂb f’rﬁ%%]éne' ?";)ﬁ erference
to other i n‘irgieried susiem srayipusly dgscribed. @ Zsthanned achfadineys mhfesabsh a FFC 45,
mul ti pl e codabzd@pywithevih 86k odd093knitthe ATKedfefi Ver 56 detects the ACKs and
i ndi cat es tgoogp corresponding transmtter 40-1 to 40-n whether the ACK
was recei ved t helh WA teehoiguedd thegreferned ephediment myovidesradhs i t t ed.

The ret r ansdab gdiatn pgakiab noi@@%tﬁm%s%ﬁg?eﬁ@% 2 EE?%H}!{ %%J%’&hlgﬁﬂgh&pdi ng schene
c e

as direct ed1 b%n%ﬁ@ % congéol ler 12c, : IS received, the
transm tter A1 Fo  A5RET RAPRSTIURE at Biebor ok osee kates (BLERsHS1N& buffer and
accepts a sBOERjasdusipgekalled Bibck difed Tl Pihandd pERBEMA M RING VO
03/ 019838 AFT%L/J&%%PGSQ@%%%Z] The nunper of transmtters and receivers N
i s based on'¥ “Dfe cregrre AR eapupentallows iy ippeasedeanpdty capaci ty
and ACI D r elpowischifg toehiglrofder kidgulatioh hpRYing WSt AR IRTEMbALISM Jascri bed, a
2-channel ar ghi ggﬂcgrte IS pr ef er alg(l)%‘ﬁr utilized, wth even and odd
transmit t er @OARG S &TDRIUS g5 THERIPC AP R R BN sestoly usHe preferred
enbodi ment lowewimds RE (7adidlibeqg@idy) com@ingita withahd PHYAR@Lirpenh SR as conpar ed
b gher” bl oot Eeted Hinbioth Baftion. pa Sy G indBh 20 “EoSiRliR Phngd ThE "9

' gxtends the cell radius; reduced dbwnlink power in the base station (BS) to

minimize cell-cell interference; and increased power amplifier (PA) back-off when

employing a multi-carrier technique.




BLER) and using smaller block sizes for layer | than is practical with-
hi gher layer ARQ alone. The decreased SNR requirenent zalFeaM@nf 2006

i ncreased capacity by switching to high order nodul ati on enploying an
adaptive nodul ati on and coding (AMC) techni que; |ower custoner prem se
equi pment (CPE) costs by using |ower grade RF (radio_frequency) conponents
with the PHY ARQ conpensating for reduced inplenentation. perfornmance;

i ncreased dowoles#ibssg ange which extends the cell radi Usgrdsedgeed downl i nk
power in the base station (BS) to mnimze cell-cell interference; and

i ncreased power anplifier (PA) back-off when enploying a nulti-carrier
techni que.- 24 February 2006 WO 413M 19838 PCTI US02126591 CLAI M5 What is
clainmed is: 1. A nmethod for adjustiCigAdE a nodul ati on at a base station
conpri si ng: wiesel Mhipqdata at a transmtter for transm ssion;, formatting
the received data into packets for transm ssion, each packet having a
particul ar type bf efcwdthed/ fatadntingl deafaomodulaing matt i baget batipacket s;
moni toring gehgkdthy channel for recei pt of an acknow edgnent for each
packet that the packet has been received; retransmtting a packet at the
transmtter, if T&fFrdekifMabadrmamittesdon thapsmigierket has not been recei ved;

col | ecting retr gnstass ok StabddSdds St ?Q&eﬁﬁtop%h&ﬂis%ﬁ,%a%h&&k‘év' ar type of
encodi ng/ da%a Jrodul ation using the collected retransmssion statistics. 2.
The method BFYIRE aPATtrulpsdyrs of epepdingdaiq moddationjpe of encodi ng/ dat a

modul ation is farsefetRErR pLRegsection (FEC). 3. The nethod of claim2
wherein the packets are transmtted using an orthogonal frequency division
mul tipl e access TUFORRS 2deturp ?fi‘%‘?‘?&f‘f’é regetptioh @n acknowledgment for each

packet that the packet has been received;

retransmitting a packet at the transmitter, if an acknowledgment for that
packet has not been received;

collecting retransmission statistics; and _

adjusting each particular type of encoding/data modulation using the

collected retransmission statistics.

2. The method of claim 1 wherein the particular type of encoding/da-ta

modulation is forward error correction (FEC).

3. The method of claim 2 wherein the packets are transmitted using an
orthogonal frequency division multiple access (OFDMA) air interface and the
particular FEC encoding/data modiilation adjusting is performed in addition to

selective nulling of subchannels in an OFDMA set.

4, The method of claim 1 wherein the packets are transmitted using a

single carrier having a frequency domain equalization (SC-FDE) air interface.

5. The method of claim 1 wherein the return channel is the fast
feedback channel when the packets are transmitted using a code division
multiple access {CDMA) air interface.




particul ar FEC encodi ng/ data nodul ation adjusting is performed in addition
to selective nulling of subchannels in an OFDVA set. 44 Fébeiafieidoed of
claim1l1l wherein the packets are transmitted using a single carrier having
a frequency domain equalization (SC-FDE) air interface. 5. The method of
claiml wherein the return channel is the fast feedback channel when the
packets are transmtted using a code division nultiple access (CDVA) air
interface. -Wogdnssebruary 2006 WO 03/ 019838 PCTI US02/ 285%kefsss] N€ Met hod of
claiml further conprising: identifying a packet as having an unacceptabl e
error rate responsive to receipt of a negative acknow edgnent, 7. A nethod
for adjusting data nodul ation at a base station, conprising: formatting
data i nto packefs f ofhetmpethadpfoddionl fwider comprisdgess air i nterface;
- receiving packetfagks; b alr i ce. each packet having a
particul ar enqoding%g§§g%ﬁ§§3%3??%%§§F5$k§%§%Lgé%g?fg%'ﬁ OREY® Yyener at.i ng
and t r ansmi ¥eesipipeia negative acknovgleflgroedtedgment at the physical |ayer of said
air interface when a received packet has an acceptable error rate. 8. The
met hod of claim7 wherein the positive acknow edgnents are transmtted on
the fast feedbak cHarpehoden adaistingidats mediafim kb @ besdetatiyi si on
mul tiple aceapsisingDMA). 9. The nmethod of claim7 further conprising

“transmtting a pegative acknowl edgnent i-f that packet has an unacceptabl e
error rate. - formatting data into packets for transmission over a wireless air interface;

receiving packets of data over said air interface, each packet having a
particular encoding/data modulation;

for each received packet, generating and transmitting a positive
acknowledgment at the physical layer of said air interface when a received

packet has an acceptable error rate.

8. The method of claim 7 wherein the positive acknowledgments are
transmitted on the fast feedback channel when said air interface is a code
division multiple access (CDMA),

9. The method of claim 7 further comprising transmitting a negative

acknowledgmex_lt if that packet has an unacceptable error rate.
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