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' 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. In 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.
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 ratioc (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.

Accordingly, it is desirable to have alternatives in addition to a

layer 2 ARQ system.

SUMMARY
In accordance with a first aspect of the present invention, there is
provided a subscriber unit implementing physical layer automatic repeat
request, comprising:

a transmitter having:
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of bui
retransmission statistics indicate a high number of retransmissions, a lower

capacity encoding/data modulation scheme is selected as the particular
encoding/data modulation; and
a receiver having:
a physical layer receiver for demodulating the packets;

a combiner/decoder for buffering, decoding and detecting packet

errors; and

an acknowledgement generator for generating an acknowledgement

for each packet if that packet has an acceptable error rate.

In accordance with a second aspect of the present invention, there
is provided a physical automatic request repeat apparatus employed by a
subscriber unit, comprising:

a transmitter having:

means for receiving data;

means for formatting the received data into packets for
transmission, each packet having a particular encoding/data modulation;

means for transmitting the packets;

means for retransmitting a packet, if an acknowledgement for
that packet is not received;

means for collecting retransmission statistics; and
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are connected, either wirelessly or wired, and operate sin
subscri ber site. The data demand for such a systemis ca]%]?eé’rﬁ’ﬂrgh&%or t he

single site's nultiple end users requiring |arge bandw dths. The current
proposed system enploys a |ayer 2 autonmatic repeat request (ARQ system
Dat a bl ocks unsuccessfully transmtted to the subscribers are buffered and
retransmtted fromlayer 2. The data bl ocks stored in layer 2 are
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automati c repeat request, conprising: a transmt 23 February
2006 aapdvjtyi eatodisy/@tat mardsitatidrerschane r &C akbleited dat the feartiatilai ng t he

recei ved data into packets, each packet having a particul ar encodi ng/ data
modul &P?Qﬂlﬁng‘?? ‘?ﬁ"{fﬁ“ﬁbaf“ﬁe packets, and retransnitting packets in
response  L,GefNdrHaQidg® receive a corresponding acknow edgenent for a given
packet; an acknow edgenent receiver for receiving the corresponding

acknow edgenent meanslfcurreeai‘apglpudce’mdul ation and coding controller for

col l ecting retransm ssjon.statistics a stin the artlcul ar data
encodi ng/ nodul af1eahs eﬁ‘@jhf‘%@néﬁ}"]%&}ﬂ g‘ "é’JFﬁé”?‘ieb krtepPdif ¢ he
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i ndi cate a high_nunber of r. ;agsﬁ@%l an a |l owner aci encodi ng/ dat a

modul ation scheffbapQTaaIE &l B i the pxesent i invenbion, tHere

is provided a subscriber unit for supporting broadband wireless communications

comprising:
a sequencer having a queue for receiving data blocks from a
communication network and for sequentially conveying packets to n
- transmitters;
n transmitters for transmitting said packets through a data channel;
n receivers for recéiving return packets through said data channel; and
n hybrid ARQ decoders, each coupled with one of said n receivers;
whereby said n hybrid ARQ decoders have a feedback channel for
transmitting an acknowledgement when a packet having an acceptable error
rate has been received, and for releasing packets which have an acceptable
error rate; and wherein statistics of retransmission are collected and if the
collected statistics indicate a low number of retransmissions, a higher capacity
encoding/modulation scheme is selected for transmitting said packets and if the
collected retransmission statistics indicate a high number of retransmissions, a
lower capacity encoding/data modulation scheme is selected for retransmitting

said packets.
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encodi ng/ data nodul ati on; and a receiver having= a physical |ayer receiver
for denodul ating the packets; a conbiner/decoder for buf?:Febgiry d@8di ng

. and detecting packet errors; and an acknow edgenent generator for
generating an acknow edgenent for each packet if that packet has an
acceptabl e error rate. In accordance with a second aspect of the present
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enpl oyed by a Subscriber umi £ CORprisi ng: aXtfansmtter g ng: neans for
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an aclkdaepliedgedslatioh@hd cbdiak. packet is not received;, neans for collecting
retransm ssion statistics; and 2 23 February 2006 neans for adjusting each
particul ar dat afAEHEISE Rerkudirergm phowipg e meltsghanne} sioBAndsYyh stati sti cs,
wher eigicHifectf3e. Ccol | ected statistics indicate a | ow nunber of

retransm ssions, a higher capacity encodi ng/ nodul ati on. schene is sel ected
as the particular encodi ng/data nodulation and if the collected

et ransm peiaf EhARSERATIAN it AnP Rk AR AP DhfERGRSM Ssions, a

| ower capacity encodi ng/ data nodul ation schene I's selected as the -
particul ar encdigurgé datadribdebmictioely shoe sadovedailyphysiay AR 1oreans for

packefrmERE b Geal B30, 21 T g an acknow edgenent At the physi cal | ayer
if that receiv@te gaeHlaik pasicANARQ AORbAPHS:s & iR stadibf 12 receiving
 packets from the higher layer ARQ transmitter 14a provided in network 14. The
packets from transmitter 14a are applied to the physical layer ARQ transmitter
12a in base station 12. The ARQ transmitter 12a encodes the data with a
forward error correcting code (FEC), appends error check sequences (ECSs),
modulates the data as directed by the adaptive modulation and 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
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In accordance with a third aspect of the present inventig t her S
provi ded a subscriber unit for supporting broadband wi r&32%@%m cations

conprising: a sequencer having a queue for receiving data bl ocks froma

~conmuni twork and for sequentially conveying on
transm md?}sa?bsﬁetransmtters for transmtting said pggg@ggﬁ?%ﬁough a data

channel ; n receivers for receiving return packets through said data
channel ; and n hybrid ARQ decoders, each coupled with one of said n

r ecei vaicsss (OHTEVIAD)ths AMIC Bortydllek I2ARQy FaEPHRsBbARYRR UseLask channel for

transm_ tting an acknow edgenent when a packet having an acceptable error

rate hihe ppsket dalgeiRhephysial byer ABQHaansryitirrcilattzangmishpankets tan accept abl e
error t £ 3 | i.S% i 1SS |l ected and if
The " i SibsBr U5t 3 tnahith bl bfisrle L6b7 ST SRIRN, SLCUAOE & ons

hi gherduplpaei 124 awhandhng /160 The atdnemiste ¢P® alss te@peeirid sfopés tHeansm tti ng
sai d packets and if the.  collected retyapsm ssion statistics_ indicate a

hi gh nigERase §r netransmisHials itareessary, Ihpbpiierpampyinesrpetatadinidiea modul at i on
scheme,Lgsmt&cind for retransmitting said packets. BRI EF DESCRI PTI ON OF
THE DRAW NGS - 2a 23 February 2006 Figures la and Ib are sinplified block
di agr alfi9161 dowdinitexknaatfeof subdcribler phitd6rateivd@he paikgtr Eh@packetiisf | ow chart

1;::)5 ugzlln%gf él%% %Eg%&nﬂﬁ%be%m ﬁ%\lﬁf‘}ﬁlﬁ iéa {h(}hg}?g& ‘h’irn\éilgc 5 %lﬁl !3 g&@qg@% {ld codi ng.
ar chi { g, Uthe FESEIck 18s DRSCRUIRZE LA iolided BRATRERERIMEORL WENTS Fiqures 1

and | b r_?ﬁéect i vel y show a” downli nk physical ARQ 10 and up k physi cal
ARQ 20theTiReSd e Tasrivphy6a shdn emixrde acomledpment trasemitet 16entol2 recei vi ng

Packe! Suld Wkhiedbd PECK) RUEDt ST DAABP I A decdp bR Ao IS or'ko et VOr K 14
: request retransmission by, preferably, withholding an acknowledgment signal or
transmitting a negative acknowledgment (NAK).
[0017] The ACK is sent by ACK transmitter 16¢c to 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
acknowledgment receiver 12b 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 subscriber 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 1s combined with the original transmission, if available. This

technique facilitates receipt of a correct message by use of data redundancy or
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packets fromtransmtter |4a are applied to the physical 3I1%éer
transmitter 12a in base station 12. The ARQ transnitt er 1SR OEEs t he
data with a forward error correcting code (FEC), appends error check

sequenc%&gﬁg&), nodul ates the data as directed bypbgﬁﬁ@ﬁﬁﬁ ive

nodul at 'onand coding (AMC) controller 12c, such as g binary phase
shift keying (BPSK), quadrature phase shift keying (QPSK) or mary
guadrature anplitude nodulation (i.e. 16- QMM or 64-QAM. Additionally, for

or t hogsuiedtiverregbeémisihitigs i Dhe FHEEdtOhAving £iFREWBLD1L 008 Wde03/c019844
PCT/ US02/ 26941 access_ (OFDVA), the AMC controller 12a may vary the

subchal¥aeslerigddg highee lavieps 16d or fanshes PragesaingT Thepiesepitable Teceyend ARQ

_ ) : ) h bscrib ' .th h ai
|t or (oSl A ARIT fe RAME ARG 10l IF ot SSGE URB oot Bl ot emn 1.

The t ridresddathtveds JRideli0 theispatRr 12y i6tths ®8sd BRtioNEEE daehy@énce
retransm ssion, if necessary, in a buffer nenory incorporated in the

t r ansrif9lvEFy)1 Jkhe mewetm ApwRbaTo! Tetransmissions inkimitadite an@ppEaterves the
packet goillaQ iﬂfbgtélg{rral'g?, Sél:ﬁﬂ PH In ﬂ%&%g%@&?’ttﬁ%{ Ar¥%he éggmélgrgﬁhilnﬁ% eria through

switch, circu pl exor thée receiver packet is FEC
decodedf rehohnshesdes dfreratmied, thei ndfer them&GSs cldaged faisedsy thza t hen

control s acknow edgment transnjtter 16¢ to i t her ackpow| edge ( ACK)

recei p‘?excgfpagﬂl aéﬁ@gﬁg?ﬁ% nawledgmept BS@Eﬁ&aﬁ%"ge@@tttge \1,3\1"&1 st
retrangohssd It | ow edgnent signal or
transm’ﬁ tf%gﬂgeﬁagﬁggﬁg?%%a\ggﬁg% Q% %K@h%%%?] The ACK i s sent by ACK

‘transnf00d8} 16cSimet REYbARE statrsomt the phigsioalghayeni tleh nifitbeansf ant enna 15.
The ACK,is sent. via the ai.r in%‘_slrcf ce,14 to antenna 13 qf ,base station 12.

The r SEEFAPSHIRARD PEuFBessS ChARNR AT RISIOERRRRHSS. 82b i n t he
base si @dddaReaslg ofifiit EIRGReVEfualtp. Uﬁhk‘fﬁél%tratéﬁﬁg[is% 2 RStk ankhe adaptive

modul ation and codi ng (AMC) controller "12c an e transmtter 12a. The
AMC c oMo eoutirolierc 1 2mumlay zearyt the wiodnlagioncard ceding schees $ubstati ber unit 16

modut sranet asRhr i MrhE i Aiunrly 3RS sritpfistion FristonssBage, 2o will
be desdlsd betorhbindBmatieihat link lghnaliemSHAGe R, stéH 4s B# erde kERW edges
recei pt._of the packet, receipt of this ACK at base station 12 causes
(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.
[0020] To illustrate for SC-FDE, the retransmission occurrences for a
particular channel 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 modulation scheme is used, (64), usually at a reduced data
transfer rate. The AMC controller 12c may increase the spreading factor and use
more codes to transfer the packet data. Alternately 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 rate of retransmissions is
low, a switch to a higher capacity modulation 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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the original packet, which was tenporarily stored in a byuffer ne y, to be
cleared in readiness for the next packet. [0018] If no A%éq%yarr%g@é\/ed or a

NAK is received, the physical layer transmtter 12a retransmts the

ori gi nalydBpsage or selectively nodified version of -ginal message
to subscriber 16. At the subscriber unit 16, the retPFEﬁjsS%%%ilon S

conbined with the original transmssion, if available. This technique
facilitates recei pt of a correct nessage by use of data redundancy or -3 23
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t he physica ayer uces transm ssi o ling tine.
[ 0019] oxgentepreEvdARE: ofsuch poat qudlity phiychiaaakls faseme fubiereperibar Ifof
retrangm ssi on occurrences for a Par,ticul - chanpel ,. retransm ssion

el , i .
' stat i stiecESHRRSMISIR JRePLSTREARSMIPHOR T8 19 andicgtes ighg t he

ret ranggisg] Qv RS heled b0SnaBNGsCARY ! Adiedl e modul ati on
and codi ng§schn%mes flgr t hat chgnnels, g% bgh%(ﬁv%di @k@?%éwﬂ&zdl tionally,
t he r efrequeney sef, 6B)st ati stics can al so be conbined with other link quality

, h bi t . rat BERs 1d, bl t
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required. [0020] To illustrate for SC-FDE, the retransm ssion occurrences
for a copditiinsdemeachimanefdditionalinghe eetransmpissiduaeteristingnsitivegbon

oL BB oy o kB B e GRG0 oL on sehere i
excessf00g3].a nDThe uplink ARQ 20 is similar in nature to the downlink ARQ 10 and
~ is comprised of a subscriber unit 26 in which packets from a higher layer ARQ
‘transmitter 28a of the higher layers 28 are transferred to physical layer ARQ
transmitter 26a. The message is 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
retransmission. The acknowledgment transmitter repo.rts status to subscriber
unit 26, causing the transmitter 26a to retransmit or alternatively to clear the
original message 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. |
- [0025] 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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robust codi ng and nodul ati on schene is used, (64), usual t a ced
data transfer rate. The AMC controller 12c may increaseigl@r‘éa&‘é@(gqung

factor and use nore codes to transfer the packet data. Alternately or
additio e AMC controller may switch froma R t hr oughput
nmodul at?&?nds)sécl:%%'}r]re to a lower one, such as from 64. Q?Iﬁqug%a M or QPSK.
If the rate of retransmssions is |low, a switch to a higher capacity
nodul ation schenme is made, such as from QPSK to 16-ary QAMor 64-ary QAM
(66). ﬁgpﬂﬁﬁtﬁi&fg BAP b8 ALY THS BF WA shstelitmalSlsk FITLRG MAVisic € and ot her
link quality measurenents si gnal ed. fromthe 23 February 2006 WO 03/ 019844
PCT/ UStuples o fime divisineduplex SF-BRE BEREDPMAL HR, such 2)systeim thebass on |imits

are pr v ab t ystem operator,. [00211.For DMVA, the

retr an@'jrarl\%ggi ‘J’(l)ﬁ/nd %@cﬂfﬁenég%cg%%muggdﬁ} ﬁﬁgr}ma&}onﬁhe’rﬁ% P‘T’X%‘égﬁ TaYality of each
subchatuigprisd 4 bidesstatdén aNbalags Alimbai 6f sAbsdrifer ARKAT BALIPSubstab&/ | i nk qual ity
for a particular subchannel indicates poor quality, that subehannel may be

sel ect W% Pagtered) mylsiple Neesrmithit egednuldingor geganal neghborngr to precl ude
ot SRR I6E oftiuib! YLBLOEAARARME. (yBica T TEq b WG Tab ety 17

retransm ssfdn rate or retransm SSi on yin es high
qual i tdue o thedargeusigberudflead wwuils ahvmerabscritey ubét dtided back to the OFDM

freque et, 2], Usj t t | SSI . basi
Tor TAVBSUPDY ded BVARG BP0y ed e curemia HRORERD ShERIER g schens
to thegual s £NR0RRIdium ARk baRSollct (2ACD). YSS res HEB Y ARY Jyy T he

retransmssion rate IS insensitive to measurenment error and reporting
del ay be usadtinecopjiiretiontvath higher l§er ARIR3 budhas layer Bk IABRREses, sim lar in

i e Raday R SR st prsinkeyhbah S B bV TARRE. hi gher | ayer s

28 ar eopaps| er rpehrbO3PRY ShC Aludtteh ARQn INARSFAAL Sop2 message | s
transm[tteg to the base statio% ant enna I}thrgugﬁﬁ%wﬁoghg%dgagubscri ber

ant enrerchBeetie &irra PHYAR@Q88. The PhyeicalMaiyer ARQ dtdresmit Rircton $8, may vary
"the npdulatio codi n che usi ng the, retransnm ssiqn statistics of a
channef® ?’63}"2&?‘*‘@?@? Bﬁ?e ﬁgﬁé‘é‘?’ S%’i@ﬁgﬂ;@r b?@’a“,{el’gp 'nlngP“&t‘?tﬁ"é'cei ver 16a of
Fi gur edownlink, 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 is 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 41.
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] - Each 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. Ifthe packet has an acceptable

error rate, it is released to the higher levels for further processing and an ACK is
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|l a, determnes if the nessage has an acceptable error raée r.equi i
retransm ssion. The acknow edgnent transmtter reports s %F?Pé’“q‘}rlﬁzé‘?}fgscri ber

unit 26, causing the transmtter 26a to retransmt or alternatively to
clear t{3gos@idsfy Nal message tenporarily stored at trapspkliRs26a in
readi ness to receive the next nessage fromthe higher layers 28.
Successfully received packets are sent to the network 24 for further
processi ng. [0025] Although not shown for purposes of sinplicity, the
syst enaen$ bythe (AT btahskiiftdr 5Or IthESRRA rabdlsi idichdablp of nBPRck&Y st em

al though other -5 23 February 2006 WO 03/019844 PCT/ US02/ 26941

i mpl en®Bas taceied, nediCEds gertpr atRAKBEpmts Packets math weascéntabieenror di vi si on

ct ot 1 oot 3180 gERLF S B pbltie Bl el v AFPSRBRE D st oy

conpr i geekat.base station and a | arge nunber of subscriber units. Each

subscr;tg%er unit may serve multiple users within one building or several
nei ghbdi02RY  bulngiapgroachdor cambining pagkets using prrbegedesigag fpPeeal |y require a

| ar ge : : : . ubscri ber
ni £ st b oot Bk o e Bl G B oS BB O 7 ¢ e
hi gherdathdy eetyansuithedato fabilitate dodencanbidsg.c The patketreon{diédag)theAs a resul t,

I SuGH e i Sheiod Al oot e AR ML CPRIPRINRAA of (h

hi gherpd,aygsd HiRehe tuf&%%])défﬁﬂ%ﬁog%r ;f%? afriﬁiglag)uaﬁar. a5 t0d s@c&&g channel stop

and wait architecture for a P hysi ca ayer transmt
f unct i packeithasmgifforeritenendiuig, dts svfisyinhelks st atapped tosliffsrent pentsini t or bot h

dependi, ng, on,.whet her wnl j nk, i nk,or..both PHYA re ed. Bl ocks 34a
oo e B e | TR L bt B OBl ERae 2as SRR | b o nueue
34 f orditér@fg Hrusirafsakeiont dll@ersii?tt@ impaoREthe’dvefdll BRR. 2EK ahbiiRrf ace 43. An

N-channel sequencer 36 sends data of the blocks sequentially to the N
t r ansrApPresdh, 4be idendicab signakisc transmiiged.t (The 4@ geceived 40ckets arassoci at ed

~with t ransm t. sequence in.the dat.a channel . Eagh ransyjitter 40-1 to
200 el tiied ERATRSw Fulo Brd e S RARGs cRbemmbined SER3 M ce packet s
for AMube®gidndlyl ddodddd transm ssion in the data channel 41.
' [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
preferably 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 retransmitted packet
may have a different modulation and coding scheme as directed by the AMC
. controller 12¢, 26c. 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. -




" sent i‘RTi1§

The FEC encoded/ ECS data is stored in a buffer of the trﬁﬁr{j&t]ter @52-1 to
40-n for possible retransm ssion. Additionally, control i £p i's
sent fromthe PHYARQ transnitter 38 to synchroni ze reception, denodul ation

and decgfj 3@ Rly the receivers 46-1 to 46-n. [0028] %qﬁ,sﬁfmgﬂe N receivers
46-1 to 46-n receives the packet inits associated tinesliot. The received

packet is sent to a respective hybrid ARQ decoder 50-1 to 50-n (50). The
hybri d ARQ decoder 50 determ nes the error rate, such as BER or BLER, for

the ref@)32¢d padietnurhbert dfetrgnaiterhasdatcaita8N abbssedosd Psrib@ e, it is
rel eas&d.to_ t he. higher levels for further praocessing and an ACK is 23
Febr uafSF &8 esiisTd 9’@19‘@3‘@ Fheappel speity aadiA G respenswdikner Bersni t t er  54.

I f the i Mﬁ et 1.2 i no ACK is
sent o?lfé;_ﬂl‘l%lgeﬁfﬁﬁgte%. Pac g@\%ﬁ’%ﬁ %gcg!?:l g‘%ffa‘ﬂ:}él\e%r%?l%rqgﬂfeaﬁe%glyar e buffered
at t heutibzest avitlb@venoamdatdetmranahitteosbndire@iwirs.h a retransnmtted packet.
[ 0029] appr @ac r {nin ckets using turbo codes is as foll ows.
If a tﬁéaég]encogi’at}dﬁlé&%?@h}l@@gpg erﬁr‘%ﬁ“%?%‘é@%‘i%meéﬁﬁor rate, the
packet db 8afndinisforla®td ) L LAt Wl : e packet

b Bafndnisfprialtd 818t io S NE) af %&hbc‘;\fe? t§ a%?%m‘:qg. Om%é&glggjéglﬁ%

containing the same data is encoded differen e packet
dat a, lsgehAB&: Kehisoceues byoneratisgdt bighehelotluetvor vieeo@ILERS) (5-20%ver t he

origi ta.., Si.nce the ond acket a.different. encqding, its soft
yrol SLERE W SR Fphllfy PR Reen BtToEer | B mraeBrl RN L ng ¢vio
packe! layui ARQrilbke: Bl doonees SNRAY sireAch londihe ikixb oo Bbddiignsm ssi on
diversity to inprove the overall BER [In another approach, the identical

si gnal bY 8witehing tp highjorden snadmdatieremplegingak adaptivesncddatipneddusi ng a

i ' i ni | s. The conbi j.gnal i b t
decoaedoutt (MG PERRLAE Rhert B prckifo BRI RREE (P bi vl T 2 1 ot
f eedbalower ghaterRF (talfoGeqtoncy)tenipasénts satbarP Y ARE korﬂﬁeﬂs%tﬂ%rge‘c erably a

| ow | encfyi channel . For a tipnme division duplex system the ACKs may be
uceds gpplsmentadion rrigpnane ineieasebdpwnhink manga mhichsi ons. ~ The

ot her THoRAR U BIERHNG nefiectl (ol RS Mhe base SR e ar o

sel ectmihitmzawell-awlldnterference; and increased power amplifier (PA) back-off when

employing a multi-carrier technique.




interference to other in-band transm ssions. To increase_} ca ity of
such a FFC 45, nultiple codes nay be used. [0031] The A@ép"ﬁ’é@éys@#ﬁt 56
detects the ACKs and indicates to the corresponding transmtter 40-1 to
40-n whether the ACK was received. If the ACK was not received, the packet
is retransmtted. The retransmtted packet may have a di fferent nodul ation
and codi ng schene as directed by the AMC controller 12c, 26c. If the ACK
is received, the transmtter 40-1 to 40-n clears the previous packet from
the. buffer and accepts a subsequent packet for transmi ssion. -7 23
February 2006 WO 03/019844 PCT/ Usozg%ﬁiﬁl% [ 0032] The nunber of
transmtters and receivers Nis bas various design considerations,
such as the whatiselaiwepmci ty and ACK response tine. For the preferred
system previ ously describe a_2-channel. architegture s nreferably

i1 ed, i theden angsaper et RRRRR RGN Pl T by amo
t echni que ofretrhestpompasimgd enbodi ment provides a 7 db gain in signal to
noi se rati o (SNR I fo a systemusing only higher |ayer ARQ
This occurs by o%é‘?‘%ﬂ%ﬁg@aa&h gher block error rates (BLERs) (5-20% BLER)
and usi ng smal | er bl eckhysicaklytnirahsnygrer fort ezpivirg gatacformaitingitha hi gher

I Al I 1) | Fepent , for ..l d
capac ty © bysaved: ifta J5E4 SAASE, SR pRAULEEARD o Buttbhe | Mo hETEED

modul ati on anetulatéu, trgn{utitid)e the phairetyuand retrwesmitting pavkets pyresrionse tequi prent
(CPE) costs du,,1iSh Peivh Qe Bﬁ’:ﬂgg %G%EQE@gét{fgﬂyggggl;a&Qﬁponem5- with the

PHY ARQ conpensating for reduced | nplene n ormance; increased
downl i nk range whi chanestkapuledginentc edepiver dory seceivan bl camospondiRe power i n

t he base st k&&wiﬁ%ﬁ kO ,qminimze cell-cell interference; and increased
power anpli fa%cer (P %la%k-off when enploying a nmulti-carrier technique. 23

February 2006 CLAI Msamhadaptise cnedulatéipni gnd 1codmes goyedtlendpr wolllectingpl enent i ng
physical | aAYElraRthiQUBY LiGtiLiFRGAY adjusting the particular data encoding/modulation

using the collected statistics, wherein if the collected statistics indicate a low
number of retransmissions, a higher capacity encoding/modulation scheme -
is selected as the particular encoding/data modulation and if the collected
retransmission statistics indicate a high number of retransmissions, a
lower capacity encoding/data modulation scheme is selected as the
particular encoding/data modulation; and

a receiver having:

a physical layer receiver for demodulating the packets;
a combiner/decoder for buffering, decoding and detecting packet
errors; and

an acknowledgment generator for generating an acknowledgment

for each packet if that packet has an acceptable error rate.

2. The subscriber unit of claim 1 wherein the particular encoding/data

modulation is forward error correction (FEC).

3. The subscriber unit of claim 2 wherein the packets are transmitted

using an orthogonal frequency division multiple access (OFDMA) air interface
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request, conprising: a transmtter having: a physical |layer .transpifter for
regeiving nga, fo?natting t he receivedgdatapi%to packg¥%ﬁﬁgﬁ?ﬁiﬁgiket
having a particul ar encoding/data nodulation, transmtting the packets,
and retransmtting packets in response to failure to receive a
correspondi ng acknow edgnent for a given packet; an acknow edgnent receiver
for receiving the correspondi ng acknow edgnent; and an adaptive nodul ati on
and coding controller for collecting retransm ssion statistics and
adjusting the particul ar data encodi ng/ nodul ati on using the coll ected

statistics, wangl Relfortb ity o0l SEHShARLhED: hIRLGAE & Aall onunber of
retransm ssi ons, “a hi ghéer pacity encodihg ation scheme 1s selected
as the partiseldctive ewibioglpfsgbdmnaelnidan FDMA aetd i f the col | ected

retransm ssion statistics indicate a high nunber of retransm ssions, a

| ower capacity encodi ng/ data nodul ati on schene is selected as the

particul ar encoditng/ d%e aubsodbdramitoficlaiam whercicdiepacketsare frgnsmitisiy si cal

layer receivgr, QrSlI%?%LIaﬁA‘H%B h‘?eqﬂ@ﬁé&eéo%aiﬁ‘ GMIBLAGT (SEePOfiLhi,f O

buffering, decoding-a etecting packef errors; and an acknow edgnent
gener at or fomteyfagder ati ng an acknow edgnent for each packet if that packet
has an acceptable error rate. 2. The subscriber unit of claim1l wherein the
particul ar encoding/data nmodulation is forward error correction (FEC). 3.

The subscriber ubit &heesnhicriber unteaf elapm tliyehesehyithe subspriber paK 489S fed  usi ng

an or t hogongl,gé r&qgﬁﬂ%mé%gsmesswbbm)e afiC GRRSadeORRY hateln iRk er face -9
23 February 2006 and the C encodi ng/ data nodul ation adjusting is

per formed i reckaewledgmentparedeansmitiedeony fast fegdhsek ehpwplannel s in an OFDMVA set.
4. The subscriber unit of claim1l wherein the packets are transmtted
using a single carrier having a frequency domain e%ual | zation (SC-FDE) air
: 6. The subscriber unit of claim 1 whereby the acknowledgment
generator transmits a negative acknowledgment if any packet has an

unacceptable error rate.

7. Physical automatic request repeat apparatus employed by a
subscriber unit, comprising: A
a transmitter having:
means for receiving data;
means for formatting the received data into packets for
transmission, each packet having a particular encoding/data modulation;
means for transmitting the packets;
means for retransmitting a packet, if an acknowledgment for that
packet is not received;
‘means for collecting retransmission statistics; and
" means for adjusting each particular data modulation using the
collected retransmission statistics, wherein if the collected statistics indicate a
low number of retransmissions, a higher capacity encoding/medulation -
scheme is selected as the particular encoding/data modulation and if the

collected retransmission statistics indicate a high number of
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interface. 5. The subscriber unit of claim1 whereby the iﬁgscriﬁgé uni t
uses a code division nultiple access (CDVA) air i nterf at %in the
acknow edgnents are transmtted on a fast feedback channel. 6. The
subscriber unit of claim21 whereby the-acknow edgnent generator transmts
a negative acknow edgnent if any packet has an unacceptable error rate. 7.
Physi cal automatic request repeat apparatus enployed by a subscriber unit,
conprising: a transmtter having: neans for receiving data; neans for
formatting the received data into packets for transm ssion, each packet

having a particul ar encodi ng/ data nodul ati on;  nmeans for transm.tting the
packets; meandeirRRSTRISFIPRRSHIYEERPRCIE CReqdIng/data maduiabinn SEBFBAES f or t hat

packet is notge[eRl atafle paPBARal ShedaPhd/@Rh IMEIVIRLIdARAA1 SSion statistics; and
means for adjusting each particular data nodul ati on using the collected

retransmi ssion stardeeiverdwvingherein if the collected statistics indicate a

| ow nunber of retranspg.gsd @PfeceRirlp BBs;Capaci ty encodi ng/ nodul ation
schene is selected as the garti cul’ar encodi ng/data nodul ation and if the

col | ected retransm ssmganssierdeceding and grprchegng ¢rch meqgivied @pckst: andg 23

February 2006 retransflessd B8P gencfatitd Vil adkabReidier® A€ Bl Hi/sRat Bydmflul ation
schene is selected as the particular. encodi ng/data nodul ati on; and a

recei ver havithef resrivedPackst hapan perepighls seicetate neans for decodi ng and error
checki ng each received packet; and neans for generating an acknow edgnent
at the physical layer if that received pagfkcg has_an_accept abl e error

I

rate. 8. The substri bERe Tihseribgs it anparagps iR 7 vwhersin the BaTlCar ¢ cul ar

encoding/data modulation is forward error correction (FEC).

9. The subscriber unit apparatus of claim 7 wherein the packets are
transmitted using an orthogonal frequency division muitiple access (OFDMA) air
interface and the FEC encoding/data modulation adjusting is performed in

addition to selective nulling of subchannels in an OFDMA set.

10. The subscriber unit apparatus of claim 7 wherein the packets are
transmitted using a single carrier having frequency domain equalization (SC-

¥DE) air interface.

11. The subscriber unit apparatus of claim 7 wherein the
acknowledgments are transmitted using a code division multiple access (CDMA)

air interface on a fast feedback channel.

12.  The subscriber unit apparatus of claim 7 whereby said whereby said

means for generating generates a negative acknowledgment if a packet has an

unacceptable error rate.

13. A subscriber wunit for supporting broadband wireless

communications comprising:
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encodi ng/ data nodul ation is forward error correction (F 9. T

subscri ber unit apparatus of claim7 wherein the packet Eﬁagfg’mwgﬁ%ﬁm tted
usi ng an orthogonal frequency division nultiple access (OFDVA) air
interface and the FEC encodi ng/ data nodul ation adjusting is performed in
addition to selective nulling of subchannels in an OFDVA set. 10. The
subscri ber unit apparatus of claim7 wherein the packets are transmtted
using a single carrier having frequency donmai n equalization (SC FDE) air
interface. 11. The subscriber unit apparatus of claim?7 wherein the
acknow edgnents are transnmitted using a code divisjon nultiple access
(CDMA) air interPaskdugpces hane f"eé‘é}g Koropegshdng dada Blacdks SHRRCA| per unit
appar at us of cdrh@hRicationereipyorkahsd Woersehyensiailgl comeying frikckgener at i ng
generates a negatjve acknow edgnment if a packet has an unacceptable error
rate. 13. A YaBEBWERSr unit for supporting broadband wirel ess

](c:ommnl cati onsdccﬁrw%}smlti?(tgrs forlﬁalﬁﬁllﬂfﬁblshﬁarpﬁcm@ﬁlrmmk elea(rjnnfbaw ng a queue
or receiving data bl.oc conmuni caf i on, net an or

sequential | y conwgﬁf%‘&rﬁiﬁeﬁ%cfglﬁgdewmP?%ﬁ%% gh g2 dafa ARRRS 4, 1 or
transmtting sai 6 HbeHARQ H&wwgha&adaj)ladwlihhmnebfsaiﬂneemivuars for receiving

. return packets throu h n i oders, each
coupl ed with one™ eg)é{l ‘?1’? galg?a“/wge%%rfgﬁyes%%e%ha%y@%gggﬁ decoder s
have a feedbaaksmﬂummadmow]hdmmmmmgac&atlmvmﬂaecbym?:Mewdreatea packet

havi ng an acgeptabl e .error ar. relea5|ng
packet s whi cﬁa §§%re§?11v5683d orﬁqeasmrgrp ag{e& }m‘?h ave(?nvvﬁcéapgllb%eﬁo g St i cs of

retransm ssi mdﬁhere&mbtaemw oﬁrﬂiran‘snt*mmm}el @tcedd asﬂdaf tlat cotlecteddi cate a
| ow nunber of, retrans SSIOE Fﬂﬁg r ca aCltﬁ) ncadj ng/ nod Iatlon
scheme is seftabsHEs PHuRCcate #h 00 o Y rﬁtrﬁ EFOMEng MEReL HPAEWY | ect ed
- retransm ssi gipodilhedilffion S¥efdtselectiddbr ﬁﬂﬁé&ﬁfmﬁ& saidhatleds e ons, a
| ower capacity encodi ng/ data nodul ati on schene.is
the collected retransmission statistics indicate a high number of
retransmissions, a lower capacity encoding/data modulation scheme is

selected for retransmitting said packets.

14. The subscriber unit of claim 13 wherein said n signal transmitters

each temporarily store a packet that has been transmitted in a buffer memory;

whereby each of said n transmitters clear the stored packet in readiness for
receipt of another block when an acknowledgement signal for the stored packet

has been received at one of said n receivers.

15.  The subscriber unit of claim 13 wherein said n transmitters each
temporarily store a packet that has been transmitted in a buffer memory;
whereby said n transmitters retransmits the packet temporarily stored in its
buifer memory when an acknowledgement signal for the stored packet has not

been received at one of said n receivers.

16. The subscriber unit of claim 13 wherein each of said n transmitters
clears its buffer memory if an acknowledgement signal is not received after a

maximum number of retransmissions.
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selected for retransmtting said packets. 14. The subscr'g{)grb uni @i claim
13 wherein said n signal transnmtters each tenporarily ‘?éuﬁygg et that
has been transmitted in a buffer nenory; whereby each of said n
transmtters clear the stored packet in readiness for receipt of another
bl ock when an acknow edgenent signal for the stored packet has been
received at one of said n receivers. 15. The subscriber unit of claim 13
wherein said n transmtters each tenporarily store a packet that has been
transmtted in a buffer nmenory; whereby said n transmitters retransmts

t he packet tenporarily stored in its buffer nmenory when an acknow edgenent
signal for the stored packet has not been received at one of said n

recei vers. 16. lea.Sme_ dgb??eﬂﬁﬁoo$laﬁ¢];m;%a:aml/(me\;iaﬁixnnﬁamhnmé;aaiFl_n
transmitters clears.its buffer ry.if an acknow edgenept. si gnal is not
recei ved afté?trﬁlswnﬁﬁﬁ%m?r%'iﬂt%%ﬁf?%i’)ﬁ%“.ge?'%?ngg" &ebruary 2006
17. The subscriber unit of claim 16 wherein the maxi num nunber of

retransm ssions ig an,operatqr defined.integer .having a.yange.from1l to 8.
18. The subscrib umliep%ﬁbs i HPTé’?\Xﬁé’PQ]%rf%ﬁ%ﬂ egh %ﬁaﬁfﬁr‘%gﬁ'ﬁsvers

conbi ne a r etsmbiagh tdtRthspittddatackit withan odigigil trahsnbitiad padket e daciiteteet t o

facilitate .error co.gecti on. 19. , The subscriber unit of claim 13 wherein
a transnittef™PEfITHE® 0 receive an acknow edge signal encodes the packet

. by enploying a different encoding technique froman encodi ng technique

enpl oyed in an orjgi nal ransm ssi gn, of .t.h ac 2 bscri ber
unit of claim 13 ]Rher ensutgg%r%elém r?g"‘r?“f‘rfgn“zﬁn%’? 3l:t§£nsé]%n% %?/;?ﬁltgﬁérdbo codi ng
and each of tédeiva meabdeviedgenpiml enodles ¢beripadkioh §y @mployingoa idiffemerit

transm ssion _and. a yetr.ansm ssion to.facil.itate erfs orrectj.oi. 21. The
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whi ch frequency subchannels in an OFDVA set may be selectively nulled. 22.

The subscriber unit of claim 13 wherein the packets are transmtted
20. The subscriber unit of claim 13 wherein each of the n transmitters

employs turbo coding and each of the n decoders employ code combining of an

original transmission and a retransmission to facilitate error correction.

_ 21,  The subscriber unit of claim 13 wherein the packets are transmitted
using an orthogonal frequency division multiple access (OFDMA) air interface in

which frequency subchannels in an OFDMA set may be selectively nulled.

22.  The subscriber unit of claim 13 wherein the packets are transmitted
using a single carrier having a frequency domain equalization (SC-FDE) air

interface.

23. The subscriber unit of claim 13 wherein the acknowledgments are
transmitted on a fast feedback channel using a code division multiple access

(CDMA) air interface.

~13-




using a single carrier having a frequency domai n equal i air
interface. 23. The subscriber unit of claim 13 wherm|1té&F%%W%X§P§5Enents
are transmtted on a fast feedback channel using a code division nultlple
access (CDWVA) air interface. -13 ABSTRACT A subscriber unit inplenenting
physi cal |ayer automatic repeat request includes a transmtter and a
receiver. The transmtter has a physical layer transmtter for receiving
data, formatting the received data into packets transmtting the packets,
and retransmtting packets in response to failure to receive a
correspondi ng acknow edgnent for a gi cket; an acknow edgnent
receiver for receiving the corresponding acknow edgnent; and an adaptive
modul ati on and c@dsubgeribennis liinplemfenting phyisizat layey aubdmativaepens rayuestt at i sti cs
and adjusti ok t1 col | ected
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t he packets; tlansmi@WDifnle#@éémdntaﬁ drroimifinge the geceiied odlitagntenpadielsect i ng
packet error n
&an?ﬂl?tleac% o eta%ﬁ%ﬁﬁ%mﬁ&ﬂ&r;ﬁafcﬁ&ﬁw{esﬂ&g@ EMali0f: 3

acknow edgnent at pac cce table error
r at e. receive a corresponding acknowledgment for a given packet; an acknow edgment
| receiver for receiving the corresponding acknowledgment; and an adaptive
meodulation and éoding controller for collecting retransmission statistics and
adjusting the particular data encoding/modulation using the collected statistics.
The receiver has a physical layer receiver for demodulating the packets; a
combiner/decoder for buffering, decoding and detecting packet errors; and an

acknowledgment generator for generating an acknowledgment for each packet if

that packet has an acceptable error rate.
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