WD 03/019838 PCT/ US02/ 26591 [0001] METHOD FOR PHYSI CAL LAYER AUTOVATI C
REPEAT REQUEST FOR A BASE STATION [0002] BACKGROUND [0003] The present

i nvent i onwoedsatiessst o Wi rel ess communi cati on systens. Mr eqravsozeesoar |y, it
relates to a nodification to such systens by enploying a physical |ayer
(PHY) automatic repeat request (ARQ.schene. [0004] Proposed broadband
fixed wireless access (BFWA) communi cation systens, using either single
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data at high speeds. Iri:BFWA, a building or group of buildings are

connect$@0 fther wirelessly or wyr ﬂﬂg erate as a single subscriber
site. eogllta demand for such g‘%(%g?em [ 1s\]%gui te high for the single

site's nio0Bp! e erbhe Ppeeyenitigaettion gelhtdOi® waBIbss dbhenuhR80bh slkeemyr r ent
proposed system enploys a | ayer 2 automatic repeat request (ARQ system
Dat a bl -d¥Rte pastieelasht ot relatesinspimedidicabionte ssigbswystaras y emplayimg ér ed and

retransm,tted f,rom 2. The data bl ocks d.n layer 2 are
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infrequently” retransmtted. Additionally, |layer 2 ARQ signali %% is

t ypi cal |systdrony usiggieithey single garmer-frequeneidomnain equalimadinns@GGH DR @r val s.
PR e A T
epest, SHAEGTRLLSSon. RO gty TS louhplun Celabye
dat a i ntdovmalikkpacketvdatg s high tspeedsarlndBEBHA gl didd im g orgrtabipioff bnildidgs
physi cal arleac)(/)%glegtre r,]glt. EJ;[' \?vlire gsns 3§ :)I‘n \?Virrzad? 2?18 rc])%le?at\émaliScahsihrgﬁanssurgsgriber 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] A physical automatic request repeat system comprises a transmitter
and a receiver. A physical layer transmitter, at the transmitter, receives data
and formats the received data into packets having a particular encoding/data
modulation. The physical layer transmitter contains n channels which transmit

the packets and retransmits packets in response to not receiving a corresponding
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the packets and retransmts packets in response to not receiving a
corresponding -1 WO 03/019838 PCT/ US02/ 26591 acknow edgnent for a given
packet. Awoasapeisse nodul ati on and coding controller in tH@E/taneitt er
collects retransm ssion statistics and adjusts the particular
encodi ng/ data nodul ati ons using the collected statistics. The receiver has
a physical |ayer n-channel receiver for receiving the packets. The receiver
cont ai ns - | bri gk in ' : i nes et
I b T s i i e S L R

cont ai nscortioldekitovhe dgirsmhittarasadlects srtradmissionasisnisties amdaadjuevd edgnent
for each packet, if_that packet has an acceptable error rate. The receiver

cont ai nsPayfiqular epepdinsidage medigtiane newe theiceHederistalisicse ddsirapeienacket s
to highey_l ayars. il ,.+BR SCRIPTI . THE N 00101 Figures
R e R ST L A L TR L
ARE. [ Oftthidd @ur8-chahseR hiybeld ARG tcomPinsigdatddeL wikidh donshidRs Sarkest | €S
for adaptive nodul ation and codi ‘r;a [0012] Figure 3 is block diagram

showi ng tramshtissiohsrtespdes backets andidetecis phckedcirvers. TIEOESPIvEETAtaEDS

DESCRI PTI ON T PREFERRED ENBCDI VENTS 0014] Fi I | b

Cospect | V1A KBTI AL AT HRS AL AR S e e e syt dar Sagky 20,
[0015] T?Ecldé%“ﬁ*thﬁjk pRENS] K& anBE:laBRIMbS Bted TRRSR c85RL IcBRtalAs h8GEL Vi Ng
packets Tromthe higher layer ARQtransmtter 14a provided in network 14.

The packetwenicecleliveryslenemr whih deleveapplccadable packeph ys htgtlerllayers. ARQ
transmtter 12a in base station 12. The ARQtransmtter 12a encodes the
data with a forward error correcting code (FEC), appends error check

sequence @SSS) , nodu i aptive

nodul at i i?\da d coding ( P%@%*ﬁw@Fﬁg?gé%t}qﬁyng bi nary phase

shi ft key00id]( BPSKFigupeadraahnd &b are simplified block diagrams of downlink and
uplink physical ARQs.

[0011] Figure 2 is a flow chart for using retransmission statistics for

adaptive modulation and coding.
[0012] Figure 3 is block diagram showing a multi-channel stop and wait

architecture.

[0013] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0014] Figures 1a and 1b respectively show a downlink physical ARQ 10
and uplink physical ARQ 20.
[0015] The downlink physical ARQ 10 comprises a base station 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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phase shift keying (QPSK) or mary quadrature anplitude nodulation (i.e

16- QAM or 64-QAM . Additionally, for orthogonal frequency division

mul ti pl e wa03»$B8/ 019838 PCT/ US02/ 26591 access (OFDVA), HRATeUSARMZ6591
controller 12a may vary the subchannels used to carry the packet data. The
physical |ayer ARQ transmtter 12a transmts packets to the subscriber
unit 16 through air interface 14 by way of switch, circulator or dupl exor

12d and aptey raéFm@hﬁletAM@@ﬁtwer@% @y 9at %@Ehgﬂnélg%s& t Bfir

nmessage retransni ssi on necessary, 1n er menory 1 ncor po?at ed
in the thapaakéttcﬁtalZBhe pbpdichl Mybemfteﬁalﬁﬁmﬂtmsma beinsunits pAckdtedei ves
t he packet. The packet is _input into physical |ayer ARS recei ver 1l6a
t hrough &0% eBhscrahercymiti 6 thyoughmisipierfacgpl4 by waveok skdrhefirqwator ng

T tIRL 2o R s T s R e S

(ACK) reegdphgofora ep@ﬁi@emsmohhlmc@mptmtd Buffe mléM(ﬁ'SIQnQilpb@ateﬂﬁﬁlﬂﬁét
retransm ssion by, preferably, w thholding an acknow edgnent signal or
transm t tFanpoaithea g]a‘f d.ve acknow edgrrent (NAK) [0017] The ACK is sent by ACK

Tharaac 1801G0T | AtEaRaS atsBhidihd it 26 28 E N Thekal. TRERRE SR, 25
The receiyggh rﬁ%ph?sﬁépﬁ%%§§q{(§¥e&@vexamm%ﬁ Qﬁ%hrcﬁf&ﬂé{ﬁﬁ ot dBpldkothe

base station. recei ver 12b delivers he ACK/ NAKs to the adaptlve
nmodul at i debadd thedecregvemﬁz) tbemiacket e HQ deeottbd ami theeked forserirorsewsin@a. The

AMC contr.ol | 1 anal zes chann qual i e subscrib nit 16
ising ot 5e EGSs The Prelfac by ShoAGREBAI BrksoVistipand rRERIGEbAPRdOand
modul at i @R LEPGRRhGWES] (A%ﬁ?ﬁfé&%!&ﬂtoftafm& FHIPRS a@ée BBle eff‘?éx\fwf’a&%or%é wi Il

be described in nore detail.” If the subscriber unit 16 acknow edges
recei pt oéqudst rpacieimissiendiypprafbralily swAtKohting anackhewleignishteagisdsr t he

original packet,. which was tenmporarily st in a buffer nmenory, to be
cl eared |Wr%sé%’tﬂlﬁgsasn?%fﬂtlY?léejﬁ%Wﬁ}ﬁ&%t_(&rAeﬁ)-

[0017] The ACK is sent by ACK transmitter 16c 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
dacknowledgment receiver 12b in the base station. The ACK receiver 12b delivers
the ACK/NAKSs to the adaptive modulation and coding (AMC) controller 12¢ and
to the transmitter 12a. The AMC controller 12c 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 is 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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[0018] If no ACKis received or a NAK i s received, the physical |ayer
transmtter 12a retransmts the original nessage or selectively nodified
versi on wo @3we9s38i gi nal nmessage to subscriber 16. At the PudssoeiR6f1 unit
16, the retransmssion is conbined with the original transm ssion, if

avai lable. This technique facilitates receipt of a correct nessage by use
of data redundancy or -3 WD 03/019838 PCT/ US02/ 26591 sel ective repeat
conbi ni ngelekhife RAGELE S0 lBHARG. hAGHEREROhSyifk! O a(:@ééﬁcaﬁfeeerﬂ){" 39sd grged to
hi gher |l ayers |16d for further procéssing. The acceptable received packets
are del i vemsdetredtthdiphghlayetsalfd for fGdthen prbecssarge D¢ acapdableiraceibedh t he

data was provi ded transmfter .12 in t base station (i.e. . in-seguence
del i ver yPackets arg ﬁff?fg%’{’)é egfg}?%ﬁﬁ‘&?f%gnré‘%?lb e PIME; ‘fﬁtﬁéﬁdﬁbl%ﬁ’lﬁﬁlér at or -
defined i . ' . After: t | mum
numbor G P9FA 1A PlyidttRo B BukUR, LANGFAE0 Phse Sefiot (S in MG IRIL T
use by tldeliveient Tieckeaiximbes edintigerest weknomhiedione it liwsitad to gl dpapatdeet s at
t he physi_cal ﬂ;:i.f@/er reduces transm ssion del ays and nmessage handling tine.

[0019]  SidabBediytegRVata, FYChas tmEheangedll tpay diiter the makiewmopumber
h L _ . h | ; o
ctat ot Lo RnSRART RS o i oY e SRR WO e R RRNG bR e
_ : g,_}ﬂ;g%ll ation
and coding schenes for that channel, as shown in Figure 2. Additionally,

ret ransnnggt pAcldtatedddesg ahRknbMle danéhPhdiae shegll PRykaarat the

the retr dnsrireduees braaxsnyission dedays and mdseagohbndlidgwimp. ot her link quality
measur e such @as_bi rr, rat es BERs) .and bl.ock error rates

( BLERS) "R e avTBeniraf | BRQ et u_ﬁbe PR Sicgh dAver F%‘{Ifﬂ_to%d’f

det er m neeiMiaERREsiSn 6EANIENELR HP] pAPHEhIBL cRAN RS r&28h 8% is SGNETBistiss  is
required. [0020] To illustrate for SC-FDE, the retransm ssion occurrences

for a pargooduheaswhafbeit drenetaguakty. tldsipp dbeicatrapsmasim gatistics, the
statisticgs, (60). ci si on on et her to change the nodul ati on scheme is
nmade usi @ph%(”zqr%ﬁ?ra an’ Bay oVt g é’??%‘él?tlf)éﬁr}glqod%% schemgn dar §i1iﬂ§ns are

eXCeSSi V@haAndP'E shown in Figure 2. Additionally, the retransmission statistics can

also be combined with other link quality measurements, such as bit error rates
(BERs) and block error rates (BLERSs), 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 12¢ 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. Ifthe 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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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
fact or andaus®19938re codes to transfer the packet data. ARGrvsRe63910r
additionally, the AMC controller may switch froma high data throughput
nodul ati on schene to a |l ower one, such as from64-QAM to 16- QAM or QPSK.
If the rate of retransmssions is |low, a switch to a higher capacity

nmodul at i e ' : r . £ 0. 16- a 64-ary QAM
(66). " ThEsBicte Bk B dRER s HERER Jo0h The RSyt ARE S0 o e
| i nk quathd yysteasspamest.s signaled fromthe -4 WO 03/019838 PCT/ US02/ 26591
recei ver, such as BER or BLER (62). The decision limts are preferably set

by the $§@&3Hdm opeFar OFDMF02hs retsangpidvign adrerieacesareriseditomadtorthences
d ¢ it t h | i f h bch |, If th

et r anenPAERE Biatitysf Sk Pabinal olf the s AR SRR A B oo RS R a

subchanng gk %ﬁﬂty? ¢ AYyBlrticUlart RabchsupahaieledByohie cﬁﬁlh%ﬁt ituat y

k C
nul led fromthe requency set, (64), in order to preclude use of such
poor quabkubshared haapdies sélectigadpmilisdi fimnpeéhe dAFDM frediencgt sedin §6v)s s on

rate or retrgnsm ssi.on rat.e/link quality indicatges. high uality, a
brevi ousPYASTIPIRIECIB RS A SR R BRALrelP BAERS S0t AemefENtemekipdertdy set |

(66). W@@@rﬁt%(x{égﬂn{s%nr ¢hiARs r%}e’%?%x?éhfégfb?x;&ﬁf@ﬁﬁka&uéﬁéﬂﬂ%&c s A

provi des a Ity to matc e nodul ation and“codi'ng schenme t0 the
aver age qhalitygl a meribuslynaulicdr selacianisds mdy diet hdded [backt tethetOEDMT ssi on
rate is insensitive to neasurenent error and reporting delay fromthe
subscri b&eayaney set, (ﬁﬁbZS] The uplink ARQ 20 is simlar in nature to the

downl i nk 10 : . _ ! ! . ; ket
rom a nIQTAT oy o s B PRERESH oy BHIRGIHLRRE o SALLs HPANI BAGERCK ! S
transf er fledibiBtp by siteh thaygbdwiRBon! #2d$sdingeschdas toltie FPESRGCHahnel

transmtted to the base station antenna through switch 26d, subscriber
ant enna gonditignaifer paghepseis eAdditionadly AN retransmission rate is insensitive to

measurement 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 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 reports 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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controller, likew se, may vary the nodul ati on and codi ng schene using the
retransm ssion statistics of a channel. [0024] Physical |ayer ARQ receiver
22a, si m Wwarostoovs3ecei ver 16a of Figure |a, determ nes if HRdTUSMRR6Age has
an acceptable error rate requiring retransm ssion. The acknow edgnent
transmtter reports status to subscri-ber unit 26, causing the transmtter
26a to retransmt or alternatively to clear the original nessage

: : . . cl ear ! .
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to t he neupwbrkoRéinfodiviisioh kel SCeEBiENg: OFWIME]. A dlvdug by stein, thewastor

pur poses of .sinpljcity he systemis preferahly used for a HSDPA
appl i cat SEAH9H %153@%05 ﬁ@ e?rﬁsbsapbﬁb%gﬁe dbnhBxed Igcaigypgs/ (Hlygsgstem may

PCT/ US02/ 1.4 td ! . .
frequoneso b e PRGIERLAANPLIRY sttt oy RIS TE Q0B PR ISASSr < e
a syst emunihenbpservetiauidpleanserd Wiktint tige HilkhE DAY Sevdral intbiEh¥&Eng

| ocations. The systemmay conprise a base station and a_|arge nunmber of
subscri b&pildingss Toraxamplis sthesreaprpligationsdy piced yereqiing plarge widthi n one

bui | di ng s0r ral _nei ghbor i.n bui | di ngs, for ..exanple. These applications
typi call f}%%cé&lylgégﬁgq §P§‘@eﬁgﬁﬁ%dd’tsﬁrs 3%189?8“%%(311?6& t.ﬁﬂzﬁber of end users
at one sybszé) ber WPHSARSD dbPOPEd if\s Tt ABRIAGPIAY A dboBY 1R BipHeeM | S
transparent to the higher [ayers, such as the nmedi um'access controllers
(MACs) . Mayexsrsmhl as therrediRan eacessisentioddrs MACK). uhss resultyiRHY KiRBean| ayer

A , h [. 2.0 01 h , th HY d th

et AnenPSSIBA D PEAEIET T Lh TR by i SN RRED BSIBUDTS. P GUFR 8598 an

i [T ustraghoPrey sRQNeahasale fdtePn SR éverﬁﬁﬁﬁ'og%ﬁ% M%lécrgﬁg@r R#Q%.@ 30.
8 may be t the

The Physical Layer ARQ transmt function 3 ocate t ase
station, [80BBkri beFignurd Drisbanh idegrationg ob amhbtdiemnedovtopi mnd wpditnk or

et vior k  BFOBRECCFS 191 BT ek Sudte Bivhienl Lo hRbb bomesvbfunafion 58
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 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. If the packet has an acceptable

error rate, it is released to the higher levels for further processing and an ACK is
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data channel 41 of the air interface 43. An N-channel sequencer 36 sends
data of the blocks sequentially to the Ntransmtters 40-1 to 40-n. Each
transmttwo oBHd838t 0 40-n is associated with a transmt saquRvsne26321t he
data channel 41. Each transmtter 40-1 to 40-n FEC encodes and provi des
ECS for the block data to produce packets for AMC nodul ati on and

transm ssion in the data channel 41. The FEC encoded/ ECS data is stored in

a buffer g {1%/ ?)g)echy nqr%#gﬁnt% a4l QiR g%"ro;rozratg ?széhg{:g%;?k Eaf[% L zng)lsﬁg i]%o '

Addi ti ona confro ormatron i's sen rom egr 38

t 0 synchray #eeivedend ATK islsomiy ANAK iagshtd deeltbfi0wah uldiRepiRlhé ¥als 46-1
to 46-n. [0028] Each of the N receivers 46-1 to 46-n receives the packet in

its assaatestag iffraed ot thadecoder S0Veripplrvkied combsming wisth a retrapemitted
hybri d ARQP decoder 50-1 to 50-n (50). The hybrid ARQ decoder 50 determ nes
the errof ]é‘? ,  such as BER or BLER, for the received packet. If the

packet hgpoaen acceryabhfprdathTr é&ﬁmnih%ph&étsh% rb8 cbdlés g ialowgvel s
for further processing and an ACK is -6 WD 03/019838 PCT/ US02/ 26591 sent

by t he AKattuarhs einteded wakckek fis teveivedrvorth mat wndcseptzdic epbalbhe, the packeck et
was receiyved, no ACK i. ent.or.a NAK is sent. Packets w th unacceptable
orror  r QAR 8 FRITRPRITIE U TACH ISt COMR FOBBUTDE. [IHGHATHAL CORBIRRGIA t h a
retransm appr i g j.ng
turbo coggéﬁ?gagg&% g&g%ﬁh&;ﬁ{'u?@o&gﬁ@%ﬁ%pgw e@tﬁébﬁggéﬁélgﬁgvsd@h an
unaccept plrbeeseed by that turbohdecpdek &b recata the orgfinahdaia t SthdeatHeagdcbntlat e
code conbi nj ng. The_gacket contai ning the_ sane data is encoded

di f f er enPegketrbase e enpRHRE: ite seth SYBdols Prearapredioeitfpradaoinis iBy t he
turbo de%ﬁg%{ecé(lﬁ’iﬁ%e &;é?ﬁe.t ngg'r;g)gr@ck%%é @vit}?'dg% o gi%@g@ig%fadc?sa%@hghas a

di fferent " énco iItS So are nmappe pol n n the

decodi ng dseAeM. ahd itPin M sRAC BBl sity tth ifHfrbes ehé owBeAllBER adésSasélicRd
diversity and transm ssion diversity to inprove the overall BER In another

appr oach arphea¢hd dinei lgnticalysenalsistiransmittedd. T dwovksceiedi packepacitet s are

combined using a maximum ratio combining of symbols. The combined signal is
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
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¢, 26¢. Ifthe ACK is received, the transmitter 40-1 to 40-n clears the
previous packet from the buffer and accepts a subsequent packet for

transmission.



conbi ned using a maxi mumrati o conbi ni ng of synbols. The conbined signal is
subsequent |y decoded. [0030] The ACK for each receiver 46-1 to 46-n is sent
in a fastwoesdhgssk channel (FFC) 45. The fast feedback clrarmmes024659is
preferably a | ow |l atency channel. For a tinme division duplex system the
ACKs may be sent in idle periods between upstream and downstream

transm ssions. The FFC 45 is preferably a | ow speed, high bandw dth CDVA
channel  queshpyi g IR RaRANGanb SN 830 $B5eivdRONTG LML S 928 RN
nodul ati ons are selected to mnimze interference to other 1n-ba

transm s sieergm comldmatmas,&eucheasdﬁmp&hahnebéamwy and AEK ezponsd tiimpl. Fozodes
may be urstg % The ACK recg}o(yer 6 detects the ACKs and indjcates to
the cor rB8PEriarTRS Drskermmrevushndescribedon g- “\%ﬁ‘@ﬁlﬁbﬁrqm)&ecw REeierridyved.

If the g#?{f:t smtted. The

retransm tteig%bacﬁ{ ee&grrgi;}&ﬁ)g&leﬁgﬁ Er e%{l&rrr%%tl{%{gl on and codi ng schene as
direct ed [0933he AMThecPHN ARIEtechdiquedithelgrefdree i bolimesepmrided 1€
transmtter 40-1 to 40-n clears the previous packet fromthe buffer and
accept s &bsimndpsegnaliaaeete o (StN%h%srﬁ@%P@Wd ton sxstem/wpinggsly higher
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architecture 1s preferably wutilized, with even and odd transmtters and

recei ver sl,ayefxo@E@ alghe. Phy dApa@ ased VI veqwifembnt phestefore thaabesd capatity
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layer 1 thanis practical wi th hi gher a er al one. The decreas SNR
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modul at i (%or re ucg(i 131&3111%%%‘%1(')1\{ ep (gjr%ggc!,eonmglr]edased downlink range which
extends the cell radius; reduced downlink power in the base station (BS) to
minimize cell-cell interference; and increased power amplifier (PA) back-off when

employing a multi-carrier technique.



codi ng (AMC) technique; |ower custoner prem se equi pnent (CPE) costs by
using |ower grade RF (radio frequency) conponents with the PHY ARQ
conpensat wag3/ofies3sr educed i npl ement ati on perfornmance; i ncrreagesb2desaml i nk
range which extends the cell radius; reduced downlink power in the base
station (BS) to mnimze cell-cell interference; and increased power
anplifier (PA) back-off when enploying a nulti-carrier technique. -8 WO
03/ 019838 PCT/ US02/ 26591 CLAIMS Watafygcl ainmed is: 1. A nethod for

adj usting data nodul ati on at a base station conprising: receiving data at
a transmWhet if dnithednsm ssion; fornmatting the received data into packets

for transm ssi,on, each cke having a particu] ar type of encodi ng/ data

modul ation; tr nsr‘riAtt]inﬁgﬁ?‘iefoﬁaéaB’t%l,n taom é}%thBt aFnacha%eﬁta%@n

recei pt %mgﬂ‘is‘?ﬁ now edgnent for each packet that the packet has been
retran

received; mtting a packet at the transmtter, if an acknow edgnent
for that packeteihag: dota Heenraeaeitiador ¢oldsetiskiog; r et ransm ssi on

statistics; and ad;éggti ng eac_h%(iarti cul ar type of encodi ng/data nodul ation
using the colfPEeaking dhe gaeqivedidgpe snter packess forptraprmipEonoends Pagkdatm 1

cor r ecti Shvpperp 5o T e Fes TR I B BN The Dackets are o

transmtted us;féygs@ﬁtmgrﬁ}{@qg@k@ks;f requency division nmultiple access (OFDVAR)
air interface and the particular FEC encoding/data nodul ation adjusting is
performed in adenitewngtoretgenadiannel fon recatptoil aubeckaewmddgnentafor GEokA set .

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/data

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 modulation 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.



4. The nmethod of claim 1l wherein the packets are transmtted using a
single carrier having a frequency domai n equalization (SC-FDE) air

i nterfacewo @/01343& net hod of claim 1l wherein the return clromedoziesot he fast
f eedback channel when the packets are transmitted using a code division

mul tiple access (CDVA) air interface. -9 WO 03/019838 PCT/ US02/ 26591 6.
The nmethod of claiml further conprising: identifying a packet as having an

unaccept abl e grror t j t C . a negative

acknow edgrrentg', 7. Tk%nrg?ﬁg(gp&(}r%% jlufsatﬂf}%eg ‘%’%“%lﬁm ation at a base
station, conptamifiring bgyaekit iasdadang anninageapails crtor fdtanespEsiontover a
wreless air interface; receiving packets of data over said air interface,
each packeeiMaRk hgegatipe ackeewladegiddi ng/ dat a nodul ation; for each

recei ved packet, generating and transmtting a positive acknow edgnent at
t he physical layer of said air interface when a received packet has an

accept abl e error rat emefhodlfer naijh@dngf dstaimbdukbiieieidt bh®apesstaition,
acknow edgnments are transmtted on the fast feedback channel when said air
i nt er f aceomprigiegide division nultiple access (CDMA). 9. The nethod of

claim7 further conprisin ransm,t t.i a negative acknow ed nt. if that
packet has antOHGRLBY TRans) PaRcrs fe Hafghiion &fer AR SliRble;
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

acknowledgment if that packet has an unacceptable error rate.
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