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[0004] 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.

[0005] Accordingly, it is desirable to have alternatives in addition to a layer 2
ARQ system.

[0006] SUMMARY

[0007] A physical automatic request repeat system comprises a transmitter anda

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 éorresponding acknowledgment for a given
packet. An adaptive modulation and coding controller in the transmitter collects

retransmission statistics and adjusts the particular encoding/data modulations using the



| ayer transmtter contains n channels which transmt the packets and
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adaptive nodulation and coding. [0011] Figure 3 is block diagram show ng a
mul ti-channel stop and wait architecture. [0012] DETAI LED DESCRI PTI ON OF
THE P RED EMBODI ME i DRAWBRpECti vel y show a
downl ﬁﬁggghysi cal ARQ %@%%%ﬁﬁmgﬁlﬁ?g@m 20. [0014] The downli nk
physi qgho 10 p5omTRE 118 8Ad &b hasanmplidteddioddiagaeiswfrdpwiimkleaidsiplinkm t he

hi gher” | ayer ARQ Transmitter 14a provided in network 14. The packets from
t ransphiytenl ARQaAre applied to the physical |layer ARQtransmtter 12a in
base station 12. The ARQ transnmitfer 12a encodes. the data wt . forward
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modulation and coding.

[0011] Figure 3 is block diagram showing a multi-channel stop and wait

architecture.

[0012] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0013] Figures 1a and 1b respectively show a downlink physical ARQ 10 and
uplink physical ARQ 20. - ,
[0014] 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 1v4‘a 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 access (OFDMA), the AMC controller 12a may
vary the subchannels used to carry the packet data. The physical layer ARQ transmitter

12a transmits packets to the subscriber unit 16 through air interface 14 by way of
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directed by the adaptive nodul ation and coding (AMC) controller 12c, such
as by using binary phase shift keying (BPSK), quadrature phase shift
keyi ng (QPBKp/oOm376n ary quadrature anplitude nodul ation (iPCE/USIE2@MM or
64- QAM . Additionally, for orthogonal frequency division nultiple access

(OFDVR), the, AMC trall 1 .
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ackno receiver 12b in the base station. The ACK receiver 12b

del i verRnéWRdIBRENAKAK Y the adaptive nodul ation and coding (AM)
controller 12c and to the transmitter 12a. The Al controller 12c analyzes
the ch#the] qualTheACK istsenthibd €K tarsmuitier 106 tqde S%?@FP%tl&(t,émHgﬁ t he
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detal Ib'asé fstatti%% 12. The received ACK is processed by an acknowledgment receiver 12b
in the base station. The ACK receiver 12b delivers the ACK/NAKs to the adaptive
modulation and coding (AMC) controller 12¢ 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 packét.
[0017] 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 selective repeat combining. The
packets having an acceptable error rate are transferred to higher layers 16d for further

processing. The acceptable received packets are delivered to the higher layers 16d in

the same data order in which the data was provided to transmitter 12a in the base
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subscri ber 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 i rwaobwoid3es nenory, to be cleared in readi ness foPCrhsonends packet .
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retransm ssion statistics, is a good neasure of that channel's quality.
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nodul ati on and codi ng schenes for that channel S shgém in Fi gyr e 2.
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[0019] 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 spreadihg 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 receiver, such as BER or BLER, (62). The decision
limits are preferably set by the system operator.

[0020] For OFDMA, the retransmission occurrences are used to monitor the
channel quality of each subchannel. If the retransmission rate or retransmission

rate/link quality for a particular subchannel indicates poor quality, that subchannel may
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[0019] To illustrate for SC-FDE, the retransm ssion occurrences for a
particular channel are nmeasured to produce retransm ssion statistics,
(60). A owoiesions7©n whet her to change the nodul ati on schec#/tuss2/zoe usi ng
the retransm ssion statistics, (62). If the retransm ssions are excessive,
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use of h po it A\REHDE DeiRGlad irf Ritufowhé dbwinginkexRQAL0 drfd ishe
ret ran[s()r%aggi on (raﬂ:';thteg}bgirn'k ref}rlansm ssion rate/link quality indicates high

qual i tahmpiseaeyt auaibsciibéd edits2®dhawhihspackeys Hieradaddughacleyeo A OFDMV
frequency set, (66). [0021] Using the retransm ssion occ rﬁenc% S a basis
for ANEpmtterd@8aaof theehigheri tayerso2fuare hranfdered JPaPRGHCHNEY 8o é scheme

to the average channel conditions for each user. Additionally, .the
r et r arfsanssyiten2Gaatldic r_geasag%w_ér%qsvéﬁ?&o tﬁ@%@iﬁ%ﬁé‘?ﬂ ay F%ar?%ﬁ(ﬁ%ﬁs%{&ﬂt i ng
del ay gécﬁ g]u‘ésré%bgy gr?t%rrlrlla? 55 aﬂala%r i%l?érface 24. The AMC controller, likewise, may

vary the modulation and coding scheme using the retransmission statistics of a channel.

[0023] 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.
[0024] Although not shown for purposes of simplicity, the system is preferably
used for a HSDPA application in a BFWA system, although other implementations
may be used. The BFWA system may use frequency division duplex or time division
duplex SC-FDE or OFDMA. In such a system, the base station and all of the
subscribers are in fixed locations. The system may comprise a base station and a large
number of subscriber units. Each subscriber unit may serve multiple users within one
building or several neighboring buildings, for example. These applications typically

require a large bandwidth due to the large number of end users at one subscriber unit

site.



[0022] The uplink ARQ 20 is simlar in nature to the downlink ARQ 10 and is
conprised of a subscriber unit 26 in which packets froma higher layer ARQ
transm t twpo 038306 the higher |ayers 28 are transferred t®cphiser/zabs | ayer
ARQ transmtter 26a. The nessage is transmitted to the base station
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next fe836jge fr Bigurbd ihayhhistiatigr pfarply-chagnelstapsang Wait ?‘@gEPW Bhtkets are

tt h '
f: pp| p@&?%é@@é%m%é%ﬂv?ﬁ;%% Lfayﬁ%{iah@ Eréﬁé’r%@sfaﬁgﬁé Wiy feltgegft opa
dn a syst e h ' '
The Bibare Spdvbrkas ety SRl PR gRe R e bIEU SRR AR or B8 D¢ O
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subs I ons. e system may conprise a base station

and a a:r@f)ﬁl%ed RGOS 4 fothpaishigsion bl éhe Barchanhsiolli fthe aix intenfage ser ve
mul ti ple*users wthin one building or several neighbori nﬂ bui | di_ngs, for
)i

exanplg. Thedeckanlel cagi@rsr Bypsanls| data rdcphieridoekd sequenbahinvip dha Nue to the
| arge nunmber of end users at one subscriber unjt si, WD 03/ 019376

il S o L o i o
resul tsg_cmfnrfem@h@mt%ehamgeﬂﬁi oF e FEtiie W ie APghERG E&RAR) slon”as
provides %g' foP R’ bl%gl? &l 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.
[0027] 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 50-1to 50-n
(50). The hybrid ARQ decoder 50 determines the error rate, suchas BER or BLER,
for the received packet. If the packet has an acceptable error rate, it isreleased to the
higher levels for further processing and an ACK is sent by the ACK transmitter 54. If
the error rate is unacceptable or no packet was received, no ACK is sent or a NAK is
sent. Packets with unacceptable error rates are buffered at the decoder 50 for potential
combining with a retransmitted packet.
[0028] One approach for combining packets using turbo codes is as follows. Ifa
turbo encoded packet is received with an unacceptable error rate, the packet data is
retransmitted to facilitate code combining. The packet containing the same data is

encoded differently. To decode the packet data, both packets are processed by the
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ARQ reduces the retransm ssi on overhead of the higher |ayer ARQ. [0026]
Figure 3 is an illustration of an N-channel stop and wait architecture for
a PHYARQvB®3/0T4326 Physi cal Layer ARQ transmt function 38pPcayshm2440cat ed ai
the base station, subscriber unit or both depending on whether downli nk,

ﬁ%"t kg&%%%%%&@}%@o Fofik SrtbF daftcsirer 118 sShiEP B B B AEL T o over
sends chardngi i el vibels Behbnt fL Y JARZen EbRe N NREE N ameTs 2o

S seque transmtters 40-1 to 40-n.

Each ' vhtll QiffQeht EfcRsOai@ esdingtdivarsity amdniransnsiesjorence in
t he d;{szrtl‘%%%ﬁ)%ké%%%gk transmtter 40-1 t‘(t)Yg40-n FtSIéC encodes and

provi deser§iGotd anpidie thkaskrdBBER o Ipradibee apprdeehs theoideatitzlrogalds i on and
transm ssion in the data channel 41. The FEC encoded/ ECS data is_.stored in
a buf femsmited. heThe dawenidceireds padketd a19-c@niinedJtsdnd| % MELMYAL US| on.

Additionally, control informatiqn is sent fromthe PHYARQ transnmtter 38
to symohtoningefispabels. chhe ceabingdisignabis WRacHEILY| Q‘?‘f‘\t he receivers 46-1

46-n. [00271 h h ' - . 46-1 - | Kk '
| U5 adB0BPRt oo TeBCRoor S FERH ol pafich s S h FEFLY Reedtpg PUCet 11

sent to a respective

hybrid, AR e ' I § 16RQitesePERMNeD

deter rﬁhﬁ@%elt?ﬁgégrg'sb?rhrgg?%t,fggq}%%kggaé@hgrlg-gfelzfltg%lm# or the rée:}gei \?gd packet .
If th - i eeRYSRhE tRE ATKE @i bé semtsinr wellepsrddd betireen hi gher

| evel ?(?g%h%r@ﬁgﬁ(ﬁg?g@ess?ng and an ACK ?/s sent by thg ACK transmtter 54.
If  t hgsaea@landalotvistresnaresptissiomns. dherkF G a6 keprefersbletlomsneedntighCK i s
sent or a NAK is sent. Packets with unacceptabl e ,erroi rﬁﬁs%@ buf f er ed
at t hebamdeadirCBMA chawd evetlaying othepinrbard wangmissiosss RS i\@éc ket .

0028] On h f mbi ni ket s. usi ng .t urh i fol | ows.
|1 cadobodn BESRSSK B PSFEHol IR INHARCe b ab B A BRY ot ey 1 he

Cont ai FRGIEYES AR e Cph@oEE s A7 o R M e e B8

data, Rkl Packefy, akEKPIREGFELPYddEs the ACKs and indicates to the
corresponding transmitter 40-1 to 40-n whether the ACK was received. Ifthe 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 12c, 26c¢.
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.
[0031] The number of transmitters and receivers N is based on various design -
considerations, such as the channel capacity and ACK response time. For the preferred
system previously described, a 2-channel architecture is preferably utilized, with even
and odd transmitters and receivers.
[0032] The PHY ARQ technique of the preferred embodiment provides a 7 db
gain in signal to noise ratio (SNR) as compared to a system using only higher layer
ARQ. This occurs by operating at higher block error rates (BLERSs) (5-20% BLER)
and using smaller block sizes for layer 1 than is practical with higher layer ARQ alone.

The decreased SNR requirement allows for: increased capacity by switching to high

order modulation employing an adaptive modulation and coding (AMC) technique;
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-6 WD 03/019376 PCT/ US02/ 24404 turbo decoder to recover the original data.
Since the second packet has a different encoding, its soft synbols are
mapped t owoioBhersent points in the decodi ng schenme. Usi ngPCRwSpazdets with
di fferent encodi ng adds coding diversity and transm ssion diversity to

i nprove the overall BER In anot r.oach, .t he | LGAln S i's

t r ans W eegUSIOIRET PWSmrSEceéiumelb%g@é}?g%g?té%é'oﬂ%%‘ﬁelgk%gi gag Rn§§|&%m ratio
conbi ni ng of .synboal s, { i K3 : epdesh [ 0029]
The AEKAI SQCYéaﬁ??PP%%‘&F\%@%W %q%g? gﬁﬁénéggﬁgqﬁ&gﬂﬁlmlggdback channel
(FFC) P Hormatet eiﬁEreﬁff‘odla%ﬁJﬁli%kafd?%E #hidhs eRteatiertabl ol radivs;| eddmoed channel .
For a*time division duplex system the ACKs nay be sent in idle periods

bet wegBwnlRRt SRR BN thel Owats biagiom (BSintomidsinoias . ceTlheel Fhigenfransepeed er abl y a
| ow speed, high bandw dth CDVA channel overl aying ot her_ in-band

t r ans mGehsedpowkhanfpHTicCRA) backiedt whan eOMIONENE GriBulii-earsier HlY%o minimze
interference to other in-band transm ssions. To increase the capacity of
such a FFC 45, nmultiple codes may be used. [0030] The ACK receiver 56
detects the ACKs and indicgtes 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 nmay have a different nodul ation
and codi ng schenme 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 transm ssion. [0031] The
nunber of transmtters and receivers N is based on various design

consi derations, such as the channel capacity and ACK response tinme. For the
preferred system previously described, a 2-channel architecture is
preferably utilized, with even and odd transmtters and receivers. [0032]
The PHY ARQ techni que of the preferred enbodi nent provides a 7 db



gain in signal to noise ratio (SNR) as conpared to a systemusing only
hi gher |ayer ARQ This occurs by operating at higher block error rates
(BLERs) (Wo20MBIER) and using snall er block sizes for | &garust2edian is
practical with higher |ayer ARQ al one. The decreased SNR requirenent

al | o%or.: |1ncr ased capacity by switching to high order nodul ation
enpl oy A{t 4F %H‘&Btl?“ve modul ati on and codi ng (AMC) technique; -7 WO

03/019376 RCT/ USO8, 244010 AYREm L ORSSi01 ) 55 RGATBberk GBRsEOSt = by

usi ng lower gra ra reque conponents wth the

Co”peqaﬂpgﬁ%eéﬁansgﬁ%ﬁﬁﬁd b PRt UBN RS AR statinlhimiMeg: | ncreased downl i nk

range tends the cell radius; reduced downlink power in the base
station (BS) to aphiistdat &ayeetlanssitterifot esceirirgdata, domhatiing thasedivedwer
anplifier (PA) back-off when enploying a nulti-carrier technique. -8 WO
03/ 019BT6 iRET/pdskas, 2446k packat Liaving & pettiqudar encadipgilata raedyation,
i mpl enenti ng physical |ayer automatic repeat request,  .including a
t r ans rtiansamtt ﬁapﬁ@‘@é‘i,\?‘éﬁf@t{fﬁi@%@ BQ%(%FS(}H rgg)ﬂﬁsngq f?di.ur%lj[op‘i‘?flgll%éll | ayer
transmtter far receivj da formatting the received data into packets,
each mpomfﬁvgﬁ&@%fgagméaf gqr aegFé[S’aipﬁﬁlf%at a nodul ation, transnitting the
packets, and retransmtt]j A s&viie f ald UESréDoh8k@l ve a
correspondi ng ac%no%pgggﬂg‘%rﬁggé:e%é%ﬁweren?%gﬁet; %1 acknow edgnent” recei ver
for re&%gm&j[%tlﬁ@ﬁcor respondi ng acknow edgnent; an adaptive nodul ati on and
coding controlder for collecting retransm ssion statistics and adjusting
the particul ar dat aadaptiodi ngoduidtibat iaad weiding ¢dmwraller| dot eqoBediingst i cs;
retransmission statistics and adjusting the particular data encoding/modulation using

the collected statistics;
a physical layer receiver for demodulating received 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 base station of claim 1 wherein the particular encoding/data

modulation is forward error correction (FEC).

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

subchannels in an OFDMA set.

4. The base station of claim 1 wherein the packets are transmitted using a

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



a physical |ayer receiver for denodul ating received packets; a
conbi ner/ decoder for buffering, decoding and detecting packet errors; and
an acknowwedgesre gener at or for generating an acknow edgmectr/ifser/244each
packet if that packet has an acceptable error rate. 2. The base station of

laim1 wh i h tj.cul | dat L ' S #0] ¢ d
e o e R PR B e B B s e o
i R e R e e e or g

in adq%arnisﬁlrﬁté(p 58legttbddakichhfgelof  subchannel's in an OFDVA set. 4. The
base station o? claim 1l wherein the packets are transmtted using a single

carrier having a frequency domain equalization (SC-FDE) air interface. -9
WO 03/ 019376 PCT/ US02/ 24404 5. The base station of claim1l whereby the
base stati @ us&Eheabaseduation oficbainmll wheseby dbe eskngvdonmmeat eperatif ace and
wherei n the acknow edgnents are transn‘igt d on a fast edback, channel . 6.
The bdtmseritstd regapye eglamwlfdgmnétfwnw@c @ﬁ??éﬂ%&‘ﬁ@?ﬁtaégﬂ(ﬁtrﬁﬁe' transmts
a negative acknow edgnent if any packet has an unacceptable error rate. 7.
Physi cal automatic request repeat apparatus enployed by a base station,

conprising:,a tr ' .0 hMi as&®@afsn f or
formatting 7t'he e{@@fe%ﬁég{&g%;r%esgge?ggttggﬁé %ar"[@sffrgglsoﬁlgcslg?tgﬁoas each ‘packet
havi ng gnRasihgcul ar encodi ng/ data nodul ati on;

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; and -
a receiver having:
means for receiving packets;
means for decoding and error checking each received packet; and
means for generating an acknowledgment at the physical layer if that

received packet has an acceptable error rate.

8. The base station apparatus of claim 7 wherein the particular

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

-10 -



means for transmtting the packets; means for retransmtting a packet, if

an acknow edgnent for that packet 1is not received; neans for collecting

retransmweioenisrati sti cs; and means for adjusting each pacTiusat/anodat a

nodul ation using the collected retransm ssion statistics and a receiver

havi ng: means for receiving packets: neaps.for. decoding and err.ar.checking
2 AkRHAN d

each recei Yed pddkdase sadon apparatup gf clgum & ey Yyt at the
hysi cal | i f that i.ved te. 8.

e basmestiggonphirancney iviEPa RGR, 008 OP RAATAR MErELS B e LS, 7o i
d | i i . i . . 7, .

i 0 A0 PR SR ARSIy

paCketo%(g%ﬁ_%f\%@ggﬁiaht@dDMA@gt_an ort hogonal frequency division nultiple

access air interface and the FEC encodi ng/ data nodul ati on
adjusting is perforned in addition to selective nulling of subchannels in
an OFDVA set. 10. The base station apparatus of claim 7 wherein, tge packet s
are transnilit ed Thediasgstation apparagia Dfpgtm A avheneinithe parkstsarg HaRHLLe

equal i zation (SC-FDE) air interface. .11. The bas i.on_a [ at us of
cl ai mupinghe Pl earEeRRHBSISIYRRG oMY W&ﬂ%ﬁﬂ% &?’@ﬁ‘@al’é\n@%@%&di vi si on
mul tiple access (CDMA) air interface on a fast feedback channel. 12. The
base station apparatus of claim7 whereby said neans for generating

?SP gr ates g jnegaf e 2ckRoWLSHATRR of claifh PREKRIn HRSacRAoWIGizEeRItakke error
transmitted using a code division multiple access (CDMA) air interface on a fast

feedback channel.

12.  The base station apparatus of claim 7 whereby said means for generating

generates a negative acknowledgment if a packet has an unacceptable error rate.

13. A base station 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 receiviﬁg return packets through said data channel;

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 acknowledgment when a packet having an acceptable error rate has been received,

and for releasing packets which have an acceptable error rate.

14.  The base station of claim 13 wherein said n signal transmitters each
temporarily store a packet that has been transmitted in a buffer memory; whereby said

n transmitters clear the stored packet in readiness for receipt of another block when an

-11 -



13. A base station for supporting broadband w rel ess conmuni cati ons
conprising: a sequencer having a queue for receiving data bl ocks froma
comuni cawben/0193e¢ wor K and for sequentially conveyi ng paclkreraSin24304
transmitters; n transmtters for transmtting said packets through a data

channel; n receivers for receivi return packets.throu i.g: dat a
channéfknowlegdgemnppt ﬁﬁ@ldégc}ggrsé?regg‘?ﬁﬁ%hﬁ Eﬁewqcﬁ%e@egtogﬂ% g’?&glﬁid IrFilecei vers;
whereby said n hybrid ARQ decoders have a feedback channel for transmtting
an acﬁ%&}\)leé&grrent when a packet having an acceptable error rate has been

received, and for releasing packets which have an acceptable error rate.
14. The base station of claim 13 wherein said n signal transmtters each

t enpor ari | y 55t or@edapagkedn bhehirhas wiresin said msrdnstrétders vach fenfpoearilyrenor y;
whereby said n transmtters clear the stored packet in readi ness for

recei gtorefa pckthihat hisdedenvinemsmitied in 2 buffaDndsnoys B eRyTeagho s2ikin 4
acknow edgenent signal for the stored packet has been received at one of
sai d rransextéérs eetgansusis tip aplseidemparart) siree ihitprbRsenmeReny Vg an

transmtters each tenpararil stpre.a pack t hat has. been nsmitted in
. but meknersiadegmenhea/op deaoreChekh R T et Fbest 084 BEETL A AREH, |
packet tengorarily stored in its buffer nenory when an acknow edgenent

si gnal®¢98¥*he stored packet has not been received at one of said n
receivers. 16. The base station of claim 13 wherein each of said n
transmtters clears its buffer nmenory if an acknow edgenent signal is not
recei ved aff@r arHebasovationBielaimdf3 whércansoh o saida trahmitidreclsaksatsst at i on

of claim 16 wherein each maxi num nunber of . ,
buffer memory if an acknowledgement signal is not received after a maximum number

of retransmissions.

17. The base station of claim 16 wherein each maximum number of

retransmissions is an operator defined integer having a range from 1 to 8.

18.  The base station of claim 13 wherein each of said n receiver combine a

retransmitted packet with an original transmitted packet to facilitate error correction.

19.  The base station of claim 13 wherein a transmitter failing to receive an
acknowledge signal encodes the packet by employing a different encoding technique

from an encoding technique employed in an original transmission of that packet.
20.  The base station 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.

-12-



retransm ssions is an operator defined integer having a range from1l to 8.
18. The base station of claim 13 wherein each of said n receiver conbine a
retransmwbadopseket with an original transmitted packet troTfimoz/bdsvat e
error correction. 19. The base station of claim13 wherei n atransmtter

0 1 or ot ehLodi {5e PRSI HR! BN HNDEREHEACRLL A TG GHss By ek ﬁyiaﬂg )
et o gt iRy ?ﬁéw‘ssf@[ e By <5?‘f>1ﬁ%3§%1§“ﬁ*éf? ST e o

decodef; eIl QbE efsqﬁ%rtomm@ﬂn& '%é&?éctwb fagssion and a

retransnrssion to litate error correctl on. WO 03/ 019376

PCT/ US02/ 24404 21. The base station of claim 13 vvherel n the packets are
transmtted using an orthogonal frequency division multiple access (OFDVA)
air interfa22 i nThabade stdticepleidyn $3ibdkesindiepackemarorpmted using he
selectively nulled. 22. The base station of claim13 wherein the packets
are t r3ingle earegr h@fmga&qum@l domaiy ¢pialigaiiom e G HeyuE Hetpriaetrai n
equalization (SC-FDE) air interface. 23. The base station of claim13
wherein the acknowl edgnents are transmtted on a fast feedback channel

using a COd§3 .di VirRL OfhsTUL LR SoACEATS 16 RkeinHe ia@ftﬁé\kfie(a%mehﬂsg are
transmitted on a fast feedback channel using a code division multiple access (CDMA)

air interface.
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