WO 03/019817 PCT/ US02/ 26533 [0001] PHYSI CAL LAYER AUTQOVATI C REPEAT REQUEST
(ARQ [0002] BACKGROUND [0003] The present invention relates to wireless
conmuni cawicoos/ay|tvens. More particularly, it relates to aomwasokizés8i on to
such systens by enploying a physical |ayer (PHY) autonatic repeat request
(ARQ schene. [0004] Proposed broadband fixed w rel ess access (BFWA)

communi cation systens, using either single carrier-frequency domain
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This application will transmt downlink packet data at high speeds. In
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retransm'ssion intervals. [0006] Accordingly, it iS desirable to have
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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
acknowledgment for a given packet. An adaptive modulation and coding

controller in the transmitter collects retransmission statistics and adjusts the



acknow edgnent for a given packet. An adaptive nodul ati on and codi ng
controller in the transmtter collects retransm ssion statistics and
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nmodul ations using the collected statistics. The receiver has a physical

| ayer n-channel receiver for receiving the packets. The receiver contains
an n-channel hybrid ARQ conbi ner/decoder which conbi nes packet
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[ 0015] ownl 1 nk ysSi c conpris ase stati recei vi ng
packets fromthe higher |ayer ARQ transmitter 14a provided in network 14.
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[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
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 switch, circulator or
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access (OFDVA), the AMC controller 12a may vary the subchannels used to
carry the packet data. The physical |ayer ARQ transmtter 12a transmts
packets two @hwavsgabscri ber unit 16 through air interface PC1ysSoaays3sf
switch, circulator or -2 WD 03/019817 PCT/US02/26533 dupl exor 12d and
antenna 13. The transmitter 12a also tenporarily stores the nessage for
retransm ssion, if necessary, in a buffer nenory incorporated in the
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packet. The packet is input into physical layer ARQ receiver 16a through
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acknowledgment 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 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 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 station (i.e. in-sequence
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of the original nmessage to subscriber 16. At the subscriber unit 16, the
retransm ssion is conbined with the original transm ssion, if avail able.
This tectwa apuaosiaci litates receipt of a correct nmessage RCTg®206538at a
redundancy or selective repeat conbining. The packets having an acceptabl e
error rate are transferred to higher layers 16d for further processing.
The acceptable received packets are delivered to the higher layers 16d in

the samedélaterypr M@k mAxiuehnubiiRrddtrat@snitayh s edlibitdd angRiobbRitod2a in
t he base statlon (i.e. in-sequence -3 WD 03/019817 PCT/ US02/ 26533
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measurenents, such as bit error rates (BERs) and block error rates
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statistics, (60). A decision on et her to change the nodul ati on schene is
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[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
receiver, such as BER or BLER, (62). The decision limits are preferably set by
the system operator.
[0021] For OFDMA, the retransmission occurrences are used to monitor the
channel quality of each subchannel. Ifthe retransmission rate or retransmission

rate/link quality for a particular subchannel indicates poor quality, that
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nore codes to transfer the packet data. Alternately or additionally, the
AMC controller may switch froma high data throughput nodul ati on schene to
a | ower woeq3/gesah as from 64-QAMto 16- QAM or QPSK. | f t leTretoe/26:33
retransmssions is |low, a switch to a higher capacity nodul ati on schene is
made, such as from QPSK to 16-ary QAM or 64-ary QAM (66). The deci sion
preferably uses both the retransm ssion rate and other link quality
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decision limts are preferably set by the systemoperator. [0021] For
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qual ity Qf each subchannel..
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the OFDM frequency set, (64), in order to preclude use of such poor
qual i ty &ebeérenedts (G@r some future period. |If the retransnmission rate or

retransnissi-Qn rate/lin uality indicates high qual.ity, revipusly

i | o0 sUBERInner s Crige ths e miationgerenedit & bran i aft Gubvidel |

[ 0022] L-g r kL SSd 1% of Lges a
L ex bi [Ty i AR T Al ReR R S amaaD o Rior AR cafbr
channel canlitibhé forsedobr usacAdditionaligdilid tedngmistion ragt ianswnsitivanto ate i s

insensitive to neasurenent error %2;? r#eﬁeorti ng delay fromthe subscriber
uni t 16. MeesvMenkerrsr amd verortng idelas Fpmathe subssribes wngt {6e downl i nk ARQ

10 and j npris { her  unit ' ' ket I hi gher
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physi cal isl eyesriddlof & sabsaiibéctn? 68 infWhidrepsaaes ifforh halnigliet 1£gkit ARGhe base
station antenna through switch 26d, subscriber antenna 25 and air

i nt er f acerapamittgs 28uf denhigher dayeisi 2@ are sranstsrrod tg phiysiomddawent ABR and

codi ng Sé:rg%rsr}ani Selr e{.heThé ex;[mraéasrésggi ?sskr%rﬁs%i%eid%oi %Re qgas% §tg ﬂ)rﬁelahtenna
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
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



[ 0024] Physical |ayer ARQ receiver 22a, simlar to receiver 16a of Figure
|l a, determnes if the nmessage has an acceptable error rate requiring

ret ransm v @mwi19sihe acknow edgnment transmtter reports staargusoe/263bscri ber
unit 26, causing the transmtter 26a to retransmt or alternatively to
clear the original nessage tenporarily stored at transmitter 26a in

readi ness to receive the next nessage fromthe higher |ayers 28.
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transm t 4209 405 Lol Ridd wili2s hcréﬁ&ﬂftnéetqh%hce ?athe 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
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.
[0029] One approach for combining packets using turbo codes is as follows.

If a turbo encoded packet is received with an unacceptable error rate, the packet
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to 40-n is associated with a transmt sequence in the data channel 41. Each
transmtter 40-1 to 40-n FEC encodes and provides ECS for the block data to
produce paekstafior AMC nodul ati on and transm ssion in thedarszesssnel 41.
The FEC encoded/ ECS data is stored in a buffer of the transmtter 40-1 to
40-n for possible retransm ssion. Additionally, control information is
sent fromthe PHYARQ transmtter 38 to synchroni ze reception, denodul ation

and decogdifgittetrdREnitte® ity Fadiliffteleode Beabinidd02%k Fatklt @bntdifidy tlecei vers
46-1 to 46-n receives the packet in its associated tineslot. The received
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sane data is encoded differently. To decode the packet data, both packets
are pr o%‘é‘%?@éldleBﬂYt(F%‘/odﬁ@bo decoder to recover the original data. Since the

d h dj NG,/ al f1 .
G 11 or entO, oo TRephGRCES UacBIR0EE 64 Bo BB iSUTHOLE 0 Sk FERARA 00

encodi ngclagieiselc@IN @O 45 di VR Thity foadBatk ahaihsb 4B s Gireédrably atlow Mgieave t he
overall BER |In another approach, the identical signal is transmtted. The
two recefhanngacFer # e divisinmdyples astamebientiplamay berfsihilngidds

symbol s. p(;rrqug %rg?\lzvggrq &ﬂ&?@éml And % o%r?sqgga{]r}cll %a%esﬁlq(sjse:}lgns. 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
FEFC 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¢. 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.

[0032] 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.

[0033] 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
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[ 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 | ow | atency
channel . Waro3aiesime di vi si on dupl ex system the ACKs may peT3@Es2/263331 dl e
peri ods between upstream and downstream transm ssions. The FFC 45 is
preferably a | ow speed, high bandw dth CDVA channel overl ayi ng ot her
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var i ous  COREFTIES f adiost rewEmeDiatn ETomRAcR RS gp I i Tapkr Weld

I €SPONS € ek fis thE Q411 ralife; RAELA O RAAY, v?eﬁnirpl!h@\ébé%%%a'tiﬁn@?%ﬁf) fthizeeelzghannel
architecture 1s preferably utilized, wth even and odd transmtters and
recei ver sateff@632} aidmcRidyedyRvdr aatphifigué Afbackefpwidneeme dyiagiaoaialtrenatrier
provides a 7. db gain in signal to noise ratio (SNR) as conpared to a

syst em u§CABI9Y® y hi gher layer ARQ This -7 WO 03/019817 PCT/ US02/ 26533
occurs by operating at higher block error rates (BLERs) (5-20% BLER) and
using smaller block sizes for layer 1 than is practical with higher |ayer
ARQ al one. The decreased SNR #equirenent &llows for: isncreased capacity by
switching to high order nodul ati on enploying an adaptive nodul ati on and
coding (AMO) technique; |ower custoner prem se equi pnent (CPE) costs by
using |l ower grade RF (radio frequency) conponents with the PHY ARQ
conpensating for reduced inplenentation performance; increased downlink
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- of f woers/oasgaloyi ng a nmulti-carrier technique. * * -ETVIB0RA6319817
PCT/ US02/ 26533 CLAIMS What is clainmed is: 1. A nethod for adjusting data
nodul ation in a wireless conmunication system the nmethod conpri sing:
receiving data at a transmtter for transmssion to a receiver; formatting
the received data into packets for trgxEsssion to the receiver, each
packet having a particul ar encodi ng/ data nodul ati on; transmtting the
packet s MWhathis adlaige¢d/ex:; receiving the packets at the receiver; for each
recei ved packet, generatjin d transmtti.ng an naw edgnent at. the
physi cal Iaye’ﬁ' usi anqthgg %n%dﬁgb%%%nﬁa a F#anc‘ﬁ%tlf”écé el JHERISES has an
accept ab : " rﬁ%%' i - feceived packet at the

transm t%@?é@%gﬁahggﬁﬂe% e grreﬂ%d(%‘q‘g)rlﬁﬁﬁgltﬂggacket IS not received,

col l ecti ng reteaisimgskitaratsd ttanshiitter fantkaadmissibngo @eacheivart i cul ar

encodi ng/ dat a ,nodul ati gn using.the collected  retransm ssion statistics. 2.

The net hod of fMHHRE Wieieerived datptoinackals fohtsasnyreiando thyBeacateton i s
forward %Qgga&%tﬂgg‘gggrb Eﬁic@laﬁ@ﬁ%ﬁiﬂ?{dggé%dmﬁ&{ﬁﬁ’ on. 3. The net hod of

claim?2 rnt kKets are transm using an ’ orthogonal frequency

di vi si on nul t ke tiagshe QRolB)s @i thel fekeiveace and the particular FEC
encodi ng/ data nodul ation adjusting is perfornmed in addition to selective
nul 1ing of subedsaving e ppcketorpire secelver;

for each received packet, generating and transmitting an acknowledgment
at the physical layer using a fast feedback channel, if the received packet has an
acceptable error rate;

retransmitting that received packet at the transmitter, if an
acknowledgment for that packet is not received;

collecting retransmission statistics; and

adjusting each particular encoding/data modulation using the collected

retransmission statistics.

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

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

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 with frequency domain equalization (SC-FDE) air interface.



4. The nmethod of claim 1l wherein the packets are transmtted using a
single carrier with frequency domain equalization (SC-FDE) air interface.
-9 WO 03/ 91eBhiRCT/ US02/ 26533 5. The nethod of claim 1l vilcareson/26338
acknow edgnents are transmtted on the fast feedback channel using a code
division, nultiple access (CDMA) air interface. 6. The nethod of claim1l
further conprising at the receiver for each received packet transmtting a

negative ackngw edgpentyethbdt BRI CIRARKA! WRSred th12LAGRAABNERILO aFdt €. 7.
A physical |ayer automatic request repeat systemconprising: a transmtter

havi ng: @apbysttedlon thefast festhmicktdwaninel usigea codeg ddasian mhotinpletdaegss he
received data into pagkets, each packet having a particul ar encodi ng/ data
modul at | SrPMAHE ARkArars- t he packets, and retransnitting packets in
response to not receiving a correspondi ng acknow edgnent for a given
packet; an ACK receiver for receiving the correspondi ng acknow edgnent;
and an adaptige noTLé ahéidvdasta]giodilnfhr{fMYontionisingl dtetthef mcevek e tacly
retransm ssion statistics and adjusting the particul ar, data nodyl ati ons
usi ng t heecetisid rasket teanamidting s negative rddawledsment ng that tdas atyer
receiver_for dg%ul at i ng t he packets; a hybrid ARQ conbi ner/decoder for
buf f er i ng"AHEL FEN et ecti ng packet errors; and an acknow edgment
transmtter for transmtting an acknow edgnent for each packet, if that
packet has an acceptable error rate. 8. The systemof claim?7 wherein the
particul ar enZodi nd/matsacaldayien awfooratis rémresh el eatrysters coBmIIBAS( FEC)

encodi ng, 42l 2RI Bhviak:

a physical layer transmitter for receiving data, formatting the
received data into packets, each packet having a particular encoding/data
modulation, transmitting the packets, and retransmitting packets in response to
not receiving a corresponding acknowledgment for a given packet;

an ACK receiver for receiving the corresponding acknowledgment;
and

an adaptive modulation and coding (AMC) controller for collecting
retransmission statistics and adjusting the particular data modulations using the
collected statistics; and

a receiver having:

a physical layer receiver for demodulating the packets;

a hybrid ARQ combiner/decoder for buffering, decoding and
detecting packet errors; and

an acknowledgment transmitter for transmitting an

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

8. The system of claim 7 wherein the particular encoding/data

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

9. The system of claim 8 wherein the packets are transmitted using an

orthogonal frequency division multiple access (OFDMA) air interface and the

-10-



9. The system of claim8 wherein the packets are transmtted using an

ort hogonal frequency division nultiple access (OFDVA) air interface and the
-10 WO 03nal®@a1d1PCT/ US02/ 26533 particul ar FEC encodi ng/ datrauswdedsat i on
adjusting is perforned in addition to selective nulling of subchannels in
an OFDVA set. 10. The systemof claim7 wherein the packets are transmtted
using a single carrier wwth frequency domai n equalization (SC-FDE) air

i nt er f acgartidulad FE@Bh@&ﬁn%fda%b%@&ﬂaﬂ@ﬁraﬁijﬁsﬁiﬁg iRpkiTeMWh8d GRS iGH €0
transmtted on a fast feedback channel using a code division nultiple

access $aipmiye antlingovestledmnne?s inThn @YBMVemset. cl aim 7 further conpri sing
at the receiver transmtting a negative acknow edgnent, if any packet has
an unacceptable error rate. 13. A physical automatic request repeat system

conprising: gotr amisgg m RAVIRE: 7 FBRPSin{ M JRkEI VARG 4ALRittIB 8l d 27
formatting the receive ata 1nto packets for transmssion to the

r ecei ver singde bapraakeithhrequgney gpantirc edaliztiod (SRR panddtdrdiaceon; nmeans
for transmtting the packets to a receiver; nmeans for retransmtting one of
t he packets, if an acknow edgnent for that packet is not received; neans

for collecti n?z]ir et FARS N, S§HoAn oft @fa’ﬁﬁlt irpis?,gg?‘gelgngﬁgs abRhoWlddsid g aagh

particul ar data nodulation using the co retransm ssion statistics;

and a re¢geinsgtittalvong fastalasdbadk tkeaehsli gng e copde Qétisionamdiltipknacdess each
recei ved (gacket,_ for decoding and error checking the received packet, and
for genef@PMyy aldnterdaesri tting an acknow edgnent at the

12. The system of claim 7 further comprising at the receiver
transmitting a negative acknowledgment, if any packet has an unacceptable

error rate.

13. A physical automatic request repeat system comprising:
a transmitter having:
means for receiving data;
means for formatting the received data into packets for transmission to the
receiver, each packet having a particular encoding/data modulation;
means for transmitting the packets to a receiver;
means for retransmitting one of the packets, 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 the packets; and
means for each received packet, for decoding and error checking the
received packet, and for generating and transmitting an acknowledgment at the

physical layer, if that received packet has an acceptable error rate.

-11-



physi cal layer, if that received packet has an acceptable error rate. -11
WO 03/019817 PCT/ US02/ 26533 14. The system of claim 13 wherein the

parti cul awoesgogiing/ dat a nodul ation is a particul ar forwarRCTaw$00R6533
correction (FEC) encoding/data nodulation. 15. The system of claim 13
wherein the packets are transmtted using an orthogonal frequency division
mul tiple access (OFDMA) air interface and the particular FEC encodi ng/ data

nmodul ati on adjiyst i Mhed $yPRmh WiMEldimn13d@hbidin the petiealdrentsdihiatef
subchannel s in an OFDVA set. 16. The system of claim 13 wherein the packets
are transmdulationsihg spagiondae forwardrenipt reorrasgioan dfEGonanepdinaidiatzat i on
(SC-FDE) _ai{ Jinterface. 17. The nethod of claim 13 wherein the

acknow e@%&ﬂ?@ogre transmtted on a fast feedback channel using a code
division nultiple access (CDVA) air interface. 18. The systemof claim 13
further conprising at the receiver for each received packet, transmtting
a negative acRfow Sdgnssistemdf claiat 19 adieseirhtle packetsare tyamablittedrusangr at e.

19. A communicati on_.system enpl oyi ng,,broadban i W.rel ess acc

Sorpri o B e R A R B Ol it e BeR S5ABe ¢ ne
net wor k . i . i : . ] . j
Gost i nat ForigRRR I bl AME BduPACECA Bk ng it PRASFRCShEABMAL | |
t ransm t kelestiva nyhn g df ARRchienode s aaa@RDMAmeed with one of said n

receivers; said n transmtters subsequently transmtting to their
associated n receivers through a data channel; said n hybrid ARQ decoders

having a feedhgck #:%ﬁra%rf Cf%iﬂlgﬁ%ligel'&g th@%‘é@ﬁ&ési%gg TRt R dh g

associ ated transm tter contr retransm ss
single carrier with frequency domain equalization (SC-FDE) air interface.

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

(CDMA) air interface.

18. The system of claim 13 further comprising at the receiver for each
received packet, transmitting a negative acknowledgment, if that packet has an

unacceptable error rate.

19. A communication system employing broadband fixed wireless access
comprising:

a sequencer having a queue for receiving data blocks from the network for
sequentially conveying packets to n transmitters;

said destination device having n receivers, each associated with one of said
n transmitters;

n hybrid ARQ decoders each coupled with one of said n receivers;

said n transmitters subsequently transmitting to their associated n
receivers through a data channel;

said n hybrid ARQ decoders having a feedback channel for transmitting

acknowledgments to their associated transmitters for controlling retransmission

-12-



-12 WD 03/019817 PCT/ US02/ 26533 and providing an acknow edge signal to its
associ ated transmtter when an acceptable error rate packet has been

recei ved; wani/ggiid n hybrid ARQ decoders rel easi ng packet amisob/26%e an
acceptable error rate. 20. The conmuni cati on system of claim 19 wherein
said n signal transmtters each tenporarily store a packet that has been
transmtted in a buffer nmenory; and one of said n transmtters receiving

an acknoyhg@daevedigsahn fadckibaledgds Sigaiad e dtd YiBsdda REcChRdSknftiRa v Ren the
stored packet in readiness for receipt of another block. 21. The

comruni catdephalslpsreon titeqiagkat hos hhen speeived;dml transnitters each
tenporarily store ack at has Reen transmtted,in a buffer ry;
and one of st BYRREhARELARHETY Folgenp eteuhr ro R thBR P dige S gha
fromits,,Rs$96d at ed decoder retransnmits the packet tenporarily stored in
its buffer nenory. 22. The system of claim 19 wherein one of said n

transmtters clears its buffer nenory if an acknow edge signal is not

received fromits soci ated . decoder afte .maximum nunber. .of .
retransm ssi oAg: 2%_?1%13@11?5}’51}1%%1% SYPLHT, ‘1{9‘3%‘1‘@7 ébnw REeRasRifuth SigRBEr or

retr ansn%ﬁ%is%%teﬁ &@P%ng%fmeg ﬂafrakgggéamgg Med aAGRiftE@Thlato 8.

24. The system of claim erein oneo nreceivers requiring a
retransnbaffepmeanobi;nesl a retransnitted packet with an original transnmitted
packet to facilitate error correction. 25. The system.of claim 19 wherein a
transmitter fapeiHgsad peEapgRibFrs &e@zﬁwgeageaékwedg?oﬁga@# §009 ANt ed

decoder ggé:o%gft%dtlﬁ%rﬁ)&ﬁg%de%rg?éeﬁ'\fﬁé]gh@ stored packet in readiness for receipt of
another block.

21. The communication system of claim 19 wherein said n transmitters
each temporarily store a packet that has been transmitted in a buffer memory;
and

one of said n transmitters failing to receive an acknowledge signal from its
associated decoder retransmits the packet temporarily stored in its buffer

memory.

22.  The system of claim 19 wherein one of said n transmitters clears its
buffer memory if an acknowledge signal is not received from its associated

decoder after a maximum number of retransmissions.

23. The system of claim 19 wherein the maximum number or
retransmissions is an operator defined integer having a range from 1 to 8.

24.  The system of claim 19 wherein one of said n receivers requiring a
retransmission combines a retransmitted packet with an original transmitted

packet to facilitate error correction.

25.  The system of claim 19 wherein a transmitter failing to receive an

acknowledge signal from an associated decoder encodes the packet employing a
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WO 03/ 019817 PCT/ US02/ 26533 different encoding technique from an encodi ng
techni que enployed in an original transm ssion of that packet. 26. The
syst em of wad @ionvgi®9 wherein the n transmtters enpl oys TurlreT/wSwdi2érg3and t he
decoder enpl oys code conbining of an original transm ssion and a
retransmssion to facilitate error correction. 27. The systemof claim19
wherein one of said n transmtters are incorporated in a base station and

sai d n r@eERrYeE Sn@deng Bdni@liafieoth 4N eAcodiiBsedlinigiie Biployeddn ahhgigust em of
claim19 wherein said n transmtter are incorporated in a subscriber unit
and sai dtranseyssionof thaepacksdr porated in a base station. 29. The system of
claim19 wherein packets are transmtted using an orthogonal frequency
division multiple access (OFDMA) air interface in which frequency

subchannel s iggan PEPMD:ELE offBlkiRel $RMREL IV Pis@fitte3l emifl8ySTEIEM Of
claim 19 wherein the packets are transmtted using a single carrier with

f r equencgoddngaind thguizcodatdroploySCrdDEmMbining of an prigmal 3nansTinigsiontaholh of
claim 19 wherein the afkn]gwl edﬂ{rﬂents are transmtted on a fast feedback
channel YRTARSIISHP tytAAILta0R AT OB ™8cess  (CDMA) air interface. -14

27. The system of claim 19 wherein one of said n transmitters are
incorporated in a base station and said n receivers are incorporated in a

subscriber unit.

28. The system of claim 19 wherein said n transmitter are incorporated

in a subscriber unit and said n receivers are incorporated in a base station.

29. The system of claim 19 wherein 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.

30. The system of claim 19 wherein the packets are transmitted using a

single carrier with frequency domain equalization (SC-FDE) air interface.
31. The method of claim 19 wherein the acknowledgments are

transmitted on a fast feedback channel using a code division multiple access

(CDMA) air interface.
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