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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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acknowledgement; and

an adaptive modulation and coding controller for collecting
retransmission statistics and 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/modulatioh 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 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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SEQUENCE DELI VERY PACKETS RELEASED FFC 445 (57) Abstr o A's ri ber
unit inplenmenting physical |ayer autonatic repeat requeﬁ#‘ﬁ’@l‘%gg&g
transmtter and a receiver. The transmtter has a physical |ayer
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 given packet; an
acknow edgnent meads;foeadugking \Raghcwlpe daky modyliwnnesiag khew edgnent ;
and an,adani fe‘é?adéﬂﬁéﬁi@& ktg.@isaﬂsﬁ’ v&}?e@hi%gif%R{E&%'c{e%rs&éﬁéﬁc%%' d Qg retrans O
m ssion statistics and adjusting the particular data encodl ng/ nodul ati on
usi ng laiveuedier of retlasinabiisiis, ashighbe capaety vacodmdgmad plhayivhGaheméb ayer recei ver
for denodul ating the packets; a _conbiner/decoder for buffering, decoding

and dét selerisg pRdhe Pagpsypy engeringHaty. modulatiogeprg 4t he fsHegieder ati ng an
acknoyledampnt. ; i1 o N: 4CC e error rate.
23 Fe\t%tgar Y 2%)%%%%%%&%@%&%[ A %ﬁﬁ%@Lﬁ%g@@%%% T REQUEST FOR
A SUBSaRIcBER ebbddInd2aGRAMND tickheschees ei  seleviedt iasntheel mirtisula® Wi r el ess
comuni cati on syst rirs I\_/brg particularly, it relates to a nodification to
such 99%0%&@%9%??3{ ¥IMG S  physical |ayer (PHY) automatic repeat request
(ARQ scheggecdivdpRshfh: broadband fixed wirel ess access (BFWA) communi cation

systens, using either single carrier-frequency donain equalization (SC- FDE)
or orthogonal feagséroycaivingpiacketsiul ti pl ex (OFDM plan on using a high

speed downlink packet accgss DPA). applicajion, This application wll
transmit *downl Fﬁ@ﬂgf{gg@gocﬁ% 3‘_(‘ PWF@?FC@%@%@. r?‘i’?“ﬁé\%"k%?")ﬁﬁill di ng or group
of buil dings ahf%aﬁ@ﬂﬂeg%%%gng'érnhé‘dkn%le%@]ﬁéﬁé’a%e\fﬁh&ﬁgal 13f¢k pperate as a

singl e subscriber site. ata demand for such a Systeniis quite high

f or t beatgecayel phcket sasmarl adcpptablesrrdorusde.s requiring | arge bandw dt hs. The
current proposed system enpl.oys,a | ayer utomatj ¢ repeat, request (ARQ
system Data bl g’&ﬁ coﬁ‘?ﬁrﬁeg@&fiﬁpﬁd ?%’5??3%@?@89519813 frh‘@ng‘ﬁﬂ’s@‘r&%er_s are

buf f egeshoaidd h@ubsR it hfdof LQIPLBNEbrAdbditEwsiaieds BhRhdicatighed i n layer 2
. are typically large, are transmtted for high signal to noise ratio (SNR)

r eceptomoprisiage received with a | ow block error rate (BLER), and are
infrequently retransmtted. Additigpnally, .layer 2 signaling is

typical l'y 8 818G rskfa_rYé“g | &r G‘ée'{ﬁjffg%r EeCHiPS _o‘ﬁaéar é’ﬁ%ﬁRgﬁs#S_g’si%n i nterval s.
Accor giRfiluticatibn | Sef@Sk! allde fof RAYRnAMlIFT REtV RS | Paddfl ticomto a layer 2

ARQ system
- 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.

BRIEF DESCRIPTION OF THE DRAWINGS
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SUMVARY I n accordance with a first aspect of the present invention, there
i s provided a subscriber unit inplementing physical |aye?3 Bbremuef® r epeat
. request, conprising: a transmitter having: 1 23 February 2006 a physi cal

| ayer transmitter for receiving data, formatting the received data into
packets, each packet having a particul ar encodi ng/data nodul ation

transmtting the.pa ts dretra 111ing. packets . in f.esponse to
failure to rece?ﬁ'H%gggF?gggbﬁﬁﬁﬁﬁpgég%%&f@gﬁgﬁ%ﬁf° 8?W3L§$§3% packet; an
acknowpbdb piestalrARQs.ver for receiving the corresponding acknow edgenent;
and an adaptive_podul ation,and.codi.ng controller for col.lectjing

retransni ssi on Eﬂ%ﬁ? F%?’gﬂﬁ‘%ﬂfthfﬁﬁngngﬁﬁ?FPEWPd#aﬂaPﬁ for

encodiadgptiadibailatitn addichdinghe col l ected statistics, wherein if the
collected statistics indicate a | ow nunber of retransm ssions, a higher

capaci ty encodi ReFHBIUBHFrliaguranshqveng eanakit-ghpnpe! siop andrvaikul ar
encodigpeigatsemodul ation and if the collected retransm ssion statistics

i ndicate a high nunber of retransm ssions, a |ower capacity encodi ng/data
nodul ati on schene is selected as the particular encoding/data nodul ation;

and a 1 eCHRNRILARDICRIGPIVN e tHEMEFERRRD BRrHOpTARREU! ating the

packets; a conbl ner fering, decoding an tecti ng packet
errors; and an Hidurewiladgéeibnsgeheelatshowfodovgdivdr physig! aARat&now edgenent

for eac cket i.f .t acket has an acceptable error rate. In accordance
with gn§§@§HEP§§ﬂ3§#G%§2phe present invention, there is provided a
physi cal aut omatThe db@ﬂhﬂﬁﬁl;}ﬁsﬁ@ﬁ&RQapQ&hﬁﬁisb% aclHRe Bh4Eion 11% réceiibPSCr i ]per unit,
conprising: .a transmtter ing: neans_for receivin ta; ans for
for _rraf-’f"?l??gs fre %@&rﬂﬁééa&t@% EBSPAcREL 4R proyvide B etk n’,rﬂgach_ packet
havi ngagkdi@frbhCithAdmRAFAdhGs dpp e RANE %h{,aea 19PANERQAaddm@ReM tting the
packets; neans for retransmtting a packet, if an acknow edgenent for

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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t hat packet is not received; neans for collecting retraggﬁfi)m on
statistics; and 2 23 February 2006 neans for adjusting 749 ar data
nodul ation using the <collected retransm ssion statistics, vvherel nif the
~col | ect%ﬁhﬁgigt ics indicate a |ow nunber of ret raqﬁm&l a hi gher
capaci ty encodi ng/ nodul ati on schenme is selected as the par |cuI ar
encodi ng/ data nodul ation and if the collected retransm ssion statistics
i ndicate a high nunber of retransm ssions, a |lower capacity encodi ng/ data

nodul agdcess (ORDMB), the DM€ 65:RbIRS mmay VA fHeGubeHannBRREH fiasaf a
nmodul ati on; _and a receiver haV|n means for receiving packets; means for

decodi g I%ﬁﬁ’liefe‘ilﬁ*t@r Theathwisicgl lage ‘é‘ﬂvwltwc]l?@ttfamts packaets foor gener ati ng
an_acknon BUOeRE nif 6 RbBRYE fitbrh @ B bl bvay! Rl ECGEATG PagKet has an

acceptabl e error rate ccordance w aspe tHfe pr esent

i nvent daplexdrtideand a;nqanna |1letrha tmﬂmntﬂebena elbttehporagilp p@réd tig br oadband
wireless co ni cati ons rising; guencer having a_queue for

recei ViPAEFa8a %%F"&’E‘ﬁ%’l?rsl‘% é‘ec‘%,séﬂ’ﬁhﬁ}% W%@Wﬁorﬁﬁ@tﬁém thequential Iy
conveyiAdsRackeis to n transmitters; n transmitters for transmtting said
packets through a data channel; n receivers for receiving return packets
throug[OOdé] d datatedentied!subseiibenuhitiGiraceR® tHe padet. sThepadketisupl ed wi th
one of. sa ecei.yers ereb aj,d n.h br|d decoger.s have a

F eedbaeR oL Rtf RBFiFN ST ARG PR R 67 reReib S edt o oR AN ket havi ng
an accegy. ay the 9bde@er 18@%%Ba&e@me%@dd\éa%déﬂ&k%eMe%ﬁ@%bﬂ% packet s
whi ch have an accept abl error rate; and wherein statistics of

r et r arfwi BEBo T her xeceivpr d6a shemenntidls ablonovdedgmentettansmithet lﬁcstoi ndi cate a

| ow nune e I ans acit ncod| ng/ modul ati on
scherreéTals r?@f‘%%mtgg Wﬁ%ﬁ?ﬁ? ?fa}?l"b&ggf"b&;fg'b Igtag FITH BRI ol | ect ed
r et r anggusstiretradbmidstdn pi‘dﬂéi*aﬁgﬁ FithhBiday mgek%wm‘dgﬁﬁhfﬁ gMaysions, a
| ower capacjty encodi ng/data nodul ati on schene is selected for

r et r arf3ARemitHBe asedgative erkrosvledmar (2EOR PTI ON OF THE DRAW NGS - 2a
[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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23 February 2006 Figures la and |Ib are sinplified bl ock .diagrans
downl i nk and uplink physical ARQs. Figure 2 is a flow ‘%%a‘t?e?)rqa&zz i ng
retransm ssion statistics for adaptive nodulation and coding. Figure 3 is

bl ock dj howi ng a nmulti-channel stop and wait archi re. DETAI LED
DESCR PYOCRPBEHI e PREFERRED EMBODI MENTS —Fi gur es |a%5ﬁgljs‘§’gz%6r@spect i vely
show a downl i nk physical ARQ 10 and uplink physical ARQ 20. The downli nk
physi cal ARQ 10 conprises a base station 12 receiving packets fromthe

hi ghersdleitie Pt éoilsiflirgl EThd packtO oG Al aBRbWK eddbr rdhiearePacket s from
transmtter |4a are agplled to the physical Igﬁgr ARQ transmtter 12a in

base skrapgigrreddo hygher q }ethionifunther preeessingo dde acerptable zecgived a  forward

i ) E . . heck E :
roaul kel eRR Qe hia ARIENS 1885 e bR AR P R ki ool ng (AvD
cont r ofHeedatd 2¢as providedstotyantdiib@r 1i2adn he base stabioht[ & evideguéRSK) |

quadr a Li{ye phase shjft keying [%(R}’SK) or mary quadrature anplitude
modul 28§58 e meximpyny raimber ofEsprangmaigsions ilimyted e anewerasgbnal frequency

di vi si l:1.§ F / / 1 access :
(OFDWA) , ﬁéhkwg%ﬁ%’rﬁpgg{%%qg%é@&&é ggﬁég%gﬁé%ne élﬁlglggerto carry the
packetofdatmnsitiesiqisyae catenpydr thaRQfer ananbiyt igrclehfed forane byt thepackets to

t he subscri ber it,16 through air interface 14 by way of_ sw tch,

cireul %@t’@rpagfet- %ﬁf}@%&@nﬁgﬂgﬂfﬁgwﬁ% Hé}nﬁmaﬁi@cg?fér@ﬁh? physiggla al so

t enporiagd : bSSi:on, I f necessary, in a
buffera?ré\;llrr}}éerd ?Eﬁgglrl%ggg?ggﬁ %ﬁg% ﬁg%%%sgg‘é%&?ﬂ@sél@gﬁ [ 0016] Antenna 15 of

- subscr09¢9] uni t Siger BHY A8 thaupank ehe phiyeicplatdyet, tise nunther ofnt o physi cal

| ayer ARQ recei.ver 16a through switch, circulator or duplexor, 16b. At the
r ecei VEFTAPSIISYigROGGHFRREes far %E@%H’é‘ia&ﬂ’aan’é‘fjrdre&?é’éﬁ’éﬁl‘?‘b?tgﬁ?tﬂ%r’§ using the

ECS. Thgoddasesié ofithat Mo PO dIRY SUSRK TR BAGREMsidd AAgdd gk 16C to

ei ther acknow edge (ACK) receipt of a packet with an acceptable error rate
or t o AMéyeentrollant mmayseiryntheymogdulationadnid, codiing Ishbérdes dorathasicknow edgnent

Ol RN P SRR I8 SR s 007 T 0T
ant enngdsdbe coiiBind@ivitiSotdRP link igalifemahsureMettd, 86&h d<bik @rror rates
~ (BERs)and block error rates (BLERs), by the AMC controller 12¢ to gauge the
channel quality and determine whether a change in the modulation and coding
scheme is required.
[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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antenna 13 of base station 12. The received ACK is proce b
acknowl-edgnent receiver 12b in the base station. The Acésgeg’é'f%%g&fzb
delivers the ACK/NAKs to the adaptive nodul ati on and codi ng (AMO)

control k@yoshieand to the transmtter 12a. The AMC geh Je&f; 12c¢ anal yzes
t he channel quality to the subscriber unit 16 using sté{slﬁ%t?‘és of the

received ACKs and nay vary the FEC encodi ng and nodul ati on techni ques of
subsequent transm ssions of the nmessage, as will be described in nore

det ai | reckivet,nficE WeBER be BLER, (69)0 THRCARAMERGNS 246 pRibIabYf sdillfy packet,
recei pt, of this ACK at base station 12 causes the original packet, which

was teﬂWYéFﬁmyp%ﬁaé?red in a buffer nenory, to be cleared in readiness for

t he ne cket . I ] ceived or a K is.received, the
physi c OzﬁZyer Fto;ans mjft“rgF éft}gi%r%]tsrggég?%uf%nf%ear%}lf BOREWL e of
sel ect ¢healng] quaityioferchavubeltannedf Iftheredrdgmiaion Rseadetiatsmidaper | ber 16. At

t he 'subscbjjéger u]?i t 16, the, retransmssion _is conbined with the original
t r ansnfadeilink apality, for gpparticylars suhchannelgindisates Incpntaualitycthast of a
correc oot \/ bruary, 2006 WO
03/ 019%%%%%@?3%%%/‘3%%&%%1‘@& %&eﬁ\%&gﬁgga??gyn%eﬁﬁ%%s %’e{%%(cl?et s having an
- accept etdee tepreciude aseofsueh poorqeflity selbthiaanblis fresomedyiane pbhiddf o furt her

_ _procesalifngé The acceptable received, packets are delivered to the higher

| ayer s"MelPTHPIHESICR Y A ST ebransrupsioniptatlink (malify dndigatesrighded t o
LT ansThddIR, 2frebbubheniSe s Mcahafls that bel MAABEACEH HEURRY) . The

maxi mum nuitber. of reftransm SsSions I|s to an operator- "defined
i nt egefrequengy ses (@M. as in the range of | to 8. After the maxi num nunber of

~retrangfp,ssions;are attenpted, the buffer menory js ared for use by the
next p@%g . Dey(aﬁ‘ﬂ}gr@eﬁﬁtgg’éﬁﬁﬂoﬁﬁwmn%ﬁ%@ ?%R@ngeéf‘ the physi cal
| ayer MOAMGES t6 HABGT RS MOMuE A Y dandilEshage tbfmg%wéﬁg& lcABnnd10019]  Since
PHY ARQ occurs at the physical |ayer, the nunmber o retransm ssi on
‘occur repddipnsder eacharser.cAflditionhbnrtbe retransmission ssfedn isgeasitdkitos, is a good
measur f that, channel's al i,ty. Usi t he retransni,ssion statistics, the
AMC co’ﬁfe %soqr%glgntﬁrg 0%9‘56%0391{1%&‘9%8&%&%%‘% ﬁﬂg%ro‘h‘?lgg]eschenes for that
channef0023f shoWhe upliftk ARCEZPis sABTAE inGRdhdelto th WowBinARQ183LQN Statistics
can also be conbined with other link quality neasurenent's, such as bit

- error papwprisehphe pubgenibpr vait 2rinovhich pecketpirersy higherfager R cont r ol | er
T2 SR e AR AT MRl 11 the
. - 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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[0020] To illustrate for SC-FDE, the retransm ssion occ r&rll)ces %&iﬁsa
particul ar channel are neasured to produce retransm ssi HATE , (60).
A decision on whether to change the nodul ati on schene is made using the
retransgl Ssi tatistics, (62). If the retransm ssi cessive, a
nor e r?ﬁ@%ﬁg&ﬁi ng and nodul ati on schene is used, (gﬂ?ﬁﬁgﬁg ly at a
reduced data transfer rate. The AMC controller 12c may increase the
spreading factor and use nore codes to transfer the packet data. _

Al t er nahgleihe@tatichl hbPBahis¥d. THE BRWA syaRt AlalSise TRYueHiy &ibisidom a hi gh
data throughput npdul ation schene to a | ower “one, such’as from 64. QAM to
16- QAMIvplepriimg divisien dunlex §€-FRE0a AFRMA. dnssuck a dystem, shebisech to a

hi gher pac ti chene_is de,, such asnfrom SK to 16-ary QAM
or 64-%@@8&4&%&/8 gg&]h%n38%821%%%'80%1"%%%?‘2k}PffLéf?élés ’B%? ﬁ’y'ftﬁgn?aé’t ransm ssi on
rate asuineised badertkativinhnd ¥ 147R@ 8 UBBEMsabsdrieahads. EreuibieriBa February
2006 WO 03/019844 PCT/ US02/ 26941 receiver, such as BER or BLER, (62). The

deci si BRit| may tseryg anyiiple ugepsywithin jgpe huibling or cseversd rneighboring0211 For
OFDVA, 1.t LSS : ] L tor .t h channel
qual i tl;/ﬁlg@ng%étﬁlaés%t%ﬁah%?&ﬁﬂl{cﬁ@&?ﬁyﬁﬁ%@&%ﬁa[f%ngg b%P dévé(ft ansm ssi on
- rat e/ | duktogihellatge fuomber gfantivsetsant chelbabsotibel uniiciiat es poor quality, that
subeha L., ma iV ulled fromthe OFDM frequency. set, (64), in

~order s ecrugﬁﬁ?&e@‘h_d&ﬁfeﬁe%&ﬂcgaéwﬁew @&%ﬁam@ ﬂt?rq“é]&?fe fut u_r)e

per | 0liaybis, stidbasthb ftiiith 3RLAD btk Qe MELLADYH SSHEPHPAR daik aual i ty
y hul'led sub channels y

indicates high quality, a previous e added back
t 0 't hebeOEId infoopjjnetion veith highes Jayel ARER] stidi aglayhe2r &h saddseises, on

occurren basis for AMC pravides.,a .flexihiJity to tch the
nodul & em%@&&‘?ﬁs%@%%@s&ﬁfﬂ@ Bwpﬁﬁ‘éo‘l_éﬁﬁﬂﬁ@ er léﬁ‘r’f $ns for each
‘user. pyddi}i onalfguret Beid Ghl ANEHERIOBE A NichahRRCBR! l[ﬁ{& {Qir_measur ement

error and reporting delay fromthe subscriber unit 16. [0023] The uplink
ARQ 20atchite¢tire fn a RHYARR 80t The MhydioahlLayer ARR toarsndt furstioni®8r i sed of a

subscrj be nit i n.whi ch,.packets..froma hi gher | ayer Al transmtter
Son ormaRbe lfatedtatchd A% SRuBR RSB met Bk an Do SpsnibE on MR ARG

- transnddviflinls 6@linkBELHRTHYARGSE abé 8B @G 349 of AftaRasi%e Bbal iHan ant enna
t hrough switch 26d, subscriber antenna 25 and air interface 24. The AMC

cont r orgteiork.| Thenpterkidogke areplacdddnpopheiua Biddor taanseisdiongverthene using t he

R AR AR A R Al BRI AL I e bR bR b6 Sonds BEL o T2 T S0C Ve

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

-6-




|l a, determnes if the nessage has an acceptable error raée r.equi r.i
retransm ssion. The acknow edgnent transmtter reports s %F?Pé’“q‘}%zbé}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 npl endas Eacpiyed, pedClds genipr aMiAKBswemts Packets math urascéntablesmmoy 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&%er unit may serve multiple users within one building or several
nei ghbdi02RY  bulngiapgroachdor cambining pagkets using prrbegedesigag fpPeeal |y require a

| ar ge A : : . 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 gherpdoaystd e tuFR0fetbddr ﬁtl_iﬁgon%r ‘g%? 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

dependj ng, on,.whet her wnl | nk, | i nk.or. both PHYA re used. Bl ocks 34a
o date B BE A B LR b ekt B i GeRee 3405 SPUBEG | & queue

34 f orditéit§ ineSiransMkeiont dll@ersii?tt@ iEpRoRLthe’dvepdll BER. ALk anbfterf ace 43. An
N- channel sequencer 36 sends data of © the bl ocks sequentially to the N

t r ans rippreach, 4be idergicad signakisctransmitted.t (The 4@ teceived p0cketsarassoci at ed
~with t ransm t. sequence in.the dat.a channel . Eagh ransyitter 40-1 to
orn RenbREhing SRS il Bmttile OF s oThe it ined SBRANN o acker s
for AMube®gidndlyl ddodddd transm ssion in the data channel 41. The FEC
encoded/ ECS data is stored in a buffer of the transmtter 40-1 to 40-n for

~ possi bl0839kt r an¥he il for oxghirecedverl 4671 te dfitr is|senhinn fastifeedbiacksent from t he

PHYARQ: (. 806 hcyhs Syl G5y ASIE O A% 08P TR SRt ASTPEUL A oG decodi ng
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. -




[ 0028] Each of the N receivers 46-1 to 46-n receives the ket in jts
associ ated tinmeslot. The received packet is sent to a re%%g‘g’tr?*%zﬁ%ri d ARQ
decoder 50-1 to 50-n (50). The hybrid ARQ decoder 50 determines the error
rate, gfQofasBER or BLER, for the received packet. ﬂcfmfsp'ﬁm?ﬁc‘(et has an
acceptable error rate, it is released to the higher I'evel's tor further
processing and an ACK is 23 February 2006 WO 03/ 019844 PCT/ US02/ 26941 sent
by the ACK transmitter 54. If the error rate is unacceptable or no packet
was ref@32¢d, ndMGKaimbersetirafsmRtNMNNENl Fes8rs NS k8ded oM Vhriswaccept abl e
error .rates are buffered at_the decoder 50 for_ potential conbining with a
retr ang?ﬁlg‘?"é‘ﬁm‘%éﬁﬁ%‘isf sy e channgl ERRASHN aﬂdrAQIgmﬁPﬂnwgﬁllpacE@l s usi ng

turbo gRARSTdre@sysfedd %%Wg cies@ti(ifét%ﬂf, Q%~ : r&ﬁﬁgleﬂc{?ﬂlgc%l%el{;ﬁ o %Eiyved with an

unaccept able errdr ra pac ata is retransmtted to-facilitate
code cWtbzed, mjth aee qrabddet travsmitters ngd rbeivesane data i s encoded

tur bo. BdHer  GHadby AR EBEHRg ob e Tirsbaredemadpanl weridRas foacket has a
di 11 o1 @hkaiNaQslalto hdise Rl SNHIARLoBARITBRARG oL udhE bl dhindi0 Nt s 10 the
h ditfe I hg

decodi ng schene. Using two packets w ent enc s coding
di ver slaygr ARQ. tFhiserrusshoopediting at bightoblochemmneratbe(BHhERQ(5-28%R. | n anot her -

approa identical, signal.is.transnjtted. The .t received packets are
conbi n%gEtlﬁ .}52‘8 o Vemitin i?@fﬁf 51285 {5 Iﬁ?"?fgl %l%a%wg?g{)ﬂ%h "ned signal is
subsediagat ARQUA6RsI The del-RA3E] STRTeflafehOht SRMS 518 Gid¥ed $Rpakity0 46-n is

sent in a fast feedback channel ( FC& 45. The fast feedback Channel 45 is

pr ef er@bpyitshingto high-erdpr masahatéon employingtamadapitiviesnoduldtiphexndsyst em t he

ACKs : (R[N eripds between upstr nd downstream

transm SS|%@&ﬁ%ﬁ&ﬁﬂg‘g’i@v&sﬁus%’%efré’?’%ﬁs;e/e%m Wﬁ@e@,coﬁfs K U5REdwi dt h CDVA
channelowey grddeyR I (radid fedquieAcatthpohs e Wil gePRY ARG chibpeddaMngcodes and
nodul afi ons are_ selected to mnimze interference to other in-band

~transnfiPE fegHeed pplemengation prEformpage; tipcrepses dpwalinkp@ngs, whisht i pl e codes

may b 0 I tecis,the S i ndicates to
t he geo#%%pg%ed?%l%d}gﬁsﬁ%%fﬁ%f—{qﬁf ggﬂgg i %tb A&t S@%HA@V@S recei ved.
[f t hemivdzavedl-cedtinteefoedncethnd iherepsedimivel ripliieR@PN)bhéle oty whis
retransmtted packet may have a different nodul ati on and codi ng schene as
di r ect¥BPRYINGfemMNEcaritedIghe. 12¢c, 26c. If the ACK is received, the &
transmtter 40-1 to 40-n clears the previous packet fromthe. buffer and
accepts a subsequent packet for




nunber of transmtters and receivers N is based on vari

consi derations, such as the channel capacity and ACK response tinme. For
the preferred system previously described, a 2-channel architecture is
preferably wutilized, with even and odd transmtters and receivers. [00331
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 system using only higher

| ayer ARQ This 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 layer ARQ alone. The d ed SNR requi renent allows for:

i ncreased cayaaiisylaibgd s t ching to high order nodul ati on enpl oyi ng an
adaptive modul ation andy, el NGOV & SE IR 1h Nl GUSIQURL, Pr emi se
equi prent (CPE) Costs Dy using t10\Ber graﬁé’ radi o requen’c’:ya) conponent s
wi th the PHYredR$t.compesimgti ng for reduced inpl ementation perfornmance;

i ncreased downl i r 'l extends the cell radius; reduced downlink
power in the base Statton "to mnimze cell-cell interference; and

i ncreased power anpl iaf plesicaPlRyeh traksoiftfer ine receiwingl datanfprmatiinggtthecarri er
techni que. 23 FebY §ALY; ?oochkgsA'eQ@t M%t hxﬁvigsl;aal gﬁﬂichfar e%md%@&ﬂ%&cf' ber unit
i mpl ementing p yS|caP ayer autonatfc repeat” request, conprising: a
transm tter thedulxidpn, trapsnyitiingthe pagkets, andmebransmidting packete besriongp tdat a,

formatting thgudiseRbed dlatdohdihp oGk RlitmeSREN, PREKElabRYI NG 2 parti cul ar

encodi ng/data nodulation, transnitting t packe and retransm tting
packets in response ®n adkapylgdgmens peseigpn, dorg recgivings pbn doresrarkindw edgnent
for a given &ﬁﬁ&ﬁkdgﬁhtﬁﬂﬁnov"' edgnent receiver for receiving the
correspondi ng acknow edgnent; and an adaptive nodul ati on and codi ng
controller for colleeni hgﬁptlﬁ’mmﬁé?ﬁ@si%ﬁ epding seritecdlenrfer goleging ng t he
par ti cul ar q«aéranﬁzsgash Qgfiomd uL@&djegtmglagé ﬁ%ﬂ-%itezxtilﬁr .;mh bfGhR: milalatish | S,

wherein if the co i a low nunber o

transmission. -7 23 Febr uary 2006 WO 03/019844 PCT/ USOZﬁEéMg&Sg] The

ected statistics indica . nunbe
retransm ssiusig thacdiiegfréstatistiracvhereuyif thi collected statistion inditadea 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

-9_



is selected as the particular encodi ng/data nodul ati on i,f th |l ected

retransm ssion statistics indicate a high nunber of ret ?gﬁg?hrgaﬂgﬂég a

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

particul ar encodi ng/ data nodul ati on; and a receiver having: a physical

| ayer receiver for denodul ating the packets; a conbi ner/decoder for

buf fering, decoding and detecting packet errors; and an acknow edgnent

generator for generating an acknow edgnent for each packet if that packet

has an acceptable error rate. 2. The subscriber unit of claim1l wherein the

particul ar encqdin ata . i is for r | (FEC). 3.

The subscri béf %&iﬁ? ?ﬁ gfeng?déﬁl%aggﬁog%nﬁﬁtaﬁ% S)gg%%eﬁ y og[?%&%r%dggﬁnﬁtg ed using

an ort hogonadeldetiegunatiog ofthub¢hsinoels mubn ODMAedess (OFDVA) air interface -9

23 February 2006 and the FEC encodi ng/ data nodul ati on adjusting is

performed in addition to selective nulling of subchannels in an OFDMVA set.

4. The subscri be#. unithe efibsctibgrmnit offleine | whetein theprdaets axe trapsmaittedi t t ed

using a sin reE | . r YadheR j 7 SC-FDE) air
S R B D ber uhi

i nterface. scri be
uses a codeinthrfacei on nultipl e access (CDMA) air interface and wherein the
acknow edgnents are transmtted on a fast feedback channel. 6. The

subscriber unit of claim1 whereby the acknow edgnent = generator transmts
a negative acknofd eddiesubscribexmpitpdcladm liygherehy the subserdher apitases for rate. 7.

Physi cal autQpgt §iGis{oR0Waitiple CR&RIs OPMMD! WS SHRHANS UnBY wherefillth6! i Der unit,
conprising: a transmtter %aw ng: neans for receiving data; neans for

formatting tavknewledgmends aratteansmitéedpnca Bt fepdhack ehapmelyi ssion, each packet
havi ng a particul ar encodi ng/ data nodul ation; neans for transmtting the

packets; neans for retransmitti ng.afpac_ket, i.f an %cknow{ edgnent for that
packet is not r eBei Véré? subscriber unit of elaim 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 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

-10



means for collecting retransm ssion statistics; and nean r_adj i ng
each particular data nodul ation using the collected ret?%ﬁéﬂ?§¥?§ﬁ§
statistics, wherein if the collected statistics indicate a |ow nunber of
retransm ssions, a higher capacity encodi ng/ nodul ati on schene is sel ected
as the particular encoding/data nodulation and if the collected

retransm ssion statistics indicate a high nunber of -10 23 February 2006
retransm ssions, a | ower capacity encodi ng/data nodul ati on schene is
selected as the particul ar encodi ng/ data nodul ati on; and a recei ver having:
means for receiving packets; neans for decoding and_error checking each
recei ved pack&etTaBHRISSIRSR leveer mrrtmemé@l%ﬂa{d%@krﬁew Rreithere i$ he

physi cal | ayegldcled 4Bk paPGAIINE EnRAEHdath 3Sodlatdi GRY abl e error rate. 8.
The subscriber unit apparatus of claim7 wherein the particul ar
encodi ng/ dat a nodureseiverrhavipgt orward error correction (FEC). 9. The

subscriber unit appar glelss Bf rdcbRinPphciigrei n the packets are transmtted
usi ng an orthogonal frequencaggivision mul ti pl e access (OFDMA) air

interface and the FECHmemesiar Aesodiag andewon cherking eagh meceivied Prekeli@pd or ned i n

addition to sel ectivepaihd foPgerfa A&k Rdgrer® At HPHYys2llayckQf The
subscri ber unit apparatus of claim /7 wherein the packets are transmtted

usi ng a si ngltbataasaivedpaskel hagar pegpiahlepr@bidfn equal i zation (SC- FDE) air
interface. 11. The subscriber unit apparatus of claim7 wherein the
acknow edgnents are transnitted using a code division nultiple_ access
(CDVA) air int erq‘- aceT]Eﬁ\S‘ébSF%lﬁr.‘F’éte%H?&W“"cPfaﬁW@l 1 wherein-fhe parHedlay ber wunit
appar at us of egtaidpdatarnea@hions & frwik€ Y cobrdttthn (FEENS for generating
generates a negative acknow edgnment if a packet has an unacceptable error

rate. 13. A subscriber unit for supporting broadband w rel ess
conmmuni cati ons cQPr i Bhd@ibscribler 23ith@Pardals\of JQR0 7 wheAGn ERCRIck&a e a queue

for receiving data bl ocks froma . conmuni cation nefwork r,
sequential |y %mg;ﬁ%ﬁljmﬁé}elggggg%l l‘r(l:iequency division multlp{e access &%% ar
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-
FDE) 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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transmtters; n transmtters for transmtting said packe ghroug& dat a
channel ; n receivers for receiving return packets throu E

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
transmtting an acknow edgnent when a packet having an acceptable error
rate has been received, and for rel easing packets which have an acceptabl e
error rate; and wherein statistics of retransm ssion are collected and if
the collected statistics indicate a | ow nunber of retransm ssions, a

hi gher capacity encodi ng/ npdul ati on schenme is selected for transmtting
sai d packets and Pf SCAURRCEEohavaRg &y Weys dpfs fpeting data; hlegks frompgi cate a

hi gh nunber @fmmbsititaihs M SRS and® bOWRGUHBRAS éonveis® diadkdtsiafoanmodul at i on
schenme is selected for retransmtting said packets. 14. The subscri ber
unit of- cl ai FePEY§§E¥ein said n signal transmitters each tenporarily store
a packet that has teasmitteaIoniridsettting saidpaéiets thiougly a/data Whainelby each of

said n transmtters clear the, stored packet.in readiness for receipt of
another bl ook whaTS R PRoHPaReR: b Rdb ek SE AR Srbi e has
- been recei ved at ntiybridfARRdctoders, @ach csapled with.ondbfsasdibsarivesr unit of claim
- 13 wherein said n.transm.tters, e temporarily store.a pac t hat has
been transnitted HRTRY b é’rli’ﬁlgﬁg?@:q dﬁg‘?&b V8at gee(r%ﬁ’??‘aﬁ]%rﬁnléf%’rrs
r e}( ra \r/]\A S m;jt S trhﬂsqsﬁ_ati:k@:lin :idmm]ﬁmmy wiagma patkethavingg antanée‘pmblmmrrgt_e\/\hgn an
acknow edgengnt, signal for e.store cket, has not n.received at one
o saldnr on by SR8, U LRI BB AR B2 R RheepBSRRTRERRL S0 1 o

sai d n transsid Wwhesin statities of setinrfsindssioreare gollieéted mnddk timdoBdgedent si gnal

is not received after..a. maxi rum nunber of retransm ssipns. -12 23 Februar
2006 17 TheSt@tistes Dliatad JoDMUEbET of TRUaRUPISINSnE HERSHEAR G FDer of

- retransm ssi &%ai@@@&&&&@@&@ﬂ@éém&dmﬁﬁsﬁmmﬁg Baiddabiedgndfom 1 to 8.
18. The subscriber unit of claim 13 wherein each of said n receivers

conbi ne a r etheasgheate@drabeaicanissign stakistinsi gndigdter pamigh teeabgracket to _
facilitate GhLOGONEECY] Bvordpacity BcRoRL0 R0tk YonGhidlit) 13 wher ein
a transmtter farlrng td receive an acknow edge signal encodes the packet
by enpl oyi ngsededded forretransmittiagdisam gaekéisi que from an encodi ng techni que
-enpl oyed in an origi nal
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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transm ssion of that packet. 20. The subscriber unit of ﬁgibm 132ﬁ61(§rei n
each of the n transmtters enploys turbo coding and eacfr bYT¢HE ecoders
enpl oy code conbining of an original transm ssion and a retransm ssion to
facilitate error correction. 21. The subscriber unit of clai-m 13 wherein

t he packets are transmtted using an orthogonal frequency division

mul tiple access (OFDMA) air interface in which frequency subchannels in an
OFDVA set may be selectively nulled. 22. The subscriber unit of claim 13
wherein the packets are transmtted using a single carrier having a
frequency domain equalization (SC-FDE) air interface. 23. The subscri ber
unit of claim 13 wherein the acknow edgnents are transmtted on a fast
f'eedb?ck changel m.ssi ”thj:\_sdb@éiﬂaeﬂhﬂi't%fﬂﬁim wmleell ﬁh@@xﬁﬁ:&nmﬁm)arail rI
interface. -1 ABSTRA A subscriber,uynit i enent i n i cal |ayer

aut omati ¢ r e PEEATSPUSHPRE {5 W ggéﬂglﬁégﬁg%ﬁw‘gﬁggﬁ@gg@gkgpﬁﬁ The
transmtter has a physical layer transmtter for receiving data,
formatting the recgeivgd data.into.packet transm tting.ihe packets, and
retransnitting p ket@h‘ﬁ W%F“é'éhﬁﬁﬁgg “?Sraf’aislfgtﬁ}ber?‘ﬁ e‘?‘%l’e%tneﬁg%nﬁecg"gﬂsespondi ng
acknow edgeBémbiae a fetgingditiqizaldedt withmnacigireitracouitiad padkette fac8itateor

receiving the correspondi ng acknowl edgnent; and an adaptive nodul ation and
codi ng cont rﬁfrf’lé?mfeﬁg{’%ol l ecting retransm ssion statistics and adjusting

. the particular data encodi ng/ nodul ati on using the collected statistics.

The receiver has physi cal lLayer.receivel, for .de | af..ng . packets; a
conbi ner/ decoder Isbrhgltﬁ ug’ls‘fnr%’ge?{ é;coo3ﬁ%ﬁgn@eaggggﬁ%gﬁ%3€%g&}rors; and
an acknow edge®atangsukeswledge fignal gmoaleatthe gacket ag lenphiybugadifferémdr each
packet if that ;packel 025 63 ACERLARE GeliRle £BbiSyed in an original

transmission of that packet.

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.
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