Title: METHOD FOR PHYSI CAL - LAYER AUTOVATI C REPEAT REQJE;‘E Cﬂ.;qg% A g# CRI BER
UNIT [err] Abstract: A nmethod and apparatus for phy Ty ic
repeat request by a subscriber unit (38). A physical |ayer at the
transmtter receives data (34a) and at the transmtters (42) formats the
received data into packets having a particul ar encodi ng/data nodul ati on.
The physical |ayer contains n channels (41) which transmt the packets and

For a given packoiHORFQE phYSTCE Loshi KErmRId 557 *"The “subscr i ber uni
(38) collects ret k#?ﬁm%ﬁ?@ﬁ’ﬁr?bﬁ%%bﬁéf{ fe\jytst s the particul ar
u n a

encodi ng/ data nodul ati o the transmtters (42) using the collected
statistics.

BACKGROUND

The present invention relates to wireless communication systems. More
particularly, it relates to a modification to such systems by employing a physical layer
(PHY) automatic repeat request (ARQ) scheme.

Proposed broadband fixed wireless access (BFWA) communication
systems, using either single carrier-frequency domain equalization (SC-FDE) or
orthogonal frequency division multiplex (OFDM) plan on using a high speed downlink
packet access (HSDPA) application. This application will transmit downlink packet data
at high speeds. In BFWA, a building or group of buildings are connected, either
wirelessly or wired, and operate as a single subscriber site. The data demand for such
a system is quite high for the single site's multiple end users requiring large
bandwidths.

The current proposed system employs a layer 2 automatic repeat request
(ARQ) system. Data blocks unsuccessfully transmitted to the subscribers are buffered
and retransmitted from layer 2. The data blocks stored in layer 2 are typically large, are

~ transmitted for high signal to noise 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.

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
method for adjusting data modulation at a subscriber unit, comprising:

receiving data at a transmitter for transmission;
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23 February 2006 METHOD FOR PHYSI CAL LAYER AUTOVATI C REREAT ;R{%%J@T FOR A
SUBSCRI BER UNI T BACKGROUND The present invention rel at SS
comuni cation systens. Mre particularly, it relates to a nodification to
such systens by enploying a physical layer (PHY) automatic repeat request
(ARQ schene. Proposed broadband fixed w rel ess access (BFWA) conmuni cation
systens, using either single carrier- frequency domai n equal i zati on ( SC- FDE)
or ort hogonal frequency dj vision mul t| E’l ex (¢ pl an on.using a high

speed domqurﬁ’ilﬁmnﬁél%%é?e“{fé datadniomapissy fop ﬂ%%ﬂqnoﬁf“’h?ﬁ?l@t Wesation will
trans hi gh speeds. In BFWA, a building or group
F%rgl ngs é&%n@oﬁdﬁ?{ata&?&&latﬁ%? i i

of bu rec wrelessly or wwred, and operate as a
single subﬁ@ﬁsh{mhgmetlﬁeke&e data demand for such a systemis quite high
for the single site's nmultiple end users requiring |arge bandw dths. The
current prowodenng pstebimn eshphs) sfon reepypir ol anackpaledgmanpear eadyuest ( ARQ
ystem % Ioc%@ﬁ]uccessf |y transmtted to the subscribers are
buffePfécefet A h FEECFYEm | ayer 2. The data bl ocks stored in |ayer 2

22 /P! C kol B85, o3 iR bk Ofr 1 GBS0 chP goiise 1Ll 0 (SR

receptlon are rec a |l ow error BLER), and are
| nf r egackes hag noeceAngeived;ed. Additionally, layer 2 ARQ si gnal ing is

typically slowrequiring |large buffers and Iong retransm ssion intervals.
collecting retransmission statistics; and
adjusting each particular encoding/data modulation using the collected
retransmission statistics, wherein if the collected retransmission statistics indicate
a low number of retransmission 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.
In accordance with a second aspect of the present invention, there is
provided a method for adjusting data modulation at a subscriber, comprising;
formatting data into packets for transmission over a wireless air interface;
receiving packets of data over said air interface, each packet having a particular
encoding/data modulation;
for each received packet, generating and transmitting a positive
acknowledgment at the physical layer of said air interface when a received packet has an
acceptable error rate; wherein a retransmission statistics of the i)ackets are collected and
the particular encoding/data modulation of ¢ach packet is adjusted using the collected
retransmission statistics, wherein if the collected retransmission statistics indicate a low
number of retransmissions, a higher capacity encoding/modulation scheme is selected as
the particular encoding/data modulation and if the collected retransmission statistics
indicate a high number of retransmissions, a low capacity encoding/data

modulation scheme is selected as the particular encoding/data modulation.
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Accordingly, it is desirable to have alternatives in add%g%%gut 280& ayer 2
ARQ system SUMMVARY |In accordance with a first aspect o e pr ésent
invention, there is provided a nethod for adjusting data nodul ation at a
subscriber unit, conprising: receiving data at a transmtter for

transm ssion; 1 23 February 2006 formatting the received data i nto packets
for transm ssion, each packet having a particular type of encoding/data
nodul ation; transmtting the packets; nmonitoring a return channel for
recei pt of an acknow edgnment for each -packet that that packet has been

recei ved; retransmgRIEROHERCRALKEIN oF tHEeprpasyGgg ter, i f an acknow edgnent
for that packet has not been received; collecting retransm ssion

statistics; andFatfasdeiand leawtsimpplified blackdiagrrosdifdgivabnkaandomlinkt i on usi ng
the coll eciﬁgg retransm ssion statistics, wherein if the collected
retraRSHi €si*0r°statistics indicate a | ow number of retransmission a hi gher
capacity encodi Er%/um)ﬂw Ao Nchak MeMBsinSretraRnB iR GstaRtié ®r Radpive ul ar

encodi ng/ data nodul ation and if the collected retransm ssion statistics

i ndi caodulation gid cedmser of retransnmissions, a lower capacity encoding/ data
nmodul ati on sche I S.selgcted.as the particular, encoding/.data nodul ati on.
I n accordance V\Aﬁ%ﬁlrea?’slgc@ﬂ%( géaﬁ{aa& Sg?‘%tnﬁea ﬁuéli'glﬁat“nle \%ﬁtﬁlgn‘ym? here is

provi dedit&enyet hod for adjusting data nodul ati on at a subscri ber,
conprising: formatting data into packets for transm ssion over a wreless
air interface;, receiving packets of data over said air interface, each
packet havi I | | B each received
packet , gerlljg?ra |§§r]%¢‘1 trg%%ﬁi ti ng%%%]gm |\cjéém§(]ﬁqutg\ﬁ]§(’jgnent at the
physi cal |ayer ®fgufaild add nbiredpedtivelashvhenddaviliak hysehl pRCKed ahdis an
acceptabl e error rate; wherein a retransm ssion statistics of the packets
are coplinkghysicddRQ2pe particul ar encodi ng/ data nodul ati on of each packet

i's adjusted usi e hg@nlﬁﬁl ﬂh?rgi&ﬁdARQ 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 crror

correcting code (FEC), appends error check sequences (ECSs), modulates the data as

directed by the adaptive modulation and coding (AMC) controller 12c, such as by
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retransm ssion statistics, wherein if the collected retr%rLs 'ssig
statistics indicate a | ow nunber of retransm ssions, a igﬁ?’é?a% (g)gcity

encodi ng/ nodul ati on schene is selected as the particul ar encodi ng/ dat a
nmodul atjaon and if the collected retransm ssion statist] i ndi cate a high
nunber 9P @P?’a%nsm ssions, a |ow capacity encodi ng/ di%g’%g%gﬁsﬂﬁat I on schene
I's selected as the particul ar encodi ng/ data nodul ati on. 2 23 February 2006
BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gures la and 1b are sinplified bl ock

di agr . L ink. . | hysi.cal  ARGs. . Fi gur s a flow chart
for u?ﬁﬁ%&&%&é rﬁrg_sﬁéﬂflg%”gg%)i @%a)é?%&%ﬂ%%%kem%)@ﬁ rl%Ind codi ng.

Fi gur exr3 quidiatuPé km@iiRae aivdaieoh (. a60AM mcélﬁngESAemﬁaﬂﬁwE o
architecture. DETAILED DESCRI PTION OF THE PREFERRED EMBQODI S Figures la
and | bortlegpeal ficyedngy divistoramaltiplelateess (ORBMAI) theARN éoraatler 12amayk physi cal
ARQ 20. The downlink physical ARQ 10 conprises a base stationﬂylz recei ving
packet ¥y rthensubehapnelm ased 49 carrprilte tnagkss rdata. e rTheaphysical ilajed ARQnet wor k 14.

Th kets f t 1 1t 4 | i t o the.physical | A

{ ansHpESer 128 Fprerpireke q B SaBo e BnS o e A ifetocead bancudes the

data w ; : i E e heck

sequentobof mREy BRI OF dufIBKd 30000 1FRRG 1 o BRRERET2RNE 0"

nodul &Eingﬂragi[l[{\dst@ﬁvdiﬂiﬂméﬁw fdtQBﬁ'afr@hiiﬁfonlﬁfhec@ddﬂ?, Sa Bffet uary 2006 WD
12 PCT/ i Tt keying

03/0198 US02/ 26940 usi ng binary phase sh (BPSK), quadrature
phase sborporakesyin the trapp@itierd2am ary quadrature anplitude nodul ation (i.e.

16- QAM or _64-QAM) . Addjtjonally, for. orthogonal frequency division
mul ti moglél:cessA{l Bi/gé?%WE@IWQWIF@Y%@@PZ%%%W?&RI19c1HE“tsubchannel s

0520, BAltat PSS ety ARG AR e A ABORLL 178,
vay Ofthe Wdelar lﬁé,rtﬁ?’bé’ék@f isAE( Mo ® hnd- &b ROP TR RO siddthe BYES. L ransm tter

12a also tenporarily stores the nessage for retransmssion, if necessary,
i n a bllidreceivermoa then controls acknowledgment transmitter 16¢ to either acknowledge

(ACK) receipt of a packet with an acceptable error rate or to request retransmission by,
preferably, withholding an acknowledgment signal or transmitting a negative
acknowledgment (NAK).
[0017] The ACK is sent by ACK transmitter 16¢ 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/NAKS to the adaptive
modulation and coding (AMC) controller 12¢ and to the transmitter 12a. The AMC
controller 12c analyzes the channel quality to the subscriber unit 16 using statistics of
~ the received ACKs and may vary the FEC encoding and modulation techniques of
subsequent transmissions of the message, as will be described in more detail. If the
subscriber unit 16 acknowledges receipt of the packet, receipt of this ACK at base
station 12 causes the original packet, which was temporarily stored in a buffer
memory, to be cleared in readiness for the next packet.
[0018] - If no ACK is received or a NAK is received, the physical layer

transmitter 12a retransmits the original message or selectively modified version of the
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incorporated in the transmtter 12a. [0016] Antenna 15 bscr'&gz2 uni t
16 receives the packet. The packet is input into physi %Iﬁﬁ%glfgb

receiver 16a through switch, circulator or duplexor 16b. At the receiver

16a, t i s FEC decoded and checked for error ' e ECS. The

receive Orl%’g}gbs#en control s acknow edgnent transm tteri'cﬁ%&?"ghgi t her

acknowl edge (ACK) receipt of a packet with an acceptable error rate or to
request retransm ssion by, preferably, w thholding an acknow edgnent

si gnal L 1154 : ti . The ACK is
sent b?/r?%&é @E%%%éré&t%ﬁg?&ﬂ%gq?p%{ﬁgc %gégl‘?%\%@?r?ﬁ? i}f( rostﬁlbl%sqglé\%tch 16b and
ant enngomdBined With Meoriginal BBksnissiod, FRvailabld, TheftéhaRud fackiRatddYeséipe 13 of  base
station 12. The received ACK is processed by an acknow edgnent receiver 12b
i n t heolbms@ret atdssage byhse Alata eslandancy b Iseldetiviewepaat torebifidig, NEliés t o t he

adaptive_ npdul ati on and codi g?% (AMC) controller 12c and to the transmtter
12a. TPAckptvhaviagan pefeplaplersror gie g sabsiered torighes laygisdiodigr fugheme subscri ber

. . Perepisblers . qualosdy bghe
encod g anF e Haraep b B diek e Ehpae bt MR oS of 1 ne

_ e SElRHE NSRS S of the
cknowS dame el oy HERAIdE IRE AR o FOABLENY st LRg IR (Tt on 12

caus esstétieh (Q.&] igiseqhenp@dddiery) WMithemaximunt minibes of relrinsadissiond is linitedouf f er
menory, to be cleared in readiness for the next packet. [0018] If no ACK is

r ecei viedneperataalefingd ingeger valer, sudhas rhis rangk of hiodt. Aftar theandximem 12a
retransmts the original nessage.o ;t}fectively difi.ed vgr&ion of the -3
23 FobRiabe of 6 s akempied; theButtoraaemonyys gearss Grise By e o subscri ber
16. At ' ' redr 1. SSi [ j with the
origi n%%’&? ?%#\ég?nﬁéés&lag{rg %:H‘c‘(%(glvgllefléﬂ?né u@#;ﬁ?gﬁ[[‘ é% ne?%%téﬁ? %@8@1 lﬁ?%s recei pt of

a correghcdiRmhRARsioN ddRgs Md Hadsded RAMNARARE. O sel ective repeat conbining.
The packets having an acceptable error rate are transferred to higher

| ayer s[00a8] f or BincehBHY pARQessiuny.at Tthe plocepl dbyer, e aivmedr paftket s are
delivered to the higher |ayers 16d in the sanme data order in which the
dat a vigrapsneigsien gequireneas erid rartiqular shanngl, reteanpmission sietigticis §goad. i n- sequence

del i ~ The naxi mum, et i ssions is limted
oper a1 BN P 8L HPARLF 4Pty UEhe 1R SSrRBon s tgh B AME A ter che

maxi MiBnaoller 12¢ may vary the modulation and coding schemes for that channel, as shown

in Figure 2. Additionally, the retransmission statistics can also be combined with other
 link quality measurements, such as bit error rates (BERs) and block error rates
(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 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
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nunber of retransm ssions are attenpted, the buffer nmengry.is cl ed for
use by the next packet. Decodi ng an acknow edgnent usimr#ayFsehﬂi @f(,ﬁkets at
t he physical |ayer reduces transm ssion delays and nessage handling tine.
[ 0019] Since PHY ARQ occurs at the physical |ayer, th r of
r et r ansHO B %ccurrences for a particul ar channel, PEE@]?@%ES‘ Pssi on

statistics, is a good neasure of that channel's quality. Using the

retransm ssion statistics, the AMC controller |12c may vary the nodul ati on

and cogl g S BEESab R A HARNTLe o> SRRYP el KL AN b S L1 onal 1y,

the retransm ssion s I'St1Cs Can al' s e conbin link quality
meas ur @ERidrs pr@f@fh"t\%/lga%s@ hofi R ré@drRfidsRIaRYdte 24HA RURS Kl TqkliFAL €S

(BLERs), by the AMC controller 12c to gauge the channel quality and

det er nincasurenieitd s gnadedcfivam glee reoeivdresuvhas BER arBIER], (62)i Tig decisene i s
~required, [0020] To illustrate for SC-FDE, the retransm ssion occurrences
for a lpaits pregrelerabbhghby thesyslemedpstaled t o produce retransni ssion

tati sty 60).. | SJ whet h t h | at i h [
mmde ollORE) < he Far DERBHAUR SR RNl hoouirphy 3 el 1 st Bt so1 ons. ar o
eXCeS Sifnel AN of SRASIuLERENED. BeheTRAMRILAN RADS RekomiShg) (64).

usual |y at a"reduced data transfer rate. contro c may

i ncr eaas/lidkeqalitycdeh pgtifulatsabehante] itkcabs peoapeliy, that subéhaghe mdyne packet
data. .Alternately or additionally, the AMC controller may switch froma

hi gh detslectively myHedifromsbeOXDM frequénsysets (643, ih owder taoprecludevse ofs from 64- QAM
to 16- or QPSK. | thﬁtrate of retra.nﬁ ' %i ons is.low, a switch to a

hi gherSUehpaes ayalith sihchannsts fonseme ftiie peripd o doe FEransmissmIrater¥eT/ US02/ 26940

Gect o neiranPRR Son Rl el AR B bl aboct ruda Bipinbls. e
qual i tay BB aSdeaDABRIthe OFTNISFbohémy sk gegyecei ver, such as BER or BLEB,
(62). The decision |limts are preferably set by the system operator.

[ 0021] [0B32] OFDVHsinigithe rettansmission Sicomrrances sy & basgs farAMiSprbvidesnoni t or t he

channel qgiality of each subchannel. If the retransm ssion rate or
r et r andexiilitof nasehe thei medylation apdfepding pehiemiectol the avemgeashsanel ndi cat es

' qual,ity, that bch \ | ectivel lled f t he OFDM
P equaiiigitiobt fof gagh Uk, onEHoRgYy (BE FRUSTSIOB S HCHS LRl | ¢y
subchanpelFertdd e O Fndrépotlific BAL) Bm e shfiGrib&n@gm ssion rate or

[0023] The uplink ARQ 20 is similar in nature to the downlink ARQ 10 and is

comprised of a subscriber unit 26 in which packets from a higher layer ARQ
transmitter 28a of the higher layers 28 are transferred to physical layer ARQ
transmitter 26a. The message is transmitted to the base station antenna through switch
26d, subscriber antenna 25 and air interface 24. The AMC controller, likewise, may
vary the modulation and coding scheme using the retransmission statistics of a channel.
[0024] Physical layer ARQ receiver 22a, similar to receiver 16a of Figure la,

* determines if the message has an acceptable error rate requiring retransmission. The
acknowledgment transmitter reports status to subscriber unit 26, causing the transmitter
26a to retransmit or alternatively to clear the original message temporarily stored at
transmitter 26a in readiness to receive the next message from the higher layers 28,

Successfully received packets are sent to the network 24 for further processing.




retransm ssion rate/link quality indicates high quality, revi ously
nul | ed subchannels may be added back to the G:DI\/Ifrequezﬁ’giFBE’éW&tbéG).
[ 0022] Using the retransni ssion occurrences as a basis for AMC provides a

mat ch t he nodul ati on and codi ng schen%lcter&sg%q%%%ver age

flexibiljt

channel w"c‘%’r‘f%’fgﬁ ons for each user. Additionally, the ssion rate is
I nsensitive to neasurenent error and reporting delay fromthe subscri ber
unit 16. [0023] The uplink ARQ 20 is simlar in nature to the downlink ARQ

0 drd ' b | b ' 6..in,.which f hi gh
Fayer WS anaibiefio S UrREbthes R imet i dn ST REREREBY o co o
Physi c@ded gy £ HSNPQ applRAGH HfBF%&sysTé}ﬁ, maggsﬂieﬁrhg}gﬂ%géaﬁé to the base

station antenna through swtc 26d, " subscri b ant en and air

i nt er fmapb@dsedTThe BFW A apdtemlmharuse fieljestics divigigy duplex or tirkedivizébil at i on and
codi ng_ schene using the retransm ssion statistics of a channel. [0024]

Physi clrlpayerFIARO @EPMAr Imosichsd pystem, the hase statien andaalbpf Eiegure | a,
deternm nes..if the a has..,an acceptable error rate requjring

" ot 1 arrihQiegare R el IORIONY oBRERIEm Ay FOmPISe ¢ bhssstation aud alacee o

subscry | [ : ' r . 1 t. or

21t or risniier P bibscrter A R MRclb ¥ ol Serve TP i MR

t r ansridildéig dGavéral Hepbioriap Suil@infs E& exBmbplee THOXE apPHicHAGR typiedllyt he hi gher

| ayers 28. Successfully received packets are sent to the network 24 for

f ur t henequirez bsgd bapdwidh 8¢ feethe gy n2OBG OfEn DB £8M2 sEETHLSARIR 6940 [ 0025]

Al t housgh not shown for purposes of sinplicity, the systemis preferably
used f¥%- a HSDPA application in a BFWA system although ot her

I mpl [ b 1 BFWA f di vi si
aupl ont8p8}{ o A TN SR Bt dutta SRt B RsH#R R IREREDE: e the base
st at i qgya8duai 4s thE melifim RIBITohRSIEs IRC) Ad ﬁgulgwi can’fi€ System may
conprise a base station and a Farge nu%ér o%( subscri ber-units. Each

subscriseé in conjunciey withrhighemldyet AREs|SiRh3s Wybh2. Ningeh cddes, ltgd PIgYor sever al
nei ghbori ng buil dings, for exanple. These applications typically require a
| ar ge HABRAwiaeR theretransmisséon eveghead witherhigher daydr ARE¥ss at one subscriber unit

L ST RN R B R A A
PHY Aﬁ%‘?@@(@ $0. The Physical Layer ARQ transmit function 38 may be located at the
base station, subscriber unit or both depending on whether downlink, uplink or both
PHYARQ)s are used. Blocks 34a of data arrive from the network. The network blocks
are placed in a queue 34 for transmission over the data channel 41 of the air interface
43. An N-channel sequencer 36 sends data of the blocks sequentially to the N
transmitters 40-1 to 40-n. Each transmitter 40-1 to 40-n is associated with a transmit
sequence in the data channel 41. Each transmitter 40-1 to 40-n FEC encodes and
- provides ECS for the block data to produce packets for AMC modulation and
-transmission in the data channel 41. The FEC encoded/ECS data is stored in a buffer
of the transmitter 40-1 to 40-n for possible retransmission. Additionally, control
information is sent from the PHYARQ transmitter 38 td synchrbnize reception,
demodulation and decoding at the receivers 46-1 to 46-n.
. [0028] Each ofthe 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
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used in conjunction with higher |ayer ARQ, such as |ay I n cases,
the PHY ARQ reduces the retransm ssion overhead of the%%ﬁké‘?wg@feép ARGs .

[0027] Figure 3 is an illustration of an N-channel stop and wait

ar chiteﬁ;c())g‘%@é%g a PHYARQ 30. The Physical Layer AR?S&'&%E’?%L‘@;U”C“O” 38

may be at the base station, subscriber unit pendi ng on
whet her downl i nk, uplink or both PHYARQ are used. Bl ocks 34a of data
arrive fromthe network. The network bl ocks are placed in a queue 34 for

trans [ . f LN C . An

N chamsel Ll (UL ARG S8bRy SoRMREnited A erf R b BTG R, the v

t r ans ok fRfeccdPedipdcRetd Of the pla@hhis AN EEpAHE et rhtel R isRicAsddSo @RSOCi ated with
a transmt sequence in the data channél 41. Each transmtter 40-1 to 40-n

FEC enugbzrdeaiifor firthet prsedsing ahd an AIGK slsentbydht ACKotrasoiditers4pit ket s for AMC
modul ation and transm ssion in the data channel 41. The FEC encoded/ ECS
dat a | e gfrer e ismnacasniapleror ngmackes war sesived e AGK- i seng onaNAK &  possi bl e

t ] [ L Additi t I f ti [ : t fr. t he PHYA
o el AR o B L BB S0 bRl o o e
recei V&inshi ﬁ'glwi[l-ﬁafbﬂ“aﬂsmingﬁiﬂkeﬁacr‘ of the N receivers 46-1 to 46-n

recei ves tﬁe packet 1n 1ts associated tineslot. The received packet is

sent t[00a97] espeOnkpprosdt fotlcoNithing paskerts udlip turbe c&dds i ad folfosdar iy y 2006 WO
03/019812 PCT/ US02/ 26940 (50). The hybrid ARQ decoder 50 determ nes the

 error ththoegncadeshpackeBERecsived| VAR an fimaccepiable ewor tase) thapdoket ddtd it he packet
Fur t ne BB LELh Gotlitle A0 Edkn Plinge ek e oRIRIOE ST &3 54, 11t he
a1 <orhded SrtsRARE PR ol e deRATBRL oo RSl Chror O S5t the
b oa e O S o A e PN 11 2 turbo
encodemcpdiageits saift sypnboly ark mappedao diffaeaepséiatlie the devodingt ®heribe packet data

is retransmtted to faci]itate code conbi ning. The packet containing the
same ddatiag two pagketywithdliffersnienicoding rddsi seding divessipyaniderangmissionbot h packet s

20 PURSESRETh RS g P RERC R ot Sreal, B b 2 S 1o e
0o S SRRk Tl o8 G it " O 11 ren

combining of symbols. The combined signal is subsequently decoded.

[0036] The ACK for each receiver 46-1 to 46-n is sent in a fast feedback
channel (FFC) 45. The fast feedback channel 45 is preferably a low latency channel.
For a time division duplex system, the ACKs may be sent in idle periods between
upstream and downstream transmissions. The FFC 45 is preferably a low speed, high
bandwidth CDMA channel overlaying other in-band transmissions. The FFC CDMA
codes and modulations are selected to minimize interference to other in-band
transmissions. To increase the capacity of such a FFC 45, multiple codes may be used.
[0031] The ACK receiver 56 detects the ACKs and indicates to the
corresponding transmitter 40-1 to 40-n whether the ACK was received. If the ACK

was not received, the packet is retransmitted. The retransmitted packet may have a

different modulation and coding scheme as directed by the AMC controller 12¢, 26¢.




diversity to inprove the overall BER |n another appr oarc# ci)he i? i cal
signal is transmtted. The two received packets are co |l?1 4% a

maxi numrati o conbi ning of symbols. The conbi ned signal is subsequently

decoded The ACK for each receiver 46-1 to 46-p.. in a fast
feedbacwé'g’ﬁg%lzel (FFC) 45. The fast feedback channelﬂaéf}alﬁfnzﬁ%}roef erably a

| ow | atency channel. For a tine division duplex system the ACKs nay be
sent in idle periods between upstream and downstream transm ssions. The

FFC 45.4 er i ] hﬁDI\/A nnej  overl ayi ng
ot her }fﬁﬁ%‘gﬁgf 1? F%?@#@% %#gﬁﬁﬁﬁg‘ﬂtﬂ%%@ﬂ)ﬁ%gﬁ%ﬁ% 8%‘?&’5&%’%’1 _ens are

sel ect pgkfdrQnagé s?@sdb@écﬁl'éﬁﬁfa%ﬁ&%ﬁﬂarﬁhﬁﬁiodﬁ' band transm ssions. To

i ncrease the capacity of "such a FFC 45, nultiple codes may be used. [0031]

The ACR0032tei velThs aumhdteof tsankinitteCital moeivern il is dasesl dnovatioas desdgrr espondi ng
transmtter 40-1 to 40-n whether the ACK was received. If the ACK was not
recei veansiderasiopaskeh asithe ehannel gapacity aad AGKgespensedimamibior e ppefeored may have a

N L e e S R
recei v%%ﬁ@a&smﬁﬁ& ei%dx1l to 40-n clears the previous packet fromthe

buf fer and accepts a subsequent packet for transm ssion. [0032] The nunber

of trapeIsyters TasPHEAR(QYREEild 6f thépreterad e&iﬂfoﬂﬁh@tgﬁﬁﬁ@ﬁ a Tdsi der ati ons,
such as the channel capacity and ACK response tinme. For the preferred

- syst enggin @év sigoall tg ndiss catidENR pasZootparaddb amystaint usitgondy higher kafyer abl y

utilized, with even, and odd tragnsmtfers and receivers, [0033] The PHY ARQ
t echni 4B8. oFhig pecysy By apsrain eﬁbnlﬂc grevratRsd BLERs) -2%310%} signal to

Thi s o R Hethe e P e AR D iy il Perts BT e b PR oBE D006 B
and usiphg défig%#eeﬁ rSN%feéﬁEir&héﬁ%llB% fdra¥ifreased {%ﬁcib%}pivﬁféhﬁ@b hig h hi gher

| ayer ARQ a ecreased SNR require t "al’l ows for: ihcreased
capaci éndebmoduliatiomh emg@loyingarngidaptivelmodoiation aid cotliehA M) ng:haiquadapt i ve

modul ation and coding (AMC) technique; |ower custoner prem se equi pment

~ ( CPE) - lower suptpmes ipremise wavipment CCRE) ¢ostsaby usingdqwen grade dmfeadint s with t he

PHY ARQ conpensating for, re i apl ement ati.on erf ormance,. increased
(ol | FRHERRES CRROBRRtE Ritb AL Y ARG gt ide for e Red plemantation
performance; increased downlink range which extends the cell radius; reduced
downlink power in the base station (BS) to minimize cell-cell interference; and

_ increased power amplifier (PA) back-off when employing a multi-carrier technique.




downl i nk power in the base station (BS) to m nimze cell; | interference;
and increased power anplifier (PA) back-off when enpl oﬁ?’%"ﬂlm(ﬁ-carri er
techni que. 23 February 2006 What is clainmed is: 1. A nmethod for adjusting
data nodul ati on at a subscriber unit, conprising: receiving data at a
transmtter for transmssion; formatting the received data into packets for
transm ssion, each packet having a particular type of encoding/data

nmodul gtion; transmtting the packets; nonitoring a return channel for

recei ab‘l”ﬁ‘ﬁ“%é‘ﬁ:nowl edgment for each .packet that that packet has been

recei ved: fet r ags fduldd %o ARGKEL @a WSIASRASH ' Shbsclibenficknow edgrrent

for that packet not been retelved; C cting retransm ssion

st at i sdrhgissingand adj usting each particul ar encodi ng/ data nodul ati on using
the collected retransm ssion statistics, wherein if the collected

ret r ansmi seceiring date jata rensmittay iferdraasmigsipiw nunber of retransmi ssion a hi gher

capacity epcodi.ng/,modul at i .sche i sel ected as the particul ar

encodi ng/ dgﬂnga?fﬂgmeafﬁebvﬁdéﬁg P tsc%f frspaggion, %ﬁcﬁgﬁ‘gﬁ Eas“ﬂl%%na statistics

i ndi cglBefarltl @b rats/ Bfa h&diaRam ssions, a lower capacity encoding/data
nmodul at1 on schenme 1s Selected as the particular encoding/data nodul ati on.
2. The net hadmidingthaipmketspherein the particul ar type of encodi ng/ data

nodul ation is forward error correction (FEC). 3. The nethod of claim?2

wher ei n t hEopiiIaE: 8 raien tsharnehi for dereinti Hfgam ekusrylpdegesia o Ca¢fuency di vi si on

mul tiflcﬁc ﬁﬁct az %Cg%}beanirrci.‘ptderface and the FEC encoding/data nodul ation
adj us b 8 %%% P d °Ff Sa%leti‘on. to selective nulling of subchannels in
an OFDVA sghrandittiddea HRERA tht Ohe GraakMter, MFSAL héknbReedpARke s Mee transnitted
using a single carrier having a frequency domai n equalization (SC FDE) air
i nt er pavket has netheRBrebeibedyary 2006
collecting retransmission statistics; and
adjusting each particular encoding/data modulation using the collected
refransmission statistics, wherein if the collected retransmission statistics indicate
a low number of retransmission 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 1is selected as the particular

encoding/data modulation.

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

modulation is forward error correction (FEC).

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

subchannels in an OFDMA set.

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

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

-9.




5. The nethod of claim1l wherein the return channel is %fpzegt gfz(ﬂ]?ack _
channel when the packets are transmtted using a code di i ple
access (CDMA) air interface. 6. The nmethod of claim 1 further conprising:
identifying a packet as having an unacceptable error rate responsive to
recei pt of a negative acknow edgnent. 7. A nethod for adjusting data

nodul ation at a subscriber, conprising: formatting data into packets for
transm ssion over a wireless ajr interface; receiyvi ngﬁg@g(’%ﬁts of data over

said air it erfgl%"eme@é’érpfﬁaaé’l‘ée]( w#sxﬁrhawareﬁa} hanpslas a g dat a

nodul , i _a@mg ing a

posi t?l{i/zfgﬂél’w eﬁ%hv?,{ gl@tgzﬁgﬁh%ﬁ;ﬁéﬁmﬁggfga asyttlalrn%1 ﬁgg‘l}%ga ro ni erface when a
recei yiechigraeket has an acceptable error rate; wherein a retransn ssion
statistics of the packets are collected and the particul ar encodi ng/ dat a
nodul ati on of each packet IS adj usted wusing the collected retransm ssion
statistic56 ga ected retransm ssion statistics indicate a
| ow nunber ‘?’aﬁ 855 YHs i GHRFSB&paci ty  encadi ng/ nodul ati on
schene is e t and if the
col  ect ed ?“2%1‘?%‘@?#2%%% 1P P in RUERRBOURR! AT O

1 et r apseips6f Digatite ddwowRdamedty encodi ng/ data nodul ati on schene is sel ected
as the particular encodi ng/data nodul ation. 8. The nethod of claim7
wherein the positive acknow edgnents are transmtted on the fast feedback

chame! VAT, Sl ALELIEE S SRR RSl L P aoceos
negative Agknew Sﬂgﬁﬁ@ﬁac'k&s E3tnBRCHG 0 RPS waRleW AL MERRAD! € error rate. -10

receiving packets of data over said air interface, each packet having a particular

encoding/data modulation;

for each received packet, generating and transmitting a positive
acknowledgment at the physical layer of said air interface when a received packet
has an acceptable error rate; wherein a retransmission statistics of the packets are
collected and the particular encoding/data modulation of each packet is adjusted
using the collected retransmission statistics, wherein if the collected retransmission
statistics indicate a low number of retransmissions, a higher capacity
encoding/modulation scheme is selected as the particular encoding/data modulation
and if the collected retransmission statistics indicate a high number of
retransmissions, a low capacity encoding/data modulation scheme is selected as

the particular encoding/data modulation.
8. The method of claim 7 wherein the positive -acknowledgments are
. transmitted on the fast feedback channel when said air interface using a code

‘division multipie access (CDMA).

0. ‘The method of claim 7 further comprising transmitting a negative

acknowledgment if that packet has an unacceptable error rate.

-10 -






