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o (57) Abstract: A physical automatic repeat request method implemented by a base station (30) having a transmitter (38) and a
“receiver (52). A physical layer, at the transmitier {38) receives data and formats the received data into packels having a particular

o encoding/data modulation. The physical layer iransmits the packets and retransmits packets upon Ffailure to receive a coresponding
acknowledgment {(56) for a given packet. An adaptive modulation and coding controller in the transmitter collects retransmission
statistics (60) and adjusts the particular enceding/data modulation using the cellected statistics (62).-




Abstract: A physical automatic repeat request nethod inplenmented by a base
station (30) having a transmitter (38) and a receivera4 Pebruar2pbysi ca

| ayer, at the transmtter (38) receives data and formats the received data
into packets having a particul ar encodi ng/ data nodul ati on. The physi cal

| ayer transmits the packets and retransmts packets upon failure to receive
a correspondi ng acknow edgnent (56) for a given packet. An adaptive
nodul ati on and coding controller in the transmtter collects retransm ssion

statisti 60) and adjusts } rti I ngi dat a nodul ati on usi ng

t he col|@@q1£d statistics (62‘}"%“8555%8%? [0001] METHOD FOR

PHYSI CAL LAYER AUTOVATITOMEREAREPBEQHESUHSOROR BRAEESTATIGHN [ 0002]
BACKGROUND [0003] The present invention relates to wirel ess conmuni cation
systens. More particularly, it relates to a nodification to such systens by

enpl oyi ngoae] physical |ayer (PHY)BAIKGROAINIC repeat request (ARQ schene.
~[0003] The present invention relates to wireless communication systems.
More particularly, it relates to a modification fo such systems by employing a
- physical layer (PHY) automatic repeat request (ARQ) scheme.
[0004] 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. Iri-
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.
[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] According to a first aspect of the invention, there is provided a method for

adjusting data modulation at a base station comprising: receiving data at a transmitter for
transmission; formatting the received data into packets for transmission, each packet having a
particular type of encoding/data modulation; transmitting the packets; monitoring a return
channel for receipt of an acknowledgement for each packet that the packet has been received;
retransmitting a packet at the transmitter, if an acknowledgement for that packet has not been
received; collecting refransmission statistics; and adjusting each particular type of

encoding/data modulation using the collected retransmission statistics.
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[ 0004] Proposed broadband fixed w rel ess access (BFWA) conmuni cation
systems, using either single carrier-frequency donmain gfigabidgidoes (SC FDE)
or orthogonal frequency division nultiplex (OFDM plan on using a high
speed downl i nk packet access (HSDPA) application. This application wll
transmt downlink packet data at high speeds. Iri- BFWA, a building or
group of buildings are connected, either wirelessly or wwred, and operate
as a single subscriber site. The data demand for such a systemis quite
high for the single site's multiple d.users requiring Jar ndwi dt hs.
10805] The cur r et BB 0 it Bince ob sy et e o Prafied Rr o Bt
request (dRGhg datsh@ilatibRtboa MagcCkstionnssigering Mrinyttihg dms Mhtd tpacketsofot he
subscribers are buffere and_re%ransnitted fromlayer 2.. The ﬁgta bl ocks
Stored i FRPEEOn SV tv IR ol P BEoivilg BSR4 Lo FH A gnal t o
Noi Se rakdch }aohiR) havigept padiitulad rcdddpriatae thoddlitiona fhoeadhl eekivelr pavket at e

BLER), and are jnfrequently retransmtted. Additjona I .2 ARQ
St gnal | nerteattd and BisG ot s et Pt ietgen bt ahSRah I pEHe o
r et r ans nminssfaCwhdntagédenled pack@®@6dn Aepabldicaginite. it IS desirable to have

alternatives in addition to a layer 2 ARQ system [0007] SUMVARY [ 0008]
According to a first aspect of the invéention, there is provided a nethod

~for adjusting data nodul ation at a base station conprising: receiving data’

at a transmtter for transmssion; formatting the received data into
packets for transm ssion, each packet having a particular type of
encodi ng/ data nodul ation; transmtting the packets; nonitoring a return
channel for receipt of an acknow edgenent for each packet that the packet
has been received; retransmtting a packet at the transmtter, if an
acknow edgenent for that packet has not been received; collecting
retransm ssion statistics; and adjusting each particular type of
encodi ng/ data nodul ati on using the collected retransm ssion statistics. -1
24 February 2006 According to a second aspect of the invention, there is
provi ded a nmethod for adjusting data nodul ation at a base station,
conprising: formatting data into packets for
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transm ssion over a wireless air interface; receiving packets of data over
said air interface, each packet having a particul ar epncpshirigydabé

- nodul ation; for each received packet, generating and transmiting a
positive acknowl edgenent at the physical |layer of said air interface when
a received packet has an acceptable error rate. 24 February 2006 [ 0009]
BRI EF DESCRI PTI ON OF THE DRAW NGS [0010] Figures la and Ib are sinplified

bl ock di pgogins of doWMDEBdRMK@NIOFIIEES)RMIN@KB [0011] Figure 2 is a
fl ow chaft u5| ransm ssi on i Sti s for ti ation and
codi ng. EO(%(QZ] Flg tl"i‘%“‘f) Haie s %n‘?lg‘ﬂ{o W@méoﬁg?‘g?“\t(‘hﬁ‘ﬂdﬁ’?%%top and
wai t arcah}fsﬁ;ﬁltAﬂR@s [00131 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
.[00141 res | and ll b.res ect vel.y show a,.downl i Eé cal ARQ 10
and upi | BTy ei cafieiFs Suf TOBTR o1 Eo b TR B S R MO ot 55 a
base st aio@ulatibd ahedingl Ng packets from the higher layer ARQ transmtter
l4a . pr.ov in network _ 14. . Th ackets fromtransmtter 14a . are applied
Lot he pHFEHCLT abRreARD: PIEAE PR o3t o sUUCGHIS oo 204 THE! ARG

t ransm t hehitebde. encodes the data with a forward error correcting code

(FEC), appends error check sequences (ECSs), nodul ates the data as
directed by the adaptive nodulation and coding (AMC) controller 12c, such

" as by usjoogsibi nar yDﬂWAE@IBIbES‘(IRIkH;DN@FT@S@FERRHﬁEHBODmEM&se shift
keyi ng ( ) or ar uadr.at ur e t ud ul at.i ' 16- QAM or 64-
QAM) . Ad@[S onal | y,lgF%? %@gﬁﬁﬁﬂe& Wegpg’d“ff hypi ‘ﬁw {q pl e 24 February
2006 WO aipha838siCARQYIN2126591 access (OFDMR), the AMC controller 12a may
vary the channe t he et dat The Si | ayer ARQ
t ransni t@r{fua trﬁ%ﬁ”@ﬁ%’éﬁ%@ﬁ@ ‘PII’TE fﬁ’ﬂ?&tﬁoﬁ@? gpﬁékeﬁﬁéﬁgh air
i nt er f acthe highddYaysBARQ firatiditted Ma Rovided irbdedForR 4. 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




dupl exor 12d and antenna 13. The transmtter 12a also tenporarily stores
the nessage for retransm ssion, if necessary, in a butieébrﬁgmme
incorporated in the transmtter 12a. [0016] Antenna 15 of subscriber unit
16 receives the packet. The packet is input into physical |ayer ARQ
‘receiver 16a through switch,_ circulator or duplexor _16b. At the receiver
16a, the packet is FEC decoded and checked for errors using the ECS. The
recei ver 16ayd xpmssont rol s acknow edgnent transmi tter pdfigsobsoi€i t her

acknow 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
or transmtting a negative acknow edgnent (NAK). [0017] The ACK is sent by
ACK t r ansmi access (QBBMA), thtvaMSaontrelientlZomayi Pary tHersohrhhnald sedtokBlryand ant enna
15. The A ‘ t f, base station
12. The rgééﬁei’eggg\% ?g%%%a%éag Eﬁgﬁg&asﬁtﬁ% zgg‘tgllr?g’%fr{gpé%g%vtgr L2b in the
- base st ati ofke Sﬁh@lﬂb@@mbt@thremghl@b nd:eltfa'welrlé)y wayel Adt¢oiKeuleior tone adapti ve
nmodul ati on AVE) Ql il s ter 12a. The
~AMC control ler x%gc anaﬁ(yzesnat e a{:%laﬁlres a)%QleoEa%ﬁo@% %g%grh%ber unit 16
usi ng st at |I§?$Sese@18m8ml§élenv@e¢cm Uﬁfaymvmpvmmorm@reﬂheodl ng and
nmodul ati on gechnigues, of subsequent transmissions of the message, as will
be described in nore detail. If the subscriber unit 16 acknow edges

recei pt of AElpackdmtennadsiopyubggritennait Myeceivestherackelalhonadstisauses t he
ori gi nal pagk&intohlyGbal B3r ARGRELR ek 1 ¥a i ﬁ‘gwit& &&Mﬁ&& aEReREY, to be

cleared in readiness for 't he next packet. 18] ACK I's received or a

NAK is recetbbedt thetecepiey 46 the I?aa‘]ﬁ,ir‘s FEE detg dtatné F’h":@%ﬂ ioeermﬁsxmng s the

ori gi nal Mass s OfhSRLAC 168! tyleﬁ"esht}d;@Qckﬁ%ﬁa%ﬂentqtaﬁst}m&r idqipal message
to subscriber 16 At the subscriber unit 16 retransm ssion i s

conbi ned wi¥Hhet ﬂ@‘nﬁﬂeﬁg‘?}%m@ reatiticEapasket With ap agceniphle errqrsage ontachni que

fF 2; Ir L ; § )e/lt ggrgg%efd@ﬁan%mamﬁ% [R6frdPBS SRYRIM e biS Sek@bwlladRedteilAdaNcy or 24
transmitting a negative acknowledgment (NAK).
[0017] The ACK is sent by ACK transmitter 16c to the base station 12
through switch 16b and antenna 15. The ACK is sent via the air interface 14 to
antenna 13 of base station 12. The received ACK is processed by an
dcknowledgment receiver 12h 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 is combined with the original transmission, if available. This

technique facilitates receipt of a correct message by use of data redundancy or

.




WD 1131019838 PCTf U502/ 26591 sel ective repeat conbining. The packets having
an acceptable error rate are transferred to higher |aygFgpri§g dops further
processi ng. The acceptabl e received packets are delivered to'the higher

| ayers 16d in the sanme data order in which the data was provided to -
transmtter 12a in the base station (i.e. in-sequence delivery)- The

- maxi mum nunber of retransmssions is |imted to an operator-. defined

~ integer val uaoesmedsas in the range of 1 to 8. After thgyd@sicmym nunber of
retransm ssions are attenpted, the buffer nmenory is cleared for use by the
next packet. Decodi ng an acknow edgnent using small packets at the physical
| ayer reduces transm ssion del ays and nessage handling tine. [0019] Since
PHY ARQ occ§plgctiye reprat shpbinisl.  Theymckets hevimgramescceyftable etmoansaiassi on
occurrences g Nanme [ m ssjon statistics, is a good
neasur e of t{\a%%fe%ﬁg%\e?ﬁéspl%gl ty. %gﬁhﬁgﬁl{oﬁ%g?gtr er%cr‘r’?%@i’lgﬁecgltv‘é‘%i stics, the
~AMC cont r ol Pagketare ggliveped tp the bigherlayersil6¢ imthe soodidatp edheimehiflor t hat

channel &S GG idd Jrbbiuodrardiilids PRALINe bLASLELT @DSTI SSL0N, Statistics
y

can also be conbined with other Iink quallty measuremsnts, 'SUch as bit
error rat es “HvEERs 'ha maxpym waavaben of tetiansmicHpERs fimited tb e opétacont r ol | er

12c to gaugeefiiQ intefanaRle, SeRhd L)h ﬁ &J}&fl? NaRge I n the
nodul ati on -ﬁ?d cgai%% sgheme IS r%%félg?gﬁ(}%ﬁoggﬂé{@o I 'ﬁné P[é]t%grfor SC- FDE,
the retransM SERBFISHERT ferittespies: the byffer memaryis derrah&ir uge by tleasured to

produce r et haRgakIEs DBcodlmdldnSickssiviedefibht udn Qﬁ&ﬁ%&&%ts% t}(\%‘%ﬁ@@ to change

t he nodul atj on sgheme is made using the refransmssion s £ cs, (62).
| f the retrd¥EniceEses iiengmission delass gad messags kandliggtiste. codi ng and nodul ati on

scheme is ugmds) (64)SinsssPa wrat o&ufseﬁi@@ﬁ'éj?ﬁ?sriél 1£§eg,”§ﬁe95u&§£reof The AMC

control ler 12c maé_f)j ncrease the spreadi ng actor and use nore codes to -
transfer thEFAERESORSTRrepresdorsaresplarchapnel rptappamissionshatistivis control | er

My switch &g@dniabinghf that chanhElQWaRRY! USBEH 3 ir O nS SRR BatiBicdtlcOWer  one,
such as fr OM“(EO%%EP 1%(:6;11 yl\w/l.ra(l)'st 1:1%D gc()iiullaiiorg gleldrc%;[ﬁ?lgosfcht;n?gsr i%? StlrlrzlxtSSI ons s
' 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.
[6020] To illustrate for SC-FDE, the retransmission occurrences for a
particulaf chanrel 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 modulatioﬁ scheme is used, (64), usually at a reduced data
- transferrate. The AMC controller 12c may increase the spreading factor and use
more codes to transfer the packet data. Aliernately 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 raie of retransmissions is
low, a switch to a higher capacity modu'lation 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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low, a swtch to a higher capacity nodul ati on schene is made, such as from
QPSK to 16-ary QAMor 64-ary QAM (66). The deci sion ppgfesbhyzoeses both
the retransm ssion rate and other link quality neasurenents signaled from
tihe 24 February 2006 WO 13/019838 PCTI US02126591 receiver, such as BER or
BLER, (62)_ The decision limts are preferably set hy the system operator.
[0021) For OFDMA, the retransmi ssion occurrences are used-to nmonitor the
channel qualwdaswekizseach subehannel . |f the retransm secoosibadsa Or
retransmssion- rate/link quality for a particular subchannel indicates
poor quality, that . subchannel may be selectively nulled fromthe OFDM
frequency set, (64), in order to preclude use of such poor quality
subchannel gefegrerswoke 2§ BEBroe BI&N, (3f). The dédidor bhitansrprskrably seibe or
retransm ssi i quality indicates high quality, a previously
nul | ed sub?hg%\%%g#ééﬂge added back to the OFDM frequency set, (66).
[0022] - Usi lg§0%e r eFre@BERiMsibe metorsmissionoesurences apased tompmitéMBepr ovi des a
flexibilit : i i.NQ.: er age
channel c%ﬁ%ﬁ%@@ %{E%gg%ﬁ%ag%%? q%%g?%t?%%g{] %31/0%%?%?; _féet%n%%%ﬁ%%}ési on rate is
i.nsensi ti veatedinknguality deerit perticolar arvlichanpel indigptercpeny fwadiiy.t thatsubscri ber
Sunit 16, | L J | M i _ 0 downl i nk ARQ
10 and i sggg%pa%?ésﬁgga%?é gagcaﬁggr@g!ri ?ﬁ% EGZ%FP%P&E%%&EE%k(eG%%r om a hi gher
layer ARQ orfexpepieeluds usegfsush pporavalityrabchaapelsforzgme fusurerngriof.clr ed t o
physical | ayereMREmildid 240 L 4reetditmislide ARIRAD Gubfy! ARSHE:EH to the base

station antenna through switch 26d, subscriber anténna 25 and air
i nterface 2malityha pprioudy puled peichapnelepiozde added\haek te ke BN at i on and

codi ng scher@ubish A&, tdag retransmi ssion statistics of a channel. [0024]
Physi cal | aﬁger? ARQ receiver 22a, simlar to receiver 16a of Figure |Ia,
det er ni nes WA he nHEeg e WEranypissier EWBNGES 8% # bpoisionAME eFvides Ag

flexibility to match the modulation and coding scheme to the average channel
conditions for each user. Additionally, the retransmission rate is insensitive to
measurement error and reporting delay from the subscriber unit 16.

[0023] The uplink ARQ 20 is similar in nature to the downlink ARQ 10 and
is comprised of a subscriber unit 26 i which packets from a higher layer ARQ

transmitter 28a of the higher layers 28 are transferred to physical layer ARQ
transmitter 26a. The message 1s 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
refransmission. The acknowledgment transmitter reports status to subscriber
unit 26, causing the transmitter 26a.to retransmit or alternatively to clear the
original messagé 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.
{00257 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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retransm ssion.. The acknow edgment transmitter reports status to subscriber
unit 26, causing the transmtter 26a to retransmt or piFepidasyi200by to
clear the original nmessage tenporarily stored at transmtter 26a in

readi ness to receive the next nmessage fromthe higher |ayers 28.
Successfully received packets are sent to the network 24 for further
processing. [0025] Al'though not shown for purposes of simplicity, the
systemis pwepsreddty used for a HSDPA application in gmlsWeoyst em

al though other -5 24 February 2006 WO 113/0151838 PCT/ US112/ 26591

i npl enent ati ons may be used. The BFWA system nmay use frequency division
dupl ex or ti di vi si on duplex SC-FDE or OFDMA. In such a system t he base
station and“ﬁnﬁf"mﬁf‘taﬁﬁés ?ﬂbg% Piade ride TRV A systginyeay so dmirons dividien syst em may

rise a haglex 6 ik ANiAHURIFOPDRUTOADIRA. FLARE L DSEmURbSee EACH
gaggcri ber ttEJllsrifit mgy serve rrlg)lti,pl e users w thlﬁg onéls ur rdi _r?gacs)? sever al
" nei ghbor i ng®" B80T 1285 of £ subseriksrse arer i Saed; fashiienst | B sysperis onby v require a
|arge_bandvéabtihiseditast GafibtenldaiggoRUEHEY ofalh @R RRLSEAL QRS BUPSCT i ber
unit site. [HQJQZG A PHY Ai g’gﬁl oyed in such a systemis transparent to the
hi gher | ayérs, PELEHVE Y HR  nbYr MithiE eue bedmggir) several meigbporins a resul t,

PHYARQ can biblingefbrieratgln] Thak apficstibhs pRRRy r&ﬁﬁgﬁlﬁ%amﬁ&iﬁ% as layer 2.
I n such casgs hF PHY educes the retransm ssion overhead of the

“hi gher Iaye‘?ue’AtIQzéé'.3 arﬁ‘b’é'é@l]%?ﬁf werp qtong gubscpbidision of an N-channel stop
and wait al9Ré} ectLﬂEHNO’IR@dWﬁcm@QhaI%ﬁﬂ%S&ﬁﬁ%egﬁ(,gé?mum1% rgps[)not )

' ted at the ha S n, subsc
depending o WRerRer G ERtes-E frtogt OBLteh Aravaris PHVATR R Bl ocks 34a
of data ar rheusefl imeorjinetiomeithdrigher THyer ARGQOOS I Bk %Kﬁz.arxﬁs@h?&%?,agg ZSQU%E

e air inte -

- channel - saabt AROHEeat 8 raleBhhifeiot Rarhing o thedugemenRRRSt o ¢ he N

transmtter®020- 1 t Fighend iEanh iBustndivht 622 and48-channel stop and wait
architecture for a PHYARQ 30. 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 PHYARQs are used. Blocks 34a of data arrive from the
network. The network blocks are placed in a queue 34 for transmission over the
data channel 41 of the air interface 43. An N-channel sequencer 36 sends data of
the blocks sequentially to the N transmitters 40-1 to 40-n. Each transmitter 40-1
to 40-n 1s 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 4].
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] Bach 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

exror rate, it is released to the higher levels for further processing and an ACK is
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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 provi des ECS barrebh@npdopek data to
produce packets for AMC nodul ati on and transmi 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 possible retransmission. Additionally, control information is
sent .fromthe PHYARQ transnmitter 38 to synchronize réception, denodul ation
and decodi ngwabymtsxe receivers 46-1 to 46-n. [0028] Easdrashuzide N receivers
46-1 to 46-n receives the packet inits associated tineslot. The received
packet is sent to a respective hybridd ARQ decoder 50-1 to 50-n (50). The
hybri d ARQ decoder 50 determines the error rate, such as BER or BLER, for
t he recei vedernpdoikbe ACKS trapranipiac k6t Ifltbseraor mbciephatreptableror oo padke, it is

rel eased to ' |5 sf d - ' eeoiS'G 24
February 208’%%%\6%%%8%%% %&%&éﬁ%%ggtlﬁg%\%?@ﬁ?ﬁ% t'rblégrfl'rsmtter 54.

| f the er.roFatesaie bpfengd gt theeendpebier prdenind paambining withagetirarethitted ACK i s
sent or a kp sent- Packets with unacceptable error rates are buffered
at the decoder 50 for potential conbining with a retransmtted packet.
[0029] One &¥Bfbach Per arpweashiersgmpiminestaskeisiging tughdnodesdsiedoliowvsas ol | ows.

If a turbo QPQHQS%&@%cﬁ&iél%%e\ﬂ%ﬂtﬂﬂﬁhﬁ&gﬁ%@eﬁ%ﬁ%&%! BePidOf rate, the

packet data is retransmtted to facjlitate c I ning. ~The packet
cont ai ni ng. e is setpnsmatted fosfagilitaie seflegiombiningt The parketoatseing Hee packet

data, both paskeits idbfoddd HEERSAY. 1% dbhAe bW PREASLRI®otH Packsyer the
griginal data. Since the second packet has a different encoding, its soft

synbol s ar ePTREIFHELDY Hhedivrbedecpder 3o repoeer; the origmalidatad Sige shhessend Usi ng t wo
packets Wi tBadtbf KRatfter8MCREbdisl, 2995t SRHoNGre AbMRIATS Ei¥teRRELAfARS M SSi ON
diversity t &ei drtraggdci)r\l/ge scthgx?ne.o VUesrn:?g! twonEa%ketls rv]vi%ngitﬁgggt encoding adds codin
: g
diversity and transmission diversity to improve the overall BER. In another
Vapproach, the identical signal is transmitied. The two received packets are
combined using a maximum ratio combining of symbols. The combined signal is
subsequently decoded.
{0030] The ACK for each receiver 46-1 to 46-n is sent in a fast feedback
channel (FFC) 45. The fast feedback channel 45 is preferably a low latency
channel. For a time division duplex system, the ACKs may be sent in idle
periods between upstream and downstream transmissions. The FFC 45 is
preferabiy 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 retransmitied 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.




approach, the identical signal is transmtted. The two received packets are
conbi ned using a maximumratio conbining of symbols. Theresmiydssi gnal is
subsequent |y decoded. [0030] The ACK for each receiver 46-1 to 46-n is sent
in a fast feedback channel (FFC) 45. The fast feedback channel 45 is
preferably a | ow |latency channel. For a tinme division duplex system the
ACKs may be sent in idle periods between upstreamand downstream
transm ssi onsoodhessdFC 45 is preferably a | ow speed, ph@ReBaedw dt h CDVA
channel overlaying other in-band transm ssions. The FFC CDVA codes and
nodul ations are selected to mnimze interference to other in-band

transm ssi ores. Jo increase the capacity of such a FFC 45, nultiple codes
may be used!®P8b311 The nmeker fdrinsmitias agdirewivery Nos A@id aandriondi cat es t o

the = corr esRdg BsiibARBHL bl acts chahel d0sdtiepBE4 RO LiSn TS, recel ved.

If the ACK was not received, the packet 1s retransm .
retransmi t t Bt R3aleket system preyausly dascribed, @ chspee] andhitertureisirefodiblyy scheme as

directed byutifigedMViEh &ORLEPbdBRarkefitterdB0d rbdoivble ACK is received, the
transmtter (g)g to ,f,o- nﬁgl ears the previous packet . fromthe buffer and
accepts a stiffedhuent TRAERE AR techyiquapf theguplsrred smbalimenenrgvid@ae7 WO
03/ 019838 AGH£4iB0R4igA8%A nbiBORR) (JR) ubhBhredlo 4 5ARSIILLES Sy Bidfles €CEI vers N
i s based on v%{é@ S deo(sxii?gn consi derag)j&%ns, such as the channel capacity
and ACID re t . ! § DY qnqEatipest etplesrarmrdee(lads) G-20%scri bed, a
2-channel aBLER) 86d usiagistaléehiodadias follabed 2 8thn WintfbieMGRARELAAd
transmtter -%ir}g%%gfel VRIS [0033] The PHY ARQ techni que of the preferred
enbodi nent %P' ope Thegperpasad SR reaykement allaws o papased s8Ry as conpar ed
to a systenbuswibginnio/hibh gt modaeibn Aployibigia$ AGHHHSmbBY-IARE Aldl Ng at
hi gher bl oc&d%r r(ﬁ%dtcﬁ%t s, Bh{gl{.{s\) 5-20% BLER). and using small er bl ock
si zes for |ayer ary B N P A FR R ghpment (CPE) costs by using

lower grade RF (radio frequency) components with the PHY ARQ compensating

for reduced implementation performance; increased downlink range which

gxtends the cell radius; reduced dbwnlink power in the base station (BS) to

minimize cell-cell interference; and increased power amplifier (PA) back-off when

employing a multi-carrier technique.




| ayer ARQ al one. The decreased SNR requirenent allows for. increased
capacity by switching to high order nodul ation enpl oybageBRuafdzie Ve

nodul ati on and coding (AMC) technique; |ower custoner prem se equi pnent
(€PE) costs by using |ower grade RF (radio frequency) conmponents with the-
PHY ARQ conpensating for reduced inplenmentation performance; increased
downl i nk range which extends the cell radius; reduced: downlink power in

t he base stawbenmgdd) to minimze cell-cell interferengaisnapd; i ncreased
power anplifier (PA) back-off when enploying a nulti-carrier technique.

24 February 2006 WD 413M 19838 PCTI US02126591 CLAI MS What is clained is: 1.
A nethod for adjusting data nodul ation at a base station conprising:
receiving data at a transmtter forCitAldHSm ssion; formatting the received
data i nto pagkgtsqahleqtiii-ansm ssion, each packet having a particular type
of encodi ng/ data nodul ation; transmtting the packets; nonitoring a return
channel for recel-pt &f mathodcfonosdiedipsedataf modelatin pPaekbdset bratiot he packet
has been regghygdng:retransmtting a packet at the transmtter, if an
acknow edgnment for that packet has not been received; collecting
retransni ssi on SeHFYRE fata-at ghepngajttestfonfgansaussionar t i cul ar type of

encodi ng/ dat a ngghhAatih® Bhd bt the, ; Nl SS| tistics. 2.
The nethod of claiml %/her e}:ér%g‘?tdh(teh%g? '? I!p%ﬁ{egsfﬂ{: &%Ee]glg#g&g}rlf(s:%gl? E?ﬁ%gt a

modul at i on PAVIPEARAFHFEN e o gRioding/dshn ypfdytion;

transmitting the packets; _

monttoring a return channel for receipt of an acknowledgment for each
packet that the packet has been received;

retransmitting a packet at the transmitter, if an acknowledgment for that
packet has not been received;

collecting retransmission statistics; and _

adjusting each particular type of encoding/data modulation using the

collected retransmission statistics.

2. The method of claim 1 wherein the particular type of encoding/da-ta

modulation is forward error correction (FEC).

3. The method of claim 2 wherein the packets are transmitted using an

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

particular FEC encoding/data modiilation adjusting is performed in addition to

selective nulling of subchannels in an OFDMA set.

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

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

5. The method of claim 1 wherein the return channel is the fast
feedback channel when the packets are transmitted using a code division
multiple access {CDMA) air interface.



3. The method of claim2 wherein the packets are transmtted using an

ort hogonal frequency division nultiple access (OFDVR) @Febmhgrj(@ge and the
particul ar FEC encodi ng/ data nodul ation adjusting is performed in addition
to selective nulling of subchannels in an OFDVA set. 4. The-nethod of
claim 1l wherein the packets are transmtted using a single carrier having
a frequency domain equalization (SC-FDE) air interface. 5. The nmethod of
claim1 wherwomsidses return channel is the fast feedbapdq&haane! when the
packets are transmitted using a code division nultiple access (CDVA) air
interface. -9 24 February 2006 WO 03/ 019838 PCTI US02/ 26591 6. The net hod of
claiml further conprising: identifying a packet as having an unacceptabl e
error rate respénsi vihetmethpdefaigpm bfurthen egairisine: acknovvl edgment, 7. A method
- for adjusting dgfai; r|S|n formattlng
data into packets for %%gﬁg@hﬂggﬁgﬁng%g@& éaB §§§°15| f re?ﬁoé’gif'% _
recei vi ng pReKRh o agfegalivyanckverledamentai r |nterface each packet havi ng a
particul ar encodi ng/ data nodul ation; for each received packet, generating
and transmttin a positive acknowl edgnment at the physical |ayer of said
air interface n & reebpd der aginsker drbs medwaitepeibl dasr sotionate. 8. The
‘met hod of cdogip a'g,z, wherein the positive acknow edgrrent s are transmtted on
“the fast feedba Kk channel when said air interface is a code division

mul tipl e accessPEANRE dagn infarackets frsdragsmissian Ayer avwiraldse pir ddenfrcesi ng
transmtting a neganzVitickas s aNaCArBRl aif inkditlce p&%ﬁﬁ)tacﬂ@%a@)ﬂg%naccept abl e

error rate.
particular encoding/data modulation;
for each received packet, generating and transmitting a positive
acknowledgment at the physical layer of said air interface when a received

packet has an acceptable error rate.
8. The method of claim 7 wherein the positive acknowledgments are
transmitted on the fast feedback channel when said air interface is a code

division multiple access (CDMA),

9. The method of claim 7 further comprising transmitting a negative

acknowledgmex_lt if that packet has an unacceptable error rate.
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