WD 03/019812 PCT/ US02/ 26940 [0001] METHOD FOR PHYSI CAL LAYER AUTOVATI C
REPEAT REQUEST FOR A SUBSCRIBER UNI T [0002] BACKGROUND [0003] The present
i nventi orwpebBalamss2t o wirel ess comruni cati on systens. MorePCparsoyzadh@ar |y, it
relates to a nodification to such systens by enpl oyi ng a physical |ayer
(PHY) automatic repeat request (ARQ schene. [0004] Proposed broadband
fixed wireless access (BFWA) communi cation systens, using either single
carri er-fooegyency METHORRGRIPRAYSICAISCAYER AUTOMATICnal frequency
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access (HSDPA) application. I's application w ransmt downlink packet
data at high speeds. In BFWA, a building or group of buildings are

connect gither wrelessly or wj URQPErate as a single subscriber
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proposed system enploys a layer 2 automatic repeat request”™ (ARQ system

Dat a bl guktculadyccedatbsitd ymiodaficationtte dudlnsyisteensshpanpldydniga phgsicalldwred and
retransmtted fromlayer 2. The data bl ocks stored in |layer 2 are typically
| arge, (REEY}auinmatic reprat ssquesig(ARQYseiem® noi se ratio (SNR) reception, are

received with a lqQqw block error rate (BLER), and are_infrequently
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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.
[0005] The current proposed system employs a layer 2 automatic repeat request
‘(ARQ) system. Data blocks unsuccessfully transmitted to the subscribers are buffered
and retransmitted from layer 2. The data blocks stored in layer 2 are typically large,
are transmitted for high signal to noise ratio (SNR) reception, are received with a low

block error rate (BLER), and are infrequently retransmitted. Additionally, layer 2

ARQ signaling is typically slow requiring large buffers and long retransmission

intervals.

[0006] Accordingly, it is desirable to have alternatives in addition to a layer 2
ARQ system.

[0007] SUMMARY

[0008] A physical automatic request repeat system comprises a transmitter and a

receiver. A physical layer transmitter, at the transmitter, receives data and formats the

received data into packets having a particular encoding/data modulation. The physical
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received data into packets having a particul ar encodi ng/ data nodul ati on.
The physical -1 WD 03/019812 PCT/ US02/ 26940 |ayer transmtter contains n
channel s whioshigiansnmt the packets and retransmits packeCg/ise/e@sponse to
not receiving a correspondi ng acknow edgnent for a given packet. An
adaptive nodul ati on and coding controller in the transmtter collects
retransm ssion statistics and adjusts the particul ar encodi ng/ data
nodul at ilayes wahsngitteheontadd acttemnslsatvhivhi ransniinehe gaekstsrandagetanpiysi cal
| ayer n-channel receiver for receiving the packets. The receiver contains
an n- chaaakets ip PEesRPNARM cwiiiEeriyinget odeespanidolg adkaoiledsmepsicfoeta given
transm ssi ons, decodes pacéet s and detects packet, errors. The receiver
cont ai ndagketacRmoddartysenedulating and: eadingicentreHem ihihes transraitien oalleetg nent
ceptahl e, error .rate. The receiver
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for adaptive nodulation and coding. [0012] Figure 3 is block diagram
show ng canthihés paticanednsatisyions)dlevadés paclads taadtdetects [fAORe] erdbrFAl THD
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [0014] Figures la and Ib

r espect ir¢ediyerstomiains awagknovdeggmentdednsiRGrichigh tranumpits arkagkmpsiladgmenRQ 20.
[ 0015] The@ﬁ%%vml i nk. physical ARQ 10 conprises a base station 12 receiving
packet s [oF eashiaskes gﬁh@t Haﬁg‘étrhaﬁ\ﬂ@a??%%l?ﬁﬁﬂéf rafg, ol b eGPy eContAiRSAMB- k 14,
The packets fromtransmtier.l4a are appl] to.the physical |ayer ARQ
transm CE@PENfs elﬁer}bglgglegf gh%}ﬁeﬂgersmcgzggjg%?et P%ﬁlfggitpﬁﬂgh? aYdhcodes t he

data with a forward error

[0009] BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figures 1a and 1b are simplified block diagrams of downlink and uplink
physical ARQs.

[0011] Figure 2 is a flow chart for using retransmission statistics for adaptive

modulation and coding.
[0012] Figure 3 is block diagram showing a multi-channel stop and wait

architecture.

[0013] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0014] Figures 1a and 1b respectively show a downlink physical ARQ 10 and
uplink physical ARQ 20.
[0015] The downlink physical ARQ 10 comprises a base station 12 receiving

packets from the higher layer ARQ transmitter 14a provided in network 14. The
packets from transmitter 14a are applied to the physical layer ARQ transmitter 12a in
base station 12. The ARQ transmitter 12a encodes the data with a forward error
correcting code (FEC), appends error check sequences (ECSs), modulates the data as

directed by the adaptive modulation and coding (AMC) controller 12c, such as by
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correcting code (FEC), appends error check sequences (ECSs), nodul ates the
data as directed by the adaptive nodul ati on and codi ng (AMC) controller
12c, suchwaasbysiz 2 WO 03/ 019812 PCT/ US02/ 26940 usi ng bi mamyusphia®eo shi ft
keyi ng (BPSK), quadrature phase shift keying (QPSK) or m ary quadrature
anplitude nodul ation (i.e. 16-QAM or 64-QAM . Additionally, for orthogonal
frequency division nmultiple access (OFDVMA), the AMC controller 12a may

vary t haisingosinanngtiase shiftkdying B PFKD, pradeatinetphaad shiftegimh¢GPSK) of ayer ARQ
transmtter 12a transmts packets to the subscriber unit 16 through air

i nt er f acey guagspturgeynplitudeumasivlatisnr Gl 462AM ot 6A1QRAMD. 12ddisiodaling @mna 13.
The trans tter 2a al s terrpoharlly stores the nessage for
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recei pt of a packet with an acceptable error rate or to request

r et r ansremporarilp storep tief wessaby fomictiaheimisitg, i naekswey edgbeffer siegial or
transmitting a negative acknow edgnent (NAK). [0017] The ACK is sent by
ACK t r ansegrppeated Brthedransmiters2ast ati on 12 through switch 16b and antenna
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(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 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 acknowledgment receiver 12b
in the base station. The ACK receiver 12b delivers the ACK/NAKSs to the adaptive
modulation and coding (AMC) controller 12¢ and to the transmitter 12a. The AMC
controller 12¢ analyzes the channel quality to the subscriber unit 16 using statistics of
the received ACKs and may vary the FEC encoding and modulation techniques of
subsequent transmissions of the message, as will be described in more detail. If the
subscriber unit 16 acknowledges receipt of the packet, receipt of this ACK at base
station 12 causes the original packet, which was temporarily stored in a buffer
memory, to be cleared in readiness for the next packet.
[0018] If no ACK is received or a NAK is received, the physical layer

transmitter 12a retransmits the original message or selectively modified version of the
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subscri ber unit 16 acknow edges recei pt of the packet, receipt of this ACK
at base station 12 causes the original packet, which was tenporarily
stored i rwaoboidser nenory, to be cleared in readi ness foPCrhsSonaet0 packet .
[0018] If no ACK is received or a NAK is received, the physical |ayer
transmtter 12a retransmts the original nessage or selectively nodified
version of the -3 WD 03/019812 PCT/ US02/26940 original nessage to
subscri eigiffl. mAtsagheo subseiticbd6. uAii thelfubstiieernatit 46stheseiranshissionogbi ned
with the original transnmssion, if available. This technique facilitates
recei pt copibined wiithgbe origisehyanyyission, ibavaikeble. ridusitiedamiqye fcilgates ciceipg r epeat
conbi ni rz)g The packets havi n? an a&c&ot able errqor rate are_transferred to
ye !
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cleared for use by the next packet. Decodi ng an acknow edgnent using snall
packet s s&dtidn@.epinysiquahcd dalifery)r dthe aeximuanaumbaiod reteiplsaysidnRds limstedge
handling tinme. [0019] Since PHY ARQ occurs at the physical |ayer, the
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retransm ssion statistics, is a good, neasure of that channel's quality.
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for a pattramsthdsion occurrences for a particular chan1nel, retransmission statistics, is a good
measure of that channel's quality. Using the retransmission statistics, the AMC
controller 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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channel are neasured to produce retransm ssion statistics, (60). A decision
on whether to change the nodul ati on schene is made using the
retransmweiogisiati stics, (62). If the retransm ssions RCEF/ESRV2H0 ve, a
nore robust codi ng and nodul ati on schenme is wused, (64), usually at a
reduced data transfer rate. The AMC controller 12c may increase the
spreadi ng factor and use nore codes to transfer the packet data.

Al t er natsehgmeris aatatie; isockahs yfronn KPS TocknraryoQiAdYl ora§4d-avy (AM, (66). aThiegh dat a
t hr oughput , modul ation schenme to a | ower one, such as from 64-QAMto 16- QAM
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retransm ssion occurrences are used to nmonitor t qual ity of each
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for a particular subchannel indicates poor quality, that subchannel may be
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del ay fromthe subscriber unit 16. uplink ARQ 20 is simlar in
nat ure t[QORDE dOV\ﬂDsiiﬂ% thREtidhsAiishiorp oc@@f@ices @d adbasks FIHIAMC Pesvided b 26 i n

whi ch packets from a hi gher |ayer ARQ

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 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 1a,
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.



transmtter 28a of the higher |ayers 28 are transferred to physical |ayer
ARQ transmtter 26a. The nessage is transmtted to the base station

ant enna twooagiossni t ch  26d, subscri ber antenna 25 and ai ipCiTritSez/t@ee 24.
The AMC controller, likewi se, may vary the nodul ati on and codi ng schene
using the retransm ssion statistics of a channel. [0024] Physical |ayer
ARQ receiver 22a, simlar to receiver 16a of Figure la, determnes if the
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typically require a |arge bandw dth due to the | arge nunber of end users
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ARQ reduces the retransmission overhead of the higher layer ARQs.
[0027] Figure 3 is an illustration of an N-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 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
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base station, subscriber unit or both depending on whet her downlink, uplink
or both PHYARQs are used. Blocks 34a of data arrive fromthe network. The
net wor k bwoak®19saz e pl aced in a queue 34 for transm ssi onPaTdrsot/b@4aat a
channel 41 of the air interface 43. An N-channel sequencer 36 sends data
of the blocks sequentially to the N transmtters 40-1 to 40-n. Each
transmtter 40-1 to 40-n is associated with a transmt sequence in the
dat a chgffel THd hybhd ARQalesodért ¥ detBrminks tidemorfate, snclodeBERNGr BDER/i des
ECS for the block data to produce packets for AMC nodul ati on and
t ransni der the reecived packes apatket has Thecrptide codetitedsisdeteasédtosthor ed i n
a buffer . of t@g %r?fﬁsmtter 40-1 to 40-n for tﬁl;)SSible retransm ssion.
leyeds,fqrdprthe

Addi t i olBghey, TRTOFERINEAN] an ALK IsrsenhRY e ArkAransmities-thfer 38

T e VS SR Ve S
nybr i AR deckas DL orepfle B L ER AT Rasd 3 BERF ol POUEERSEMAT i
hybrid ABRHEHRARHh aQedtiPhitledPackdte error rate, such as BER or BLER,  for

the received packet. If the packet has an acceptable error rate, it is

rel eased0029} he Omghapprosohefos combiring pavketspisapaariot@denis a3 folfssts.ilfasent by
the ACK transmitter 54. If the error rate is unacceptable or no packet was
r ecei vedurbeocnaored pagksitis ogceavadawithsin wmecepthblelkesta rafe, theipacket databise err or
rates are buffered at the decoder 50 for_potential conmbining with a
retrans ﬁ?&r@@amy&g ket .amilém spdexsembyyngacic packebrentainigg thecsaane dakiisg t ur bo
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turbo depesdingt fs rssﬁ%mbamr@ma%gealto@@ff@fenﬁpaﬁ@s IS §&Ah PaGHeRle as a
different encoding, i'ts soft synbols are mapped to different” points in the

decodi ndJsinfiews. packets with different encoding adds coding diversity and transmission

diversity to improve the overall BER. In another approach, the identical signal is
transmitted. 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 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¢.



Usi ng two packets with different encoding adds coding diversity and

transm ssion diversity to inprove the overall BER |n another approach,

t he i dentwoaB/sisgnal is transmtted. The two received paekarsoae@4econbi ned
using a maximumrati o conbining of synbols. The conbined signal 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
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1t h. Aengae Rl ERERDE %2 fhirhel RN BulOR plSteri i G SR8 VS

retransmtit & tePPWh RS vars, di fferent nodul ation and codi ng schenme as
di rect eg&nbydat%eﬁ%ﬂllﬁ% controller T2c, 26c. -7 WD 03/019812 PCT/ US02/ 26940
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packet fromthe buffer and accepts a subsequent packet for transm ssion.

[ 0032] Tgain hupiganl of ndisaratio (SR asndmpeedi toer 5ystém ssingsedy dingheard ayers
design considerations, such as the channel capacity and ACK resEonse tinme.
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lower customer premise equipment (CPE) costs by using lower grade RF (radio
frequency) components with the PHY ARQ compensating for reduced implementation
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.



The decreased SNR requirement allows for: increased capacity by sw tching
to high order nodul ati on enpl oyi ng an adapti ve nodul ati on and codi ng ( AMO)
t echni quewo oBoOWSI2 cust oner preni se equi prent (CPE) costs IPgTOS0294@Wer
grade RF (radio frequency) conponents with the PHY ARQ conpensating for
reduced i npl ementation performance; increased downlink range which extends
the cell radius; reduced downlink power in the base station (BS) to

m ni m zéVaet is-ddahlediiot er f erence; and increased power anplifier (PA)
back-of f when enploying a nulti-carrier technique. -8 WO 03/019812

PCT/ US02/ 26940  Wiamsitkodfagiadigting dath medulatioroat afsubscaiberanit rogmyuising:

nodul ation at a .subscriber unit, conprising: receiving data at a
transmitter er?elY‘P&fgm 33 HANSTRKICRAPY rayMIpdoRiecei ved data into packets for
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recei pt ﬁhi&ﬂagﬁgg%\%ﬁmy@&ﬁﬁm@ﬂ&ho acket that that packet has been

received; retr miting a“packet at the transmitter, if an acknow edgnent
for that paclgpgnsnﬁﬁﬁlgrtgé ph@i@ﬂs;r ecei ved; collecting retransn ssion
statistics; and adjusting each particul ar encodi ng/ data nodul ati on usi ng

t he col | ect ednomiedrims netasi chranatbfor s¢dedist.of 2n atkewowkidgattnoforadaah padkether ei n
the particular type of encoding/data nodulation is forward error

corr ect ithat theggckeBhasthgenreee¢ived;of cl ai m 2 wherein the packets are

transm tted using an. orthqgonal frequency, divisio | tiple access (OFDVA)
air interfacéegﬁ‘gsr’t‘wé“%@c g Fﬁ‘@PﬂQﬂtEFrn’é&{}la&lfl?%{ﬁ]leguamg *Or‘i&‘qt@aﬁ]@tforned

N addi 4,00, f BeSihgENete nulling of

collecting retransmission statistics; and
adjusting each particular encoding/data modulation using the collected

retransmission statistics.

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.

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.



subchannel s in an OFDVA set. 4. The nethod of claim 1l wherein the packets
are transmtted using a single carrier having a frequency donmain

equal i zatwor38B81FDE) air interface. 5. The nmethod of cl aPeTrUSMz9¢0 n t he
return channel is the fast feedback channel when the packets are
transmtted using a code division nultiple access (CDVA) air interface. -9
WO 03/019812 PCT/ US02/ 26940 6. The nethod of claim1 further conprising:

i dentifying &.packldte msthodwfrogaian] findlesreptmdristngrror rate responsive to
recei pt of a negative acknow edgnent. 7. A nethod for adjusting data

nodul at i on atidentdlyingsa pasket asdwvig an ungcceptaeatror rate rgapensivetto receiptefs f or
transm ssion _.over a wreless air interface; receiving packets of data over
sai d ai rar?erﬁaélf"f:éﬁlé‘}ovm&égmﬁ%ket having a particular encoding/data

nodul ati on; for each received packet, generating and transmtting a
positive acknow edgnent at the physical |layer of said air interface when a

recei ved packel Nnae mAflo R GERAMHNG &H flodlflidn dfa sHBSATRENAnBlsifkal M 7

wherein the positive acknow edgnents are ransmtted on 1he f eedback
channel when feghgktidisldatNin®6 bacietd FdrEan8mERHsh Vet SiwvitBlesflrtihitlRcaccess

(CDMA). 9. The nethod of claim7 further conprising transmtting a negative
acknow edgnentcéivinigipacketa ok datalvasr said airactesfptq leheh packet havahga partidular
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 using a code division

multiple access (CDMA).

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

acknowledgment if that packet has an unacceptable error rate.
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