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present invention relates to inproved conmuni cation of isochron 'éa a.
In particular it relates to the systemconprising a transmtter and
receiver, the transmtter itself, the receiver itself and the nmethod of
operation. .The Bluetooth protocol is designed for the communication of
synchronous, asynchronous and i sochronous data. 10 |Isochronous data, is
data that is time bounded. That is data which requires a certain data rate
but for which the delay is not critical. Such isochronous data may be

del ayed in its use but only within certailn linits before it is outdated and
no | onger val k&EI%@@&qTRg%OI&@gR%%g%Rﬁsh%ﬁlg are exanples of such . 15
data, but isochronous data is not limted to these exanples. Figure 1
illustrates a network (Bluetooth piconet) 2 of radio transceiver units,
including a master unit 4 and slave units 6, 8 and 10, communi cating by
transmtting and receiving radi o packets. The master unit is the

transcei ver 20henpresenti iriventiorn ireietes tménpmaéomdrmnuoibaﬁors|oévieoqmsomw$

net wor k. er i . : in a
e di vi o ondeteol SeedERFe I Padles: Rl SR poRgicliet CURafBr BB 1o
comon ti e frexedredehe transmiitddyistihaharesicdier iteelf add th‘él”ninetrtadrm obeeionconsi st s
of a series of tinme slots of equal length. Each radio packet transmitted in
the- network has its start 25 aligned with the start of a slot and a single

packet is tramﬁmﬂlbét@otm??d!@cd]%%@gnéﬂ far thareomWhfiicdtion oeSirRArdwduE, | S
perform ng point-to-point conmunication a transmtted radi o packet is

addressed to asywhronausandisemuenrgupdativhi ch replies to the master unit by
transmttigg a radi o packet addressed to the master unit in the next
available tinme slot. Any tine m salignnment between the master and 30 a
slave i s corrlsochwnoys safads datp thatisttime hgunded. fidag isgata whiclp ragqures a

transceivers ééﬁﬂﬁ{gﬁé% Eg{;? gfo?'v%‘?%n tgré‘zéé?él;ﬁns%@ ical, Sﬂg‘?‘ué@cﬁ{oﬂ‘é’ﬁg ata

frequency ban & HENOTR: Pl RS INTEr Falence by
changi ng the fmaqqneadekayad |m1lsafseelanimrrlyadntbmpw’teem lirdtst befoenit id edidatechunber
of separate fr s, are ss ned e(CSh with a bandw dth of 1 Mz,

h
S and the 1 r BBy oS VRP: Yed Ful %sr e RS nd 2R SAMER AL MMpp! ng

of the tramscaarehat icotArIRbEATAAGs hot Phitddtonhege &kenpleéwor k is synchroni sed
and controlled by the master unit. The sequence of hopping frequencies is

uni que for the network and is determ ned by a unique identification of the

nmaster unit. I’*-'@u?é‘q lﬂ?stt?ﬂ@éé<a'n%t@ork3§l®tédtﬁ ey 28t Vaid tr%Héééa‘@r%ﬁth
transmtti ng vaice i nformation or data i nformati'on between transcei vers.

The transni ssinshilingagemaster gl dvansbelere nie &x8msice 10, compoumatingy t he
LLonscelver aahapah ShESELUL o0 TG TR HER BN BT ol
bur den of 2@ dennit iWpiahgnitintesdhaepnnection of a slave to the network. There is oniy one
master in a network. The network operates in a time division duplex fashion.
The transceiver units are synchronised to a common time frame determined
by the master unit 4. This time frame consists of a series of time slots of
equal length. Each radio packet transmiited in the network has its start
25  aligned with the start of a slot and a single packet is transmitted in the network
at a time. When the master unit is performing point-to-point communication a
transmitted radio packet is addressed to a particular transceiver which replies
to the master unit by transmitting a radio packet addressed to the master unit
in the next availabie time siot. Any time misalignment between the master and

30 aslave is corrected by adjusting the timing of the slave.




15 transceiver units within its transm ssion range and the burden of paging
a transceiver unit to set up a comunication |ink between the na%ésr ﬂﬂ;%ﬂl
and that slave unit. Referring to Figure 2, a frane 20 is illustr eﬁ" gé
frame 20 is the common 20 time frane used by the network 2 and controlled
by the master unit 4. The frame illustratively has slots 22 to 29. The

sl ots designated by even nunbers . are reserved. Only the master unit can
begin transmtting a radi o packet aligned with the start of the even
nunbered slots. The slots designated by odd . nunbers are reserved. Only
radi o packets transmtted by a slave, that is radio 25 packets addressed

for reception n have thejr. start aljgned.with the

start of the '(I)'gé( ﬂvEt}%‘):ereas' érlagP ;’nﬁ %?tgﬁeg‘?“é% s 'trg§|ed<gg}pé% ANy m'%rPgﬂYeone of

a sequence of frhqnmcygoefndeqlm’rramm 24t GHz. ﬁbmorkpeﬁsa:dﬁ tdrigreqcd byl O
nunber of slots an case ency at

packet to exten 1

whi ch the pacgl?eqnq {Heafﬁ%cmef‘t—’léa‘??”é‘ﬂ% ¢Rch 3 E’t {S Wm“'g?‘fd& efo t he
30 slot at thef ﬁparétedfeqhbﬁ?pmfels a%%tb@ibné@éaéh ﬁrﬂlﬁl%ttﬂm\:ﬁdtﬁ%f PRIHz0d and
is typical m crosecon erring to Figure 3, atyplcal radi o

packet 30 s F‘" therfrequesicy May hopdata rﬁﬁ:@e‘kﬁoﬂagpﬁs s-lfh?rffe%@”éhﬂoﬁléiﬁg &f ns
three di stinCiheDRdriskc8N&is ébnfnm[zﬁ'baﬁﬁéj fnl &r']ouﬁﬁ‘u%ttﬁé PeASHAS SRRFPrSIS 3y

second portion contains a Header portion contalns a Payload
38. 5 The Accedyroigdbyithe mapiqrunit. EEhe sonuRsics Qi heaping framuendesds knigue

denti Ty the fh#id ndluofi bAd|s iy B uRIchE WertBa BHEHARARA, D

estimation. It has a fixed eng in nor
conmuni cation is the Channel Access Code which |dent|f| es the network and

is includ i ket n der. 36 has a
fixed | eng(tsjh ?h@ eé‘gﬁ't%al%né Ea%cﬁ)fr%gagﬁcgﬂ otrk @% %&cﬁrﬂ%?wgﬁg ‘ZO'?? el ds:
AM ADDR, ARANnéatmaHElG: ofThletd drfatmatiboir beﬁvdeﬁl\/tréﬂﬁé)vers ihwmsmsﬂuﬂ y

i dentifying thin a netfwork. 15 : address is assigned to
a sl ave uni talg'%d? 2 ﬁé‘?‘@rm’d‘!ﬁf O\Rﬁé(ﬁmﬂ?esr"rg?[%ganhrﬁn[d ﬁ? SCRECE U a@% to the
net wor K. ARAI\barBeflfm:eldely@orrmﬁM|mté lveeISHd ragyendf Dfewcsitinsites tb aaanftans of

payl oad dat a. tive acknow edgement ACK, | dlc t he
packet was su%c lgbd? mcer“% hé? F@&tefwfé'aﬁég%\gev% dgKﬁW g?ﬁs?l‘?'e

I ndi catingpt haénstcbﬁepamkgtwum ztslrtﬁa#@ﬁﬁmérvl'ddge@nd ftl@é‘%ﬁﬂiéneéf hﬁﬁglé a
header integr "f"#(j check. i S an bit word igener ated fromthe header. The

payl oad 38 du eHSF Mt t‘&&ﬁh’dﬂlac%ﬂm@HmEBﬁ'ﬂrh ifsbetwesn the dasign wilband of

vari abl e | engihbt gpgk gpiy,. be absent. The payl oad has a header including 25
the paraneter L CH, a payl oad body and possibly a Cyclic Redundancy Check
(CRC). Cenerally a Link Layer Control Appl i cation Protocol (L2CAP) nessage

is fragment edRéi'éhﬁhgsl%qu ale @aéb'ﬁﬁn% s il ilg &eﬁ%f#&mb% fé%@%owmémef the

payl oad contains the st rt| n ragment nessage or
cont i nuat?®n lrpadiasie used by t mnv%%a@@ copiroliedpby He maégxutumttfi ofhe30

I ndi cates WhegQRE i 3frafiif) RS slofd 34 &5 26 Orihe SEHY QR0YRtER b even numbers -
are reserved. Only the master unit can begin transmitting a radio packet -
aligned with the start of the even numbered slots. The slots designated by odd .
numbers are reserved. Only radio packets transmitted by a slave, that is radio

25 packets addressed for reception by the master unit can have their start
aligned with the start of the odd numbered slots. Each slot is allocated a
different one of a sequence of hopping frequencies. It is however, possible for
a radio packet to extend over a number of slots and in this case the frequency
at which the packet is transmitted remains constant at that allocated to the

30 slot at the stari of the packet. A slot has a constant time period and is typically
625 microseconds.




4 Figure 4 illustrates a transmtter 40 comunicating with a receiver 70
via a channel 60. The transmtter has tinmer circuitry 42, a contr?g%@ﬁ?4$mﬁ
a transmtter portion 48, a receiver portion 46 and a FI FO nenory i ch
stores a L2CAP nessage having fragnents N, N+1 and N+2. The nenory 50 5
receives data 49 for transm ssion. The data for transm ssion is stored as
payl oads N, N+1 and N+2 in portions 52, 54 and 56 respectively. Payl oad 52
is transmtted first, then N+1, then N+2. The output of nenory 50 is
connected to the transmitter portion 48 such that the contents of the
portion 52 are provided as an input to the transmtter. The transmtter

portion, 48 1 u S,t at rtion 52.as_th
payl oad of a g@ﬁﬁ@fé@,b%c%’n%gﬁp fc%?h%@o é%?q%t ﬁﬁ@'ﬁsﬁ%ﬂu %%é%aa?@?radi o]
fl' L equency alndhgs arstauit }SQ atrhbct:cﬂmias me_hmistihotdpqsrt:iomsﬁ@_eﬁmep?ﬁien apntahty ?rr]] waves.

e encapsul ati.on ikcl udes e creat.ion a in¢clusion.of a CRCin. the
byl ond Da. 1 A6k G HED= sSa SaaR SeRihs o Hleathg Sa e T bR, AR
and 15 HEC andorithiesal Pagbueps. of an Access Code 34. The receiver portion 46

recei ves dgta packets fromthe receiver 70 and determ nes whet her they
contai n an”acknow edgenent of the transmtted packet (i.e. ARQN) . The

det er mi nat i onThé AzeE®R!TIEBLISYA $ics Ut yRINORS uddl ¥ MeShdialk thoidehdny ARON=ACK,
that is, the transmtted packet was successfully received, the controller

20 control s t Bartalforagiopacketiand gHesh ynehropisatienand &G esimatipmilithashe
| oad N#1, jj t ' ; ' |
payl oa fistbd Iaﬁ?ﬂﬁ?ﬁae Nc@@%é‘%ﬁ){[‘l% ﬁg@@ﬁ*ﬁ%{@% ESmﬁﬁf?ﬁcrat‘?ibh ?% th‘é’oﬁfﬁﬁ%ﬁ r58

signal 43 controls the nenory 52 to discar e contents o
such that theAeessseRode ovhighor ideptifie thep netwask podk isoincb@lednd atheacksts ent s of

portion 56, n0 Qn.: Thus packet N+1 is presented for
transm ss?%n ?%htﬁg Qé){lﬁﬁ'gbﬂ)%?ﬁ'on 52. If ARAN=NAK, that is the transmtted

packet was not successfully received, or otherwi se the controller ensures

t hat payl oad i S..r smtted. The controller does not act.iyvate._.control

si gnal 43 andﬂﬁ‘%@e@gé; %%r gbr%sf r?st%&M'f”ﬁioFWtSWSS ka?mr”@t'Pﬁ’ﬁ@ﬁF%i on. 30
The timer 42 jpclodinge shearfidldg oAMaADDORINC RGN Ward HEBE. LRteARocw Saddess
conprises isoghro dat a hat is.data . which "expires" if n

successful ly mﬁ') E"da\)ﬂofif‘ﬂ'qﬁe@é&?'ﬂ‘?ﬂn%@ﬁﬁﬁ ‘Mﬁ‘”ﬁ F‘rfﬁtwq'ilfe%?rlﬁqal 42
records tig: asmdreés is assigied ioh® sfa@e uMiti BhiHeh@aster AR wHARCKEImA&eMBAP! Y
portion 52 has, been retranﬁgnétted. If the value of the tinmer exceeds a

t hreshol d t helPs; B slayeda jhe Jietverse ¥ &3 jused 42 ipfagenihe somceae v 50.

That is, the aerbssHil fansfel BY peYISEAIdhiS 1 19R8h UL aCRBsRRe Ad@oWRIMREP t O
di scard all payl oads ply 5 N+2 which are fragnments of tThe L2CAP

th N, N+
message to W, tidicaiil &t Regiploars usaassiully peansieiied20bel dRgetiverhe
recei ver 70 haacnaw[&@em%& @ﬁk&liﬂaiczﬁng Ahb{ a!ﬂé”b%!?ert RRG! !uﬂEL{c%‘éséxﬂ@kh .

verification circuitry . e recelve ortion conmuni cat es™w

transm t t?d prnsferedigies sz heedarintegrityohestd ltis antd kihwaic ganergdedtfioon 74
comuni cat es whthhhe receiver portion 46 of transmtter 40. The
transmtter and receiver portions 72 and 74 are connected to verification
circuitry 76. The verification circuitry 76 determ nes whet her a packet has

been receive j i.sion is. ed on.the HEC and on the CRC
of the- pay! oall® pafibad 88 Al AREF LaRG BicBIGE Lol b §1d BuBRul as
det er mi ned byofwariableciahgibnared neyilde gbstmt. tThe padoRithad arhdqeket invludied s
ARAN=ACK i n the next trapspitted packet. If the | o i,S jncorrectly
recei ved,é#]hetﬂ?rgﬂgmeﬁ?rep—%r i B?.‘{ﬁ%ﬁ Z’OQMR_Sﬁﬂyt% %k‘tﬁ‘?‘ﬁ&ﬁ@ﬂﬁ ted
packet . The Cheuks{ORCEIGHMrAiloA Limc LagesCHRIN AgplitRpnhpaisdol ¢LatAr) next
transmtted data packeft. | f a, payload of data o

message Iis fragmented 'into several packets 30. The L_CH code indicates

whether the payload contains the starting fragment of an L2CAP message or

a continuation fragment of an L2CAP message. An a priori negotiation

30 indicates whether the payload relates to isochronous data.




20 is also being sent in the transmtted packet it may include a CRC. It is
apparent that the transmtter 40 and receiver 70 operate accordﬂrfgf\tm’ tohe;
Aut omat i ¢ Response Request protocol. The contents of nmenory portion 52
(message N) is transmtted and retransmtted to the receiver 70 by the 25
transmtter 40, until either: a) the transmtter 40 successfully receives
an acknow edgenent fromthe receiver 70 that it has successfully received
the packet, or b) a tinmeout in the transmtter is exceeded. 30 The

precedi ng description corresponds to the procedure used in the prior art
and described in "Specification of the BHuetooth Systent, v1.0B, Decenber
15t 1999. ﬁ.gﬁrw &R eéﬁf?@s@n.hgre@é \dohfiflu uliba iB&ngC Rtk 3 Fbo@r\@lemﬁaaarl se
fromthe prior art roce ure sochronous dat | s data is tine
bounded . Thacharmediafﬁ& vihiec transiiiter ckas tinaen @irnmtjm éQ,r@t@Obtiﬂllefroﬂ4mkﬂ ch the
delay is not S e n e but
only within cgélbéﬁﬁt%}‘ #ﬁpﬁé‘f %ﬁg&%?&féorgl%gﬂfggﬁ ging no ona 502‘?‘%?

Vi deo, audio aimbsmlLQ@Aﬁ masagwham&g BagmphisN dﬂ+‘sandhmaé"helnm&mowcﬁﬂ1ronous

data is not limted | es The out control

Cransmtteh dtenAPriRe AL e FonSBERrandNe AaRas S ATATISTEY * WA tHer o | s
a timeout, Eaﬂ@éd’s N l\l—#‘l&ar{cﬁﬁhzliri ﬁﬂﬁ]@hé 152%@%@1'&686 eispeativied Feyloadied s the
whol e of the L2CAP rressaeto which it belongs This results in a | oss of

data which maip Fanamdiadopstt iteemi+t.othere Nt2ankha <uitemt of rBemopc & iS ng. A

single trans
di scar ded. F%?@eé}h&bffedt T ossréﬁgpbéﬁlgﬁ @ %ih@%&%%%ﬁ%ﬁ@ﬁ%ﬂd&rﬂgr ror

correction tebRrdrquasvidad hiSaSn flmwt/atpcthertransnmmrr edhediensmifign pedionets | t
woul d be fjfs' Eﬁ@rﬁ%u a%?% %Eﬁte?‘nﬂscgf FH ?lgérg 15 Lo rbg ltogdod?ea dappct of

the present inve here 1's provi rAnsCeirve for receiving
data, conpri spa@etr eorverisntherelates phoketr ﬁoml bamj:)allmit ;o) rdwbeircaquamg arehns for

det er mi ni ng ether the receive een 25 correctly or rectly
recei ved; val a2t T %arfga(fq‘ oPa%@? ic’mtﬁ?née%‘ée[rhgp e TP 8@"\’/%’3%2&5
g urrent; trangfggsuiiontadiGded Pt dré&RSrard inBlIsiohroflESRANARhE pay[eacesged
at a,
the attachment of a Header 36 comprising at least AM_ADDR, ARQN and
15 + HEC and the aftachment of an Access Code 34. The receiver portion 46

receives data packets from the receiver 70 and determines whether they

contain an acknowledgement of the transmiited packet (i.e. ARQN) . The .
determination is communicated to controller 44 via signal 45. If ARQN=ACK,
that is, the transmitted packet was successfully received, the controller
20 controls the memory 50 and transmitter portion 48 to transmit the payload
N+1, in the next transmitted packet. The controller via control signal 43

controls the memory 52 to discard the contents of portion 52, such that the
contents of portion 54 move fo portion 52 and the contenis of portion 56 move
to portion 54. Thus packet N+1 is presented for transmission in memory

25 portion 52. If ARQN=NAK, that is the transmitted packet was not successfully
received, or otherwise the controller ensures that payload N is retransmitted.
The controller does not activate control signal 43 and payload N remains in
memory portion 52 for retransmission.

30 The timer 42 provides an important function when the L.2CAP message
comprises isochronous data, that is data which "expires" if not successfully
transmitted within a certain period of time. The timer 42 records the amount



a positive acknow edgenent of reception when the received data has been
correctly received, 30 a negative acknow edgenent when the rece@vgqﬁg@tﬂmé
has been incorrectly received and the received data is current an a
posi tive acknow edgenent when the received data has been incorrectly
received and the received data is not current. Wen data is described as
"current " in enbodinments of the invention it defines 5 data which at the
time of its reception is not outdated. There may be an exception to this
definition. In the case of data which is incorrectly received, "current™
preferably defines data which will not bé& outdated when it is received

after a retragsijssi @p. wiiBHSthef ggrré@cggéfé%tlynvrﬂ&naﬁc '}&Fﬁn 83t fas VH&SE Lhe

received data Is not 1tself outdated, "but by the ti 1S ret_ransmtted
and re-recei vegiranshitied-if theeraealotithedingn ¢xceeds at irasbald theee isnetmeout | y

recei ved data_j ef Ly, Lrent”. Th S . cu " ri bes
that data s DY BECepan et hare e ernalold e B bR
recei ved dat adissanmiosignait 4iataubeartte trhahoiyn®dto dizsthiyd albthel paydoabist i, Ns1dat a
where the possihility of,still, receivi a retransm ssion of that daja,
which 1o rbt Do e ifmeutsicd i LAGAP FutbRds i B ShentionidH packer
havi ng a payl ﬁﬂﬁeﬂﬂir@?oﬁi&h gonsdlenls, | sochronous data and a header. The

payl oad of data packets may al so 20 contain asynchronous data. The fact

that the received data is i sochronous may be communi cated to the receiver

by an a pri Orﬁ'hﬁ%gbiv@Fiﬁ‘Eaésa iracé'féfreg&%ﬂ ﬁﬂeﬁitfrér&‘s%ihﬁﬁ portfdh 74 and
Alternatively the data packet nmay contain a paraneter that 1ndicates that
t he packet payéiificationncieguitsy i76o chheonecgivatapartionn 7 heemmamicatesexdthpkhe t he

R A T e e
val i dati on neeosrmigates edthaheé iratahgriaticn A6 rof dednenitteri 4@ Theetramamittecei ved
e RE R TAL N O T R T T P
integrity of ybsridagafesiraune/ 76 BytehBiesN@hether a packet has been received
correctly. This decision is based on the HEC and on the CRC of the payload,
15  if present. if the payload is correctly received as determined by verification -
circuitry 76, the transmitter portion sets ARQN=ACK in the next transmitted .
packet. If the payload is incorrectly received, the transmitter portion sets -
ARQN=NAK in the next transmitied packet . The transmitter portion includes
ARQN in the header of the next transmiited data packet. If a payload of data
20 s also being sent in the transmitted packst it may include a CRC.

[t is apparent that the transmitter 40 and receiver 70 operate according to the

Automatic Response Request protocol. The contents of memory portion 52

(message N) is transmitted and retransmitted to the receiver 70 by the
25  transmitter 40 , until either:

a) the transmitter 40 successfully receives an acknowledgement from the

receiver 70 that it has successfully received the packet, or

b) atimeout in the transmitter is exceeded.

30 The preceding description corresponds to the procedure used in the prior art
and described in "Specification of the Bluetooth System”, v1.0B, December 1
1999,




s the integrity of the payload, for exanple, using a Cyclic Redundancy
Check within the payload. The radio transceiver may further co résgﬁgriag
correction means for correcting errors arising fromincorrectlyér d AL
data which was not current 5 at reception. This is an error correction
procedure which is additional to the existing FEC procedure of Bl uetooth
baseband. This additional error correction is above L2GAP. The radio
transcei ver has nmeans for retaining the received data for which a 10
positive acknowl edgenent has been sent and for discarding received data for
whi ch a negative acknow edgenent has beef sent, The transceiver has a
buffer for buffering the retained received data. There nmay be a buffer
before and/or_after error correction The validation neans may be coupled to
the buffer suthe inentaradayet ideniifiest thah ceftainhpiohlams hdse dosi vkl pdat art s
current has 1 m%g@ﬁgbility bei ng dependent upon the content of the buffer.
It is preferable at the validation neans is coupled to the buffer after
error correction but it may alternatively be .coupled to the buffer before

error corrgection. The detetm natjiqn ans al.so. be dependent up the type

of error ce’gr_rfé:’g&mﬁo'é f ?ddé}?’hhuél '?ﬁg’e{}ﬁﬂ%gégi'ﬁ‘aﬁﬁaﬁat 5GBS &ccount

t he surroundi gegtald daial IataTBLIEIOE Ahidhthe &feflyTs Hob Brite L Hish KEBGRbNGSS data

i sochroneus data s current or 9 Accordi ng to a further aspect of
15

not .
the present i TRGY bE; BREYSfR LIl Lisp sty ionbawBNis erain BoRpbiekiradt i eutdatedi t t er
and a recel vaind WoRireieh valké. VIE8BSAdid Shalveicl! SARHRH e ERARBIS oRAERS! S Of

data havi ng payl oads 1 ncluding i'sochronous data and”conpris
transm ssi on YAartitachonoysHata ismptimiad kethest axatrplaso t he receiver first

recepti ongre : f AV I Fhes, ' L response 1o said
transni ssi on o? {lrﬁéou at a %’L@‘E"e‘%,tﬁggspés.%“?3%’“2@%‘8&%@865@8&&0“893 Qa%‘e'ﬁati ve
acknow edgeneditidategieian these tis anfimebtie mdt sordy isattge thst araneimitests phtkat dat a
packet conpri §i ' r dat a unl es sitive acknqow edgenent is 10
Fecer ved, anditaiied 86 5818 tia e &7 GEaRARY Breseando ddi i SFORGR i vi ng
data transmi tfres repulthent aarssi bf eddta d@hiRh ity e TRATopGHIoRERE E1diItAE NY
whet her the received data has been correctly or_incorrectly received,

val i dation mEBRETISTOT SO FORPWENGN & BiBple; HansaissiopeaImammaY esylirineat :
second t H8NSKitRse DﬂCKE‘&ﬁésség@%éiﬁg?‘ﬂ%@&nﬁbB.”iguﬁﬂbrh%%’ﬂ%slgs%8f §l‘ﬁﬁ?é Y% gdata, a
en

positive acknow edgengnt of reception when the receive ata has

correctly relSiQH Qr CalanB\RKES \RITQI cRaTtRMtien Jenmtiguethsnch fas faward edrodat a has
been i ncorregblictith mgﬁsﬁdéggg.and the received data is current or a positive
acknow edgenent when the received data has been incorrectly received and
the received data is not current. According to a still further aspect of

e pr osent i Wgn EBYGHISHE b SqBAY Jff 5t hod of commni cat i ng

i sochronous data ween a transm Yecei ver conpri sing the steps
of : a) s@fding the isochronous data fromthe transnmitter to the receiver;

b) receiving Atcggrojir?goi:&Enﬂgoausspegfa LRy pFeg%ntr B eI there is provided a radio
transceiver, for receiving data, comprising:
receiving means for receiving data; _
determining means for determining whether the received data has been

25  correctly or incorrectly received;

validation means for determining whether the received data is current:
transmission means, for transmitting, in response to received data,
a positive acknowledgement of reception when the received data has been
correctly received,

30 a negative acknowledgement when the received data has been incorrectly
received and the received data is current and




c) determ ning whether the isochronous data has been correctly received; 30
d) determ ning whether the isochronous data is current; e) trangntiingaa
positive or negative acknow edgenent fromthe receiver to the transmtter,

i n dependence on steps c¢) and d); 10 f) re-transmtting the isochronous
data fromthe transmtter to the receiver unless a positive acknow edgenent
is received at the transmtter fromthe receiver. 5 Step e) preferably
conprises transmtting a positive acknow edgenent unl ess the received

i sochronous data is both incorrectly received and current. The method may
further conprise transmtting new data fromthe transmtter to the receiver

when a positive acknow edgenent is recejved at the transmtter fro
receiver. 10 3 POFHIY9 aPK'é‘?‘@F@g%mﬁét dﬂﬁbm%{%'v@ﬂa‘fat@rﬂ?@d&?ﬁhf@o tg’]he

present invengb&ed And ie NBENEY SaRSBRG Sufente several advant ages.
advantage, is an increase in performance. Wen a payl oaﬂtl S.i ncorrect |y

recei ved and Whenpdatadadesstieed @s icsent o dBu@“E%'ﬁ‘eﬂiﬁ h the, inyenfigh Jer
current, a whgl®L2CAP 15 nessage is not discarded because the tineout of

t he |sochronous gata is nmoved from the transmtter to the receiver side.

| nst ead, thhe daiawhickcatiihe imeaifite degrpjipo itinokopidated.et ai ned and t he
transmtter is instructed to send the . next payload. This efficiency also
provi des for the use of additional error correction techniques such as FEC,
whi ch furt herThererraag &g aﬂnexpaﬁbarmhisedeﬁnim Thube endise ddfndata svhigh ishe

[ ti i d di di dat N

it oa on oy TSteRBy Bhin s SPbieHp b R ol SRS

i ?}/enii on ?ndoﬁteatfeur\fv?@ﬁ mtsdmcstvgachgmva trbearssmiBsiony 'l')de)rfoug’lmrnenﬂpl .
e ec rererence w n madade, encl ose
Gt ot s T0h- viepaiied gats, e e preiveq dhavs dot B Ridaefytiy HabogmgE

i ncluding a m%ﬁénﬁﬂﬂe@éﬁtﬁm ké&btv@d Elegkﬁ-ﬁécalvbwdtﬁhrvﬁﬂeﬁ binelatedirehd r ane of
the communications network: Figure 3 jllustrates a radio packet Figure 4 is

a schematic |'FPQF§QQ“¥tr?%€?’|VQ§* dajads Brﬁi‘?r‘ﬁ'f’lb’e?c’%@reﬂécel ver operating

That is "current® may describes that data is not outdated but preferably
15: describes that correctly received data is not outdated and that incorrectly -
received data is data where the possibility of still receiving a refransmission of
that data, which is not outdated, still exists.
The received data may be a data packet having a payload which may inciude
isochronous data and a header. The payload of data packets may also
20 contain asynchronous data, The fact that the received dafa is isochronous
may be communicated to the receiver by an a priori negotiation, as in
Bluetooth Specification 1.0b. Alternatively the data packet may contain a
parameter that indicates that the packet payload contains isochronous data.
In this latier example, the validation means may determine whether the
25 received data is isochronous, for example from the parameter when contained
in the packet header.

The validation means comprises a timing means for determining whether
received isochronous data is current.

30
The determining means may determine whether the packet has been correctly
or incorrectly received by testing the integrity of the header and/or by testing




10 according to the prior art; Figure 5is a schematic illustration of a
transmtter and receiver operating according to an enbodi nent of the
present invention. Figure 5 illustrates one enbodi nent of the pieSdhty 2004
invention in which a 15 transnmitter 140 communi cates with a receéiver 170
via a channel 160. The. transmitter has a controller 144, a transmtter
portion 148, a receiver portion 146 and a. FIFO nenory 150 which stores a
L2CAP nmessage having fragments N, N+1 and N+2. The nenory 150 receives data
149 for. transm ssion. The data for transm ssion is stored as payl oads N;
N+1. and 20 N+2 in portions 152, 154 and 156 respectively. Payload 152 is
transmtted first, then N+1, then N+2. The output of nenory 150 is
connected to the transmitter portion 1488such that the contents of the
portion 152 a feRwil i € sk WA lter
portion 148 eﬁﬁ%ﬁéﬁwgfggﬂ?ﬁgﬂggﬁ?gﬁigh%?ﬂ%éH%bgqigy%%%ﬁeﬁggﬁggﬁﬁg@ﬁ%;yIoad
of a data pacWBkindh@peyleddnits 25 the data packet to the receiver 170. The

35, "The att achienronr TenpEaier MP R, LORBHSS Pt eSiPRBOA kRN e

and t he att actarmadingfermrs Atsing frodo ieoRdcilyTeeeived alare whikr wasmot 4tirresicei ves

dat a packets eceiver 170 and det erm nes et her the ontain an
acknow edgft’ema%{l%g]? ﬁ@%‘ tﬁﬁés & gﬁserﬁqr tcgﬂ'eﬁtﬁ’(kaPc?a':“@. ‘Y‘}ﬁﬁ&‘!ﬁ .adﬁiR'é%‘aé’c%ﬁ'ﬁi nati on
i s communi cat existing G r pidcedufet 4ofviBugtb@iRalbaddBand. f TARANGNRIonal hétos S, the
transmtted pack%% was Su%ﬁﬁﬁf |1y received, the controller controls the
menory 150 antPTeCR IS FRYE AR hortion 148 to transnit the payl oad N+1,

in the next transmtted packet. The controller via control signal 143
controls the penmory 152 tq discard the contents of portion 152, such that

the contents b R taRsaaiverhas megnpdet feaining tha faceived data Eftwehien aporti on
156 nove i i ; SSion in
rorory pori O g RFOIEREAR: Ry bfin Ceik Arv OF SRR, FELIRLMR KT
successf ul | y Wiieeia, aggativecaciknrwledgesmens hasr baen isant. pEya fradseeiver nasrar y

Cgnal 143 art PO EaRe e REE e Yo b Hho/ e A o S on

10 The recei lar7afteragrrer ceredtioar Tper validatidry Meanst mayshe coepledoot then 174,

ificati i i i Huf 78 of ferl h | oad
of & ?&L?Ce@fﬁe‘%%lé%% thf e Betcmblanbil o} ReheF pidf factlebined e e R
buf fer 18% f diexikiitty beinggdapsadenteporetihedwntert @f tihe bpfier. 116 preferalse dhater

Pbtai no Hic g EiddoR mBAES KL elRl wahuiRs SRR Yo BERRAREL NG AR e
fromt heI pﬁl&i@d‘latm:elgl fbe I_tDLllEpiﬂ!Ii?/i:%ﬂESthEO H:Jﬁe_rVBéiofnii g@‘rﬂuﬁg ctﬁlr']réeﬁéuortr Whléma HEC
as Sl gna n | asS S| al . an e oad as
S anar 177, Heeerybhioh BeARS mdY dsp AR ka1 A" 0T GermRas
correctly recanplaybd, Thieus ehé fValiddtionnmieans thkes Iﬁﬁg écfrbrﬂlfuﬂ{ tﬁé%n@'ﬁt@nﬁi@g
receil,\ed. e veriticatl on

determ nepui f has .been. correct |

circuitr ?‘Dc alcir&ﬁ&n%tagcgs frb%t&mW%ﬁeﬁ‘F%Fﬁcfg ef gpohionays RPITHREATved in
signal 177 amtconpares it with the HEC received in signal 171. If the
tenporary HEC and received HEC correspond, the header has been correctly
received, The verification circuitry calculates a tenporary CRC of the
payl oad received as signal 177 and conpares it to the CRC received as
signal 175. If the cal culated and received CRCs correspond 30 the payl oad
has been received correctly, if they do not the payl oad has been
incorrectly received.




13 According to a preferred enbodi nent, the verification of HEC s
performed first, then the verification of CRCis perforned if anZIEOﬁIAS( %
t he header was correctly received. 5 If the payload is received correctly
the verification circuitry via control signal 183 causes the receiver
portion 172 to wite the received payload to the buffer 178 along with an
associated flag indicating that the payload data is correct. The
verification circuitry via control signal 179 al so causes ARAN=ACK.in the
header of the packet transmtted in response by transmtter portion 174. 10
| f the received packet contains isochron8us data (indicated by a priori
negotiation bREc‘!B?SiﬂgttroaQSrﬁhhéﬁésﬁélﬁ_dfetﬁé'MﬁéenﬁsinVéht%nUﬂie@@tié‘ prPA&ed acat i on
. 1.0b or indicated”by a paraneter in signal 173) and the payload is

recei ved i ncogyséemiopmprisioairpnsroifer and aireeaivarr Yhe@in r espond in one of two
ways. 15 If t ' LS ol r t ol g e tine.
a %let ransm sstlth%nirgﬁ%ﬁ%?i 'gogﬁéﬁb%gﬁ? c}gﬁ%%ﬁ?llsﬁﬁggte? \Sdgda?ﬂta \?\Aa ngb%ag%%%at ed,
the. . veri fi inahidiny isoctoontusydata sargbedmpllisesi gnal 183 causes the receiver

portion 172 tp: ite the receiyved payload to the buffer. 17 | ong with an
Pesoctat ecb 15t Bairofer e HEFaBRinERs: badehs S Bl pe el rhe

verification fiist caddptivnVvineanefbr ebeeiigg dtond the absciverqus aespdREs=toASKidi n t he
header of the packet, tr ngmc}éted i n response bx tre}n mtter portion 174. |f
the received raRRPEsiRBR! hade!a packsty anpositive aCiPwia@oamerl of 3 BEEAWEN ssi on

of 25 the | Sogiiidatipeti, I\WhdrBReiheOFarsmitield fs A1PindeR RUitahedit 4 Bata

verification circuitry via control signal 179 causes ARAN= NAK in the
header of t hepacleksomprisingniseeli@npus Katd vnlsss 7 Pepitive Mckpewledgamenbis 174.
No data i?%”?é&%]‘v%r&ﬁd{ omreceiver portion 172 to buffer 178. 30 The data

. e . : . .
in buffer 178 1's passed to error correction circuitry 180 where errors in

t he buffered dmeivearempisescted. The data stored in the buffer may be

applied to the error correctio ircujt ' ' f =0ads (one or
more) - 1" S et bt e BN dora RS PR C Lo e
payl oads to wiéiehninirg] medanseforotdeieaningy whethrothedwoeivesi dpial hes. bddn nmay be

conveni ent, for exanple, to appl n error correction procedure (such as
For war d ErrorC%?‘?ﬂé(g{‘)'i"Eﬁ?r@Eﬁ)lP%‘%’re%an L2CAP nmessage at the transmitter 140.

't woul d $5t hgsRfa68 nRANREELESBRMIniG VRRhYr thB fe Vel dfANs 8GkémN process at
the receiver 170 over the sane period nanely, an L2CAP nessage. The data in

buf fer 178 ma§eehdiiEaNsTHSTeR 1S IR0 ARYBIHKLID FgSRASEI 0 decahBH Gatds. The

error correct L ghpfRCEkRo ionPlof TEIERNIGH ViKh Bid RIcBIVaHI &t habloddrpm t he
incorrectly recelved payl oads. Any suitable error correction process my be

used in the tcamestlytreesivadi®rwith the conplinentary process being used in
receiver 170. ROIMALG Bk QieSGEmERt ikd el RiteRe! ith Gths®hESH incorrectly

20 received and the received data is current or
a positive acknowledgement when the received data has been incorrectly

received and the received data is not current.

According to a still further aspect of the present invention there is provided a
25 method of communicating isochronous data between a transmitter and a
receiver‘comprising the steps of:
a) sending the isochronous data from the transmitter to the receiver;
b) receiving the isochronous data at the receiver,
¢) determining whether the isochronous data has been cotrectly received;
30 d) determining whether the isochronous data is current;
e) transmitting a positive or negative acknowledgement from the receiver to
the transmitter, in dependence on steps ¢) and d);




correction mechani smusing for exanpl e Reed- Sol onon Codes or (pqgctured)
convol ution codes, possibly with interleaving. FEC can recover I St HidY 2004
uncertain or lost parts of the payload. According to one error correction
procedure, the conplete payload flagged as incorrectly received is
considered to be erased. According to a preferred error correction
procedure, the conplete payload 20 flagged as incorrectly received is
included in the data streamw th the correctly received payl oads. Bur st
error coding or interleaving can be used to correct the bit errors in the
incorrectly received payl oad. Error concéhl ment may be used to deal with
residual err ) et shiteingdahe E6QAAR 8AfCfroROfeCahditter k6 Whd dceivdl | S
stored in a second buffer 182 ready for use. The verification circuitry 176
det er ni nes whétlggs adpesitives acknavdedgamenios rsoeived &t dhadransmiligy frepuihe. The
first input 1ééehgrfron1a timer 185, which records the tine since the |ast
correctly recerved 'data packet. The tine neasurenent may for exanple be a
measure of the nunmber of successive NAK 15 acknow edgenents sent to the

transmtt 1 or, the real tinge since the |ast..ACK

ranem i@ 198 PR rovplRes RSNl PRk Bl SaEme s

i ndi cating t hgeafeeitd Aodhddreousnddthds ki eicok8etly raudiverd bnd carredf’8he - The
nore data that is stored in the buffer read%/(%for se, r . the

the 5 | on

currently recaRliod TaaY ek gpRBriss tPERTIING New 815 4T the FaBsrpiiet [ the
recei ved dat agegivBPwhBAEHostiVe’ fkhowidiBei Rt [d re8kived at i taddnitiBEFeIdi ng to
one enbodi nent, uses an algorithmtaking the two inputs as argunents to

cal cul at e whethedeceivgrayl oad whi ch has been incorrectly received is current
or not. Ttbe response of the verification circuitry 176, is dependent upon
whet her 10 the incorrectly received payload is cal cul ated as being current
or not. Curr ehtwill Heoeices beyappresateddhdnembodinuamts ofviier prashat wertian Nty of

L Pre . YR ¢ | . ! | L
oxt sts. 56 | PRl AR Rl TRl dihnifBod; O dllahiadills B ERES. o
according to in paforhiedeAutiitat acpdigeqb it tncergoms requiveidoand . thd heaybozat ent s

of menory portiagn 52 ssage Is transmtted and retransmft t he
recei ver 70 b§OHRBStIs ngﬁp?g%%% Whigh 18 A% dongel Tt W ofﬁeigp s an

acknow edgemeplosbiqind A6t HREA&IMAN bddhubBahe timdif upecssthtbhyud @eri ked the
packet. 20 When the receiver correctly receives a pﬁé{toad, it, responds with

a positive achoyafl dientie traCKNIitiEhi tohther eaceives sife ?%SWPSEWCBHG‘E?_V t'hat
payl oad and r%%ﬁ%ﬂ?a&[b%dﬁﬁéﬁ@ﬁ@‘rﬁéln@@ #Md thD EraRSittcd B InedctedRél sERd Bes the
e ayl oad. 25 d

correctly receiv | > The receiver determ nes whether an
i ncorrect!|y rnedipaicashyThaciticdency alsagpiovidenrfonde uset af iaddiigpalentror 1 f ¢t

is, a negativ d &S i ; higckbhe
retransm ssi Oﬁo@%ﬂtﬂ ﬁ\gg%ﬂ@ﬁ?“% %Jrﬁ}% ﬁ%oi %E}P r@@ﬁ'@@%&%é@%ﬁ@ oad c|B's'
di scar ded20 | f Thtis iembuglimeantp axfi the Vievertion Mot dismamlingAGktal @xcept those bits .

actually lost via transmission errors .




sent in response, termnating the retransm ssion of the payload and 30
requesting the transm ssion of the next payl oad and the incorrecfly MAY 2084
recei ved payload is retained. Error correction procedures may be used on
the incorrectly received payl oad. 16 In the previously described

enbodi nment," if the payload is received correctly the verification circuitry
via control signal 183 causes the receiver portion 172 to wite the

recei ved payload to the buffer 178 along with an associated flag indicating
that the payload data is correct. If the payload is received 5 incorrectly,
and it is current, the payload is not trﬁﬁsferred to buffer 178, however,

if it is not pyFseetief HEddreBALMGLIRRY bRR@Nt MvbhEds BRd te turther Uhgeltdrier 178
along with an associated flag indicating that the payload data is

i ncorrect. CoR@¥iirfamg may badrought bite elerly refatasico il pay kelaage by ast
incorrectly r J i Ji ; .fer for further

processi ng. A@ﬁﬁaﬁgaﬁ t?@%ﬁﬁ?lﬁ%ﬁa g%gdggqstn@ﬁ\{iﬁ%ach incorrectly received
version of a payload is stored in ,the verification circuitry 176 which
uses this Qi

% [ . L o L L ove [ : At ccount
all, or at™l eg{gﬁﬁ]ﬁ 'h'gsst?",tggéc(gqn\%ah'\ggﬁéshsoﬂ%t@? l?ir%ﬂ) &6@%0@%.§%6\ﬁbﬁ ﬁ%\ge
positive acknomitsedgenent ACK is given, on receiving a non-current and
incorrect payload,, the verification circuitry 15 transfers the inproved
versi on of ¢ hEGDE P St ieRbe Sieoate e et ety T oad) 1ot he
buf fer 178 al pp@raslifustBtedsRelicpssket | ag i ndicating that the payload data
is incorrect via the receiver part 172 using signal 183. Diversity gain is

used to inproVigum ¢ r agichematic flusiialian tafea itiappaitiay st SeeRIves ORSIFakNE

payl oad f§em églf'orﬂﬁﬁ?%‘ﬂ?éjpt‘(@rraﬂ'ons- For exanple, the value of a bit in the
i mproved version cal be determ'ned by a majority decision taking into

account the cbiguesoisdaraghematiodllusiration afae firanstéitareand secaie quaraindr nor e
versions are 58&0‘?&61%83%;ag@g&t%dgr%ht\/&ltﬂe?Eeé‘a%ﬁinqsl%dﬂ-on may be taken on each

bit of the inpfov y averag e corréspondi ng bit val ues for
the 25 received versions. As a further alternative, instead of taking a

deci sion here_. the t informati on (.e. veraged hit  wej. ght an be
conveyed to tﬁ@ug%gglﬁgﬁ{ésuﬂ?? se,ml%?fg'weﬁﬁf? ‘ﬁﬁﬁ&ﬁ%’?‘ MFP{B d%ﬁ”cl?'q'lkeai nt o
account ti® birhmérarter el4dakirhinupichftfsownftd edteidd 140 Viapd ehaednaletdd.oThef the
incorrectly received payl oad coul d be determ ned b%ihg verification
circuitry eacHap$milies hap acoiiniighdtsa tiaREMter Mg d49n2 FeCefRIPUIDi ng an

updat ed i nproygd Mff Sei.@FoAn&@ﬁtﬂyah5@%1&@6&15@snaa§gmpofmessa§é_méw_agmdat ed
i nproved version thus determ ned could be calculated and if it is high

enough, the vBpgmeakt iNbnNdilr @t Ny2colhed reemept 1oRe regrivdse datap 4, dar
version of th p, i REAY ag,ﬂ%@ t d
transferring ﬁﬁ@%%{%@gvgﬁev%%éi%L%%P%n%gﬁga{ﬂ %g?d((?%\yt a (g)fn’t ﬁgﬁae@ei ved 5
i ncorr ect 2payNedd) partiomse 168f 184 ah#s158 crapeativdly. drayead dbatiedransajtted:

cignar 189, ATEhoSR G br Pien-Bof dhn RS el e L Bl b e ]
precedi ng enmbadhsmiticr portidet B18sULd tWakthessontemayf tadpdwdisn Hé&erare grovded y
recei ved, any 10 suitabl t?lﬁchecki}‘g%t s_fherre rraﬁ t he alternative.

be ed, |
At hough’ embof® REHTRUGY Prdranssulic *TRY JRnPoI e RREIELLAS FISRIUAES TP ¢ ne
precedi ng par agrtaRSofhéMoRAIRTIENT52 BE tpaeEd 6@ Balaasacket asdrhsinke

appreci ated that nodifications and variations to the exanpl es given can be

25 the data packet to the receiver 170. The encapsulation includes the creation
and inclusion of a CRC in the payload 38, the attachment of a Header 36
comprising aft least AM_ADDR, ARQN and HEC and the attachment of an
Access Code 34. The receiver portion 146 receives data packets from the
receiver 170 and determines whether they contain an acknowledgement of -

30 the transmitted packet (i.e. ARQN). The determination is communicated to
controller 144 via signal 145, If ARQN=ACK, that is, the fransmitted packet

was successfully received, the controller controls the memory 150 and




15 made wi thout departing fromthe scope of the invention as clained. 18
Clains 1. Aradio transceiver, for receiving data, conprising: receiVving
means for receiving data; 5 det er mi ni ng nmeans for determ ning whet hertAY hell04
recei ved data has been correctly or incorrectly received; validation neans
for determ ning whether the received data is current; transm’ ssi on neans,
for transmtting, in response to received data, a positive acknow edgenent
of reception when the received data has been 10 correctly received, a
negati ve acknow edgenent when the received data has been incorrectly
received and the received data is curreni2and a positive acknow edgenent
when the rece E I dir2ipd data
i s not currenj'f },{ﬁ%gﬁ'%} ?)/gmd?%g?? gﬂr%g‘g@tt\?@% ﬁ'aéﬁo%‘(a:f\lﬁdl In c'Itl arm a‘f%ﬁ‘hﬁ’

conpri si ng nepasketoil: heetr:rmtmllag vieheomted esigmal  tR a;oﬁtrolsvxﬂhnecmemqmms‘iﬁz tm

Claim 1 or 2, CRREROIS Aot of Peripoofie SR haEIEs BaBhe B PotbMafadci ver

as clainmed i nrram; mr@mdm nig2caid theacomegadot pomeﬁaseerrdﬁtaatoamrdm asgackets
[ i nclude isochronous data. 25 5. ad{ﬁgf
éf m nes

h |
i Y Tt mackat NRY clonpiebaniogior dioRerIRsqTl MBATmON AU

whet her the r acgiNQIARS AL !ﬁhé%ﬁgﬁﬂiwﬁa&@f@as hot astdebsrany reb@lv\é'ﬁettljﬁ@r the
i sochronous data is current . Aradio transceiver as claimed in claim

5 wherein t he?@@é@ieﬁéﬂskﬂ@@dhﬁdw&addﬂ dvimgapry portien t&a isgatraasmiiedhEhe t he
payl oad cont aj g diRP UYRNAYS abifafe control signal 143 and payload N remains in

memory portion 152 for retransmission.

10
The receiver 170 has a receiver portion 172, a transmitter portion 174,
verification circuitry 76, a first buffer 178 for buffering the payload(s) of a.
received packet(s), error correction circuitry 180 and a second buffer 182 for
buffering the received data for output.

15

The receiver portion 172 converts a received signal to baseband. The .

receiver pottion obtains HEC from the packet header, L_CH from the payload

header and CRC from the payload itself. i provides to the verification circuitry

176, HEC as signal 171, |._CH in signal 173, CRC as signal 175 and the
20 payload as signal 177.

The verification circuitry determines if the payload was correctly received. The
verification uses the HEC andfor the CRC to determine if a packet has been
correctly received. The verification circuitry calculates a temporary HEC from

25 the packet header received in sighal 177 and compares it with the HEC
received in signal 171. If the temporary HEC and received HEC correspond,
the header has been correctly received, The verification circuitry calculates a
temporary CRC of the payload received as signal 177 and compares it to the
CRC received as signal 175. If the calculated and received CRCs correspond

30 the payload has been recesived correctly, if they do not the payload has been
incorrectly received.




19 wherein the validati on neans determ nes whether the received data is

| sochronous i n dependence upon said indication. 7. Aradio tranz i %rgga
claimed in any preceding claimwherein said 5 validation neans gﬁﬂ%§s 2]
timng nmeans for determ ning whether . received isochronous data is
current. 8. Aradio transceiver as clainmed in any precedi ng clai mwherein
said data is received in the payload of a packet having a header, and said
determ ning 10 nmeans determ nes whether the packet has been correctly or
incorrectly received by testing the integrity of the header. 9. Aradio
transceiver as clainmed in any preceding 18 ai mwherein said data is received

in th | b L ) '
in the pay Oaﬂcﬁérgﬁnﬁgtgcﬁfrefeﬂ% e?ﬁt’nfby‘?ngbﬁﬁﬁé NehfcdoANS: ﬂEbefs”btﬂioﬁg%?ﬂ ng

whet her t he packe en correct incorrectly received
the integrityfirst, thore thaybidfcation ®f ORE dslperfomaet f eindeoniwdl tiediaasigr wascl ai ned

in claim9, el | ayl oad:” includes a Cyclic Redundancy Check. 20
11. Aradiot cﬁ'ﬁescélgirécgél\g%ag clainmed in any preceding claimfurther

conprising error correction nmeans for correcting errors in incorrectly
recei ved t i ch was .not current at receptign. 25 12. Aradip .
ranscor ver 28 16 SRSt if Seedived SaedtliihassBheabn Gmulitiva drbol signeher
conprising a g EQlisdsQhe Peddidripdtidnner 2 ieh@itB a5k FReRieMshyiRidae tHebutfer adi o

transceiver as_clainmed in claim112, wherein the validation neans is coupled
to the buffer 17helsignwithan fsseeinteddladoindiseting thai dhe prEoRE C8i% BdcPdat a i s

current is depgadend aﬁBﬁ%ir%@@yg%rﬁo‘?\ bl &n I;‘I?’%b#gc; Sé]uses ARGR=1KCK fh frRdi o

transcei ver as claine recedi ng=c urther conprising nmeans for
det er mi ni ng anedderrod Wedpackes ironsroittefliim ttspdasa b transmities pettived 7donsecut i vel y
a plurali y of incorrect versions of said first data for which a negative
acknow edf;errent has been sent and neans for retaining the

If the received packet contains isochronous data (indicated by a- priori

negotiation between transmiiter and receiver as in Bluetooth Specification.
1.0b or indicated by a parameter in signal 173) and the payload is received
incorrectly, the verification circuitry may respond in one of two ways.
15
If the received isochronous data is not current, i.e. by the time. a
retransmission of the isochronous data is received it will be outdated, the. .-
verification circuitry via control signal 183 causes the receiver portion 172 to:
write the received payload to the buffer 178 along with an associated flag
20 indicating that the payload data is incorrect. The verification circuitry via
control signal 179 also causes ARQN= ACK in the header of the packet
transmitted in response by transmitter portion 174.

If the received isochronous data is curreni, i.e. by the time a retransmission of

25 the isochronous data is received it will not be ouidated, the verification
circuitry via control signal 179 causes ARQN= NAK in the header of the
packet transmitted in response by transmiiter portion 174. No data is
transferred from rsceiver portion 172 to buffer 178.

30 The data in buffer 178 is passed to error correction circuitry 180 where errors
in the buffered daia are correcied. The data stored in the buffer may be

applied to the error correction circuitry in multiples of payloads (one or more).




5 inproved version after the transm ssion of a positive acknow e %ﬁ?q&.q
15. A systemconprising a transmtter and a receiver, wherein th TAT 2004
transmitter is arranged to transmt packets of data having payl oads

i ncludi ng i sochronou5 data and conprises: 10 first transm ssion neans for
transmtting a packet of data to the receiver first reception neans for
receiving fromthe receiver, in response to said Transm ssion of the data
packet, a positive acknow edgenent or a negative acknow edgenent, wherein
the Transmitter is arranged to retransnmt a data packet conprising

i sochronous data. unless a positive ackn edgenent is 15 received, and the
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by the transmtter; determning means for determ ning whether 't he received
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acknow edgemento vh@thé kameqniodathnilly, aaria@C AR etbgsager rect |y recei ved and
the received data is net current 16. A nethod of communicating i sochronous

data between a transmitter and 30 a receiver conprising the steps of: a)
sendi ng the i$RENGLRAONS HiffeR {70\ cdntaNSEartdcay hAd thBor&ts Y&leived

payloads. The error correction process reduces or removes the errors arising

10 from the incorrectly received payloads. Any suitable error correction process
may be used in the transmitter 140 with the complimentary process being
used in receiver 170. Forward Error Correction is the preferred error
correction mechanism using for example Reed-Solomon Codes or
(punctured) convolution codes, possibly with interleaving. FEC can recover

15  the uncertain or lost parts of the payload. ‘
‘According to one error correction procedure, the complete payload flagged as
incorrectly received is considered to be erased.

According to a preferred error correction procedure, the complete payload

20 flagged as incorrectly received is included in the data stream with the correctly
received payloads. Burst error coding or interleaving can be used io correct
the bit errors in the incorrectly received payload.

Error concealment may be used to deal with residual errors.

25
The data from the error correction circuitry 180 is stored in a second buffer
182 ready for use.

The verification circuitry 176 determines whether data is current or not
30 according to two inputs. The first input 185 is from a timer 185, which records
the time since the last correctly received data packet. The time measurement

may for example be a measure of the number of successive NAK




21 c) determ ning whether the isochronous data has been correctly received;
d) determ ning whether the isochronous data is current; e) trar?s%?i f"?g\i’fng‘ﬁﬂé&
positive or negative acknow edgenent fromthe receiver to the transmtter,
i n dependence on steps c¢) and d), a positive 5 acknow edgenent being
transmtted unless the received i sochronous data is both incorrectly
received and current; f) re-Transmtting the isochronous data fromthe
transmitter to the receiver unless a positive acknow edgenent is received
at the transmtter fromthe receiver. 10 17. A nethod as clainmed in claim
17 or 18 further conprising transmittinglnew data fromthe transmitter to
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15 It is apparent that the transmitter 40 and receiver 70 operate according to a

modified Automatic Response Request protocol. The contents of memory
portion 52 (message N) is transmitied and retransmitted to the receiver 70 by
the transmitter 40 , until the transmitter 40 receives an acknowledgement from
the receiver 70 that it has.successfully recéived the packet.

20 When the receiver correctly receives a payload, it responds with a positive
acknowledgement ACK, which prevents the retransmission of that payload
and requests the transmission of the next payload, and retains the correctly

received payload.

25 The receiver determines whether an incorrectly received payload containing
isochronous data is current. If it is, a negative acknowledgement NAK is sent
in response, requesting the retransmission of the payload and the incorrecily
received payload is discarded. If it is not a positive acknowledgement ACK is
sent in response, terminating the retransmission of the payload and

30 requesting the transmission of the next payload and the incorrectly received
payload is retained. Error correction procedures may be used on the
incorrectly received payload.
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§$(§‘ v\IMNJauCSﬂJ% &gﬁ@@v%écﬁl%%"/ ,yfbgd“t? the buffer 178 along with an associated flag
lndlcatmg that the payload data 1s cotrect. If the payload is received
5 incorrectly, and it is current, the payload is not transferred to buffer 178,
however, if it is not current the received payload is transferred to the buffer
178 along with an associated flag indicating that the payload data is incorrect.
Consequently, either a correcily received payload or the last incorrectly
received payload is stored in the buffer for further processing. According to
10 another embodiment, each incorrectly received version of a payload is stored
in the verification circuitry 176 which uses this diversity to produce an
improved version that takes into account all, or at lest the best, received
versions of the payload. When the positive acknowledgement ACK is given,
on receiving a non-current and incorrect payload, the verification circuitry
15 transfers the improved version of the payload (instead of the received
incotrect payload) to the buffer 178 along with an associated flag indicating
that the payload data is incorrect via the receiver part 172 using signal 183.

Diversity gain is used to improve bit errors and produce the improved version
20  of the payload from the received versions. For example, the value of a bit in
the improved version can be determined by a majority decision taking into
account the corresponding bit value for each received version (if 3 or more
versions are received). Aliernatively a soft decision may be taken on each bit
of the improved version, by averaging the corresponding bit values for the
25 received versions. As a further alternative, instead of taking a decision here,
the soft information (e.g. averaged bit weight) can be conveyed to the
subsequent units, such that the application can take into account the
bitwise reliability information.

30 An improved version of the incorrectly received payload could be determined
by the verification circuitty each time such a payload is incorrectly received.
Thus keeping an updated improved version. A general confidence measure of
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Although Cyclic Redundancy Checking CRC has been used in the preceding
embodiment to determine whether a payload has been correctly received, any
10  suitable checking scheme may be used in the alternative.

Although embodiments of the present invention have been described in the

preceding paragraphs with reference to various examples, it should be

appreciated that modifications and variations to the examples given can be
15 made without departing from the scope of the invention as claimed.
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correctly or incorrectly received; _ .
validation means for determining whether the received data is current;
transmission means, for transmitiing, in response to received data,
a positive acknowledgement of reception when the received data has been
10  correctly received,
a negative acknowledgement when the received data has been incorrectly
received and the received data is current and
a positive acknowledgement when the received data has been incorrectly
received and the received data is not current.
15
2. A radio transceiver as claimed in claim 1 further comprising means for
retaining the received data for which a positive acknowledgement has been

sent.

20 3. A radio transceiver as claimed in claim 1 or 2, whetein the data is
isochronous data.

4. A radio transceiver as claimed in any preceding claim arranged to receive

data as data packets having a payload which may include isochronous data.
25

5. A radio transceiver as claimed in claim 4, wherein the validation means

determines whether the received data is isochronous data, in addition, to

whether the isochronous data is current.

30 6. A radio transceiver as claimed in claim 5 wherein the received data packet
provides an indication of whether the payload contains isochronous data,
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isochronous data is current.

8. A radio transcelver as claimed in any preceding claim wherein said data is
received in the payload of a packet having a header, and said determining

10 means determines whether the packet has been correcily or incorrectly
received by testing the integrity of the header.

9. A radio transceiver as claimed in any preceding claim wherein said data is
received in the payload of a packet, and said determining means determines

15  whether the packet has been correctly or incorrectly received by testing the
integrity of the payload.

10. A radio transceiver as claimed in claimed in claim 9, wherein said payload:
includes a Cyclic Redundancy Check.

20
11. A radio transceiver as claimed in any preceding claim further comprising
error correction means for correcting errors in incorrecily received data which

was not current at reception.

25 12, A radio transceiver as claimed in claim 11 when dependent upon claim 2,
further comprising a buffer for buffering the retained received data.

13. A radio transceiver as claimed in claim 12, wherein the validation means
is coupled to the buffer wherein the determination of whether the received.
30 data is current is dependent upon the content of the buffer.
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14. A radlo transceiver as claimed in any preceding claim further compnsmg

means for determining an improved version of first data having received

consecutively a plurality of incomect versions of said first data for which a

negative acknowledgement has been sent and means for retaining the
5 improved version after the transmission of a positive acknowlsdgement.

15, A systemn comprising a transmn:ter and a receiver, wherein
the transmitter is arranged fo transmit packets of data having payloads
including isochronous data and comprises:
10 first transmission means for transmitfing a packet of data to the receiver
first reception means for receiving from the receiver, in response fo said
fransmission of the data packet, a positive acknowledgement or a negative
acknowledgement, whersin the transmitter is arranged to retransmit a data
packet comprising isochronous data, uniéss a positive acknowledgemant is
15 received, and the
receiver comprises:
second raceiving means for receiving data transmitted by the transmitter:
determining means for determining whether the reoewed data has been
correcily or lncorrectly recaivad,;
20  validation means for dstermining whether the received data is current;
second transmission means, for transmitting in response fo received data,
a positive acknowledgement of reception when the received data has been
correctly received or '
. @ negafive acknowledgement when the received data has besn incorrectly
25 ‘received and the received data is currept or '
a posifive acknowledgement when the received data has been incorrectly
received and the received data is not current,

18. A method of communicating isochronous data between a fransmitter and
30  arsceiver comprising the steps of:
a) sending the isochronous data from the transmitter to the receiver:
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both incorrectly received and current;
f) re-fransmitting the isochronous data from the transmiiter to the receiver
unless a positive acknowledgement is received at the transmitter from the
receiver,

10

17. A method as claimed in claim 17 or 18 further comprising transmitting new
data from the transmitter to the receiver when a positive acknowledgement is
recsived at the fransmitier from the receiver,

15

20




