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|. Field of the Invention The present invention relates to a

net hod and system for transmtting digital data. The 8resent I nvention
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Rel ated Art 15 FIG 1 is a block diagram of a personal
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| S-95 over-the-air inteBFACGKGROUNROE THEINVENTIONard, and its
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t el ephone service to be provided to a set of wireless termnals
(typically gBIDedaiption eptierRe)atedidxg a set of base station 12 coupled to
t he public switched tel ephone network (PSTN) 18 by a transmtter
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25 present invention and incorporated herein by reference.
As is typical for most personal communication systems, IS-95 allows
mobile telephone service to be provided to a set of wireless terminals
(typically cellular telephones) using a set of base station 12 coupled to the
public switched telephone network (PSTN) 18 by a transmitter controller
30 (BSC) 14 and a mobile switching center (MSC) 16. During a telephone call, a
‘wireless terminal 10 interfaces with one or more base stations 12 using
CDMA modulated radio frequency (RF) signals. The RF signal transmitted
from the base station 12 to the wireless terminal 10 is referred to as the
forward link, and the RF signal transmitted from the wireless terminal 10 to

35 the base station 12 is referred to as the reverse link.

Under the IS99 and IS-707 standards (referred to hereinafter simply as
IS-707), an 15-95 compliant communications system can also provide data
communications services. Data communications services allow digital data
to be exchanged using receiver 10 and the RF interface to one or more




2 transmtters 12. Exanples of the type of digital data typically
transmtted using the IS-707 standard include conputer files and
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Under IS-95A and IS-707, frames are transmitted once every 20

milliseconds {ms). Thus, an eight-bit sequence number can track 256 frames
transmitted over a five (5) second interval. TFive seconds is typically
sufficient to allow a failed frame transmission to be detected, and a

30 . retransmission to be performed, and therefore an eight-bit sequence number
- provides sufficient time for frame retransmission. Thus, retransmitted
- frames can be uniquely identified without ambiguity caused by a sequence
~ “wrap-around” whereby the eight bit sequence number repeats. |
Since the original development of IS-95A and IS-707, however,

35 additional protocols and standards have been proposed and developed that
' allow data to be transmitted at greater rates. Typically, these new protocols
and standards use the same frame structure as IS-95A and IS-707 in order to
maintain as much compatibility as possible with pre-existing systems and
standards. However, while maintaining compatibility with pre-existing




standards. However, while maintaining conpatibility wth pre-existing
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According to_a er .,aspect, of i nv | n, there is vi ded

met hod for" tmﬁaﬁﬁ? Rgnkbeequtblgsa{lﬁe‘f? € M ‘S‘ﬁ‘?’ Bi t sequence
nunbers conpri si ng the steps of: a) setting a type field to newy
transmtted when the data frane is first transmtted; b) setting said

i Tansitcd; and ) 3o SUMMARY OFTHR InVERaoN "
According to a further aspect of the invention there is provided a
) According to one aspect of the invention there is provided a method
for transmitting data between a transmitter and a receiver using a frame
~ having sequence numbers comprising the steps of: a) transmitting the frame

25 a first time with a retransmitted bit set to false and the sequence number set

| to a portion of a long sequence number; b) incrementing said long sequence
number; and b) retransmitting the frame with said retransmitted bit set to
true when a negative acknowledgment message containing said long
sequence number of the frame is received.

30 Accordmg to another aspect of the invention there is provided
| a method for transmitting a set of data frames having eight bit sequence
. _I}umbers comprising the steps of: a) setting a type field to newly transmitted

~ when the data frame is first transmitted; b) setting said type field to
. retransm1tted when the data frame is bemg retransmitted; and c)

35 . ,transrmttmg the data frame.

o According to a further aspect of the invention there is provided a
- system for transmitting data via frames comprising: transmit system for
transmitting newly transmitted frames with a type field set to newly
transmitted and a sequence number, for maintaining an index L_V(S) that

T



systemfor transmtting data via frames conprising: transmt systemfor
transmtting newy transmtted franes with a type field set_to new y
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and for transmtting retransmtted frames in response to NAK nessages;
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25 received data frame, and for generating an index code for transmission with
' a non-acknowledge code when an error in reception is detected; and a
transmitter for transmitting the index code and non-acknowledge code
together as an encoded data frame on a carrier.
The present invention aims to provide a method and apparatus for
30 . extending the sequence numbering range for a selective repeat transmission
~ protocol. In accordance with one embodiment of the invention, data frames
are transmitted including an eight-bit sequence number and a one-bit
retransmit flag. The one bit retransmit flag indicates whether the frame is
newly transmitted or retransmitted due to a failed first transmission. The
35 transmit and receive systems each maintain a twelve-bit sequence number
referred to as a “long sequence number” comprised of the eight-bit sequence
number transmitted with each frame and a four-bit extension. The long
sequence number is transmitted within control frames and the eight-bit
sequence number is transmitted within the data frames.

et




35 transmt and receive systens each nmaintain a twelve-bit sequence nunber
referred to as a "long sequence nunber"” conprised of the ei g@m_glg#/i guence
number tr MEMWBI®d with each frame and a four-bit extension. b“g
sequence nunber is transmtted within confrol frames and the eight-bit
sequence nunber is transmtted wthin the data franes. '
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- DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

25 A method and apparatus for extending the sequence numbering
range for a selective repeat transmission protocol is described. In the
following description the invention is set forth in the context of a personal
communication system operating in accordance with the use CDMA signal
processing techniques of the IS-707 and IS-95 standards. While the

30 invention is especially suited for use within such a communications system,

it should be understood that the present invention may be employed in
various other types of communications systems which transmit data via
frames or packets, including both wireless and wireline communication
‘system, as well as satellite based communication systems. Additionally,

35 throughout the application, various well known systems are set forth in

" block form. This is done in order to avoid unnecessarily obscuring the
disclosure of the invention.
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FIG. 2 is a block diagram of two communication systems configured
in accordance with an exemplary embodiment of the invention. The higher



frames or packets, including both wireless and wireline conmunication
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.25 that some of the above referenced patent applications are directed to the

forward link, and therefore more suited for use with the transmitter 50,
while others are directed to the reverse link and therefore more suited for

use with the receiver 52.
| .~ Inan exemplary embodiment of the invention the data transmitted
30 '.'from antenna system 64 is formatted in accordance with frame 70 which
" includes eight-bit sequence field (SEQ number) 72, retransmit flag 74, and
. datafield 76. A frame 70 may include a CRC field 77 or other fields that are
_ | I}Qf ‘shown because they are not particularly relevant to the present
' invention. In a preferred embodiment of the invention, the frames are
35 .fd_i'matted substantially in accordance with the frame structures defined in

" the IS-707 standard, with the addition of retransmit flag 74.

To provide data frames to encoder 58 in an orderly manner, control
system 54 stores the frames within frame buffer 55 and updates an index
value L_V(S). Frame buffer 55 and index value L_V(S) are preferably stored




data field 76. A frame 70 may include a CRC field 77 or other flelds t hat
are not shown because they are not particularly relevant to th

present * WO9/584éhtion. In a preferred embodi ment of the |n€EH{q§?W12i8He
frames are 35 formatted substantially inyaccordance with the frame
structures defined in the 1S-707 standard, wth the addition of '
retransmit fwithin/4 memory systemTdnpaopreferredt embogliment oof rihedénvegtion,an

der |
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r esequenci ng‘?%tﬁ }Eﬁ}ae‘?\%}f" B3 e has' g\%ﬂ rﬁgelaggc’ﬂ) f)ee‘ﬂ‘l‘?l}?ef’lﬁil?ﬂ%? tadhs |
bel ow. 15 frames ﬂhatcdmaweolalmadylbehn ereneived tisintg tthe SEfrentwarbelneeimdex
receive out 9£rf1alglﬁe SpaupRAa I ¢ ed'@é) 26wl s%skgaagang%ﬁgﬁyﬁ 2Ad REAK R&en

recei ved, or s’ .recelved I n e enerates a
negati ve- ack%#é&@ﬁfébﬁ infyather detaglbelowe that is recei ved by encoder 95.

Encoger p;ar f-or.ms IfQEBf&E:QIl%ﬁM' determxﬁéwqﬁaﬂghfe%ﬂg{eemtsebe?dﬁeé&?@f)bﬁtt&lat
ar e I rec sequence ead Sp ul age Ita u

oy ery TelERes ARLERS SRR e that REVE HSad pot reSbiyin ok 3
synbol s 20re franeniserdceivdd) iRfertomris rgelnefeﬁes a/BEgmmﬁe-aahﬂot\dedgmdrﬁe(NAi(]\lAK

are s P 1R Rt g gty p oS ool

transmtter ding te ganezatescodesanbels that aze direct ssqgﬁm:e spaeaahﬁmmum
system 64. anﬁ\dﬂtﬂh@@ efigitRPricthidatst 98, 7praabhy ﬁeracaordanceamﬂdme 115295

(he e el ek G, PR b SRR LGRSk
25 system 98 and transmitted as NAK 83 from antenna system 82 via diplexer
84. The L_SEQ for the NAKed frame is stored within NAK list 94.
Referring again to transmitter 50, RF receiver 67 receives the RF
signal via antenna system 64 and diplexer 66. RF receiver 67 downconverts
. and digitizes the RF signal yielding samples that are demodulated using
30.  digital demodulator 68. Decoder 69 decodes the soft decision data from
. digital demodulator 68 and control system 54 receives the hard decision
| data from decoder 69 thereby detecting the NAK from receiver 52 contained
" .. in the hard decision data.
o Control system 54 receives NAK 83 and retrieves the NAKed frame
35 from transmit buffer 55. The retrieved frames are retransmitted in
- - accordance with the original transmission as described above (including the
original sequence number). _
Fig. 3 is a diagram illustrating the configuration of frame buffer 55,
resequencing buffer 92, and indexes L_V(S), L_V(N) and L_V(R) when used




digital denodul ator 68 and control system 54 receives the hard decision
data from decoder 69 thereby detecting the NAK fromrecei V%&R%?%f%it ai ned

in the haWe9%68468i on dat a. Control systemb54 re #8933 and
retrieves the NAKed frame 35 from trangmt buffer 55. The retrieved
frames are retransmtted in accordance with the ori | nal transm ssion
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e transm t the el t It
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index L_V(S).  Within resegjuenaing dudtarc?®;iinded df \YR)ois, setridethd WRlve ditet
to the twel y
LoV o s Sfaice, of *ﬁéﬁ %‘* %ént%%@‘n o AL BT (RPRF Ao T2 bit
sequent 1Q aequemeyo fIlﬁXf AEYE teed edrforciequential deliverypcomifory whichh a

predetermn &ingaVWhen a pA&ittéAiined mMitber 8¢ NAK’SThdhe
correspondi

t t d f _the fr term nat ed
e b To g 0 Blied i b rie”
pr ot gcol S ( of ¢the fidmre is terspiniated ayuelrt)he dataswithn thd\Aiesingb I frabie e padésl to C
can be recei t

5006 i nol uike dyiphtl 158 FicoBTRERS, B8, WRipbit %@iﬁ A% sbev ﬁ\?&l%%d
oper ati &b oﬁrames 96ans manthﬁrecelve%mﬁnaeqmevnu 18l hratwgen T@.OVY(Nhlamil on

performed iny, D"@B% inclusfidy embodi mant of the invention. The
transm ssion Be% transpltter, at - 100, angtéeceptlon at

the receiver at 1‘6]? g}a@agb lustrating 4 ‘Fl erafionopf ithe Jzansmite
during whi- cismaaﬂbxedelwzsszwmrﬁg al OARTUNivA bR nperformieda s rdcofdaride arich

oo e e iAot B ek, The smeaisebge WlEthea s
i s avai R8bl drgnsmittenrad step 180, and recephensﬁ@awmweofattsu@ 101. fAiasr(spstZ to
the eight ' GAfalpaG s e&&m@a gdwm&%&& 1L 8/(8} 118 %et & B2ro withih®)
Addi tional ly, the,ret et to z ot0|n|atete frame I's a
newl y trans RSttt ‘E@q‘ifﬁt fq AeROWE SWS‘FC‘F%’EF rement ed MOD
4096, and at st epAﬂ.ét’éptm tthanamsimaer franboitssa freere (indicated flﬂe dashedy
NAK message ﬁﬂeﬁnﬁ'i]?e}lt 8gtaf150arpa'ilgﬁfé Yot trQﬁSmlgklgHev? '{'E)Ciﬂe% num er of the
25 . frame set to the eight least significant bits of index L_V(S), referred to as
V(S). Additionally, the retransmit flag is set to zero to indicate the frame is a
-newly transmitted frame. At step 112, index L_V(S) is incremented MOD
4096, and at step 113 the transmitter performs receive processing for any
NAK message transmitted from receiver 52. In one embodiment of the
30 ' invention, when no data is available “idle” frames having the current SEQ
-number may be sent repeatedly until data becomes available (idle
- .transmissions not shown).
At step 130 the transmitter determines if a NAK has been received or
-« - is pending, , and if so the NAKed frames are retrieved from the transmit
35 - buffer using the long sequence number contained in the NAK message and
' retransmitted at step 132 with the original SEQ number and the retransmit
field set to one. Once the frame is retransmitted the pending or received
NAK is cleared and processing then continues at step 113.




30 invention, when no data is available "idle" franes having the current

SEQ nunber may be sent repeatedly until data becones 813((?*‘ dI e
transmi ssVOR/SAEY shown) . At step 130 the transni erm nes
i f a NAK has been received or is perfdi ng, and if so the NAKed frarres
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L_V(S) is rmrsmdsxbnmr raarstaap 132 (rettansmission), and,atratep rlx‘lérem:mmsethes

5 f
(new o aewe o o@rﬁféﬁor %4”5%&{%% re%?‘{sn%%%%t%%ﬂh*ﬁé&ea ﬁ%r‘e%%?h
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frane is a retransmtted etransmt roc er forned at
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not a retra Btésts fofatie, ffamet ist panforiried at srppomm;sand tHert hetepr 2@ iss
per f or med a 0 and t hen step 110 is performed again.

FIG 5 is aP8t Pt ustrati ng the operation of receiver 52 when
processing the fiFKs. 5 nsaasﬂows:rhamt dflusiratingetheuoperntiome pf 120eifer 52 whenn

o ocessi ng. Bagrasily 88 ARy ghibalecion 08 2 BRI @E%m%“ﬂet'%%‘%g?dﬂ%;r% A he
fol | owi A8 edqgaerdance with one embodmtelgee? the invgngion. [ Fhe firstirpnsmigsionop
256} MOD 40%0cé§s¥n%@>egms at step 150N@H& a¢(fepi 152t heSEOUAL séteétfi:bréir%nté ithant
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bits of L_V and i,s the . sequence nunber contained in the SEQ
field of thdolPXREHRATR M ocessed. At step 154 it is deternined
whether L_SEQis less than L V(N) or that the frame has been stored in
t he resequencr ng bu f 1 i1 5¢ S MOTS gp 1 and.
t he receive system re?écr}n “’f’ tétra% V@ %&Sgg‘gs@rgng afﬁstep
157. As 2ot ed above, L_V(N) is set to the next frarre needed for

sequenti al del i veyhetd WRY islthiceight least s1gmficﬁn’c—b§5@fll§ V() bAASSEQER the
L_V(N) and the franme h enOtog.FeeQ st O&}?e h@rﬁ raﬁe resel %uggi%r n%rocesse
i T is furt heieRyense Ayrahen confaiped 58 b E@Eé &
At step 154 it is determined whether L_SEQ is less than L_V(N) or that the
frame has been stored in the resequencing buffer. If so, the frame is
25 discarded at step 156 and the receive system returns from first transmission
processing at step 157. As noted above, L_V(N) is set to the next frame
needed for sequential delivery of the data.
- If L_SEQ is not less than L_V(N) and the frame has not been stored in
the resequencing buffer, it is further determined at step 158 whether L_SEQ
30 is greater than or equal to L_V(N) and less than L_V(R), and whether the
.. . . frame has been not stored in the resequencing buffer, and if so the frame is
-+ discarded at step 156 and the receive system returns from first transmission
processing at step 157. Otherwise, it is further determined at step 160
whether L_SEQ equals L_V(R) and therefore is the next frame needed for
35 sequential delivery L_V(R).
S If L_SEQ does not equal L_V(R), an out of order frame has been
received, and the frame is stored in the resequencing buffer at step 162 and
L_V(R) is set to L_SEQ at step 164. At step 166, the receive system transmits
one or more NAK messages requesting retransmission of all unreceived



30 is greater than or equal to L _V(N) and less than L_V(R), and whet her

t he frame has been not stored in the resequencing buff | Jafia SO
the frameWM&58469 giscarded at step 156 and the receive sysfe'f‘nmrggguzlr"%os from
first transm ssion processing at stdp 157. Ochervm se, it is further
determ ned at step 160 whet her L SE and therefore.is
the next frfxamercdnmg LoV(RY ¢ %Mﬁmar%eﬂ@b §& c{!yswe € receiye
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been recei v in or causil n%g t her he determ ne st ep
whet her LV( rhygbmlaygr pwm)col atos Btmgan ghe mpgaiver refarps fam first transmit
out st andi ng prol:éss qqaal s LV(R, LN(N) and L_V(R) are

i gher  Alyer profigefow iy NI ORI NN

transmt andd otlesreforg athast AKES ffames remaid idutstandéh 4% y NLn®Rt ist ep

fl?gné?aﬁeha.lﬁ“'l’earﬁé’r??gﬁ*ﬁﬁ%%%tEseié(ﬁﬂ and 3t 48 160'*hE FhBel BN T she
178, and at resequerging etand hes received 55 there returny dsemudhei figsthditdroe.

The receiver it Srok&lsiat tepmidie first frame transmt processing
at step 176“%@S Pho % Ps a fhow di ag millus{rating the Qperatlon
a

of the 8ceiver FG.6is Qjﬂp"‘h iagram iJystraER . PPSFRNAR (Of EeRelyer S
received in @@ﬁﬁg@@p a16iiien a reteresmittellifrane iofretdived rineaéddidanamnth

f ot st and at
D05 the. S0 496 FREopRER ot JRE invensieR] s THE pRiedbin O el reAtnBinpkal
an L_SEQ as sfxamtlmgm ahstepeeogapd at step 202<heSEQ ifield m'cl(m:lre;enzqd framet i Bp
e 11 g hRBTMIR Mok o ERED Lastiiativn nelsih e Ml
so the fzoaneh$ts9 Pl steps 2 1926?6 airamined rwhethi: the L, SEQ rﬁslesst apy

retransnit . pLOVEN):,I aﬂv&tethéﬁrtha(feame has already beeh stt¥ed in thé teséquéhéing
S urcher CRREPhAREA 30 P bpnSSth st %s%%’ 0BG R ﬁ?ﬁ%\}rﬁs
equal to L_\Viiyn retvansssid progessing/aRptem@08.f t he frane has not been
tsﬁlor ed in the res _?EQ@QnBUiés%rﬁlaﬁbr!g VgNFQrt\H*}ﬁgfﬁ‘ﬁﬂﬁ Ha% é“ﬁ: sfdred in
o' ﬁe: S\,,-Sg tj-.-e n{:hlenr%:sequer?crmé1 E)uf}er, it is furgher etsenenme& at step 210 Whether L _SEQ
is greater than or equal to L_V(N) and less than L_V(R) and if the frame has
not been stored in the resequencing buffer, and if so the frame is stored in
the resequencing buffer at step 212 before step 214 is performed. Otherwise,
step 214 is performed.
30 - Atstep 214, it is determined whether L_SEQ is equal to L_V(N) and if
. not the frame is discarded at step 216 since the retransmitted frame has a
- - sequence number that is higher than the next new frame expected and
- therefore and error has occurred. Once the frame has been discarded
. receiver 52 returns from retransmitted frame processing at step 208.
35 If L_SEQ equals L_V(N), the data in all the contiguous frames formed
-+ by the addition of the retransmitted frame being processed from L_V(N)
upward are delivered to the next higher processing layer at step 218, and the
delivered frames are removed from the resequencing buffer at step 220. At
step 222 L_V(N) is set to LAST+1 where LAST is the long sequence number

t




step 214 is perfornmed. 30 At step 214, it is determ ned whet her

LSElee aI toLV(N) and if not the franme is disc p216
since theMOAS54#¥nitted frane has a sequence nunber tﬁ%&’%&fﬂﬁﬁ

than the next new frane expected and 11t herefore and error has occurred.
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step 222 L V(N) is set to, LAST+1 where LAST i3 .hedlon gﬁgﬁ!i;ence number

11 s apnhexemplary communicationy peytormed; §i Vit §pe g
At st ep eﬂﬂ:‘bdmﬁeﬂtr ofrthé inventiond fTranshtitteNBO is showmd ohh¢he deft] \eard 52

Fa 7 s BERE ?@éﬁ%&éﬁ%ﬁ léﬁfs‘fr%ﬁ%#é@@g%? AR ifles L5V )

-

during an ennﬂpframescawmtnansmtt et (®) alre thel ssecpience hﬁeide Where
mbodi ment

Cocar vor 52 U@ REAITUERE loate slErRHEMs bRE %"’% VRS HRIrecARver 8l hE MK
and fraf@s disk aftenseach ctrapsassignydsvebpwh t e Are| O‘Mﬁ‘erbn

V(S) is theixdHbcinedlst significant bits of L_V(S). At the recei ver 52 t he
nexadeci mai . The st ierBepapds trenaraiia) When ipleRil (G0 GrBiL tHABEFE,
LHV( S) equalar@t_}@rfé?ﬂﬁllcfe with a 8BQ mﬂ:mb@i'omfaOMFEhAEftéiB@entmhsnusﬂioMGEfraﬁé er .
the transm an . =R an
frame 232 |?§P ‘Qﬂg i Wrﬁ‘é%&éd;%gé)&ﬁger O*r%&%é?»f%t a?\gfrgl@rrtg?( %Eg‘ and
232 ar e 1becei SEQ membes of QxFE/ Bpth frames230 wad 232 arq reaeivedh guscessfully by

i ncrement  t yeg vEf Qﬂ‘c%gﬂé ﬁﬂeQXIgG@gR) to increment bivideirdAf 0k2FL rtémbbt ed

with a SEQ nu IS No sf ul e d recel ver
5o, LOVCS) It e helt: Banswigedowith a SEKY tymbie 66 B0 and ot POk
with a SEQ ryurbessfully Quckived by mecebasti $2d ROV(Sjuis tsaf dhtsementedy éd (x301

out o - or derand fra%&f&&%"&%ﬂ%ﬁ&?é% wiith. o' S0 et EONE R BHEGDeR

respons&@0 re&xmce&sfullyrecewecbbﬁe'ﬂeﬁlvsrw message 240 containing the full

twel ve bit index g MﬁR%ec t offOfraM@ 238! Gty i:,ﬁaa&e@@% 6€1€“6f BderY.
receiver 52 up date @% ‘?Fa g to indicate a K has been

transnmitted ae&ueaC$ iy was nef, egselyrfl. L;I;E@eﬁﬁ%%ﬁv 18%80Y6T
Al so, recei V52 gbieratesr NAK miéssage 240 cdntaining thd fult kwvelhe bit immiaxhBt R

expired si nc%rt § Jri:80aVES $hdfe O3t ABIRIG @4 receiver 52 updates the NAK
25 list 94 to indicate a NAK has been transmitted for a frame with SEQ number
0x00 and L_SEQ number 0x300. Also, receiver 52 starts a NAK timer which
tracks the time that has expired since the transmission of NAK message 240.
During the transmission of NAK message 240, transmitter 50

transmits another frame 238 with a SEQ number of 0x02 which is received

30 successfully by receiver 52. Upon receipt of NAK message 240, transmitter
.50 generates retransmitted frame 242 having SEQ number 0x00 and the

- retransmit flag 74 (FIG. 2) set to one. Upon receipt of retransmitted frame

. 242, receiver 52 detects the retransmission bit and matches the SEQ number

. . . with: the SEQ number in NAK list 94. Once the match is made, ,
35 retransmitted frame 242 is placed within the resequencing buffer 92 (of FIG.

-~ 2) and the entry within NAK list 94 is removed. Frames 244 and 246 are

then transmitted and received in normal fashion.
FIG. 8 is a message diagrain further illustrating the operation of
transmitter 50 and receiver 52 during a transmission in which the sequence
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52 transidt sLmEsznmbm Ax3hof the framsl that was| netEaeeriveds amhc‘mmtea lee
frame that Wggnéolwhfaei ugtis ahd Idih&hﬁ&e%faume ma{terhawme& %feaa%h&é Nghe
amount of tine that has gﬁ) Wéﬁﬁe aﬁiggs, t INAK 241
As shown i n- Hragsnyssigg, gl the sh o“ﬁbtm ‘gﬁ\é%re | $Adis
transm tter notreceived succesditdlysby tiagisnti®tee GO i NnUes t o transm t frames as
shown, including | c ess.f u
recei ved by recei \?}g?n%é‘?ﬁ&s ﬁggnhﬁaég o ?Jaéﬁg%ﬁts& glg Lud%j
i ndex L_20S) frsmes)&40e o405, all oi:w iqto a!gmcewuﬂyngﬁcalmdabyatmmru 2.
ei ght | east m%'tﬁéf’&aﬂﬂ\fssl&(‘%f framek 081 02@ ' 'ihdéi@Lsﬁ@ ‘Eﬂaﬁ es from
contai ned i ngﬁgs m Frame 240k é nsm ttetdig .SEQ
nunber Ox01° $d02 4o eESHRE dIVraRTRIRG N fls}yt caskisighificant Bitsnanshoq
i's transmtt elemifore HESEQenufit? containeddin the éeenesed successful Iy by
receiver 52. Upon ﬁrgﬁ\% ﬂm?{s tr5'ﬁ1£@ut%ec9 %mth SEQ number 0x01 and is not received
- 25 successfully by receiver 52. Frame 2401 is transmitted with SEQ number 0x02
and is received successfully by receiver 52. Upon receipt of frame 2401
receiver 52 detects an out-of-order transmission, and responds by
transmitting NAK 243 containing sequence value 0x401 and by adding
. sequence number 0x401 to NAK list 94. Additionally, at this time the timer
30 . for NAK 241 expires causing a second NAK 245 containing sequence value
0x300 to be transmitted to transmitter 50. Thus, a second NAK is
transmitted for frame 240c. Additionally, receiver 52 sets L_V(R) to the next
expected sequence number 0x403. It should be noted that the sequence
. numbers transmitted in NAK’s 243 and 245 could be transmitted in a single
35 = NAK message. :

Transmitter 50 responds to NAK’s 243 and 245 by transmitting
retransmitted frame 242a containing the data from frame 240k, and
retransmitted frame 242b containing the data from frame 240c. Upon receipt
of retransmission frame 242a receiver 52 identifies the frame as a



receiver 52 detects an out-of-order transm ssion, and responds by
transmtting NAK 243 contai ni ng sequence val ue 0x401 and by '

sequence Mfgﬁﬂ 846% 401 to NAK |ist 94. Additionall y, at thi sP gméa?’l?“?' me
30 for NAK 241 expires causing a second1BAK 245 contai ni ng sequence val ue

0x300 to be transmtted to transmtter 50. hus, ase NAK
transnmit t ed retsangmittad gl’&%e H’Aﬁ%ff platus é’FVéF‘SB‘Zt 74 (RIS 230 ®Ree
next e%ﬁ@%ﬁﬁesﬁqi@iﬁﬁwﬂl r&sea 1ttdmitteds Ifeathd, receiobe b2 Hrkrfdries a

Seaence | - toak g, AR bt S ind ST i W

(2143 a][]d 24?Még?g%mk rettansmittedet Retramismitted frame 242a iscthiei pi ia?dthg t
ata from frane r s ata

From fr o SHBCPpbrarLderagion IR RebhBRnCe @ Bolfr W 0RS ), l! f 52

i dentifies tcberdspandn@emy is removed from NAK list 94.

retransmtted f r oty |% HﬁJrPfraEﬁé ﬁiﬂﬁ(?e?el%?gﬂ;o uié{tﬁle%ihe

Once the f ra as ret ransm recel v

performs a typelos e\mndhpwfms i lookup WStg NAK dstPh. When the identity
determ nes Wi g framef i detdiREnBde it i$ mell ﬂl?@treﬁex% ﬁgﬁm&egzﬂa

(F1G of8 aiitend), ando g B3t ok o °“x§é“ﬁ%€'b%e¥i? 5 51
thog 2, fecfelr grrreﬁhsﬁﬁ&g?;wftm erarfsnaine f?aﬂ:i\h 240mi ?ant gie 1\2\hdm¢r1]=.t iningbert fmlrxta
o%lpt he franmg" bé&dgﬁ%}cﬁg%@lﬁlrf& g'gﬁ l&g%:e\?\y %\#&5% eﬂP%sFéQiﬂ Ic\f% 15%? Pérlsgz

10 (FIG 2)empt}d the corresponding entry is renoved from NAK [ist 94.

Transmitter 50 th €§{0@1&%5356Ly re?ﬁﬂﬁ‘ Rayi @ﬂa Ei'ag\e MRNAI& ? 2 &,

which is successfu ly receive celver 52. poi nt
is 18nptmarking ffames agse m@meommsm#&ﬁﬂt#@wsaﬂzﬁnwﬁmrsmm

in FIG 8, YSropeet ﬂﬁ:eésfbﬁﬂﬁnew £d RefrafiSiniNed fedrhad Shat Ktk ed swhetdRO
receiver to ocess bot h,n and retransmtted franes fhat

have the safiu@R 58 rV§' AR7BIOWRA P SCHUSTGE THMPRE ASERTRALEN R Aber
occurs duri rlg:transmlssmnt r'Ehrsmsslseqanse'ﬂqretransmmttedlsﬁamer wularthm sdme SEQne

with the sa L8
di stinguj sher%“@y i re‘{%ﬁ{‘%ﬁ%e ﬁéﬂrﬂe%%ﬁmfs rese };I nvt}%fransmlt

al I ows 20r efagr Thusbthe presendipyentiope allows 5@5@@@5 éunubewfaﬁxama;hto et
sequence nun?ﬁicess%ﬁduﬁ iy &nOlefslttl PROsb§uence mufiblet) Gaid |ﬂ‘1e9éﬁ98r sﬂg orts

HERCIES erree vty i T e et
sequence. numath p@-é)&shmglsgmdards.a sel ective repeat transm ssion protocol
I's described. Therphe\ fikthod and apparatus for extending the sequence numbering
25 range for a selective repeat transmission protocol is described. The previous
description of the preferred embodiments is provided to enable any person

skilled in the art to make or usé the present invention. The various

modifications to these embodiments will be readily apparent to those skilled

in the art, and the generic principles defined herein may be applied to other

30 . embodiments without the use of the inventive faculty. Thus, the present
invention is not intended to be limited to the embodiments shown herein

but is to be accorded the widest scope consistent with the principles and

- . novel features disclosed herein.

35 . .WE CLAIM:



description of the preferred enbodi ments is provided to enable any person

skilled in the art to nmake or use the present invention. R]rshgtﬁso
nodi fi cat i34 hese enbodi ments will be readil y apparent t

skilled in the art, and the genericlgrincipl es defined. herein-may-be
applied to other 30 enbodi ments without the use of the | .
Thus, the present invention is not intended to be IMQB‘“\““H“H “l“
enbodi nents shown herein but is QLAEMScorded the est Lscaepes
consistent with the principles and novel features disclosed herein.
35 WE CLAIM 14 CLAI M5
1. A met hod fdr tr agnethodn for tamsirdttimg ndatat betmeeint actransmhitier eoel aer

conprising t ransm t

with said retrangant mwmﬂns&maﬁrém%élrﬁhbm%qﬁﬁho%reMm%@d hlbsat

portion 30! A ﬁﬁﬂuﬁ{lé?% S b éd)to d POrBBRNOfNE Bngakeguéhcesal d
| ong sequgencce) nynber ; efe Sum e1; esfrar?sr% ?ﬁ{ng t he frarrga glel:cocn

time with sditgm éf'ransmt flag . set to true if a negative acknow edgenent
message @@ntai ni g saiifictennentirgg sgidclony sépienet ﬁtli]mbfe['ﬁmdl S received at

said transmtter he rreth orth [ erein
sai d sequence nurhger rgtréb‘ﬁ%\’%ﬁb frg Vg%ﬁtsfl ransmx&gdcb'% s%éo %‘l
as set fdt rwhenca aegativé ackhowledgmens i mgssage comfaininlg said long rsequemmg

t he frane; ' egati ve acknow edgenent nessage if the
frame is recer ve gﬁﬁ?agé%gb?r%gis‘%g)on t he sequence nunber. 4,

The nethod as set forth in claim3 further conprising the steps of:
mai ntaining an LAR) iTkeXmethod @sngett fdrtie T Idift! Pdvhafén said sequence
2 number is comprised of eight bits.

using. 2, 7 aqEcdiol Hing. £ EARIREVEWBEaRE dehBEARSTEHIEhE the HdEL 100

3. The method as set forth in claim 1 further comprising the steps

;z: receiving the frame;
-4 . transmitting said negative acknowledgment message when the frame
- is received out of order based on the sequence number.

4. The method as set forth in claim 3 further comprising the steps

maintaining an L_V(R) index of the next frame expected; and
4 maintaining an L_V(N) index of the next frame needed for
sequential delivery. '

5. The method as set forth in claim 3 further comprising the step

-2 of maintaining an L _V(S) index value of the next frame to be transmitted
for the first time.

6. A method for transmitting a set of data frames having eight bit
2 sequence numbers comprising the steps of:

a)  setting a type field to newly transmitted when the data frame is
4 first transmitted;

b) setting said type field to retransmitted when the data frame is
6 Dbeing retransmitted; and

c) transmitting the data frame.

Sheet Has Been Replaced
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mai nt ai ni ng an LV(N) index of the next frane needed for sequenti al

deliv The net set forth in claim3
conprl SI né}V‘?ﬁ@sss‘P%p \mn mm L\( S) i ndex val ue of Fﬁi%%z‘??ane
to betransmttedfor ‘m A met hod for
transmtting a set of dat@ f“rarres havi ng e| ght b|t sequence nunbers

conprising the steps of: setting a type field to newy

transmtted when ¢he dphe ridthoR dssseft'f6§l1h il 3A&HI 4 F@fther comprising tHeCifepBY
sai d sequence nunber to a portion of a |long sequence number:;

15 C)C’f setting said type field to retransmtted when t he data
frame is ret ransn@r&:ﬁﬁﬂl’m@l NAK mebgapRscoritainifigta forga Tséqﬁér&fﬁénumber and 7.

The net ho et forgt Gf rther co I’ISI

{Fanem t i %@sﬁ ng FeHFPCE FUERBET YRGB bRt i Rrdeny o
NAK |i st Witﬁ'aﬁ:&lﬂﬂeeegredequence nunber if an out of order frarre is
received at said ) t % ﬁ 1'

sequence numnber t%&gﬁk S%E(El 10% %géeezjh{olgn%&SE’SQB §ﬁcong9 fnLeEg[ ?ﬂi‘%ﬁﬁsw
transnitted fvamewlyrigansmitted freme;and at sai d recei ver, sai d long sequence

nunber toga secongh 4yl UEaJHa Q@qﬁ"éhc%“h’i&nlbé} ﬁ' systerﬁ% shid® NAK ljst

retransmtted frame rece for transmtting

data via franhency ﬁ%ﬂﬁ&ta ramelstp%geg“ecf systemfor transmitting newy
transmtted franes with a type field set to newy transmtted and a

o ndex LS thae & phir S SndniERe. 00 iR Fomes SOnpTRg [ r ane (s
transm tted and transtriitinsysterhi fog tmhsnnﬂuig tresvlyr areasmhittede Spamee WithNAK
cai d v y ¢ R fipi sk & Revy WSlddel GRS AU ALDN OF RAATIANE" .
NAK |ist for anrladRX He eté@wemqrcmedaaﬁuenmchegw@émmmtmchrfsamewd
franes. transmitted, and for transmitting retransmitted frames in response to NAK

6 messages; and

receive system for generating said NAK messages when said newly
8 transmitted frames are received out of order, for maintaining a NAK list for -
tracking unreceived frames, and for resequencing retransmitted frames.

9. The system as set forth in claim 8 wherein said receive system
2 is further for:

maintaining an index L_V(R) indicating a next expected frame;
4 receiving newly transmitting frames having a sequence number;

generating said NAK message if said sequence number is greater than
6 said next expected frame.

10. A transmitter for transmitting digital data, the transmitter
2 comprising:

a control circuit for generatmg for individual data fields respective
4 sequence codes each comprising a first number of bits derived from an index

code comprising a second number of bits greater in number than the first

6 number;

a transmitting circuit for transmitting each data field and respective
8 sequence code together as an encoded data frame on a carrier; and

a receiving circuit for receiving and decoding an encoded data frame
10 comprising an index code and a non-acknowledge code,

This Sheet Has Been Replaced

TR




9. The system as ‘set forth in claim8 wherein said receive systemis

further for: i index LV(R) indicating a X t.ed
frane; WO 98/5846% | vmymg”ﬂm,myif ted frames having a ssgﬁéﬁé’g"ﬁ‘@?ﬁber
set to a portion of a lorfg sequen nbae, generating said NAK

message if said sequence nunber is greater_ than said next expected frane.
16 ancanchevberein hthe sontxsl gireuiti is iatrangesh Jedidentifye framy the om

the 12 0 hede e egug‘gt?‘fer&@d ol 4P PRSSderavEa i f
retrans%?ésﬁgééoggdaﬁﬁgﬁgogz%édat [ ame Ecy tgeéﬁr aﬁ%trg'et,t Yngtdatéqgile?d for
11. A receirﬁaanswssaee@mrh@w@dmtaofame Yidhe deanspitting givqudt ng: 2
a receiving circuit for receiving and decodi ng an encoded data frane

containing a data field and an.associ at ed,.se nce .code conprising.a first
4 nurmber of bi t--g!l- & receiver, foh FReetIng; digtidl dAL. @@tr@FﬁVEFﬁQnéFﬂ?%x
code gronzmtjhe rscaa!wceiviﬂg ciseujt for cecaivingandhdecodting aodencodedt dats frame
second nunber_ qf. S, | - t .
conparing the" ﬁlﬁ*‘éi %eﬁ?%‘%& a(%ldgﬂ %égg\nﬁ%%d ?gggéﬂ%ogéééggm%g %gémt
respectivé swummberofditses of previously received data frames to
i dentify erroneoug cbﬁ@xgﬂ‘;g&if’ffof‘ d@efhiEfer A index doRRPfroB SHe recpived
ejJo th a non- acknow e

generating an index cq fransm ssion W ) ! ge code
when an ebr osequence COpe; inglexcadejcompaises a second pumbensef bits greater

transmi ttingirf Aembehatalie fidd nienbas HoP wbadRing the (derihdsdd iRdeRodl
encoded dgta f.{harre on a carglen. . .
with index codes developed for respective sequence codes of previously
received data frames to identify erroneous reception of a received data
10 | frame, and for generating an index code for transmission with a non-
acknowledge code when an error in reception is detected; and
12 a transmitter for transmitting the index code and non-acknowledge

code together as an encoded data frame on a carrier.



