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in the art. These techniques have been standardized to facilitate
interoperation between equipment manufactured by different companies.
Code division multiple access communications systems have been
standardized in the United States in Telecommunications Industry
25  Association TIA/EIA/IS-95-B, entitled “MOBILE STATION-BASE STATION
COMPATIBILITY STANDARD FOR DUAL-MODE WIDEBAND SPREAD
SPECTRUM CELLULAR SYSTEMS”, incorporated by reference herein, and
hereinafter referred to as IS-95-B.
IS-95-B was originally optimized for transmission of variable-rate
30 voice frames. In order to support two-way voice communications, as
typified in wireless phone applications, it is desirable that a communication

system provide fairly constant and minimal data delay. For this reason, IS-
95-B systems are designed with powerful forward error correction (FEC)
protocols and vocoders which are designed to respond gracefully to voice

35 frame errors. Error control protocols which require frame retransmission
procedures add unacceptable delays to voice transmission, so are not
designed into the IS-95-B specification.
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Radio Link Protocol (RLP) is described in TIA /EIA /IS-707-A.8, entitled
“DATA SERVICE OPTIONS FOR SPREAD SPECTRUM SYSTEMS: RADIO
25 LINK PROTOCOL TYPE 2”, hereinafter referred to as RLP2, and incorporated
herein by reference. RLP2 incorporates an error control protocol with frame
retransmission procedures over the IS-95-B frame layer. RLP is of a class of
error control protocols known NAK-based ARQ protocols, which are well
known in the art. The IS-707 RLP, facilitates the transmission of a byte-
30 stream, rather than a series of voice frames, through an IS-95-B
communication system.
Several protocol layers typically reside above the RLP layer. IP
datagrams, for example, are typically converted into a Point-To-Point
Protocol (PPP) byte stream before being presented as a byte stream to the RLP
35 protocol layer. As the RLP layer ignores the protocol and framing of higher
protocol layers, the stream of data transported by RLP is said to be a
“featureless byte stream”.
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as W-CDMA. A third proposal was submitted by U.S. TG 8/1 entitled “The
25 UWC-136 Candidate Submission”, hereinafter referred to as EDGE. The
contents of these submissions is public record and is well known in the art.
RLP2 was designed for use with 15-95-B. A new RLP designed for usc
with ¢dma2000 is described in TIA/EIA/IS-707-A-1.10, entitled “DATA
SERVICE OPTIONS FOR SPREAD SPECTRUM SYSTEMS: RADIO LINK
30 PROTOCOL TYPE 3”, hereinafter referred to as RLP3E, and incorporated
herein by reference.
In reference to the description of the related art, two items commonly
referred to as frames have the following distinction:
* InIS-95-B and cdma2000, the basic timing interval is termed a frame. A
35 frame of this variety is hereinafter referenced as a CDMA frame. A
CDMA frame can contain signaling information, primary traffic,
secondary traffic, or combinations thereof.
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25 durations that are not presently utilized in cdma2000, various scenarios are
presented throughout this specification which assume the existence of a 60

ms CDMA frame duration.
As the amount of data that can be transmitted in a channel is related
to the CDMA frame duration, hereinafter CDMA frame durations are
30 referenced as CDMA frame lengths. ¢dma2000 allows the negotiated
configuration to be one in which the CDMA frame length for supplemental
2 is different than the CDMA frame length for supplementali 1. Any
telecommunications system that supports the concurrent transmission of
data packets on different code channels from one entity, such as a cdma2000
35 Dbase station, capable of transmitting user data on a fundamental and
supplemental channel(s) concurrently, to another entity, such as a cdma2000

mobile, is hereafter referenced as a cdma2000-like system.
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25 RLP3E is similar to RLP2 in many respects. In part, this was done to
gain the many benefits that code reuse can provide. RLP3E was designed, as
was RLP2, to associate a frame sequence number with each RLP frame
transmitted and received. Whenever an unexpected sequence number is
received, a request for retransmission, referred to as a NAK, is sent to the

30 peer RLP entity.

No unnecessary retransmissions are generated in RLP2 because all IS-
95-B CDMA frames transmitted at the same time are received by the receiver
at the same time. If an RLP2 state machine finds that a hole has been created
by the receipt of a 20 ms set of frames from the multiplex sublayer, due to the

35 simultaneous transmission of all frames on the supplemental channels, it
means that the frames in the hole have been lost or corrupted en route to
the receiver. As such a NAK generated for such a hole is not unnecessary, as
the retransmission of the frames in the hole are desirable. Utilizing the
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FI G 1B as bowmdary tbe RLPsframe hagisigasequiensa nuraber Buis generated ingespanseni ssi on
conpl et ed id‘tl@xﬁulhjpe?g %Blbﬁertdsﬁﬁl glfoah siie RlabdFof £ taighe coﬁagpmilhgs t he

frame deliyer | tipl,e u r &%ﬂ'ﬁi hgeause the .
transm ssi %h tﬁ? é‘l ﬂ%‘eg %I%g atAtt féhﬁi O?Xse bmﬁ]@%g recel ved
by the RLPgtpining \seqwgiembelt Orie geperpted.n A4 the 66, mBela%’?éfY 8835
transnbgsi gfifiti xf rsﬁBﬁ?eF RS for C oraptest efalerfgthsrscirespbfidinpA, tot Ithy are

received fgr cfa ﬂgn be\io#&f %@E%&ﬁ]ﬂl he @ rg#oggell {heFkﬁP g,%]mgl kew se,

because th |ons and 10 i a ne in FIG
1A, these gengrates éWé RIR &james li‘ﬁi’rm&r%ﬂéﬁen@“ efsh 40 gpeisH W& engi ne at

WO 01/ 2087RLPGHMGOW % Sbduente triummb&® 125and 1Blde geBeratérk at dmeiS@tmef frame
8, and fr aﬂ?&néa]rytfgf AROaddns, Fifimes 14-17 are generated for like reasons at the
25 times illustrated in FIG. 1A.

The receipt of the aforementioned frames by the receiving RLP3E
engine is illustrated in FIG. 1B. FIG. 1B does not show the length/duration
of the received frames, as is done in FIG. 1A. Rather, FIG. 1B shows the time
at which the frame is given to the RLP3E receive engine from the receiving

30 multiplex sublayer. FIG.1B assumes there is zero delay from the time the
frame transmission completed in FIG. 1A to the time that the RLP3E receive
engine has the frame delivered to it by the multiplex sublayer. For example,
because the transmission of frame 5 finishes at time 20 ms in FIG. 14, it is
received by the RLP3E receive engine at time 20 ms in FIG. 1B. Because the

35 transmissions of frames 7 and 9 complete at 60 ms in FIG. 1A, they are
received for processing by the RLP3E engine at 60 ms in FIG. 1B. Likewise,
because the transmissions of frames 6 and 10 complete at time 80 ms in FIG.
1A, these frames are received for processing by the RLP3E receive engine at




diagrammed in a simlar manner. As is evident by conparison of the figures,
RLP frames transmtted wth ordered increnental sequence nunbers are not
recei ved iwooi/ghard by the 5 receiving RLP engine. Althougbribenissanes began
transm ssion in the sane sequence that, the RLP3E generated the sequence
nunbers in, the frames were received in a different order. Nanely, CDVA
frames containing RLP sequence nunbers 5 through 17 were transmtted in
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i nproved 8meebAdd, 19f and o dueite ghertiming eod ordereatopbich draress § 48) M, In
parti cul arand17 gRkd estefved. del i veri ng data over cdna2000 t hat doesn t

t cana.
dostrant e that 2 BhY sdfP pfthe Laﬂ‘ﬁ&?ﬁiﬁ“ﬁﬁné%hﬁhgﬁmﬂﬁﬁ'% e del i very
of dat} f remEde dpne when the recgiverefailed tadecsive rrelrapsmission aféﬁclgi f the

del i very odatxaﬁ-arﬁle NAKt 30 showldehatve dlivad et:elpbéx $Hdwewea) .duet té The
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dat a fr aneisansgnitted gz ‘@‘I‘Fe ink apg by the unnecessary retransmltted ata frame on
the opposite link (an unnecessary retransmitted data frame is generated for
each received unnecessary NAK).
As over-the-air bandwidth is a valuable resource, an improved
25 method of delivering data over cdma2000 is desirable. In particular, a
method for delivering data over cdma2000 that doesn’t generate unnecessary
NAKs and retransmissions is highly desirable. It is desirable that such a
method neither increases the latency of the delivery of data frames to the
layer above RLP nor increases the latency of the delivery of valid NAK
30 frames to the multiplex sublayer. It is particularly desirable that such a
method leverage existing work by requiring minimal changes to existing
implementations of RLP3E.

SUMMARY OF THE INVENTION
35
The present invention is a novel and improved method and system
that prevents RLP3E from generating unnecessary NAKs, thus also
preventing unnecessary data frame retransmissions. The present invention



services layer, nor delaying the delivery of necessary NAKs to the

mul tiplex sublayer. Additionally, the present invention can be inplenented
with mni nMOQARIYes to an existing RLP3E inpl enent'ati onPCIH800HSsent 5

i nvention is applicable to systens suchg as cdnma2000, W CDVA, and EDGCE,
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whi ch |ike refere g cters pdg d-ﬂ corre‘§<§ roughout and
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The frame reordering sublayer reorders frames received by the
multiplex sublayer by determining the order in which physical layer frames
25 were transmitted by its peer, and by buffering each received frame until all
frames transmitted prior to it have been received. The frame reordering
sublayer accomplishes this by means of timers and/or frame counters, and a
memory buffering mechanism.

30 BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the present invention will
become more apparent from the detailed description set forth below when
taken in conjunction with the drawings in which like reference characters

35 identify correspondingly throughout and wherein:

FIGS. 1A and 1B are timeline diagrams illustrating the time-
relationship of data frames transmitted and received on the exemplary
multi-channel data network similar to cdma2000;



cdma2000 RLP3E transm ssion system FIG 3 is a functional block diagram of
an exenpl ary enbodi nent of the transm ssion system of the present

i nvention; WOORR®@74 4 is a high-level flowchart of an exenmptauyoo2adsedi ment of
the call setup flow of the present inyention; FIG 5 is a high-level
flowchart illustrating an exenplary enbodi nent of the nethod enpl oyed by
the present invention to process received franmes; 10 FIG 6 is a flowhart

illustrating arFlexerphdanctiviadblork diagrhmt dfean §keﬁﬁﬂ>ﬁr eRibodimehalf ghannel
met hodol oggﬁgg%ddaq{ﬁﬁggﬁsﬁlggﬁgtg Q,mFI G 7is a fl owchart illustrating an

exenpl ary e suppl ement al channel nmet hodol ogy of the
present i nvent ildf- 30 @ fugciianal blpglgdirgram; of ans exemplagy embkodimenhraf
ermbodi ment thef tradanisdioniyatent bfinhe préueht eivation) hodol ogy of the present

i nventigon; FIG | n |II n at whi ch
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transmtt egﬁ Iﬂ% qﬂe Chak?l¥yé%p ﬁzg‘l%lgkéslégt X§ér?tmn to é)fgfﬂgaf,%%ﬂefz Lgt JI[’\;\_?I ng

active suppl enent a an & timel i
al ternate ¥MeAg at which various RLP franes are transmtted in an

exenpl W'y cdnaXIG0-46 iske floyaharn illustiakiin gfhaﬁ heetpldrg bibodhene of LARI ement al

channel s; | &G 4 the operation

descri bed éﬁﬁﬁ ép}%méﬁtja}l%@&h&hw %5’ ??qhg;g}g e?‘%‘é Ctbodi ment of the

oper ati on desc d sig ]Pl‘"@‘aﬁ llh{?t‘BEIFAI E‘EIBXQBEB@RD’PW gremRREERRED

ENVBCODI I\/ENTdazaIBjdﬁplémechlEdr(ﬁel hiethodologyrifithe pre@gitdn®entidrjst rating the
pyedfithe pt
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system 5 consiBGi 84 isfa timélinel dingnaml illabtaativeg tHeOtimig 'amlﬁd:}pp)hﬁﬂﬁlt al
channel s. KLP fahids ﬁ@ﬁﬁh@ﬁﬁﬁécﬁin GRB E a%? ﬁd‘?’nﬁlﬁﬂé J gsgzgrl gn s CDVA

frame duration, while a s nne S conflgured to a
60 15 VIO CTFS0B ARG RSHIG PE%@S‘A" 58

franme duration. The illustration
assunes that atFI&heB lieyitmmling difgranh dlustfiting the rtiming et walich vagoRkP3E

engi NN asRIV Bantedlark ransmitted il 4t le5éhBlhry cdma2000-like system in which
there are two active supplemental channels;

FIG. 10 is an a timeline diagram illustrating alternate timing at which
various RLP frames are transmitted in an exemplary cdma2000-like system
in which there are two active supplemental channels;

25 FIG. 11 illustrates a preferred embodiment of the operation described
in FIG. 6; and

FIG. 12 illustrates a preferred embodiment of the operation described
in FIG. 8.

30  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

FIG. 1A and FIG. 1B are timeline diagrams illustrating the time-
relationship of data frames transmitted and received on a wireless data
network similar to cdma2000. FIG. 1A illustrates a 160 ms time interval of

35 RLP data frames generated for an RLP3E data transmission system 5
consisting of a fundamental channel 10 and two supplemental channels. A
first supplemental channel 20 is configured to an 80 ms CDMA frame
duration, while a second supplemental channel 30 is configured to a 60 ms



fundanmental channel 10 transmits 20 ns CDVA frames containing RLP3E franes
of sequence nunbers 5,8,9,10,12,14,15, and 17. A first supplenental 5
channel 20 wommgea74s 80 nms CDMVA franmes contai ni ng RLP3E:f pavestoaiisss sequence
nunbers 6 and 13. A second suppl enent aljgchannel 30 transmts 60 ns CDVA .
frames containing RLP3E frames of sequence nunbers 7, 11, and 16. As
illustrated in FIG 1A, the franes havi ng sequence nunbers 5 6, and 7
begi n transdB8ifOfrastie durmiod. Tharbustratidre ashidhes thateatcthiet béginmiggast 10

RLPSE frame ﬁé 13@%6@%8@&?\% th? le,f’ ne tHa@“\?(@} 38 915, O fdAEa! 2

channel 10 a ransm ss on on fIrst sup errent al
20 at time dundamanil ghannels Wﬂ@ﬂ%ltﬁ r2<9n‘§Pn GRM4 fraapesn sontaising 30 at
time 60. Thdrdmeses! siquetitechiuinbanes,89;10421¢4g5narndid7end ﬁr&ﬁﬁﬁpﬂ:l‘éﬁtéﬂalﬁr e
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I nt erval t5 EEE?EJ ?Wt#aq‘anrrg% ?(Zce, vedﬂ‘df fra?:ﬁés Iﬁkb@%gt recepgl on ('sz stem 45
consi st i ng @ﬁquqmea\mheaﬁ @RdrideA segond ﬁppglen?&ﬁﬂwéwemlaﬁﬂ taasmis 60, and
second supplneTEDMA fedineyedntIiing- REP3EHrarhéd UB*sd‘qiieﬁﬁe hhmHersw,smtanuhi ch the
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| abel ed 10, 'mglraﬁansnlﬁswmﬁt; miea 0t oframf eathe COMA érwégecoa\t@nm @Rences to

t he sand0chRLPSESrataedf baqdenwannﬂ:&r @ fisyshee ransmissibh Gn FAndAmental
I11ustrated ?%ill:rfe?'io%tt QGEPH 1%59 fRndRESI0ME Sn '?Egﬁgntp%l%m%al

I medi ately oW n ?’r? h transm ssi on @1&'
transm ssi of "F%‘H 1nishes, frangmissien Fﬁ‘?";’/"%?‘%ﬂ?&@'&?? Peatay 25
conmon to fmﬂaﬁﬁnt’ﬁie thresnal whith frhmefi8-56 begippdrehend ararshzissieh #@, and

the second glﬂ&?:la‘?&?m QISImgpﬁggm‘%p does not alter the explanation and has

been om r e e of s licjt Fra ved by RLP3E data
recepti & systen]f:ié I&fﬂf‘ﬁtﬁ?fﬁ%hg@fmlé ¢ inteTya QgRﬁréﬁ@?@fﬁl? regei¥eded by.
RLP3E dat a facepRLEIE detat repeptivnosysfem 46 congigtingrehfunidag@nsl chanpel80, Frane 7
30 is recei vigd Ry M&%Mm&m%&%aw&%ﬁ @&eﬁ@gmnﬁgpmwml 30 at

tinme 60. Th ich fr ere e| [ sjrated in a
simlar ﬁgsirg%; @fa%ﬁﬂto ﬁgﬁ %1& %aqﬁl B BH¢l #é Vi dent
that the fr%:ﬁsedalp)ea rrese icdoa 2080 Rammxaa@faaneci@m¢onTb§satmplqmemala

di fferepy oafgTFunddméntaMchinshelyaire labeltely/10)20Lakd 30SHI FEAB ihdx&ltﬁ’?’E data

L anei 551 Ofhos A Hreehe 08 i SR S LT iaT Sl o
i n comuni ci Fifa. HATApdllostrated7 RLB3E /datpaeception system 48 receives RLP3E
frames immediately following their completed transmission by RLP3E data
transmission system 5. Introduction of an arbitrary propagation delay
25 common to fundamental channel 10, the first supplemental channel 20, and
the second supplemental channel 30, does not alter the explanation and has
been omitted for the sake of simplicity. Frame 5 is received by RLP3E data
reception system 45 on fundamental 10 at time 20. Frame 6 is received by
RLP3E data reception system 45 on first supplemental 20 at time 80. Frame 7
30 1is received by RLP3E data reception system on second supplemental 30 at
time 60. The times at which frames 8-16 are received are illustrated in a
similar manner.
By examination of both FIG. 1A and FIG. 1B it is evident that the
frames are received by RLP3E data reception system 45 in a different order
35 from that which they were transmitted in by RLP3E data transmission
system 5.
FIG. 2 is a functional block diagram of an exemplary embodiment of a
cdma2000 data transmission system 250 embodied in communication



devices 210 and 230. For illustrative purposes, the cdna2000 data

transm ssion systemis described in terns of transm ssion of packet data on
t he forwarwlobisgvs7a However, the teachings are easily extepdmdsda4mpply to
reverse link transm ssions. In base station 210, there exists a byte stream
5 layer 212 that provides a streamof bytes to RLP3E | ayer 214. RLP3E | ayer
214 buffers these bytes for later transm ssion. At frane boundary
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234. In t I'S generated to
si gnal t hatrapseitied o vahigh charpelpes need to be retransmitted. The above
description desthysireb layere238)pbfamyolsitd ostatizrnt 230, recdive? 08@nwst drdthow i n t he
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specification an prov1des the RLP frames to RLP3E layer 234. RLP3E layer
25 234 performs RLP frame processing on these frames in accordance with the
RLP3E specification. In the event that any received frame has a sequence
number equal to V(N) the payload of all received RLP frames having
consecutive sequence numbers beginning with V(N) are provided to byte
stream layer 232 by RLP3E layer 234. In the event that a new hole is created,
30 a NAK is generated to signal that one or more data frames need to be

retransmitted.

The above description describes an exemplary embodiment of
cdma2000 data flow in the forward link direction. As is known by one
skilled in the art, data flow occurs in the reverse link direction along a path

35 in the opposite direction.

FIG. 3 is a functional block diagram of an exemplary embodiment of
the data services transmission system 360 of the present invention
embodied in communication devices 310 and 340. In base station 310, there



12 exists a byte stream | ayer 312 that provides a stream of bytes to RLP3E
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6, FIG 7, FlGTH, méthedolbgyasttthEctarreh invigiohaitflizés datIPER Ryef 814 i t

houl d del t 318
encapsul at SYRCh AdRERs fﬁamgﬁgﬁﬁs?‘% g’gﬂﬁg%*%“ Ay LD %‘ﬁ&@ kgver
accor dance the foellewingcxestriativn. sWhen mgliiplexnsu étr|3él4é'5%qu€§5§ daf| {5378#8 318 t hen
provi des t Hes enafipapehraielsl fidnd RUR3Payé03 1) wat cwhetetry RLEBPlalyer 314
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speci fi'cation gi g | ayer rrul t| | ex
subl ayer 31rstrw;n@alpe§> RiFa Tayex 334 inhereby roirechin Hiace
channel s. E’é‘ruslmahbéxa;mth@ﬁ@w dxta fralme basingt thensmallest ICﬂ'JZMA/émﬂe anes
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speci fi cat Iﬁ@x@r@l mcow s ftxhem té&cﬁfa@él? RSBk Wied UPAYEId aéﬁvefr anme
reordering Subl g_ 4%t Eﬁg gén reference to FIG 4 and FIG 5,
buffers H’E‘?%“% ggs Bt B #tording to the nethodol og of the
present invent M:dnpbaxdstphiwﬂrdﬁé enpapsulates He RLPEfBIh%WBIOV!dﬂa taitkye order
at which  RLP3E layer 314 in accordance with the cdma2000 specification. Multiplex
25 sublayer 318 then provides these encapsulated RLP frames to physical layer

320 for transmission over cdma2000 air link 330 in accordance with the

cdma2000 specification. When providing frames to physical layer 320,

multiplex sublayer 318 indicates which frames are to be transmitted on

which channels.

30 Physical layer 350, of mobile station 340, receives frames from
cdma2000 air link 330. At 20 ms intervals physical layer 350 provides each
received frame to multiplex sublayer 348, and indicates to multiplex sublayer
348 which channel each frame was received on. Multiplex sublayer 348
unencapsulates the RLP frames in accordance with the ¢dma2000

35 specification and provides them to frame reordering sublayer 346. Frame
reordering sublayer 346, described in reference to FIG. 4 and FIG. 5, buffers
the received RLP frames according to the methodology of the present
invention, and provides them to the RLP3E layer 344 in the order at which
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performs RLP frane processing on these franes in accordance with the RLP3E
speci fi camoom2ed7w t he event that any received frane hasPCrréssoessce nunber
"equal to V(N) the payload of all recgijved RLP frames having consecutive
sequence nunbers beginning with 5 V(N) are provided to byte stream /| ayer
342 by RLP3E | ayer 344. In the event that a new hole is detected, a NAK i s
-gener at ed they Wege atanishtittedn RIPSEntayer anﬁafdmmnP rfeate tprobessrrgt oansm tted.
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reor det ng;onubéx&y@r ndg6tiatior | girmes Inathenlekenphirg einbodinentT herviceber of

ggt:xg Sfﬁgﬂ ;ﬁgﬁ%ﬁ :}J&?ﬁ&gﬁx‘e Ol:}'lst c%?@{rﬁg%lt fm@%gwaeaé@én Hflﬁ”ﬂ% 1 :: set
to the valkaten N‘?s S AL ef‘f‘t%p “’&rﬁi@& %E)‘%%f EBXEéFhe frame
durati on fNEGOTAATIORNIN A MOBHOGY MHN&CWE@N |${$RBI\/I,t'owlhd1 vial ue of 25
i ts of f setyge [gﬁéd%aﬁﬁq Gssihed RUE FUSHALHL iRy &RMA gyﬁ&dlr%r}idrhééﬁt ted in

ner, Wo, e.tiner wou S expire at

FI G e u
Uime 6B ISteACecmeity o Rlatk AP the BRPRST O Artiye, SePRIETEndH Soaihs
transnits &efswﬂemmtakmhaehwfﬁetﬂ(sm@ﬂ%) | snd ithe vémpipdeimentadcor ded

that the fiaiRel Watld AuratiShsS HRPESEERIVA, larldS e r&tanﬁ@lspﬁre gq exanple,
if the systemwere configured as illustrated in FIG 9B, a first timer

woul d be sEOHRE¥0 ns and a second timer would be set for 60 ms. The
first timer wolntedhpichennelstaramssignedothet p@gess inodies doirigck ¥20. dhne t hat

base Zi(?t 'lSchl@llQO ffrﬁﬁk i‘é(ﬁ&?!%é SuBld ﬁ'mg QHlt%%.‘H@@é %ﬁ‘bﬁ’éﬁ értld V‘thfnlte?s ) t Be 35
Statton 31004 peter ShichSe Sugplefioniel, igsit sniipbiesy 1 mRFBRAILy 1
woul d  be dhaspelddds mplive, tthe framearduratiani fom that shgmeérﬁémemrdgd@@@ ms and
that the {imefR sdtitRiheORl@oEHPBHETEM Slpplenentfl dRannel 2 is active, the
frame duration for that channel is recorded and a timer is set to the value of
25 its offset. For example, if the system were configured as illustrated in FIG.
94, a timer would be set for 60 ms. The timer would thus expire at time 60,
point 910, indicating the time that base station 310 first transmits a frame on
supplemental 1. Additionally, it would be recorded that the frame duration
on supplemental 1 is 80 ms.
30 As another example, if the system were configured as illustrated in
FIG. 9B, a first timer would be set for 20 ms and a second timer would be set
for 60 ms. The first timer would expire at time 20, point 960, indicating the
time that base station 310 first transmits a frame on supplemental 1, while
the second timer would expire at time 60, indicating that the time that base
35 station 310 first transmits a frame on supplemental 2. Additionally, it would
be recorded that the frame duration on supplemental 1 is 80 ms and that the
frame duration on supplemental 2 is 60 ms.
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exactly one active supplenental channel, the tinmer is initialized to a
time equal WBWM8’<channel offset plus 20 nmilliseconds. - | PCHUR02488ND| ar y
enbodi ment, conmon indices anong variapjes and 5 tiners denote an

associ ation wth one another. For exanple, SUP_DURATION 1] and

SUP_TI MER[ 1] are associ ated because both have index 1. Al such tiners and
vari abl es can bdnr eheradteustivey emsbodimeniarifaithere ti® exaptlpseme activevdex. For .

exanmpl e, SUg ﬂt@@ﬂdnn@ﬁﬂh@@irﬁ&fﬁ’iﬁ@ﬁﬁged & adidRe T’JoQNB@hah‘he% has a
val ue of 1 F S}(Lg Eﬁiﬁ ng\l 2] can 10 be referenc as SUP DURATI ON X]
if X has a S eﬁB"oqf MIPRTPHdexi ng notati on, known to those familiar in
the art, will bdnubedxéropkay tembddimenticomencr indiceeamoag miaﬂaizdslaaud and
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active, SUP@U th%fal rstae dtt eCDIVAfrarre duration negotiated for
suppl ement TEITATIfE ° BrERRA 10 “&5%t i mer SUF TI MER[ 11 is set so as to
expi re fol |l ow nipone exsbagdiment|a fag JUNRPELIVERY_OK. isspptocFRHEAt0 channel
1. In the gNgihte! inat vtrm thel Ripate AElahe CHRRN@ItErs B A G6D \6t, bISLER 7@bJRATI ON[ 2]

s set .0 t ane defor n 21in
bl ock &%O ‘%g%recon re ef%e g%fﬁﬁ“la?gfé%[eﬁ a%&é ? t?l gt ilfﬂﬁggrgg%tfa}gﬁy ovm ng

t he channelfrasne segeivesk b blegke80% duringp aénatﬂrml éh@Wﬁebe forwardgd eto

embodi ment RIP3Ellager 334, FUND_DELI VERY_OK, is set to TRUE to indicate that it

a fundanment al E;]g;]gg,r t uI d be
forwarded to Rﬁkgﬁ%{y 4%%g r& thtéiv% ﬁg%r%gb{ﬁse ﬁx D 1] and
SUP_PRAME_Fixtlagk 420asdellows, vegiabls ek & FHBWH%EI‘ ton 310
has not0yethé ﬁmééxdénﬁgysdhimsson sup@dlerinnwmﬂ]ramshll Jfomvanh al5

SUPP' TeNt HanflaRREived: oM RAALPIR | Yot REPBECIGURA | 101 10
suppl enent a nne are actil v eﬁﬁ t %U(f’ Bi?ﬁ/g Id\f\li SUP
DURATI ON[ 2FVerts that Bt [Sapias Rt nge“&rl fve,
is set to the CDMA frame duration negotiated for supplement channel 1in -
block 410. The timer SUP_TIMER[1] is set so as to expire following the
25 channel offset negotiated for supplemental channel 1. In the event that two
supplemental channels are active, SUP_DURATIONI2] is set to the CDMA
frame duration negotiated for supplement channel 2 in block 410. A second
timer SUP_TIMER]2] is set so as to expire following the channel offset
negotiated for supplemental channel 2. In one embodiment, a flag,
30 FUND_DELIVERY_OK, is set to TRUE to indicate that it a fundamental
RLP3E frame received at the next 20 ms boundary should be forwarded to
RLP3E layer 344. Additionally, variables SUP_FRAME_TXD[1] and
SUP_FRAME_TXD]|2] are set to NO_SUPS_TXD, indicating that base station
310 has not yet transmitted any frames on supplement channel 1 or on
35 supplemental channel 2, respectively. Finally, in the event that two
supplemental channels are active, SUP_DURATION[1] is compared with
SUP_DURATIONI2]. If SUP_DURATION[2] is greater than
SUP_DURATIONIJ1], then index L is set to 2 and index S is set to 1.
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i ndex varwedhges®is set to 2. Thus, SUP-DURATI ON[ L] retrarnssoduesd ar gest
frame duration, while SUP-DURATI ON[ §k returns the snallest frame duration,
and SUP_TIMER[ L] references the tinmer associated with the channel having
the 5 largest frane duration, while SUP TIMER S] references the tiner

associ at eghthdvntite, Exﬁt@eﬂdﬁ[ﬂb@é Lhavétntg 1t el stk witabls 818 stfoa?. i cmusSyst em

time errbo ne | ey ren

b:,lf f elr ?nugﬁ?apgjsﬁmﬁgfl g f r%‘ﬁesqéﬁgsgﬁ Eg r%?;ff pra%}&)g\ %ﬁ“i known
to those §UﬂDé$AﬁIQN§]art rﬁthmﬁn the osmal lieﬁ% dramaeli rﬁmatmﬂhe aﬂﬁ

refer encesummmgkﬁm fekdFB &8 thb Sirh&Ph oG whhath\éaduaabklehwmg tlge Used as a

time r nce t anul For instan in an
altern tliFé' Eﬁiﬁ Tn‘eﬁil‘f ‘E‘W@‘i%%ﬁui&ﬁ@'ékﬁéﬁ eéencﬁgﬁhorlt%er i gedused as a
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specifies,an e 0 niti on of_ frame

Ceor dor ot SEERRE SR T o acnd bodorc b o

vari abl es aﬁemvs eborimenged frame, indexoyaripnbleyREL JANE, coaipolr wessk a3 epl aces
each use gftin@edfaithee korbiifferin}e fragied/dhdv Pdttievial frameb Ifrdf the Hfagess whi ch

returns t | t m of IO\Il and
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t he r &8 ur RELaTIME i3 ugh@lqu tod) in b]ﬁF]E)é% sa‘\ﬁmsdﬂfei' é‘f‘ﬁ?ﬁ@“ﬁ% bb’r?d@S@dassom at ed
with t thI ﬁumr?awﬁuoﬁ as SUE‘adeﬁNEfEEBﬂeﬁl\EﬂdveﬁftdbSdE-sﬁﬁif\NE- DURATION[ 2] . FIG
5is a flow o] ring
layer 346 in t eCéeiﬂeérJr%{i%?gfhgg%tog’%ﬁefs %%Fﬂhbllﬁ%ﬁé‘gog gﬁe u?)?%écg(gs waits
for a fundéheblogk 36t fHether descib e‘BHi‘JFﬁfﬁW% g Bl 3roceeding further. In the
exenpl ary enmboThermbbye t@cnpﬁmmcﬁm’sem exemplarys efnbadimenu rafathe each time

nul ti phex kit Bﬁpﬁ b | y ] an £ Q48T ARH, Ii?%ogpeeré 1B nshP! ayer
346, co_nta 5%? r]e ere 5 é’ﬂ.ﬂtl pP subl ayer
348 duri n@mgogg“‘?ﬂsts MY V%’%a g E{ﬁr‘a H&‘f@e%‘iffbg? FioHed q)gélE franes
recei ved embodimerglreplaces each use of variable L with the return value of a call to
a process which returns the index associated with the maximum of
SUP_FRAME_DURATION[1] and SUP_FRAME_DURATION][2], and
25 which replaces each use of variable S with the return value of a call to a
process which returns the index associated with the minimum of
SUP_FRAME_DURATION][1] and SUP_FRAME_DURATIONI2].
FIG. 5 is a flowchart illustrating the method employed by frame
reordering layer 346 in the exemplary embodiment.
30 In block 500, the process waits for a fundamental channel frame
boundary before proceeding further. In the exemplary embodiment, the
process detects a 20 ms frame boundary each time multiplex sublayer 348
delivers a message to Frame Reordering Sublayer 346, containing the RLP3E

frames that were received by multiplex sublayer 348 during a 20 ms period.
35 In an alternate embodiment, the RLP3E frames received by multiplex
sublayer 348 are put in a data store accessible by frame reordering sublayer
346, after which a layer in communication with frame reordering sublayer
346 delivers a message to frame reordering sublayer 346 indicating that a 20



subl ayer 348 are put in a data store accessible by frane reordering

subl ayer 346, after which a layer in comunication with frame reordering
subl ayer WO Wty ers a message to franme reordering subl BGEPS092€954

i ndicating that a 20 WD 01/ 20874 PCT/ U0/ 24954 16 ns frane boundary has
expired and that zero or nore received RLP3E franes are accessible via the
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t he du nment a erence FIG 5.

escri
FIG 6 is q Bmﬂlemmeggsr&gﬁgk H90cwhass theyprogessarite glefaaaqbat singl e
suppl enent ahe ehdrufahe meki20inisdgieredl. t he present invention. In block 600,

the val ue of MOPGHeShEhE&GKEGactivE 5 hehtQ94ah &QnFﬁ’k ogeﬁtm% iS¢ oi nt

t he channel, ,of.f o u channel 1 et t e reached,
whi ch i ndi cﬂ?‘g%&'ﬁhaﬁ‘ %lgglé%a@tég?‘ﬁﬁegi%rﬁ%s IOS‘{% FISES $ridhes on
suppl er@dnt accardancee|with theusinglelusupplemiental t mﬁhtpxhrlogyi desscihed ewath  fr anes

must be rqufey@;@eltgpt@eﬁorder in which they were transnitted, all received

' ;;airrﬁsui](r);![ gdb orvvarchi q%ﬁgrgﬁ@p E’?e%tqlls ¥s£ then t‘i’lgeprtolcerggrm(p‘?ess gxpired,
block 540. In block 540 frame reordenng sublayer 346 process frames in

accordance with the dual supplemental methodology described with
25 reference to FIG. 5. _

FIG. 6 is a flowchart illustrating an exemplary embodiment of the
single supplemental channel methodology of the present invention. In
block 600, the value of MODE is checked.

If MODE is equal to Forward at this point, the channel offset for

30 supplemental channel 1 has yet to be reached, which indicates that base
station 310 has yet to transmit any frames on supplemental channel 1. Thus,
during this time period, because all frames must be received in the order in
which they were transmitted, all received frames should be forwarded to the
RLP3E layer. If the timer has expired, as illustrated as point 910 in FIG. 94, it

35 indicates that base station 310 is about to begin transmitting frames on
supplemental 1. At such a point, the mode is switched to Buffer and the
timer is reset to the frame duration of supplemental 1. In figure 9A, the
timer next expires at time 140, as illustrated as point 920.




35 indicates that base station 310 is about to begin transmtting franes on
suppl enental 1. At such a point, the node is swtched to Buffer and the
timer is rweet2esn the frame duration of supplenental 1. PQTAUBWoH#849A, t he
“timer next expires at time 140, as ilhyustrated as point 920. WO 01/20874
PCT/ US00/ 24954 17 1f, in block 600, MODE is equal to Forward, then all
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670 where the rosibas, AMBRe YntbdifkS?, 2 H, FUND_DELIVERY_OK, is
25 checked. In such an embodiment, if a fundamental RLP3E frame was
received in step 502, and the value of FUND_DELIVERY_OK is TRUE, then
the fundamental RLP3E frame is delivered to RLP3E layer 344 and is not
buffered. In such an embodiment, FUND_DELIVERY_OK is then set to
TRUE if the timer, SUP_TIMER[1], expired during this interval, and is set to
30 FALSE otherwise. If, in block 600, MODE does not equal Forward, the
process moves to block 660, where it is checked whether timer
SUP_TIMER(1] has expired. If SUP_TIMER[1] has not expired, then the
process move to block 670 where the received frames are placed in a
memory buffer.
35 In an alternative embodiment, the value of FUND_DELIVERY_OK is
checked. If FUND_DELIVERY_OK is set to FALSE, then the received frames
are placed in a memory buffer. If, however, variable FUND_DELIVERY_OK
has a value of TRUE, and a fundamental RLP3E frame was received during



menory buffer. 35 In an alternative enbodi nent, the value of FUND DELI VERY
K is checked. If FUND DELIVERY OK is set to FALSE, then the received
franmes areWHEed4in a nenory buffer. |f, however, vari aBFBUS00/24954

FUND _DELI VERY_OK has a value of TRUE, 1gnd a fundanmental RLP3E frane was
recei ved during WD 01/20874 . PCT/ US00/ 24954 18 this 20 ns interval, then
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reference plus 20 ms. This will be used to indicate that the fundamental

frame received during the next period should be forwarded to RLP3E layer

25 344. The process then moves to block 1640 where SUP_TIMER][1] is set to

supplemental channel frame duration SUP_DURATION([1]. The process
then moves to block 500.

If, in block 1600, MODE does not equal Forward, then the frames are

buffered until the timer expires. Only after the timer expires, are all buffered

30 frames, as well as the frame(s) received at the next 20 ms boundary,

forwarded to RLP3E layer 344. This prevents received frames from being

delivered to RLP3E layer 344 in such a way that unnecessary NAKs are

generated. When the timer expires, as illustrated at points 920 and 930 of

FIG. 9, all of the buffered frames can be delivered to RLP3E layer 344 without

35 generating any unnecessary NAKS. For example, at point 920, CDMA

frames containing RLP sequence numbers 3 through 7 have all been

received. As these are consecutive sequence numbers, no NAKS will be

generated unnecessarily. . As well, at point 915, the point that is at the next
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noves to bl.oc %ﬁa e_varl a set to the
val ue of tH8 tthﬂ\n% ehap‘feu %iﬁ\er% ww&%%?gnmefﬁr moves to
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duration i38icateRuRbTANd Bkt framd RATIPBO AR NG Y5 1bMeRtaP eharktfO-
If, in block 1600, MODE does not equal Forward, the process moves to
25 Dblock 1660. In block 1600, it is determined whether SUP_TIMER[1] has
expired. If the SUP_TIMER(1] has expired, the process moves to block 1662.
In block 1662, the variable T_DELIVER is set to the value of the current time
reference plus 20 ms. The process then moves to block 1664, where
SUP_TIMER[1] is set to the supplemental channel frame duration
30 SUP_DURATIONJ[1). The process then moves to block 1670.
In block 1660, if it is determined that SUP_TIMER([1] has not expired,
the process moves to block 1670.
In block 1670, it is determined whether the value of the current time
reference is greater than the value of T_DELIVER. If the current time
35 reference is greater than the value of T_DELIVER, then the process moves
to block 1675, where the received frames are buffered into a memory area.
The process then moves to block 500.
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In block 1660, if it is determned that SUP TIMER 1] has not expired, the
process noves to block 1670. In block 1670, it is determ ned whether the

val ue of thWo@lReEht time reference is greater than the RGIURSORAISA DELWER.
If the current tine 35 reference is gpgater than the value of T DELI VER, :
then the process noves to block 1675, where the received frames are

buffered into a nenory area. The process then noves to bl ock 500. WO

01/ 20874 PCT/ US(6/iadiéek 1670, itfis determinedkthat®@, curtenit sinde treferdnueds noat t he
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illustratin ry enbodi rent of th dual pl emental channel
nethodology present I nvention. In 10 control block 700, the val ue
of MODE is checked. If MODE is not equal to Forvvard t hen MODE equal s
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suppl ement al __channel Lall

recei ved i PPRESSPOUES To é"\?@ﬁ??ﬁ@ﬁme fee?fen%ﬁnf Fgeélsﬁt gﬁ frames
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upp enent al

channel 1 éaaguyeégo tiaREMita BNY: FAIES OTh BURPlE mmeirs:haml ils Intragh 2 8a8egi n
transm tti n@chusenall feamss pplusiTbat Rlceivbaniie|thd . ofdberiﬁvwmmequafss For war d

and one or Jpr ﬁup‘gdtgﬁ PAAE frard e”ﬁﬁ&eﬂi&@élﬁre rb%d ?ostWht uratlon of

Buffer. I n _suc each exp |re t1mer et to

the suppl ed@¥fralW ﬂ‘érﬁ‘}g}erafg éi’é%F‘vﬁ"ﬂ’F’Fer Pase SGERFHE é?%lsaﬁ‘l@‘ﬁt P thegin zed to
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chame () GREFRLELSF g, 8y TRl Wty SR, GO
transmitt ed’sﬁﬂ‘r"ﬁ ?Fge‘@&bﬁ'f‘%wﬁme&? c‘?li‘é‘ﬁﬁﬁi Xse)’qag ‘g’éﬁéﬂg tﬁﬂtt base SHHOTS) t hat
expi red. Ti3a0tieaboutrtel kegi erapsmiting dramesben supplsmesed channel 1.
Whenever MODE equals Forward and one or more of the channel
25 timers expire, MODE is switched to Buffer. In such a case, each expired timer
is then set to the duration of the supplemental channel associated with it.
Counters are initialized to denote the time at which frames began
transmission on supplemental channel(s) associated with the timer(s) that
expired. And, counters are initialized to keep track of the relative sequence
30 numbers that were transmitted on the supplemental channel(s) associated
with timer(s) that expired. The term ‘relative sequence numbers’ is used to
indicate that the receiving entity need not track the absolute count of the
actual sequence numbers transmitted on each channel. Rather, the
receiving entity need only track the relationship of the RLP sequence
35 numbers encapsulated in the last frame transmitted on each supplemental
channel. In particular, the receiving entity needs to keep track of whether
the sequence number of the RLP3E frame being transmitted on one
supplemental channel is less than or greater than the sequence number of
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i ndicate that the receiving entity need not track the absolute count of the
actual sequence nunbers transmtted on each channel. Rather, the receiving
entity neoviooudo§74t r ack the rel ati onship of the RLP sequetfURe2496hber s
‘encapsul ated in the last frane transmjtted on each suppl enental channel.
In particular, the receiving entity needs to keep track of whether the
sequence nunber of the RLP3E frane being transmtted on one suppl enental
-channel i shk QIPIERAme rbediige aafismithal oh e sethere sapplentdneal ohiani@]l.0ln 20874
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frame bei ny gea?\ggrsg‘t edlgere%}agdot?ﬁterﬁlr{tfgg enenlﬁlélﬁlﬂgﬁgéé\lﬁ & %ﬁi exanpl e
of the abdfane bemgogenerated qmthe -‘G!PR’;Efnef‘ﬁ’é with ¢hedenser dé‘\'f\ﬂ"i‘?fhlsf? #n For war d
to Buffer mmﬂzvélyelatrgﬂevalas shan ahe RDH séquenpp neumrdr atncaphalatedl inl theul d be

set to 80 rarre%tg&[%tjeu oncﬂtérﬁtﬁélss efr@i’ dlfljhhﬁﬁéi to keep track of the

fact that a tran tted O”}fqﬁg% ment t he
curren® time a sﬁBef‘i’%‘ pve. @t ot 280k o€ 2P u’ffﬁ?’ ntal 2.
I n bl ock &Wdtchafrbmf Fa:rmdauoeBuf&rmmUtHer timetr hessdmidtéd widhn duppilementtadl t o
deéfg rEml ﬁgedh\;aﬁgélhl w&:lﬂrﬂéfs%? I% tér@eﬂs rm)(&&ltfo?la Ogéfurgt%% aMh8lifalided %o
expired. eﬂéﬁFﬁé’f %ﬂ‘? ‘F?é‘?th?ége ?P@&’o“f F%R{:\ tfﬁf’ég’% SHBR%Q“?%” | ock
500.. 25 I1n at hthee \camtent hatneonih';d ame fgamehdas i yrerso ekei trankmitied pmwcess
moves g Oy %Zﬁ@ to block 750. In block 750, it is determ ned whether

ggg H ﬁg[[ i] ei‘bpfoé %bmﬁx ér&%ﬁf’%l glotg‘ Iflié g'é'{feer[%n‘c{f?%ﬁ}&?&‘%‘ﬂjé% vari abl e
N is set tRLE3E Gykerddse, The processt them Mewas Kpiblogkt720p wherg iits isised as a
ref erence deferiified | WhREthek kk‘fit}ﬁ:‘x!rﬁltn'eia”SU"}E“QTIMERH]Goi' SWP I TIMERR], - hhse
associ at e%x}\’)\ﬁrgg tIPnel(’c:h n{] mer has expirgg tIhen tthe process moves to block 500..
25 In the event that only one of the timers expired, the process moves from
block 730 to block 750. In block 750, it is determined whether SUP_TIMER][1]
or SUP_TIMER[2] expired. If it is determined that SUP_TIMER[1] expired,
then index variable E is set to 1 and index variable N is set to 2. Otherwise, E
isset to 2 and N is set to 1. E is used as a reference to the timer, the duration,
30 and the last transmit-time associated with the channel for which the timer
has expired. N is used as a reference to the last transmit-time associated
with the channel for which the timer has not yet expired. The process, then,
moves to block 760.
In block 760, a single timer and multiple variables are set utilizing the
35 E and N indexes determined in block 750. The variable
SUP_FRAME_TXDIE] is set equal to 1, denoting that the first supplemental
frame was transmitted on supplemental channel E. The variable
SUP_FRAME_TXDI[N] is set equal to a value equal to one greater than the




has expired. Nis used as a reference to the last transmt-tinme associated
with the channel for which the tinmer has not yet expired. The process,
then, noveWodd2¢ffHck 760. In block 760, a single tiner aRGI/HEN24954 e

vari ables are set utilizing the 35 E apd N indexes determ ned in bl ock
750. The variable SUP_FRAME TXDIE] is set equal to 1, denoting that the
first supplenmental franme was transmtted on suppl enental channel E. The
vari abl e SbRXERANE rilxibed of frages thgtiahn te teansatitted eopudhe tfundamegtalat er
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Thus, SUP_ Tequaktethesvalpe of the sugenktime refetenee plum2ims dndicatingtthat 4 r ane
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he

Buffer, after whic i

rocess poves to block 500, 1n_block 730, if it is
det er mi ned t hat ]-BO}P]I?C]Ei?ér &imer, SURJIMERIE] fie set tor SUESHDURALIONIEL| ock

740. | re(bl dTiusy SUP_TIMERJEE wilirexpireas saol ds ther wransmissiont of ¢thd fratke when '
frames are | LRSI as. 3 310. In block 740, vari ables
1P AR 3ty bleniand 0

are set uti i ces.determ ned i.n_block 410. In the

exenpl ary enbodi]g\?rﬂmﬁﬁss e moves frqm block: 760 oblod B0 plosk FFdithe o set
equal to 1,mddedd swigckedafromhBortard HofBudfee, aftérhwhich the process moves to

block 500. In block 730, if it is determined that both timers have expired, the
25 process moves to block 740. In block 740, multiple variables and timers are
set to track when frames are being transmitted by base station 310. In block

740, variables are set utilizing the S and L indices determined in block 410.
In the exemplary embodiment of block 740, the variable
SUP_FRAME_TXDIS] is set equal to 1, denoting that the RLP3E frame with
30 the smaller sequence number is about to be transmitted on supplemental
channel S. The variable SUP_FRAME_TXD{L] is set cqual to 2, dehoting
that the RLP3E frame with the larger number is about to be transmitted on
supplemental channel L. Although the frame transmitted on supplemental
L is transmitted at the same time as the frame on supplemental S, the
35 methodology of the present invention requires that SUP_FRAME_TXDIS]
be set to a lower number than SUP_FRAME_TXDIL] to prevent the frame
with the larger RLP sequence number from being delivered to RLP3E layer
344 prior to the frame with the smaller sequence number. This is in



30 the small er sequence nunber is about to be transmtted on suppl enental
channel S. The variable SUP_FRAME TXD[L] is set equal to 2, denoting that
the RLP3EvWoamswi th the | arger nunber is about to be trpoBpUSdtReEs ON

“suppl emental channel L. Although the syame transmtted on supplenmental L
Is transmtted at the sane tine as the frane on supplenental S, the 35

nmet hodol ogy of the present invention requires that SUP_FRAVE TXD[ S] be set

to a | oweracabyiagke Wi theWRghiréient ¥lckli drotherieaemtittitye RLP8RRayet 318 t he

| ar ger RLP,.sequence nunber, f &ngbel ng delivered to RLP3E layer 344 prior

to the fra%‘“\??ﬁffcﬂlrt’f?ergﬂﬁtf’él s8quence number. This is in Dui WD 01/20874

PCT/ USOQ' 24954 The3variahde &WQEMI&E_TKeTIMELﬁlr isrieh eqpdlatee thervalue of
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vari a is _set equ e ue rren

time r eﬁé?f?é“‘?ﬁoPhebFE?Fé a‘%n wﬁ‘iﬂ?‘?‘ﬁgnﬁaﬁrr nt fréﬁ% gﬁ?raxgﬁ?@gi on began

on suppl erfdAP FRAMENTX_TRME[RL iialset equpl pRAVE querentyvitime teferemee dqual to

Eﬂe Currert%en][oitéfs ti’n?é edfeRple tPthed@melA vhich e lrcﬁi'&hfﬂfb@rl\_é @rlatﬂsﬁﬁtséiaﬁ at ;/\/hi ch
e curre rane transmssion began S ene . In an. ernative

enbodi rren&egﬁnv%i‘? l S:ﬂﬂpé?meﬁtfbétl VER T saqgeéf‘g‘g‘geuaefmg%&%e@tvﬁ uvearbai’lk%’he

current tiFDEIVERrissepeqml 2o the value phtheceurrent timet referensel tun2dl RLP3E

frane feeceahnyaddidhtihh ehaex furldib@initall RLEID Blathddrcéivedat diel neet bkl ayer

344. In ”&i}?ﬁﬁ% 0%38%%%%#%\%“ 740, timer SUP_TIMER[S] is set

to SUP_DU ] L] is set to SUP DURATIONL]. Thus,
timer SUP TI MERRShe ixemplaryi srabedimesdnof glack7405times nSUP SEIMBRISH ishe frane
gleJipngI }wrz g[rb%fri FtbeClSIOB_ISUMI;H(DNIB]ﬂ dnd i niraéres SUPAQUMBRIDR! liy, set lm':tb _

- | J IOM% : . Xpire as
soon as_ the T%H%@?&J%O?W%H‘%ﬁgpbﬁ r:%e [§]r g’nﬂgﬁ%{\(g?’ t)s%oému% tF‘gment al L
fini shs. trasmpissiersel Hs, Eameobeingransmittede 88, supplemsntales finisnes. which
tEe NZO(:))E prAddinallyesinied SUBCKIMEBR(L] i bdtogk SWQDURATION{BL]deltHum',ngg \t/\ﬂat )
t he : : v, 7 e
is describe Tﬁ%‘gﬂ'&j?ﬂl %ﬁ ?oarhggldﬁgﬁ%rsﬁﬁ %i%g?f rg‘t%i fr]fgm%nﬂéégrrpl ary

: , A
enbodi menttr¥smited Arasurplemegata ﬂu?lf‘ghSﬂ met hodol ogy of the present
i nvention. 25 [ThebpemesSihved/QioEblegkal70, Hebdrited édrliar, DR ednicH hBuf f er,
all  fgp o EerJs%%‘iior% pl either tiner expires. If neither tiner
te '

8
expires, the altern e ry(?lmetv\,hi_chues fl
P In bloc 700, iP5t IS determinied that the MODE does not equal

Forward, then the process moves to block 780 which is described in FIG. 8.
FIG. 8 is a flowchart illustrating an exemplary embodiment of the
dual channel buffered methodology of the present invention.
25 In block 810, MODE equals Buffer. When MODE equals Buffer, all
frames are buffered until either timer expires.
If neither timer expires, the alternate embodiment which uses a flag,
FUND_DELIVERY_OK, to denote whether a received fundamental frame
can be delivered in a given period, an exception is accordingly made. In this

30 alternate embodiment, if during a given period neither timer has expired,
and FUND_DELIVERY_OK is set to true, a received fundamental is
immediately forwarded to RLP3E layer 344. In this alternate embodiment
FUND_DELIVERY_OK is set to false during each period in which neither
timer has expired.

35 :

In a preferred embodiment, in a period in which a timer has not
expired, the value of T_DELIVER is compared against the current time
reference. In such a case, if the value of the current time reference is not



FUND- DELI VERY - OK, to denote whether a received fundanental frame can be
delivered in a given period, an exception is accordingly made. In this 30
alternate w@Pe@dent, if during a given period neither tPFREVSHR4SExpired,

and FUND DELIVERY OK is set to true, a@4received fundanmental is inmmediately’

forwarded to RLP3E |l ayer 344. In this alternate enbodi nent ,
FUND DELI VERY K is set to false during each period in which neither tiner

has expi r egreadér thanal [DEEBIER dheniioa fuedemental KLFSEifoame s wieevedait i ner has

not  expi f?%ihnﬁltg&%&gwa@u@&ea49@ﬂpélﬁﬁa§,§r sq@npared against the current tinme
n a

ref er ence. S case,, 1 f the valle of the gurﬁaf@t tinme reference is
not WD 01/ 20874 VED X SIS 4eXDitesy it qaterard TWhKE {RRes 4E 10, §€ 5
f undament akeRbPEE fforantheimuffer aidviedwarded tosRLIF:Wiyer 844: Baulffeviogethe 0 RLP3E
| ayer 344. Séé?% £ qu&ei E toad s RS Vbeisd deligeRd are to
be rerréve ro%\{t leggﬁéf?géxégd érg?;igrg% ofg%l&‘{%ﬂﬁﬁg%%a \(,a"r%S%# lB fering the
5 frames uf® RLPEE{ayee 3440 snesa way foat Wnnegessple Wésgqnle bei FF
del i ver ed egarRple3#t paines7B4LFIC 9B, flames Wy andh 8t haghbesrersseivgd NAKtheyr e _
Been rece hﬁﬁr“‘i*f%%“"?‘*%‘@%' Rl 3, B o e A o d e

een received. ey . not . be uf f.er.e ayer, e ave
gener at ed &raRpEc2 5-&“ 1 r%@e?}lpe}ﬂni‘?{ga&nﬁgwgpr nﬁ‘fﬂeﬁ a ﬁB}gﬁeo&&‘ %rgy 530,
when a10i ngkpirés irethelduad xhanna buffered mithodalhgynenly elect framesesandifol ogy,
only sel eci,hyAgES tt&RﬂPb? lafNﬁEMMﬁ{bL&Qamgﬁé ﬁﬂﬁéc_egsﬁﬂ}é \ h&@ﬁ:::)nC@ﬂJS i3ngt Lhe
unnecessar neration o S.. e oin . , e
timer assoi\f‘gﬁ%d €6?rt ﬁxargalﬁp|a§m{1§f%ﬂwﬁﬁg~ (:9?’ 3&5&?@5’? F cg?lér%%eéfv\%gd frames,
at this posnpplecentaichanselguexpitesn b receiyed Zames atghis poinfipntaiyy ¢ hough
I t mios delsi sadldck %ghw&@mﬁéeé&l&.%ﬁub,amowiﬁbIdefsrrameao lemwirand sequence
nunbers_| ess | undesirabl e 0 E | ayer
344, a§5t hi*3 %%Eolax%fué‘g ?‘ﬁe&arﬁ%sné?g% ofl %Lg%%ﬁggégg%%r ﬁmhAE’R%tPr frame 5.
The net hod undesirable te fervard; fraraa 6 tonRELHE layes 344 aﬁéh\ﬁ/aWBPi;b CREPeRINe3E | ayer
344 the degeh&dtidf an! dhnecbBafie NAKR dof faps5. Thelmethiod diite pieaemel

buf fer ed et A0d0l0Necebls I° il FAMNRIRNPSE Rfer ABINETadaRA dnltTBhEy exPi red

at the sa 3 one unni‘ng when the other expires, as
i |1 ustr at ethexdesirsdframes.0, 980, and 985, of FIG 9B, and is illustrated at
poi nt s 29020, 1080therddalléihnebbuffefed methodobogdyolit Bvdetgrmiretihvwihetiugyy i s

used. 25 Fib 3ty g3 e r@%x&ngﬁ%%ﬁ@%Qm@uﬂ?ﬁ@f SifQUne! ek A8 tstllll AlkSRingt €d frame

on each channel are conpa )
when the other e;cerires, as illustrated at points 970, 980, and 985, of FIG. 9B,

and is illustrated at points 1020, 1030, and 1040, of FIG. 10, the following
methodology is used.

25 First, the relative sequence numbers of the last transmitted frame on
each channel are compared. '

If it is determined that the sequence number last transmitted on the
supplemental channel associated with the expired timer is greater than the
sequence number last transmitted on the other supplemental channel, then

30 the received frames are buffered, and the expired timer is set to the frame
duration of the supplemental channel associated with it. The term ‘greater’
can be used to mean that a value in a finite set is considered greater than
another value in a finite set via the use of a predetermined process, such as
arithmetic operations or modulo arithmetic operations. For instance, the

35 RLP2 specification describes the use of unsigned modulo 256 arithmetic
operations as a means to determine which values in a set are greater than on
another. As is well known to those skilled in the art, there are a plurality of
means for setting variables to be greater, less than, or equal to each other and



If it is determ ned that the sequence nunber last transmtted on the

suppl enental channel associated with the expired tinmer is greater than the
sequence nuwoaeire8ast transmtted on the ot her suppl enment alPCTiU&ovd954 t hen 30
the received franes are buffered, and tjge expired tiner is set to the frame
duration of the supplenental channel associated with it. The term'greater’
can be used to nean that a value in a finite set is considered greater than
anot her val ¢& ddin rfﬁgntl{eevaﬂﬁés o ewd haridbles alsirgy #mestaber Mhnkd prefiersls, such

as arithmet] al'lons. or rithpet t IS nce,
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enbodi nment @f,eﬁahﬁn@resent [ nvent ion, the setting and conparisons of the

counters (includi ngatl rre e fetrﬂ%egu?g% E{S&)d %h8$ 8§| g{l RicREAygNce

nunbers are done usﬂ‘n ned o era i'ons. In 5 one
al t er nat i vesepplenieniaht ,tmﬁ!i% @@mel #gthen aareenwm &b Poink 19% Bodes 1Bnd  the

rel ati veoseguansea s eVl bt d8dutfesed) Nk gmdonMmF& ait igolrtre1040,

oper ati ons. ffb?ne%% Wo%lé’i:?ﬁ{‘lﬁ gmreguffer ed met hodol ogy in which both

suppl enent a nNers. ex I me, point 1030, in FIG 10, 10
frames 4 and 5 wllul hO‘UBYfPT: bt Eﬁjf‘#%tﬁ’éﬁmeﬂs taageﬂlﬁncﬁeé}%ﬁfr"ﬁﬂ dumberydlagk 1040,

franes 6 angrahsmittddohahb shpplutidraakdharriel feydiated with the edpired nined t hat
the sequencg ﬁ%&’t dl\@%%ﬁu%{c@r}ﬁm\ﬁérel% %@HQQ’LE@E&L@} sﬁéﬁ ?1%0 tal

associ ated W e sequenc
transmi ﬂ?edcbﬁ“ﬁl{e °6t‘l¥‘éF @Jﬁﬁh@ﬁé}’ﬂ%ﬁ’ }1"§ ﬁ&ﬁhéFanS&?'sﬁlﬁﬁt oﬁoﬂtﬂ I‘?élPe"f rarre
has begun t sappleirestadchannelh ehert ﬁmrfolbuﬁpgeneﬁhbdblugiyaisnded t'l’}tenfrah&

fol | ow ng "fééawéa ihe' s aerl.tzhawttﬁem omsfaevi% ‘?‘FEJ%P @@49

channel I er n anes
recei ved on“ﬁﬂ‘mﬁ férefb ﬁmeﬁlrgﬁ%ﬁ?ﬂjé’na‘?rtalé?f gen%o F‘éﬂ’(sec tSsion
began on t héraotehérarsnpgdienebdgah ohatheelbthdrf sapplef@ntalr chatndli maIf i ’ehenot

g1 €at of 2 NABudnidhi SRCABASprahicf T rbiie abaABhI BT LRSS HsPizRgGAN On

t he ot her su epent a ann n the current frame
recei ved ist %‘*HWAEF&@HW ‘?—ig‘E T |sypplementa GP?I%‘? age CHEFRNt
f undanment al fiindemeeritsl foarné eeceivediis aso tormmpiled ©é Rtlﬂi’éEdbymeBMeoﬂmdwﬁsegy, at

point 980, e &lfentHndamental frame is buffered.

As an example of the above methodology, at point 980, in FIG. 9B,
25  frames that were received before or on time 80 (60 + 20) would be forwarded
to the RLP3E layer. Likewise, at point 985, frames that were received before
or on time 120 (100 + 20) would be forwarded to the RLP3E layer.
Additionally, the expired timer is set to the frame duration of the
supplemental channel associated with it, and it is recorded that a frame is
30 about to begin transmission on the channel associated with the expired
timer, and that the frame about to begin transmission on this supplemental
will contain an RLP sequence number greater than the frame which already

began transmission on the other supplemental channel.
If it is determined that both timers expired at the same time, as is
35 illustrated in point 990 of FIG. 9B, then all received frames and all buffered
frames are forwarded to RLP3E layer 344. For example, at point 990, in FIG.
9B, all received and buffered frames are forwarded to the RLP3E layer.
Additionally, each expired timer is set to the frame duration of the



25 frames that were received before or on time 80 (60 + 20) woul d be
forwarded to the RLP3E |ayer. Likew se, at point 985, frames that were
recei ved B&XQ@£2874or on time 120 (100 + 20) woul d be f or \RgTAESE/24954t he RLP3E
| ayer. Additionally, the expired timgr is set to the frame duration of the
suppl enment al channel associated with it, and it is recorded that a frane is
30 about to begin transm ssion on the channel associated with the expired
timer, andupplementad thanrel dssodiated witlyiih It énsetbsddadothad nthehseguengepl enent al -
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the 15 Sugﬂ* e@%@ﬁ fﬁrtﬁn T bﬂ:? i‘esr ?oqua\{g ‘111 fIQxH?.% td glmaﬁ%g%?@ IWE':hCh bot h

suppl emental’s nethodology
can be si W§re mceﬁ'eém% eferq m&smqwﬁ@ thalatti frane trangessionme exactly

one t ROrer began o she btltesaugpiimeritalanes to the RLP3E | ayer which were

recei ved on Or%bﬁfogﬁ%ﬁon%' ASEAAOHS,ALKEL JhEr iRlr Yh@ BipldnsfF ssion 20

began on the other suppl enen d Whet her
either ti Reitheratimex hiassxpired, thedpioRess MOYRS %é@c’éﬁ ?r@'&lblqcﬁea 39 8Hess noves
to bl ock 83fhesracdivert krofidGnultiplex Suldays 348cee beffefedomtmﬂzémaiyeanaubl ayer

348 are byfd el6daleR! fh W Pu¥feRMemory with the value of the current time

25 reference. Additionally, in an alternative embodiment, a flag,

FUND_DELIVERY_OK, is checked. In such an embodiment, if a

fundamental RLP3E frame was received in step 502, and the value of

FUND_DELIVERY_OK is TRUE, then the fundamental RLP3E frame is

delivered to RLP3E layer 344 and is not buffered. In such an embodiment,

30 FUND_DELIVERY_OK is then set to a value of FALSE. The process then
moves to block 500.

In block 810, if either one of the timers has expired, then the process
moves to block 840, where it is checked whether both timers expired. If both
timers expired, then the process moves to block 850. In block 850 multiple

35 variables and timers are set to track when frames are being transmitted by
base station 310.

In block 850, variables are set as follows. The variable

SUP_FRAME_TXDI[S] is set equal to 1 and the variable




are associated in the buffer menory with the value of the current tinme 25
reference. Additionally, in an alternative enbodi nent, a flag,

FUND DEL| VERYofdés74 S checked. I n such an enbodi ment, if arcfrusudansnt al
RLP3E frane was received in step 502, d the value of FUND DELIVERY K is
TRUE, then the fundanental RLP3E frame™i s delivered to RLP3E |ayer 344 and
I's not buffered. In such an enbodi nent, 30 FUND DELIVERY OK is then set to
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expire as sazpalteﬁlaftm éhBOGIHh&R] WRe @falﬁ&%ffFlﬂUD DELIVERYAOKT it tseel toN

suppl errent I shes d tiner R[L] will expire as soon as the
transm ssi o Tﬁ er’ﬁ"?‘?ﬁ ﬁeen G VEr 50 rﬂc%(t on su eél enmental L finishes. In
an alt e¥nati ve éﬁbbmchem rammesicthat wereDbpfferedERye deryvardest (pad TRUE.

The processrehliried TROMRThéE Buffét)(ﬂs RIFGE laper sn4td1@ﬁg< wifiD theafdandes agesivedat were
buf f er 80 ar gk gk YR 88Hed 8560 ms! dﬁé@dpvaedﬂa HFobdas R bityles' @ BbERBop.2YfT 344

along with ranes re curren
process t hdiogn§4 15(1619041%#@#%“5@@ that onky) ere timey expire; thespmsmlmv@a t hat
only one titsebloekB70£din bRekps70cas s rdutesninkd Whetker83UP_MMER{TK 0870, it
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Eissetto 1 and N is set to 2 Ot erwise, E is set to 2 and N is set to 1. Thus,
the index E is associated with the channel for which the timer expired, while

N is associated with the channel for which the timer did not expire.
In block 880 it is checked whether the wvalue in variable
25 SUP_FRAME_TXDI[E] is greater than the value in variable
SUP_FRAME_TXDIN]. If the value in SUP_FRAME_TXDIE] is greater than
SUP_FRAME_TXDIN], or the value of SUP_FRAME_TXDI[N] is set to
NO_SUPS_TXD, it indicates that the frame received on the supplemental
contains a greater RLP sequence number than the frame in transit on the
30 other supplemental. In such a case, the process moves to block 882. In block
882, SUP_FRAME_TX_TIME[E] is set to the value of the current time
reference to indicate that a new frame is about to be transmitted on the
channel associated with the timer that just expired. Additionally, the timer,
SUP_TIMER[E], is set to SUP_DURATION[E]. Thus, SUP_TIMER[E] will
35 expire as soon as the transmission of the next frame finishes. The process
then moves to block 884. In block 884, all frames received from multiplex
sublayer 348 are buffered into a memory area and are associated in the buffer

memory with the value of the current time reference. The one exception to



Eis set to 1 and Nis set to 2. Gherwwse, Eis set to 2 and Nis set to
1. Thus, the index E is associated with the channel for which the tiner
expired, wWWQ¥20§4i s associated with the channel for whi dcriuseodspsaer di d
not expire. In block 880 it is checkeggwhether the value in variable 25
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reset to FALSE. The process then moves to block 896.

25 In block 896, SUP_FRAME_TXDIE] is set to a value greater than
SUP_FRAME_TXDI[N], indicating that the frame about to begin
transmission on the supplemental will contain an RLP sequence number

_greater than that contained in the frame already in transit on the other
supplemental. SUP_FRAME_TX_TIME[E] is set to the value of the current

30 time reference, system time in the exemplary embodiment, to indicate that a
new frame is about to be transmitted on the channel associated with the
timer that just expired. Additionally, the timer, SUP_TIMER|E], is set to
SUP_DURATIONIE]. Thus, SUP_TIMER[E] will expire as soon as the
transmission of the next frame finishes. The process then moves to block

35 500.

FIG. 12 illustrates a preferred embodiment of the operation described
in FIG. 8. Turning to FIG. 12, in block 1810, MODE equals Buffer. It is
desired to buffer all frames that come in at a time which is greater than the




20 supplenental frame currently in transit began transm ssion, are renoved
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vari abl e FUND_DELI VERY_OK, the variablyg FUND-DELI VERY OK is reset to

FALSE. The process then noves to block 896. 25 In bl ock 896,
SUP_ FRAME TXD[E] is set to a value greater than SUP_FRAMVE_TXD[ N,
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methodology is used.

25 First, the relative sequence numbers of the last transmitted frame on

each channel are compared.

If it is determined that the sequence number last transmitted on the
supplemental channel associated with the expired timer is greater than the
sequence number last transmitted on the other supplemental channel, then

30 the received frames are buffered, and the expired timer is set to the frame
duration of the supplemental channel associated with it. In the preferred
embodiment, the setting and comparison of the values associated with
SUP_FRAME_TXD is done via unsigned modulo 8 arithmetic operations.

As an example of the dual buffered methodology in which both

35 supplemental timers expire at the same time, at point 1030, in FIG. 10,

- frames 4 and 5 would both be buffered. As a second example, at point 1040,
frames 6 and 7 would both be buffered.



the desired franes. 20 In the dual channel buffered nethodology, it is
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timer is stWPI01208Thi ng when the ot her expires, as ill ustPCHER0249590i nt s
970, 980, and 985, of FIG 9B, and isgpllustrated at points 1020, 1030,

and 1040, of FIG 10, the followng nethodology is used. 25 First, the
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If it is determined that both timers expired at the same time, as is

illustrated in point 990 of FIG. 9B, then all received frames and all buffered
25 frames are forwarded to RLP3E layer 344. For example, at point 990, in FIG.
9B, all received and buffered frames are forwarded to the RLP3E layer.
Additionally, each cxpired timer is set to the frame duration of the
supplemental channel associated with it. It is recorded that the sequence
number encapsulated in the frame being generated on the supplemental
30 with the larger duration is of a relatively larger value than the RLP sequence
number encapsulate_d in the frame being generated on the other
supplemental channel. In the preferred embodiment, a variable,
T_DELIVER, is set ei;ual to the value of the current time reference plus 20
ms, indicating that a fundamental RLP3E frame received at the next interval
35 should be forwarded to RLP3E layer 344.
In a system in which both supplementals are guaranteed to have the
same frame duration, when exactly one timer expires, the frame in transmit
on the other supplemental will contain an RLP sequence number that is




about to begin transm ssion on the channel associated wth the expired 20
timer, and that the frane about to begin transm ssion on this suppl enental
wi | | cont ssow1zes7®RLP sequence nunber greater than the fr zar/usod/plssal ready

‘began transni ssion on the other supplgnental channel. If it is determ ned

that both tinmers expired at the same tine, as is illustrated in point 990
of FIG 9B, then all received frames and aII buffered 25 franes are
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In block 1850, variables are set as follows. The wvariable
25 SUP_FRAME_TXDI[S] is set equal to 1 and the variable
SUP_FRAME_TXDI[L] is set equal to 2, denoting that the sequence number
associated with supplemental channel having the largest duration is larger
than the sequence number associated with the supplemental channel
having the smaller duration. The variable T_DELIVER is set to the value of
30 the current time reference plus 20 ms, denoting that all frames that arrive
prior to time T_DELIVER should be forwarded to RLP3E layer 344.
Additionally, timer SUP_TIMER]S] is set to SUP_DURATIONJS], and timer
SUP_TIMER][L] is set to SUP_DURATIONIL]. Thus, timer SUP_TIMER[S]
will expire as soon as the transmission of the frame being transmitted on
35 supplemental S finishes, and timer SUP_TIMERI[L] will expire as soon as the
transmission of the frame being transmitted on supplemental L finishes.
The process then moves to block 1860.



1818. In block 1818, the fundanmental frane received during the period is
forwarded to RLP3E | ayer 344. The process then noves to block 500. In block
1810, if ei WRM2WH of the tinmers has expired, then the pPEwESNs2493¢ npves

to bl ock 1840, where it is determ ned ghether both timers expired. If both-

timers expired, then the process nmoves to block 1850. In block 1850
multiple variables and tinmers are set to track when franes are being
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greater than the sequence numbers in the frame yet to be received on
channel N, then it is determined that no frames should be forwarded to the
25 RLP3E layer during this period, and the process moves to block 1892. In
block 1892, all RLP frames received from multiplex sublayer 348 are buffered

into a memory area and are associated in the buffer memory with the value

of the current time reference.
In block 1880, if it is determined either that SUP_FRAME_TXD[N]
30 equals -1, indicating that no frames have begun transmission on
supplemental channel N, or the value of SUP_FRAME_TXDIE] is less than
the value of SUP_FRAME_TXDI[N], indicating that the frame received on
supplemental channel N has a sequence number that is lower than that
currently being transmitted on supplemental channel E, then the process
35 moves to block 1882, where the appropriate frames are buffered and the
appropriate frames are forwarded to RLP3E layer 344.
In block 1882, if the current reference time is less than or equal to
T_DELIVER, all of the frames are removed from the buffer memory and are



SUPFRAME_TXD[ N] does not equal -1, and whether the value in
SUP" FRAME TXD[E] is greater than the value in SUP FRAME TXD[N]. If the
val ue in SUPIHERENME TXD[ N] does not equal -1, indicating peEUSe2884franme has

‘begun transm ssion on supplenental chgpnel N, and the value in

SUP_FRAVE _TXD[E] is greater than the value in SUP_FRAME TXD[ N], indicating
that the sequence nunbers in the franme received on channel Eis greater
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soon ”‘tﬂeretirs%ih%rﬁcﬁ%%gfﬁfenﬁéiﬁalf EiieleiFIQ, A aNaskitbed 220 mspRhenent al E

finish Addi t LI VER t t f th
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prior to termEI@mnum;rvER&IkRﬁEdatbérartsmmqrecﬁys@mﬁo@@nmg gfa. Lastly,
fundamental channel 901 and one supplemental channel 902.

Supplemental channel 902 is configured to have a CDMA frame duration of
25 80 ms, and to have a 60 ms channel offset.

As illustrated, fundamental channel 901 transmits 20 ms CDMA
frames containing RLP3E frames of sequence numbers 0,1,2,3,5,6,7,8,10, and
12, Supplemental channel 902 transmits 80 ms CDMA frames containing
RLP3E frames of sequence numbers 4 and 9. As illustrated in FIG. 9A, frame

30 0 begins transmission at time 20 and finishes transmission at time 20.

At point 910, representative of the 60 ms supplemental channel offset,
fundamental channel 901 finishes transmission of frame 2 (the frame
containing RLP sequence number 2) and begins transmission of frame 3.
Additionally, supplemental channel 902 begins transmission of frame 4.

35 At point 915, fundamental channel 901 finishes transmission of frame
3 and begins transmission of frame 5.
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suppl enment ?I?im G% on of 80 ns, and
to have a g%gﬁg’%rahﬁmgs%mﬂ QZh econ ﬁ(sesup Isglt%gﬁatggég?g configured to
have a CDMA fr afYbPein 860.ciepBseniptivg of the 3?1&‘9( snpigmentabohannel ipffgel  of f set .
As i | | ust r Atrethmdrtaid aianhell 961 dfirtishes9 rhnstriigsiori of fRfineTE) QNG framees
cont ai ni ng.R:ERnd HE Sedllente WK 2) and begins transmission of frame 1.
25 Additionally, first supplemental 952 begins transmission of frame 2.
At point 970, representative of the 60 ms supplemental channel offset,
fundamental channel 951 finishes transmission of frame 3, and begins
transmission of frame 4. Additionally, second supplemental 953 begins

transmission of frame 5.

30 At point 980, fundamental channel 951 finishes transmission of frame
6, and begins transmission of frame 7. Additionally, first supplemental 952
finishes transmission of frame 2, and begins transmission of frame 8.

At point 985, fundamental channel 951 finishes transmission of frame
7, and begins transmission of frame 9. Additionally, second supplemental

35 953 finishes transmission of frame 5, and begins transmission of frame 10.

At point 990, fundamental channel 951 finishes transmission of frame
12, and begins transmission of frame 13. Additionally, first supplemental 952
finishes transmission of frame 8, and begins transmission of frame 14.
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nms CDVA frames containing RLP3E franes of sequence nunbers 2,8, and 14.
Second suppbenmeisal 953 transnits 60 ns CDVA frames contpeTisw28sP3E 20
frames of sequence nunbers 5, 10, and,d5. As illustrated in FIG 9A frame
O begins transmssion at tinme 20 and™tinishes transm ssion at tine 20. At
poi nt 960, representative of the 20 ns suppl enental channel offset,

fundanent q*mﬂganéb%bna% PPleheRRs 9532R81hES ithihsalisdibRNEF Brabiehaof hade
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suppl ementrailmbdrasnel Secohll Gupfleinkhtadt 10603€&rafsrh@t® 2B thé NEDNEA | f2imed Whi ch
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an RLP3E NSM Ssi on Sys |ng of a fundanental channel
1001, a first Sppeigkeil rqmaméatwel ms SApplemeniahl ehamedl channel
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12 Sl R e B bl e

1003 is con % F
20 ms cha ihgna SA§‘1PP GAgTH éﬂoz ?Elﬂ%ié??é‘l‘i{nd?m%é?fnfé?mfoﬁla%‘i ansmits

20 s CDVketforehmsppdemicniahil003 BegHAE transmisstorobf fremeence nunbers 0,1, 4,6, and
8. First suppl ayepdiat 196 fundamental channel 1001 finishes transmission of
frame 1, and begins transmission of frame 4. Additionally, second
25 supplemental 1003 finishes transmission of frame 2, and begins
transmission of frame 5.

At point 1030, fundamental channel 1001 finishes transmission of
frame 4, and begins transmission of frame 6. Additionally, second
supplemental 1003 finishes transmission of frame 5, and begins

30 transmission of frame 7.

At point 1040, fundamental channel 1001 finishes transmission of
frame 6, and begins transmission of frame 8. Additionally, second
supplemental 1003 finishes transmission of frame 7, and begins
transmission of frame 9.

35 At point 1050, fundamental channel 1001 finishes transmission of
frame 8, first supplemental 1002 finishes transmission of frame 2, and
second supplemental 1003 finishes transmission of frame 9.



15 transmts an 80 ns CDVA frames containing RLP3E frame of sequence
nunber 3. Second suppl enental 1003 transmts 20 ns CDMA franmes contai ning
RLP3E frane¥08128&uence nunbers, 2,5,7, and 9. At point REF¢H00/24954
representative of the 20 ns suppl enent@d channel offset, fundanental
channel 1001 fishes transm ssion of frane O (the frame 20 containing RLP
sequence nunber 0) and begins transm ssion of frame 1. Additionally, first

suppl ement al 100thetpergiinustdeaeriptions phthegprefersadeersbodiments éixprayidedpd enent al -

1003 begi nSerfabfNgRy petsbn sKilldd A theartAb ke or M3eGhe fprosairemiahtiohannel
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1001 fi ni stemsbadisenis swivonherein butisdode agnordsd ghe svidestrasape sonmistent f r ane 8.

Addi t i onal liyith $RE PRcipieMM E BRI akatlPE3distiBb&h Rerelr. ans i ssi on of franme 7,
and begins transmssion of frame 9. 35 At point 1050, fundamental channel

1001 finishes transmssion of frame 8, first supplenental 1002 fini shes
transm ssign of frame 2, and second supplenental 1003 finishes

transmi¥si dNesdaimiae 9. WD 01/ 20874 PCT/ EJS00/ 24954 36 The previ ous
description of the preferred enbodinents is provided to enable any person
skilled in the art to nake or use the present invention. The various

nodi fications to these enbodinents will be readily apparent to those
skilled in the art, and the generic principles defined herein may be 5
applied to other enbodi nents without the use of the inventive faculty.
Thus, the present invention is not intended to be [imted to the

enbodi ments shown herein but is to be accorded the w dest scope consi stent
with the principles and novel features disclosed herein. 10 W claim WO
01/ 20874 PCT/ US00/ 24954 37 1 1LLI"1 1L~ ML L~ 11 1'11 L Mg
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1. Anethod for delivering frames to a higher layer in the order 2 of
transm ssion, conprising the steps of: determ ning the nunber of

suppl emrentwb ogf@mel s; 4 setting at | east one counter inprermsdodassge W th
"said determination; and 6 delivering said franmes in accordance with said
at | east one counter. 2 2. A nethod for nunbering framesthat--are—to-be
constructed for concurrent delivery o a | ower | ayer | B st eps
-of: 4 determ ning the |l engths of each of said franes HmmmInJmEW”rEHtlon
of any of said frames; and 6 nunberi nﬂ\/lt he frames with respectt Tt sald
determ ned respective lengths. CLAIMS

1. A method for delivering frames to a higher layer in the order
2  of transmission, comprising the steps of:
determining the number of supplemental channels;

4 setting at least one counter in accordance with said determination;
and

6 delivering said frames in accordance with said at least one counter.

2 2. A method for numbering frames that are to be constructed for

concurrent delivery to a lower layer, comprising the steps of:

4 determining the lengths of each of said frames prior to construction of
any of said frames; and

6 numbering the frames with respect to said determined respective

lengths.



