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of* the I nvention The current invention relates to wirel ess comruni cations.

More partic I the present invention relates to an irrprqaqc}" and
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techni ques, such as tinme division multiple access (TDWA), frequency
division multiple access (FDI\/Aﬁémd AM nodul ati on schenes such as

anpl i tude conpanded si ngl BAGKKGROUNNESFarHEKINVENTIONhe art. These
techni ques have been standardi zed to facilitate interoperation between
equi pment manuf actured by different conpanies. Code division nmultiple
access conmuni beﬁlﬁlélrﬁfthes‘}"é’leéﬁl@ﬂhave been standardized in the United
States in Tel econmuni cations Industry Association TIA ElIA1S-95-B,
entitled "MOBI LE STIfi¢ QUrBASE iSVATIEN 251afaViRA TWileldsE Y STRANGARRLBRR More

DUAL- MODE W DEBAND SP SPECTRUM CELLULAR, SYSTEMS", .i ncorporated by
ref erence herePW%%%ePﬁ% MVEnEon, Felgies (6 angimprov dﬂe:ab 1" and o\

standard for Cedemdthatsraquirasl depleasat cessp cimeurinc @stablishings temaditadibleen

proposed i{yt hg o5t | N Tel ecommuni cations I ndustry Association
PN- 4431 tof%e gf)o %Jél}gl(lﬁgﬁzgggag&H'A/ El A/ 1 S-2000-5, entitled "UPPER LAYER

(LAYER 3) SI GNALI NG STANDARD FOR cdnma2000 SPREAD SPECTRUM SYSTEMS®', dated
July 11, lQQQ,IIi,M&p?ﬁ&EgQﬂWREQ‘t@dQ}@e herein, and hereinafter referred
to as 1S-2000. The International Tel ecommunications Union recently
requested the 35 subm ssion of proposed nethods for providing high rate
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which a large number of system users are present. Other multiple access
communication system techniques, such as time division multiple access
(TDMA), frequency division multiple access (FDMA) and AM modulation
schemes such as amplitude companded single sideband (ACSSB) are known
20 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
Association TIA /EIA /IS-95-B, entitled “MOBILE STATION-BASE STATION
25 COMPATIBILITY STANDARD FOR DUAL-MODE WIDEBAND SPREAD
SPECTRUM CELLULAR SYSTEMS”, incorporated by reference herein, and
hereinafter referred to as IS-95. In addition, a new standard for Code
division multiple access communications systems has been proposed in the
United States in Telecommunications Industry Association PN-4431 to be
30 published as TIA/EIA/IS-2000-5, entitted “UPPER LAYER (LAYER 3)
SIGNALING STANDARD FOR cdma2000 SPREAD SPECTRUM SYSTEMS”,
dated July 11, 1999, incorporated by reference herein, and hereinafter referred

to as 15-2000.
The International Telecommunications Union recently requested the
35 submission of proposed methods for providing high rate data and high-
quality speech services over wireless communication channels. A first of
these proposals was issued by the Telecommunications Industry
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G I PR A S N SN e
voi ce framsd. 'ﬁpphcatmns In many non-voice applications, such as the transmission of
Internet protocol (IP) data, the delay requirements of the communication
systen are much less stringent than in voice applications. In the
Transmission Control Protocol (TCP), probably the most prevalent of
- protocols used in an IP network, virtually infinite transmission delays are
25 allowed in order to guarantee error-free transmission. TCP uses
retransmissions of IP datagrams, as IP packets are commonly called, to
provide this transport reliability.
IP datagrams are generally too large to fit into a single IS-95 frame.
Even after dividing an IP datagram into segments small enough to fit into a
30 series of IS95 frames, an entire series of I$-95 frames would have to be
received without error for the single IP datagram to be useful to TCP. The
frame error rate typical of an IS-95 system make the probability of error-free
reception of all segments of a single datagram very low.
As described in IS-95, alternative service options enable the
35 transmission of other types of data may in lieu of voice frames. The
TIA/ELIA/1S-707-A, entitted “DATA SERVICE OPTIONS FOR SPREAD
: SPECTRUM SYSTEMS", hereafter referred to as I5-707, describes procedures
" used in the transmission of packet data in an IS-95 system.
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frame transim sghofrhs RS O ALdRETEVE 15/ Adate! 2 kit FoRle kind of
20  error control layer, all 25 of these frames would have to be received without
error in order for the IP datagram to be useful to higher protocol layers. On
an IS-95 channel having a 1% frame error rate, the effective error rate of the
IP datagram delivery would be (1 - (0.99)%), or 22%. This is a very high error
rate compared to most networks used to carry Internet Protocol traffic. RLP
2> was designed as a link layer protocol which would decrease the error rate of
IP traffic to be comparable to the error rate typical of a 10Base2 ethernet
channel.
RLP is a negative acknowledgment (NAK) based protocol in which
NAK frames are sent to prompt retransmission of data frames lost because
30 of communication errors. The timing of NAK frame transmission is based
on estimates of round-trip time (RTT) determined at the start of an RLP
session. RTT determination in existing version of RLP requires a 3-way
handshake in which both sides transmit specific frame types based on the
frame types received. No data is sent by either side until the completion of
35 the 3-way handshake. This 3-way handshake consumes time that could
otherwise be used to transmit data.
- In a typical data services configuration, a laptop computer is
connected to a wireless modem that communicates with a network over an
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present invent icomputgrbe used to allow transm ssion of RLP data 30 wi thout
requiring the conpl %tr{n%l]ng fu}? aBﬁAA@yRﬂﬁnsdessshl?nKleto -I;dipltlee\%e hta will always take
20 longer than sending the new data over an already-existing RLP session.
Existing versions of RLP require the performance of a 3-way handshake to
establish an RLP session. It is therefore highly desirable to minimize the
overhead required to establish an RLP session, including minimizing or

- eliminating the delay inherent in the 3-way handshake.

SUMMARY OF THE INVENTION

The present invention may be used to allow transmission of RLP data
30  without requiring the completion of a 3-way handshake. The present
invention is applicable to any communication system employing
transmission of a byte stream over a wireless channel. The present
invention is applicable to systems such as cdma2000, W-CDMA, and EDGE,
wherein a byte stream may be carried within over-the-air frames specified

35 for use by the wireless communication system.
The present invention includes methods of negotiating an initial
RTT estimate to be used for an RLP call. The initial RTT estimate, along
with other RLP parameters such as NAK scheme and encryption
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configured in accordance with an enbodi nent of the invention. FIG 2 is a
di agram showi ng the flow of nessages used to establish an 20 RTT estimate
using an RLP 3-way Hawdigsimess, pbjects3andsadvantagesanf showpragenhanientionf will

messages used tHacBiledibs Rppareitesi BRY dgtaleli Ofle i dpe bET BT Beddiy {e@@wg
an RTT esti.pate jn accordance wth an enbadi nent of the i1 nvention. F 3b
is a di agram sHBSEhy CRBIUIGRNW ‘ﬁ%§§%é§§“ﬂ§&ﬂ@d”h@h%?sf?f%en2§ dhagacters

station origi nddentifgl freespondanglyothzougfdueand Vehéreimt accordance with an
ebodiment of the |HEMN'Q afigram®8t bafta’ BN laMnd s R RIEGNEM T 2
accordance with an embodiment of the invention.

FIG. 2 is a diagram showing the flow of messages used to establish an

20  RTT estimate using an RLP 3-way handshake.

FIG. 3ais a diagram showing the flow of messages used to establish a
subscriber station originated RLP call having an RTT estimate in accordance
with an embodiment of the invention.

FIG. 3b is a diagram showing the flow of messages used to establish a

25 base station originated RLP call having an RTT estimate in accordance with
an embodiment of the invention.

FIG. 4a is a flowchart of the steps taken by a subscriber station to
initialize and use an RLP link in accordance with an embodiment of the
invention,

30 FIG. 4b is a flowchart of the steps taken by a base station to initialize
and use an RLP link in accordance with an embodiment of the invention.

FIG. 5 is a flowchart of the steps used to update RTT estimates during
an RLP session in accordance with an embodiment of the invention.

FIG. 6 is a block diagram of an apparatus used to establish and use an

35 RLP link through a CDMA wireless communication channel in accordance
with an embodiment of the invention.
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102 and base stVEnsionq prrgtocn&gasupmntmm gaghaol (PRRK) Both B. andy BPP
exenpl ary embodbiRedol®fard Reell RREFANN {H@vgg,@t i on, subscriber station 102
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time-consum ng p%'ese t mavne%%%%kesugsré%i)gla fstai:mn % sends I:?arsessitatlon 104 a Service
20  Request Message specifying that subscriber station 102 can accept an initial
RTT estimate sent in a Service Response Message from base station 104.
Upon receiving this Service Request Message, base station 104 sends
subscriber station 102 a Service Response Message that includes an initial
= RTT estimate to be used by subscriber station 102. After base station 104
25 provides an initial RTT estimate to subscriber station 102, there is no need to
perform a time-consuming 3-way handshake. Thereafter, when either side
transmits a NAK frame, it uses the delay between transmission of the NAK
frame and receipt of a corresponding retransmit frame to update its RTT
estimate for use in the ongoing RLP communication link.

30 FIG. 2 shows how an initial RTT estimate is established in
conventional RLP communication links using the 3-way handshake.
Subscriber station 102 transmits SYNC frames 202, SYNC/ACK frames 204,
ACK frames 206 and data frames 208 to base station 104 on the reverse link.
Base station 104, in turn, transmits SYNC frames 220, SYNC/ACK frames
35 222, ACK frames 224 and data frames 226 to subscriber station 102 on the
forward link. In the example shown, round trip time (RTT) 230 is 8 frames
long. The entire synchronization period 232 of generating a first RTT

estimate is 12 frames long, or one and one half times as long as RTT.
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every frame period. \%atslgﬁgsj?g?’l ﬁérlgéﬁtahgguégé%@; RSA bd %ﬁcﬁﬂ%ﬁ%ﬁtﬁ“&ﬁmbef
process by traftatian 1Y heasesyimur SaNCofomes 202ertp 202tyesubScrieri statiort 102
time 242, aftcreltayds he e bYRI ankOthPRAndntuad 57 bsPsEiHHACh0e St BN

102 has sent four .SYNC frapes 0 202d, s [ station 1 o
recei ves the f ir?%ecw@ﬁ\l@‘lﬁrg%é é&é&t 1340e $uBscTREs cStation | $APY GranSPBHNg
recei vi ng 10i s SYINGtfr&XdCahd dnste2? Orarssthiss rdriaesmtfa/tA@n ﬁi@eszmra*a?yfiﬁéﬁﬁg
10 SYNC franes I n ad . tr I,its one. SYNC/ ACK.fra 04 y. frane
period. Also apgﬁlgr‘%é. ,aqt%gggg ’al?illSSr?pa%ﬁ)zfl i&é‘f‘%?é‘éestﬂ% é{ﬁtsﬁ?@ﬁ@m?agﬂga
202a transmi t traasmitted hycsubiseribert station 1082, Uppo receivirigy ithig fist SYNC $taR¥NC
frame 202a, bagea Hadl QR 1 \ﬂa\l&1 i

transmts one SY%@%%%%‘I% egﬁg&;@/ﬂz rargelsggiéo ) éﬁsaﬁ? & ngdztg%ﬁﬁﬁgts
subscri ber stafP6 il’{.e;"é’é‘3 £he eVenstramenpenigk frane 222 transnitted
by base stdfion 104 AtUpae 2a¢ceibscribet Basiohi 102! reSihiet ARKFfirdtr SYRC2AGK frame

ransm U one. Ak TGRSt 0L YA St 10, ot AREEVE ol FYNG a0k
station 104 ref@ime222hsubbqriter SIGOACKOpSatrang@dttingaBYNCY ACK yrafies and
Slaton 104 st gpe L AT L . S A o ane o pefiel, ARac e 2EE°
K 1o 324 B6%: SReRT108 ateipes the first SYNG/ACK 'frame 304 transmitted by

20  subscriber station 102. Upon receiving this first SYNC/ACK frame 204, base
station 104 stops transmitting SYNC/ACK frames and instead transmits one
ACK frame 224 every frame period.

At time 246, subscriber station 102 receives the first ACK frame 224
- transmitted by base station 104. Upon receiving this first ACK frame 224,

25  subscriber station stops transmitting ACK frames and can begin sending Data
frames 208 every frame period. Also at time 246, base station 104 receives
the first ACK frame 206 transmitted by subscriber station 102. Upon
receiving this first ACK frame 206, base station 104 stops transmitting ACK
frames and can begin sending Data frames 226.

30  The period between time 240 time 246 is one and one half times as
long as the RTT 232 used for timing of subsequent NAK frames. In other
words, the time between transmitting the first SYNC frames 240 and the
transmitting the first data frames 246 is one and one half times as long as
RTT 232. If RTT 230 is 8 frames as shown, then the time required to perform

35 the 3-way handshake 232 is 12 frames.

If any SYNC, SYNC/ACK or ACK frames are lost to communication
errors during the 3-way handshake, this synchronization time can be longer.
- Additionally, such communication errors can cause the resultant RTT



At time 246, subscriber station 102 receives the first ACK frame 224 70 frg oy
transmtted by base station 104. Upon receiving this first ACK franme 224,

25 subscriber station stops transmtting ACK frames and can begi n sendi ng
Data frames 2O8EBPy frame period. Also at tine 246, base stRETH/GH0B0RM
receives the first ACK franme 206 transmttéij by subscriber station 102.

Upon receiving this first ACK frame 206, base station 104 stops

beri od bet waen § Lo o bed0fperhaPBlo h REAIRTE oPEhE RIFIGR. Z4% RIT Himate
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resul tant RTT e5tneofawar ﬁl&mybsosmorsoegmatad RLED cbl ihcagerdartwenwithe
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RIT of the RLPCLLRE Lomie i eqareRai ﬁ?ﬁ%‘%ﬁﬁtﬁéﬁs‘ﬁﬁgqm ¥ ednsfagy

frames when a PPEF 5%‘9“ SepdfdupscriResstationy 402 andpitial & ﬁmaé%lttﬁlme in
errors). Sl@h dplomes- the-mncmtsm@ plggr sdil@@l&'&h!s.lli!ng5tl'ie|‘l€‘2LI=3'lii{l@cOI and can

degrade the throughpu FIG, 3ais ram of..an i ved
message flow used to e %‘ Fapt 5 ﬁg\;rﬁo%g?‘?%t gubsert grs Lion; plo2 ?FE{;EO%Y
ori gi nat ed RLPtréﬁﬁmlﬂmgadtﬁﬁnaﬂ%eRequ&st Messagbo¥)2remtbasé gthtionntest i bo.the

| d of . ven 0 b
Stati on iozpiﬁﬁ}%ﬁﬁﬁ‘ﬁf&%ﬁf?ﬁ% e 1Rvendon® Gl Rty hatles MRS

prior to estabM&hSYRFCriRer §fasign 102 FuPPeKES Feeeiving yare nibidalmdET frops chaseer
station 1015 begﬂansnbym twalmmu tat BAga }&fdéhﬁﬁe Reqlﬂeﬁ{e Vrefafd FrbbQitiaAL

tati 104. th
;Sngl ngs i ndi ca ,_f‘;;% R?ﬁE{ ‘?WI gggg \éﬁf#‘bgn?]e%*;}?‘%iggg
initial RTT frenfpegying Os\?aqu nreibh‘\mscl'lemm aupported Hansidisakiber btatione102.
f d enb |
preferred enbogdérvidd Re 1§.%'§ ‘Mé's‘%a QU@%ISO’\%'@gne ; %lﬁﬁéﬁﬂ%ednrggaayg%%ter

addi ti onal par mat e eci nor e supporf’ed
by subscri ber Océ’mmgéﬂl uest Message 302 al so optionally
i ncl udes eXkrypt i onAmed(rstheme i&mhatiteeﬂﬂéﬁ BP ARY HEAbePdf| NAK frames sent

after each expiration of a NAK timer when a corresponding retransmit
frame was not received. An example of a NAK scheme is a 1,23 NAK
scheme wherein first one NAK is sent. If the NAK timer associated with
. that first “round” of NAK's expires without the reception of a corresponding
25 retransmit frame, then another round of NAK's consisting of two NAK
frames is transmitted. If the NAK timer associated with the second round of
NAK’s expires without receiving at least one corresponding retransmit
frame, then a third round of three NAK’s is transmitted. Other possible
NAK schemes include a five-round 1,1,1,1,1 scheme, a two-round 1,2
30 scheme. Alternately, Service Request Message 302 may indicate a no-NAK
scheme appropriate for a synchronous RLP protocol, as is well known in the

art..
Upon receiving Service Request Message 302 indicating no 3-way
handshake, base station 104 transmits Service Response Message 304
35 containing any additional or proposed modifications to link parameters.
Upon receiving Service Response Message 304, subscriber station 102
transmits a second Service Request Message 306 im_:licating acceptance or
rejection of the parameters proposed in Service Response Message 304.



20 A NAK schene is characterized by the nunber of NAK frames sent .,anfte{,, a1
each expiration of a NAK tinmer when a corresponding retransmt f r dme"ak
not received. An exarrpl e of a NAK schene is a 1,2,3 NAK schene vvherel n
first one NARQMAEBY: ~ |t the NAK tiner associated with thatPGTYSHN3086UNd"
of NAK s expires w thout the reception of a9correspondi ng 25 retransmt
frame, then another round of NAK s consisting of two NAK frames is

transmtted. |{dde r%vﬁ'lg“fger@ﬁéoﬂeﬁh@éjc Més?%é‘?ﬂ@eﬁgﬁdsfa%{éﬂd 19& tran riits

expires vmthoué receivin ameast 0 &orres retransm t
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A ternately, SS{VI o ‘ﬁ& est w¥ i ndi cat e a no- NAK
appropriate for & §§n3 ’g chemes x| enqry¥BliAn; patameetery s
Upon recei ﬁngdsenmedeatﬁawest I\/Essage 302 indicating no 3-way handshake
base station 104 tral 0, 5 ¢C ntal

addi ti onal or propos%m&%ﬁ%gons ?C% ?onﬂe%ar §%%3188%3’3 gf)%rfq?té@é

Servi ce ResponBBmyggiaiglye %m tostrarwnitiatasirames 31062 subseqmnttfsamesmwdh

Servi ce RequestpMasaaas, 6%%&&@6%&%/&@&%@%@%%@%@& E@glgﬂf lbf‘?'nay

par aneters pro sed, in 'ce Re%gpnse Mess
PCT/ US00/ 30834 ‘-‘&nUﬁBﬂ‘eaé%ts ¥ i R ssaittinge Dady e833 igcbawo stabiere 184.at Asn

104 tr ?ns rrlct s dﬁenssedanqssarm tﬁ%ﬁﬂﬁ@lcﬁ@%{; lmwtaqaé:ggﬁ 31bé'argiog§i déé}g‘slso be

araneters to ervice Response es an a ervice
IOConnect I\/Essag‘g&ég%fqmnl a aﬁﬁSPtf%Heal Isgeqxﬁ%c? anR . ;91enRE the previous
encryption pardwesages, ot urildiasbesseel Gomvert Gbtepleter Messhge i(ngt Showe is
Connect Nessackciiidd n?agﬂe %rars?mnslaeé e siillBRdhahe! 3t HAH! IbdALEANMT dn

Data frames 310 ent erio pon receivin
Connect I\/lessagft‘éfl “a u r} bigne’ sP&f@@ﬁte}.’(&f aRgrvige Giann maplets Message

transmittily Daag Eer anpdo ikl withdisdepdrtinig Modlthe Presd@t Fiveatsned in _
an “acti on 11 e SS'@BO?”&%%%S%E”%F%@N& mesm o 30F hete gfbion 01
until a Servi cmamlmehecmmmi Semgzséganeatdﬂemgam)&lmmechamlyed"}ﬁy sbioet or
T P e
enpl oyed with S%Saaf’ti YRS %QHﬁgsMﬁ?ﬁ&q t issteh ysbartradeanly igorkse
first Servidlce Wwhgnette Imsmﬁoﬁroﬂ?md by Bdsenstdfidn 104 in Service Connect
Message 308 are supported by subscriber station 102 and are appropriate for
the type of data to be exchanged over the RLP communication link.
In the preferred embodiment, if no specific NAK scheme is indicated
s in the various messages, both sides assume a predetermined default NAK
25 scheme, for example the 1,23 scheme described above. Allowing such a
predetermined default NAK scheme preserves message space and
bandwidth during service negotiation.
In the preferred embodiment, the format of each of the messages
(Service Request Message 302, Service Response Messages 304 and 308 and
30  Service Connect Message 308) is as described in the aforementioned I1S-2000
specification. In the preferred embodiment, each of the messages includes
an RLP_BLOB section, which is a new form of BLOB adapted for RLP
negotiation purposes. BLOB in I5-2000 is short for “block of bits.” In the
preferred embodiment, the RLP_BLOB includes the initial RTT estimate to
35 be used and the NAK scheme. An exemplary format for RLP_BLOB is
described in Table 1 below.



may al so el ect to send Service Connect Message 308 i medi ately. Thiéﬁih@r‘ﬁm
cut nmakes it unnecessary to spend time transnitting Service Response” "
Message 304 wa@1/56Ryi ce Request Message 306. Such a short cutpcqiphegodfiaks 20
when the paraneters proposed by base statiofy104 in Service Connect

Message 308 are supported by subscriber station 102 and are appropriate for
the type of data to be exchanged over the RLP comrunication link. In the
preferred enbodi nent, if no specific NAK schene is indicated in the

vari ous nessages, both sides assune a pr e-il%le&rlrri ned default NAK 25 schene,
for exanple the 1,2,3 schene described above.” 'All owi ng such a predeterm ned
default NAK schene presé aw dti_guring service
negotiation. In the —=—»mwmﬁ__--__--—_”N__E:'ej._'.e'!_.f--:_gg%--#,
messages (Service Requ¢rLrlMesBage 302, Service Hesponse Messages
308 and 30 Service Con ﬁ VESSage 30U38) TS as dgscrioed—T  tie
af orenenti oned LS-2000 RILi fication In the pr efldred enbodi ment. [each of
t he messages i ncl udes %NARI_.R@_LBmwaction, whichis a new form of | BLOB
adapted for RLP negotiT 1 ”@\hﬂsﬁses' BCOBTTT 5 ' - "Dbl ock
of bits." Inthe prefe NAR- REYt _ the RLP_ | nitial
RTT estimate to 35 be usmdKaRGINORFMAKcSedeRBE mdbudxgnpl ary format for
RLP_BLOB is described {n.Table_ I _Delow 29 APR J00Z4 WO 017135580
PCT/ US00/ 30834 10 Tabl ¢RI RYWRF D hits) RIBRI OB ID3 RUA NAI
ROUNDS_FWD3 NAK_ROUNDS_RENB_RARTIRORMNDS cirMR 0sr@i¢fsiRwmes of the fol |l ow ng:
NAK _PER_ROUND FWD 3 NAK] | 0 FTEences of.tne rortow ng.f
NAK_PER ROUND REV | 3 1 LM-\MR:%&%H 3

304 and

5 In Table 1, the RLP_BLOB_ID field indicates a version number of the
RLP_BLOB format used to interpret the rest of the contents of the
RLP_BLOB section. RTT is the initial RTT wvalue to be used in the call.
NAK_ROUNDS_FWD indicates the number of NAK rounds to be used for
forward link RLP transmissions. @NAK_ROUNDS_REV indicates the
10 number of NAK rounds to be used for reverse link RLP transmissions. As
indicated, the NAK_ROUNDS_REV field is followed by a number of
NAK_PER_ROUND_FWD fields corresponding to the value in the
NAK_ROUNDS_FWD field. The last of the NAK_PER_ROUND_FWD
. fields is followed by a number of NAK_PER_ROUND_REV fields
15  corresponding to the value in the NAK_ROUNDS_REV field. If the
NAK_ROUNDS_FWD field has a value of zero, then the
NAK_PER_ROUND_REV fields (if any) will immediately follow the
NAK_ROUNDS_REV field.

For example, in a message indicating that a 1,2,3 NAK scheme on both
20 forward and reverse links, the RLP_ BLOB field has a
NAK_ROUNDS_FWD value of 3 and a NAK_ROUNDS_REV value of 3.
The NAK_ROUNDS_REV field is followed by three
NAK_PER_ROUND_FWD fields having values 1, 2 and 3 respectively. The
last NAK_PER_ROUND_FWD field is followed by  three

25 NAK_PER_ROUND_REYV fields having values 1, 2 and 3 respectively.
In addition to using the message types described above, initial RTT
times, NAK schemes and encryption parameters may be negotiated using
RLP_BLOB sections in other types of messages. Such message types include



| 51n Table 1, the RLP_ BLOB ID field indicates a version nunber of tzn%L L 1804
RLP_BLLOB fornmat used to interpret the rest of the contents of the RLP_BLOB
section. RTT is the initial RTT value to be used in the call.
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link RLP transm ssions. NAK ROUNDS REV i ndi ¢ates the 10 nunmber of NAK
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fields 15 corr%m{ﬁﬂé lue in the NAK ROUNDS REV field. If the
NAK ROUNDS _ FV\D e rﬂ?oﬁe?i %(ggaof zero, then the NAK PER _ROUND_ REV
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The | ast NAK PER ND F eld.is,.follo t hr

NAK_PER ROUND REV f M3 &E"‘IX%‘F# efhodiment, b&Sk chhgor e@f’Y\fBFt}‘erIWdé'&ﬂltheon
to using the nossrhar Oﬁlpessagscreqbn'ddetboammfyrﬂ'['f aindRVAK tschees NOK asCREPES
and encr oNn-PAr tian

ot her ty%ggo of %ssﬂ%bﬁg&ﬁcﬁgggggbb %gu#ﬁéﬁqg%éﬁ %ge‘%lggazﬁﬁfl 39Lf§§1§80
PCT/ US00/ 30834511‘1591?&{ station, base sﬁ#mdlgtgcqrhbe@ne call byitnansrhitihngez Seovice
Message ( GHDV) C@mﬁecumggﬁggl gﬁgf ul%r@@t P l\%gﬁggeﬁume desari Reg i n

the aforenmentio | S- 200 od| nt any of th

previously di sEus r’r%ess%%%réeqh eSS ng*hén Q% §%Q?EY‘6‘8 |as§e“"lce
i nterpreted asRleqUeaiaMeasygeh'iﬂZ qmeSiamlrrarR:sP@hsa Memfgel“faaﬁls baksribbh &t MM

schenme may14 hefgpe, r be negotiated during
% 2Se F%rﬁg’ﬁeltglatgeg na e en%%ﬁen{ r%ése station 104 may

t he 3-way hands
further reduce the Sengrabmeth ¢1@ﬁ‘lﬁ)feéhbh’d3a§pétﬁtm,n 04 tardetemiine

schemes for anthd mitial RTT estunate to specn‘y to a subscriber station at the start of an
RLP call. In a preferred embodiment, base station 104 obtains the initial RTT
estimate by adding a predetermined guard time to the average of RTT values
20 computed during 3-way handshakes for previous calls. In an alternate
embodiment, the initial RTT estimate is configured in base station 104 by a

wireless service operator.
FIG. 3b is a diagram showing a variation of the improved message
= flow used to establish an RTT estimate for a base station originated RLP call
25 in accordance with an embodiment of the invention. In contrast to a
subscriber station originated call, in a base station originated call Service
Request Message 342 is transmitted by base station 104 and Service Response
Message 344 is transmitted by subscriber station 102. Service Connect
Message 308 has the same format and content discussed above. As shown,
30 base station 104 begins transmitting forward RLP data frames 310
immediately after Service Connect Message 308. Upon receiving Service
Connect Message 308, subscriber station 102 begins transmitting reverse RLP

data frames 312.

In the exemplary embodiment, Service Request Message 342 includes
35 a proposal that both sides of the link use an initial RTT estimate instead of
using the 3-way handshake. As shown, subscriber station 102 accepts the
proposal in Service Response Message 344, and the 3-way handshake is not



10 call. By keeping track of the options supported in previous RLP ?‘n@lls Lo
each subscriber station, base station 104 can begin a call by trans |h‘g“
aService Connect Message 308 specifying the RLP paraneters to be used.

After sendi NP Y5680 e Connect Message 308, and without recei PEHYSeN/BBI4Vi ce
Request Message 302 or Service Response I\/Essﬁ’ge from subscri ber station 15
102, base station 104 begins transmtting user data. Several net hods may be

enpl oyed by baﬁ?eﬁéﬁﬁéd’ het¥teh BedGlp! EbRfect! N/fefsb%et bﬁ Eﬁ&’;};ﬁﬁtqagk‘ s 310

specify to a s l_Hzgrlber station at the start
preferred enbodd 12. base station 104 obtains the initial RTT estinate by

addi ng a predet er ni ngl thy@achd RIP &ah'ﬂ&e?svééﬁgﬁ)e‘af ﬂﬁ&ﬂﬁ?ﬁg& gﬂﬁagfb%ﬁ

during 3-way handshakes for p s. In an alternate
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In contrast to RespobseMédseaged4ed.i on originated call, in a base station
originated call Ser WL 20as at
104gand Servi ce Reswgﬁgéaﬁgggéw@§ ?g tﬁézziﬂg% ttéﬁé(}?b esglbg%l%g ?tgf‘é

102. Service CJRH haé%ze e aige %SRhEsC?WQBmﬂP@rrimkamd atc@mcbmedmﬁumd
above. As sljowsmBédibeeat oft el Memi%mems&parﬁmshbw&\gfaﬁ WabstriBleF sftiéh

f 310 di.at el,y S

Servi ce. . ConnedEBiBeeHy BEEEALL sk o5 Bt SROV PO J06- BagRid 107 dnbasa elatipn
reverse RLP dairggihatedeRLBtall, Sudﬂiseﬂ'exghpw:yuﬁlﬁnﬂb ment, Service Request
Message 342 includeg, 33§u@scgfb@?(§§ﬁjioﬁ hﬂ'{%}?&%g ﬁ'ﬁ’eéalpﬁg%@ %B%gﬁg%spahon

initial RTT estipmate instea way hands
subscri ber st atififiatan seryice pegotiptions pﬁ@@dllﬂg @ @t SerdicRRaguest Mssagey402

344, and.the 3-inaicahagdnd ekiBsirbedQtationVabd Jt aE’é:IﬁLiﬁﬂ@e{l?»ﬁWestﬁﬁate

per for med bet wegn SerV| ce Oonne Messa frames 31 and
312. Al the séﬁ'ﬂ’:ﬁ_ glaa‘é’gcr?‘ge‘ﬁf%feﬁ EB??Qﬁ‘?Qt %@h’avﬁ’%rﬁ“‘seﬁ%‘?crl Jdre
station origi nzsubstrma? statidrs them receiveg anidatiembdes thé eesprasagiid SE@Whe based

5 base station a
342 may i nel na§ el CPABEPI QL B fespBhte RRICis RIS i8S UapldeRe.
to negonate further RLP parameters. If the message received was a Service

20 Response Message, perhaps proposing changes to the RLP parameters
previously sent, then the subscriber station sends another Service Request
Message 402. The new Service Request Message contains a set of parameters
that either match or modify the new RLP parameters proposed by the base

- station. The subscriber station then waits until it receives another response

25 404 to the most recent Service Request Message. |

Eventually, the response type is found at step 406 to be a Service
Connect Message containing the RLP parameters to be used. The Service
Connect Message is evaluated at step 408 to determine whether the Service
Connect Message indicates performance of a 3-way handshake. If the Service

30  Connect Message indicates performance of a 3-way handshake, then the 3-
way handshake is performed 410 prior to starting to send user data 412. If
the Service Connect Message indicates that a the 3way handshake is not
necessary and instead specifies an initial RTT estimate to be used, then the
subscriber station may immediately begin to send user data 412.

35 As mentioned previously, the Service Connect Message may indicate
that a 3-way handshake is not necessary, but not include initial RTT
estimate, In this case, the subscriber station will used a predetermined

- default initial RTT estimate.



Response Message 344. FIG 4a is a flowhart of the steps taken by a 79 Al Lo
subscr.i ber station to initialize and use an RLP comrunication link in
accordance with an 10 enbodi nent of the invention. The steps are shown for

a subscri ber WxHBHWA origi nated RLP call, such as that shown RaT/AFd0630534,

and for a base station originated RLP call13such as that shown in FIG 3b.
In a subscriber station origi nat ed RLP call 400, the subscriber station

initiates service n t r ervi.ce Request Message
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Request M8sage m @hta Sﬁﬂébﬁ@éﬁst&ﬁéﬁ OripEnNBARII 4l 250, SHPBAEL Station receives
and decodes a first Service Request Message 452 indicating the subscriber
station’s ability to negotiate an initial RTT estimate during service
negotiation or other proposed RLP parameters. Next, the RLP parameters
— indicated in the Service Request Message are evaluated 454 to determine
25  whether any parameter changes should be negotiated. If so, the base station
sends a new set of proposed RLP parameters in a Service Response Message
and sends it to the subscriber 456.
If the RLP parameters evaluated at step 454 are acceptable to the base
station, the base station sends a Service Connect Message 470, indicating the
30  RLP parameters to be used. The base station then decides 472, based on the
contents of the Service Connect Message, whether to perform a 3-way
handshake. If so, the base station performs a 3-way handshake 474 and then
begins sending user data. If no 3-way handshake is indicated by the Service
Connect Message, then the base station proceeds directly from step 472 to
35 sending user data 476.
In a base station originated RLP call 460, the base station begins service
negotiation by sending a Service Request Message 462 to the subscriber
station. This Service Request Message indicates that the base station supports
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The RTT estimate update procedure begins when the subscriber
station detects a sequence number hole 502. The subscriber station starts an

-~ RTT counter 504 to measure how long it takes to receive a retransmit frame

25 for the one or more NAK frames to be sent. The subscriber station also

initializes a NAK timer with the current RTT estimate and starts the NAK

timer 506. The subscriber station then sends the number of NAK frames 508
associated with the first round in the current NAK scheme.

Step 510 evaluates whether a corresponding retransmit frame is

30 received before the NAK timer expires. If so, then the RTT countér is

checked at step 520. If the RTT counter is not running when the retransmit

frame is received, then the RTT counter and NAK timer are stopped as

necessary. If the RTT counter is still running when a retransmit frame is

received, then the RTT estimate being used for the RLP call is updated 522

35 according to the new estimate. In an exemplary embodiment, the new RTT

estimate is computed by performing a weighted average of the value of the

old RTT estimate and the sum of the RTT timer and a -predetermined guard

time. One skilled in the art will appreciate that various other combining
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conveni ence, t ligrdefl (fﬂﬂﬂl‘sﬁpj @gjl%ss@é bg.gl bel ow from the viewpoint of a

subscri ber station lng RI5 otgg skllled n the art will recognize
that 20 embodi nments Ft?tﬁB )Y c'iHP%“ﬁ%f‘;’; 55%“% 1g7aveas byat the NS dimnpehas
station, #0e lkapiredtiatforena @rréspbhding hettandenarframe fw‘a@rrréd&evem eaRml the
I nvention. The [ edur when, t.he sybsc | ber

station detect Sﬁg&srgﬁhgn%e&nur%%t%ﬁ%ﬁw ﬁqﬁi%ﬂgswr@éﬁaste ‘%?ﬁlr spaysed
an RTT countewlslmztt oeqeddngr @ evespangling retkanssmid fraced.ve Ther Hmiantorithe

frame 25 for tRente SIFNAK SolMds o
also initiali zes. a NAK tinmer. with %ﬁaéhglr-lg%tmw'gr&%{??rrvgétlg;ag%gast%éf%?t%‘ge

NAK tiner 506PCHIRIRE HsOfi bdhe st salon ERBEL se nih®er adprapentieneds
508 assoclat etNAKt ROUNDS_ REV r field bynﬂtehefdruhfeenioMK edeteemirfide Rlefdolt

The Nak L mor oKk IPARhALEF bf AR dodBTassa i fatddoflal BnitciRes
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counter is still n| nt%pwhen a retrans frame is récei ve t hee
estimate bej ngsﬁgﬁg FB? AR PRPeeeds P SteP FAfat ed 522 35 according to the new

estimate. 2h an exelphasiepeSfiodhertAK tihnmitndas RIcE beer i readted, StheOsgbceiBebY
performng a V\@'Eagilahe&ﬂﬁgfeggﬁzo&zhuﬁervﬁ{euﬁ'ﬂt esfifhate for the RLP call has ever
been updated. If it has previously been updated, then the subscriber station
stops the RTT counter 534 before starting the NAK timer again 506 and
— sending the next round of NAK frames 508. Stopping the RTT counter
25  Dbefore sending another round of NAK frames prevents retransmit frame
ambiguity from causing inaccuracy in RTT estimates. For example, if a
retransmit frame were received after a second round of NAK frames had
been sent, the subscriber station would not know whether the retransmit
frame corresponded to a NAK in the first round or the second round.
30  Incorrectly matching such a retransmit frame to a later NAK round would
lead to an incorrect RTT estimate.

Another problem occurs, however, with stopping the RTT counter
after expiration of the first NAK timer. If, for some reason, the initial RTT
estimate specified during service negotiation was artificially small, then the

35 first NAK timer might expire before a first retransmit frame has the chance
to reach the subscriber station. Under these circumstances, the erroneously
small RTT estimate might never be updated, and could cause poor
performance for the duration of the RLP call.
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20 FIG 6is a block diagram of an apparatus used to establish and use an

RLP link through a CDMA wireless communication channel in accordance

with an embodiment of the invention. For convenience, the apparatus is

described below in terms of a subscriber station. One skilled in the art will

- recognize that the depicted configuration and its variations may be equally

25 used in conjunction with a wireless base station without departing from the

present invention. |

The apparatus shown includes data interface 602 that may be

connected an external input/output device, for example a display terminal

or handheld or laptop computer. Data interface 602 may be omitted if

30 subscriber station 102 further includes an internal user interface, for example

a keypad and a display. For example, subscriber station 102 might be a

CDMA wireless personal data assistant (PDA) capable of exchanging data
with the Internet and displaying it on a liquid crystal display (LCD).

Whether the raw user data is received through data interface 602 or

35 from some other internal input/output interface, the data is manipulated as

necessary by control processor 604. Control processor 604 performs the

necessary formatting and protocol encapsulation to send the data over a

wireless link. In the preferred embodiment, control processor 604 takes a
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the output of Walsh spreader 612 is provided to pseudonoise (PN) spreader
616, where it is spread using PN codes. The output of PN spreader 616 is
then provided to transmitter 618, where it is upconverted, amplified, and

— provided to diplexer 650, and then transmitted through antenna 652.

25 In the preferred embodiment, PN spreader 616 is a complex PN
spreader that multiplies the complex output of Walsh spreader 614 by a
complex PN code. In an alternate embodiment, PN spreader 616 multiplies
the complex output of Walsh spreader 614 by a real (non-complex) PN code.

Signals received through antenna 652 pass through diplexer 650 and

30 are then gain-controlled and downconverted in receiver 638. From there,
the signals are provided to CDMA demodulator module 640, within which
they are PN despread in PN despreader 636, Walsh despread in Walsh
despreader 634, deinterleaved in deinterleaver 632 and FEC decoded in FEC
decoder 630. FEC decoder 630 provides the resultant received frames to

35 control processor 604.

In the preferred embodiment, PN despreader 636 is a complex PN
despreader that multiplies the complex sample streams from receiver 638 by
a complex PN code. In an alternate embodiment, PN despreader 638
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a conpl ex PN cade. Iph%éeﬁﬁ%‘fltg’rr ﬁﬁ%&iﬁgﬁ?a}mﬁfﬁ‘&gﬁpéﬁaér bgteg comprpging
2004 WO 0113558te $€psW0B00/ 30834 18 nultiplies the conpl ex sanple streans
fromreceiver 638 b r.egl = . P Deinterl gavar 632, .
utilizes a\r/]‘il of a nﬁ%%é{r;’ﬂgfa&g%??ﬁeg%%ﬁ@ ) a{\} eagﬁoﬁ?%egfoqgﬁ%lh&gﬁbﬁo(}a{j“mp
dei nt er | eavk ngtmRIIBTT) pefimatailanddei nt er | eavi ng. FEC decoder 610 uses any
of several forward @éﬁ@ﬁctﬁﬁ]Eﬁ%@@oﬁrﬁﬁﬁl’lﬂ%‘tﬂ#ﬁ%eséi&?|d§%%%ﬂlcﬁw Ce@ﬂh{‘#ﬁ
0 C : e

convol utional ¢odi pg, .or r formof _soft i.sl on or Dl ock coding
previ ous de crfopﬂfeg%n?}f‘et%gagwéfaéhﬁﬁ'lﬁ'ﬁ'f%? i SIEPTARE @80 enabl e
any person skilled in the art to make or use the present invention. The
various nodifiegati ofgat di RN 8iM.Llg ReLeadily apparent to.10
t hose skilled ?’n thgﬂgr@?&gﬁzgg Ee ge%erl crélb[} isgr’fgl pegssa%elfsi%%ed‘% Eceer BFeCtRYoBe
appl i ed to ‘ot hB¥eS@8fdi nents without the use of the inventive faculty.

Thus, the present invention is not intended to be |limted to the

enbodi nents shown hefrei n hQut iQ?eFio bgsa&cor.ded the w dest scope. consistent
with the princtpl es ahd™f A dsWheleinosuid Ressags. 1518 i€ §AN&CRED

| S: WD 01/ 3558Blepege SO0 30834 19 CLAIMS 1. A method for transmitting a
stream of information bytes conprising 2 the steps of
4. The method of claim 3 wherein said Service Connect Message further
2  specifies a NAK scheme, and wherein said method for transmitting further
comprises the step of using said NAK scheme.

S. The method of claim 1 further comprising the step of negotiating,
2 using service negotiation messages, a NAK scheme used during said
subsequent RLP communication session.

6. The method of claim 1 further comprising the step of negotiating,
2 using service negotiation messages, encryption parameters used during said
subsequent RLP communication session.

7. The method of claim 1 wherein said message is a Service Request
2 Message. -

8. The method of claim 1 wherein said message is a Service Response
2 Message.

9. The method of claim 1 wherein said message is a General Handoff

2 Direction Message.



rrece®ving a nessage specifying a radio |link protocol (RLP) round- tu@

tinme (RTT) estimate; and conducting an RLP communi cation session ush é 34104
RTT estimate 6 to determ ne negative acknow edgnment (NAK) nmessage tim ng.
2. The nethod of claiml1l wherein said nessage is a service negotiation 2
nmessage. 3. The nethod of claim 1l wherein ai d nessage is a Service Connect
2 Message. 4. The nethod of claim 3 whereifmsaid Service Connect Message
further 2 spagifi q%ean¥ko & Bim AN Lhkd Ng
further corrprqlgsesqi}he step&g%:f usi ngl gﬁgﬁeiﬂ b&aﬁ@é@ﬁ%&ﬁf&%ﬂgﬂﬁg?&?f
claim 1 fuft hd?irectigny Maspege-he step of negotiating, 2 using service
negotiation messages, a NAK scheme used during said subsequent RLP

comuni cati on iesm on. F‘U’ nmet hod of claim1 furfher conprisi n%;_nthe step
of negotiatind> 24Met8odetar; CaNBEHNgaR St Of iRfosmaiony Pytes semprising
par amet er s2usaHe étepsig: sai d subsequent RLP cormunl catl on se55| on. 7. The
met hod of claim1 wherein said messaﬁg IS grS ﬁsmmssa@%

The met hod of cl ai &e&%?eqlﬁssggedsp § rounpatnp
Message. 94 THimendREdY esfimaitgiand. wherei n sai d msssage is a General Handoff
2 Direction Message, 0 t f i id
nmessage i s _a Uni versaﬁgﬁéﬁgaﬁ‘fﬁﬂgz%rg%&r}g gﬁu QQQOR ﬁhg %&t]#‘f? ? Shihae
transmitti Bg d0dtetermings negatiienagknenwvlsdgaent h{aﬂ( m@sa&e HHNgt eps of
'sending a nmessage specifying a radio I|nk protocol (RLP) round-trip 4 tine
(RTT) esti mat condyct mrunl cation session _using sai

Cot hate 6t qet diis et 8 FBEm TR EHGHA I ORReS o SSEF PrAOHgIOn 2.
The net hod?_of méssage.ll wherein said rressage is a service negotiation 2
nmessage. 13_ The nmethod of claim 11 wherein said RTT estinmate is specified

by an 2 operator of a base station and is used to determi ne NAK rressage
tim ng 13. The method of claim 11 wherein said RTT estimate is specified by an

2 operator of a base station and is used to determine NAK message timing

for a second RLP communication session.

4

14. The method of claim 11 wherein said message is a Service Connect
2 Message.

15. The method of claim 11 wherein said message is a Service Request
2 Message.

16. The method of claim 11 wherein said message is a Service Response
2  Message.

17. The method of claim 11 wherein said message is a General Handof:

2  Direction Message.

18.  The method of claim 11 wherein said message is a Universal Handoff
2  Direction Message.

19. The method of claim 14 wherein said Service Connect Message
2 further specifies a NAK scheme, and wherein said method for transmitting
further comprises the step of using said NAK scheme.



. session.

f.or & second RLP comuni cation session. 4 14. The nethod of claim 115 pen ann
wherein said nessage is a Service Connect 2 Message. 15. The nethod of i el
claim 11 wherein said nmessage is a Service Request 2 Message. 16. The

met hod of claim 11l wherein said nessage is a Service Response 2 Message.

17. The method of claim 11 wherein said nessage is a General Handoff 2
Direction Message. 18. The nethod of claim 11 wherein said nessage is a

Uni versal Handoff 2 Direction Message. 19. The nethod of claim 14 wherein

sai d Service200nnqhie MRIAAYCof aaiﬂrﬂh?ﬁrtﬁ@@%bﬁgfsag% aeopedgg} r@@]ga.wgere' n

sai d rrethgd for transmttlg% further co
schene 29 APBSHE) FE5Yico gneghtiation nHeseasges| aﬂ fﬁfh@m usgep dusingg saitke

step of negosubsdquent RLRIgbhgnaAication stegiohl ati on nmessages, a NAK schene
used during said subsequent RLP communication session. 21. The nethod of

claim1l1l further conprising the step of negotiating, 2 using service
negoti ation @bssadbe, metuod pof dmmalrlafmtthels cun'@d'mingltlhg step &f rﬂalgbﬁaﬂﬁ nt

RLP comugi ¢ | eam of

i nf or mat 1 on E‘%’%; sHSRE Mortstiop! pEESIRE endpOR ekl BedidFMR Paig

| i nk protocofl ﬁ@ﬁnﬁmfﬂmumcﬁbovﬁﬁﬂlon4 estimate during service
negotiation; and using said first RLP RTT estinmate to determ ne negative 6

acknow edgne ( NAK S e timng.in a subsequent RLP com‘rum cation
- #e%frﬁr;@)@fafge (EANSIMNRG, & $iEeary Qmatiem bydesqamprising

measuri ng2t heéhedstepy ofet ween transnitting a NAK frame and rece| ving a first
correspondi ng ret Lt b r r i mat e, .and
updating said fi ré@%ﬂ%ﬁqﬁ# ?aci.lg ng?gasg%?,g (ﬁ%g (%1514 (i%l'ﬂ
est i mat e.4 24estimatendutiog servise giegotidtioheardn sai d step of updatl ng further
using said first RLP RTT estimate to determine negative
6 acknowledgment (NAK) message timing in a subsequent RLP

communication session.

23.  The method of claim 22 further comprising the steps of:
2 measuring the delay between transmitting a NAK frame and
receiving a first corresponding retransmit frame to form a second RLP RTT
4 estimate; and
updating said first RLP RTT estimate based on said second RLP RTT
6 estimate.

24. The method of claim 23 wherein said step of updating further
2  comprises performing a weighted average of said first RLP RTT estimate and
said second RLP RTT estimate.

25. The method of claim 23 wherein said step of updating further
2 comprises replace said first RLP RTT estimate with said second RLP estimate

based on receipt of the first retransmit frame of said RLP communication
4  session.

26. A method for transmitting a stream of mformahon bytes comprising

2  the steps of:
performing a 3-way handshake to generate a first round-trip time
4 (RTT) estimate associated with a first radio link protocol (RLP)

communication session;



2-cofprises performng a weighted average of said first RLP RTT esti € oy
and said second RIP RTT estimate. 25. The nethod of claim 23 wherein ai iR 2004
step of updating further 2 conprises replace said first RLP RTT estinate
with said second RLP estinmate based on receipt of the first retransmt

frame of said RLP comunication 4 session. 26. A nethod for transmtting a
stream of information bytes conprising the steps of: performng a 3-way
handshake to generate a first round-trip“ime 4 (RTT) estinate associ ated
with a first radio |link protocol (RLP) conmunicatjon session; 29 APR 2004

22 6 est &l i shi ngska axk Rifch cestignafe; assogiajgd with sectssene BLP

]g:me;miR%at i %nsﬁ%&ﬁ@aa%ﬂw\%h@gs%@, %bfbcilﬁe%d%deEﬂ'Rﬂ'rdr syl _@mx?at'e,sisb@a%t@d dloiﬂsﬁi@ijd 8
Irs esll an, ereirn al seco mat.e |I's .esta L
ur g od v it BT nala, AR Wipreln: SERL apeoni ROy SRty 5 dtrRhhed: o
det er m ne nefiating sefvicaskgotihiogmmd (NAK) nmessage timing in said

r

b d RLP ' ' hon.,.27, T hod of cl ai.m 26
ohor oin Bai o St optBREpREsr HEAT S byl b Reieie i | SEisBRinS raitedliioon

base st at i orackaodlaigmig (NAK) nessdgedimanglinsaidisisequait sessrmbRLEFNI ng a
second RbT estimate i.s perfornmed between said 4 base station and said
subscri bér SCHPYRICAZEN S§§0et hod of clai m 26 wherein said step of
performng a 3-way 2 handshake is perfornmed between a base station and a

Lot Tt o T A0er T uhetholl 6f saasin e yitreRd 2l wp BY pRrfdeaeng Koway .
| | | | X u |
Station 200 NaRdsRaKe is PeHiormed: bethieen & Pase Stabiph AMdce SuPsCHPeE Station ands

gener at ed baatigiepgofrestablishiagna sedbng RTT tebtimate is perfofmed t bdtWeenssdidat e.
30. Subsgri her | O F Aok R .5l ng: 2 control processor for

recei vi n% abogag \‘%a?% nn%b%?&?tslq}on rressaé%&'speci fying a radio |ink protocol
(RLP) round-trip tinme (RTT) estimate and 4 using said RTT estimate to

det erm ne negati Vith AGKENYIC G0 "@aim (4 \WherBRS SARE step b Petfording b5 Sawapt RLP
conmuni ceat i Qn seﬁs on;, and . . . .
andshake is performed between a base station and a first subscriber station
and said step of establishing a second RTT estimate is performed between

4 said base station and a second subscriber station.

29. The method of claim 26 wherein said second RTT estimate is
2  generated by adding a predetermined guard time to said first RTT estimate.

30. Subscriber station apparatus comprising:

2 control processor for receiving a service negotiation message
specifying a radio link protocol (RLP) round-trip time (RTT) estimate and

4 using said RTT estimate to determine negative acknowledgment (NAK)
message timing in a subsequent RLP communication sessicn; and

6 CDMA modulation module for modulating service negotiation
frames and RLP frames provided by said control processor.

31. The apparatus of claim 29 wherein said CDMA modulation module
2  further comprises PN spreader for multiplying an information signal

comprising said service negotiation frames and said RLP frames by a PN
4 code.

32. Base station apparatus comprising:
2 control processor for transmitting a service negotiation message
specifying a radio link protocol (RLP) round-trip time (RTT) estimate to a
4 subscriber station and using said RTT estimate to determine negative



6 (DMA nodul ation nodul e for nodul ati ng service negotiation franmes alggf‘ﬁ'l’la"’
frames provided by said control processor. 31 The apparatus of claim Lot
wherein said ulation nmodule 2 further conprises PN s or

mul tiplying an'in gér%rjrati on signal conprising,,said service neggéf@gﬁwu
frames and said RLP frames by a PN 4 code. . Base station apparatus
conprising: 2 cofindilel SOYNAE) trd seryi cg nggQ

nessage spe ifé(i)n a_radio Ilnk rot oco E]H}lggndnjt{rlg ti mare E%‘? RLP
estimte to g%tiqrbéﬁsssqna ?Weé‘nﬁflz S@dtaubambelostanon,

determ ne negataw& 2 J APR 2 L WD 01/ 35580 PCT/ USOO/ 30834 23

acknow edg t (NAK) a n n ubsequent P 6 comrunication
sessi on beﬁgen sai ?ﬁ% 893‘%}"13503}1 mﬁ‘ﬂ E‘B‘séppgé‘ﬂt&&at seIMice JpRBiamm
nmodul at i on nodufrerres andoRLP dtdmes pesvitded kahirohprdcessges and RLP frames
provided by said control processor. 33. The apparat us of claim 32 wherein

sai d CDVA nodul ation nodule 2 further conprises PN spreader for
mul ti pl yi ng an 3&f or Fiee iappatatyaaif céaimpBR sivheredmi stid 7 VMe medulatatni anodule

frames and sai dnffiffer! cBffpYideY PNPNipre@d& for multiplying an information signal
comprising said service negotiation frames and said RLP frames by a PN
4 code.



