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SETUP TI ME FOR DATA CALLS BACKGROUND OF THE INVENTION 5 1. Field of the

| Aventi on The current invention relates to wirel ess conmmuni cati ons. Mre
particularly, the present invention relates to an inproved nmethod and

syst em t hat wioaisssses decreased setup ti rreli n establishi ng @araskoorsdssnk 10
protocol (RLP) data call. I1. Description-of the Related Art The use of
code division nultiple access (CDVA) nodul ati on 15 techniques is one of

several techni QRADIO LINK PROTQUOL ENHANGEMENTSTO REDUCE nunber
of system users are present. S uni cati on system
techni ques, such as tine di ﬁmw&ﬁa@c&g@é%, frequency
division multiple access (FDVA) and AM nodul ati on schenmes such as

anpl i tude conpanded si ngIBACKRGROUNDOBETHEINVENEION the art. These
t echni ques}.hgave been standardi zed to facilitate interoperation between
equi pnent nufactured by different conpanies. Code division multiple
access communl.Fieldofstheynveniomave been standardized in the United States
i n Tel ecommuni cations Industry Association TIAEIA/1S-95-B, entitled

W DEBAND SPREAD, . T N G a0 Yy o i ihichiibnd - Wiore
herein, and REHASH gg{gﬁergﬁ?? nyention | elefes 1o, d:ﬂ‘PF%Yﬁdyefnﬁngst%ard

for Code di vSystesm thattieghires cderseased nseimp ctitieorin eyteblishingas badio pindposed

in the thelgrogg&qguapdg@lcggpmmni cations Industry Association PN-4431 to
be 30 published as TIAEIA1S 2000-5, entitled "UPPER LAYER (LAYER 3)

S| GNALI NG STANDARD FOR cdna2000 SPREAD SPECTRUM SYSTEMS', dated July 11,
1999, i ncor poHaDestriptioreéftherRelatedrAitn, and hereinafter referred to as
| S-2000. The International Tel ecomruni cations Union recently requested the

35 subm ssion of proposed nethods for providing high rate data and hi gh-
qual i ty speech serBhecamseowér cade adivisionr ommiltiplent acvessc HERMAS . modulatipnof
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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, entiled “UPPER LAYER (LAYER 3)
SIGNALING STANDARD FOR cdma2000 SPREAD SPECTRUM SYSTEMS”,
dated July 11, 1999, incorporated by reference herein, and hereinafter referred

to as IS-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




2 Association, entitled "The cdnma2000 | TU-R RTT Candi date Subm ssion.” A
second of these proposals was issued by the European Tel ecomruni cati ons
Standards Institute. (ETSI), entitled "The ETSI UMIS Terrestrial Radio
Access (UTRA) ITU- R RTT Candi date Subm ssion", also kno C%S@B'(',ﬂ;deband
CDMA" and 8% ter referred to as W%A A third proposal was
submtted by U S TG 8/1 entitled "The -136 Candi date Subm ssion",
herei nafter referred to as EDGE. The contents of these subm ssions is
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speci fication voj ce applications make it difficylt to use for
packet data 20 dfPiSiwas PHE%‘.aﬁVrPFFFEHVeﬂoﬁ’-r VEARSELSHIOR; Y?%?L@?'r%tﬁc‘fplﬁg t he
t ransm s onframes.niRrorder fo shmport tyoRyaylabive tdmndalieatiorey as ypifindinf t he
conmuni cat i o r . | es t [l LS MRS | & hons.
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protocol s uskeevide fairlypconstart rnd,minimal) iaﬁ‘h St e HFaFyHi 8P ys are
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provi de thi Sﬁ?;fgﬁésopg%% %ﬁ?é’%ﬁﬁsﬁﬁdlﬁ‘g agrgrnagéglrlg_ ene&%fr‘lag{et%gais'rge to
fit intold sEwgreontsobprotpeeip whichggquire %?alm FelRRgmission-PregedyresH? ‘ﬁt'o
segments smeghaceaprable délays to voite tansdiksion, se arenot Sedfgnkd dntestheals-8ht i re

seri es of IS_p%%ifiJa@i s woul d have to be received without error for.the
single IP dat agram ical of an
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vorce f ramgsllntem(zt protocol (IP) data, the delay requirements of the communication -
system 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 IS-95 frames, an entire series of IS-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/EIA/IS-707-A, entitled “DATA SERVICE OPTIONS FOR SPREAD
SPECTRUM SYSTEMS”, hereafter referred to as IS-707, describes procedures

used in the transmission of packet data in an I5-95 system.
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TIAEIA IS 707-A entitled "DATAlSERVfCEféﬁfICNS FOR SPREAD SPECTRUM
SYSTEMS", hereafter referred to as |1S-707, describes procedures wused in
the transm ssion of packet data in an 1S-95 system WD 01/ 35580

PCT/ US00/ 30 - dio Link Protocol (RLP) is described in,

TIAEI A | S—%ﬁ}ﬁ%@&ent i tl.ed. "DATA SERVI GE OPTI ONS FOR SpREASSLEM
SYSTEMS: RADI O LINK PROTOCOL TYPE 2", hereinafter referred to as RLP2, and
i ncorporated herein by reference. RLP2 |ncqyporates . an error nt r gl
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streanf. RLP was ori%i nal ly designed to satisfy the requirenents of sending
large franmes CAPRYRICAHONEYEERhannel . For exanple, if an | P datagram of

500 bytedOwere toSeeeral npiojocdnlayetsntyifedlly residesalmover thegRED Iagees &Bch,
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of 20 error cgntro , a 5.0 ese’franes_ wou have to be recei ved
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error rate of I a | er = ' . %
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This is a_very error rate conpare st networks used to carry
I nt ernet PPot ofegkureless pyte siegam’>s \was designed as a |ink | ayer protocol

whi ch woul d decr eaREPt Was eriginallyadesighed It8 satisfyf ithe treqhitementiaioflending t he
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timng of NAKdhtagramt wenkdrifill 25 rohsedutivedI95 drimemt aNithbut asoide tkind bf ne
(RTT) detegpm pady %nfrglela§[eﬂratll 2 oftheR-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
25 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




session. RTT determ nation in existing version of RLP requires a 3-way
handshake in which both sides transmt specific frane types based on the
frame types received. No data is sent by either side until the conpletion.

of 35 the‘ﬁbms?andshake. Thi s 3-way handshake consunes pkiriiRoddsads coul d
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| NVENTI ON THE"H'E§Ent i nvention may be used to allow transm ssion of RLP
dat a Bringing up a new RLP session to send new data 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



30 without requiring the conpletion of a 3-way handshake. The present
I nvention is applicable to any conmunicati on system enploying transm ssion
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stream may be carried within over-the-air krames:specified 35 for use by
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initial RTT eRarpReters.AreMygotiated dureg service aegrtiation. Ak thesonglvsiontefre
gnd encrypt i orselicé® HegbtidtioRChotieldes Wif3the RLPadomBh@licaticH dinle geé ia«i\iﬂédb ]
uring servic got i akd: on. n S| . Servj.ce ol at ion ot
sides of the éﬁﬁﬁc%ﬁ‘ﬁl@aﬁ@ ‘fﬁ"kﬁgr%‘%r"ﬁ‘%g Béﬁ'{lhgég‘ﬁ'h?ﬁi Fﬁgl dF@Th@ﬁ?smt e
and may begi n Withemtperforming ther 3-wayshangshabe: perforning the 3-way
gandshake. %dThedp?Q@?@&eéehrﬁ%ﬁﬂo?hﬁhéldaés lrmbﬂm ffoF %Eebhgé%ta&icﬁ{ lfgn to
eterm ne an ate initia g, e val ues .propose Ling servjce
negoti ati ons. %r%?igs%rhci upde &Wﬁ%‘ gﬁ?ﬁ)eﬂ%’f‘qﬁd‘&lﬁﬁ%ﬂ%g&gﬁdﬂﬁﬁghseﬁiﬂcﬁ
si des of an RiRgotiations.c dhegpresentkinyentionn also datludes prettedanby viichebdthe
initial RTT esfd b ibRILAR! A4hC 18t :
ShddRifanh REP cohiRAnftdtibRILAR! 4k @n{ﬁﬂct & Rhl fate %233?*%? the_
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set forth el ow when 15 taken in conjunction with the draw ngs in which

li ke reference charact eBRIEFIDESCRIPTIONORTHE DRAWINGS and wherein:

FIG 1 is a diagramof a data communi cations system configured in

accordance with an_enbodi ment of the {nvention. FIG 2 is a _di agram show ng
the flow of nessaggg‘euééﬂuf’% eRjects aghyantagesypf thet pragent dnyenfiom il

3-way handshalbecorie @noRaappamnt ifrgn athe detailaty desweigtiopnser forts baline whes. to
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i n accordance _ W th an ‘enbod] nent ] a
showi ng the f GGty Gortespgr ¥ dhaughous gndswhereits pase station

originated RLP cal FiGaviisg dingfaiil ofsd idati commatcaticles ¢9stent Ronfigured in
embodi ment  of LA dLANE Wil n 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. 3a is 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.



FIG 4a is a flowhart of the steps taken by a subscriber station to
initialize and use an RLP Iink in accordance with an enbodi nent of the
invention. 30 FIG 4b is a flowhart of the steps takenr by a base station -
toinitiallze nd use an RLP link in accordance with angi%g' t of the
i nventi onYORPENs is a flowchart of the steps used to updat esti mates
during an RLP session in accordance with an enbodi nent of the invention.
FIG 6 is a block diagram of an aE aratus used to establish and use an 35

RLP |ink thr oDETAICEIR RESSREET FCBREFERREREMBORIMENLS with
an enbodi nent of the invention. WO 01/ 35580 PCTI USOOI 30834 6 DETAI LED
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RTT esti mat gpreSert UAveAtiORS stibstriben sktion 10Esends base BREWNt 204 a Service
20 Request Message specxfymg 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 injtial 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.




performa tinme-consum ng 3-way handshake. Thereafter, when either side
transmts a NAK frame, it uses the. del:ay-between transm ssion of the NAK
frame and recei pt of 'a corresponding retransmt frame to update its RTT
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time 242, bas etr%rtsa@lrtsﬁ byosubsexilesristation, 402. I&qonsm@mnarfblszgm Smﬁrtswnet ed
by subscriber Zopajbass sﬂa@@n IUEQ fopsae@nsthitting 'SBNO frameS¥Nd nsted@ trdAgdmitshase

station 104 stg and. i.;nstead transmts one
SYNC/ ACK frameq%yﬁéz rarre peir\ll o%g'af@ﬁ ? ﬂ\‘e 244, subscriber station
102 recei Vs the f |Atst!m3\?ﬂd€l sabecriberrsiation 102 regeivestthe dirst SYNES ACK frame104.
Upon recei vi ngzzrzhraw‘mlwea By baée/biitioh I Upén %&ﬁﬁfngb&ﬁs $irst S PRNCHACR

{1 ame per i od. 06 o bR UaghliShGBE dafghg ERRCIACK Ak and T
'SYNC/ ACK: f r andngtgad ttmﬁthtqrmA@K Q@%?féﬁ:ﬂ%rﬁmm@miomswbmaﬂ,v| ng
this first SYMWasd\elationaes 28deivéiatRe filsBISYNCIACRRRhe! DO SHlrskAied by
SYNC/ ACK Tpamegnglthel: P, ndl()Er psorH trgcelvmg 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




ACK frame 224 every frame period. At tine 246, subscriber station 102
receives the first ACK frame 224 transmtted by base station 104. Upon
receiving this first ACK frame 224, 25 subscriber stat:ion stops

transmtt] frames and can begin sending Data frane 5y frarre
peri od. légé?i me 246, base station 4 receives theﬁfl rst X%K frame
206 transmtted by subscriber station 102. Upon receiving this first ACK .
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RLP cal | i npaeferred amateodiirtent ofrihenimventions this triessagevioohides. indicttias of -

per form ng ?mﬁ %‘:ﬁﬁé}dﬂ&%ﬁ 10P3% ﬁFEI-tQtfeQé‘i éﬁrﬂ%ﬂuﬁ’i“i‘r ERRG B4Rt on

102 an ipit estimate to use

t
est abl i Ri ngtaties WwWithqut 2 3-way }é?ﬁ?&ag anéﬂb i Rﬁf?méuﬁg‘gpag"é‘?gg!t g[i oﬁ
102 begi ns Bgrvite Rexprast Mesgage M@Maﬂyqnehtdek/mlsluymaﬂq&ramemssushat i on
104. In the, Q%g{ﬁgﬂﬁ%@@%&@ﬁ%ﬁchw@ssgég% &Bh&ﬂ@%m ! udes

i ndi cati ons ber stati,on ecel Vi ng an initral RTT

from base 18e5icq Wefb&{e&ﬁﬂ?ci?? a&s‘?s°RBc9n  eRqrypPHE REREetery
embodi nent , forSdweVRER cBeguesicatibs dinde 302 optional |y i ncl udes additi onal

par amet gfs. such AagAF08Gdnid B cidi8ctelizE® by thtnGhbETBE NARPAALRE ddht
subscri ber a 21:[ Ieg& expiration of a NAK timer when a corresponding retransmit
frame was not received. An example of a NAK scheme is a 1,2,3 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 indicating acceptance or
rejection of the parameters proposed in Service Response Message 304.



Servi ce Request Message 302 al so optionally includes encryption paraneters
for the RLP communi cation link. 20 A NAK schene is characterized by the
nunber of NAK frames sent after each expiration of a NAK tinmer when a
correspondi Rgp hRdskgnsmt frame was not received. An exanplgcRisesieK
scheme is a 1,2,3 NAK schefe whereln f|rsg one NAK is sent. If the NAK
ti mer associated with that first "round” of NAK s expires w thout the
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I\/Essage 303 n'ﬂijsdussbd:abmrea no-NAK scherme appropriate for a synchronous RLP
protocol, as is welj rViC est
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modi fi cati ons Ugbrd Iré&élﬁﬁiaBBﬁﬁéé cdiﬂ@at ¥IE&da ermsssﬁys&meﬁsmqo&/%ﬁa ge

304, subscri b%r Statio Ofyejtrans ﬁﬁ%eﬁ'ond 5@\& S’ra ggag_{?q :Xta sa §C§06

i ndicatin acce aH’c‘E“’- a

Response NBss sigsuswed iniS- mmmms@wemm@ 3oand eadelmayngllsaebm ce
?nggues;I Netssaﬂe &furﬁﬂisﬁlils"taﬁhbﬂrhr%@“ dph e@&fé@t b® on'é%if Irgsrecwi%g g%@ﬁéﬁge

i ndi catin e final ljink par rs to ervi ce
Messages 304 g’?‘ﬁf Sages, Oh el 3 geerv #g’ £ Ise‘%é\/[ efRage Jnot %Hf"f’l%on%tl ly
i ndi cat e NAK gedeisraskby onermorhgshi sodeqoa@aerskdled rs thesarti willlapprecidtevieat it er
transmtti ng 2Qditidial %E&Pimwsééﬂﬁ‘n&@f; or WS5&videdCbfect PoliPlete eﬁ@&gg@t ely

begin to ansm t, Data,fra 31 subs ent frame peri of
recei vi ng erﬂ@eb%sﬂ'ri’é@fe d?@@ E’g’a‘ %%prgstegf iBYENEON rmy begi n

i nredi at el y t r ansnlponmgeeiBiigatier first Seflige ReqbesicMessage 302, 1kkbe sbatick)104
di scussed in hay2d80elekt ﬁf‘%ﬂ@%&&e@oﬁ@c@ﬁéﬁ%@S%ﬁ@g %éli% "BYis Ar3Q; PE

del ayed unt|I arn ctign ti speci |ed|no previ ous
messages, or GOft PRakesshy Wﬂﬁcmaeéq Bshe NErsmytting, Wsl’gme
recei ved by oMessagelAtdtangl SeryviceCRequdst IMesSagenSﬂ&]eSmh avihiolrt epiporlyi woekd hat
an 20 when the parameters proposed by base station 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
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 IS-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 IS-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.



additional "action tinme" parameter or a Service Connect Conplete Message
15 may be enpl oyed wi thout departing fromthe present invention. Upon
receiving the first Service Request Message 302, base station 104 may al so
elect to Wlsﬁiﬁ"i ce Connect Message 308 i medi ately. TheFusisogss cut
makes it unnecessary to spend tine tranggitting Service Response Message
304 and Service Request Message 306. Such a short cut only works 20 when
t he paraneters proposed by base station 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 qgg@pmami cation link. In the preferred
enbodi nent, if no specific NAK schepp iq indicated in the various
nmessages, eagilht (HHAK 25 sherre for
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308 and 30 Service CHARSINRINLS 308 e

af orenenti oned | S-20 DNAK.;:I@UNDSM i on. I n the (3 eferred enbodl ment, each of

t he messages i ncl “deSyAﬁ_'kdﬁthWocaﬁﬁc %E@lem“&& s a new form of BLOB

adapted for RLP neget+at+ot—pHrposes—oteB——+5S-2666—+s—shont for "bl ock -
of bits." In the pr hNéKrPEE.RQ%@dFWént the RI3P BLOB includes|the initial

RTT.estimate to 35 benpg .r, A\ cémlowﬁg exenpl ary format for RLP -

BLOB is described i ¥ P 134 10 Tabl e
1 Field Length (bits NA&LPER-FBQWWVQ pTT 2 1RaK RANDS] o3 :

NAKLROUNDS REV 3 NAK. ROUNDS. YWD occurrences of the following: | NAK
PER_ROUNDJ WD 13 NAK_ROUNDS_REV occurrences of the follow ng: NAKJ'ER

ROUND REV j3 5 In Table 1, the RLP_BLOB I&) field indicates a ver3|%n nunber
of the 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 value to be used in the call.
NAK_ROUNDS_FWD indicates the number of NAK rounds to be used for
- forward link RLP transmissions. nNAK_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_REV 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

-
»




RLP BLOB format 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. NAK
ROUNDS FWD i ndi cat es ‘'t he nunber of NAK rounds to be used for forward |ink

RLP transm §§6@23§§%MK ROUNDS_REV i ndi cates the 10 nunber ci{q?zmaok&gnds to

be used for | i nk RuF transni ssion 1 As gl cat ed,

NAK ROUNDS REV field is followed by a nunber of NAK PER ROUND FWD ;lelhds
corresponding to the value in the _NAK ROUNDS FWD field. The |ast of the
NAK_PER ROUND hrityare mof | limited tp she Serneral, HandofBiregionMessage (GHIIMRaud

fields 15 cor rgaivensil ngHaAdébffe Eﬁ’e?l@oﬂln Metgshaget NAKREE%&%%DM e
NAK _ROUNDS_F\WD as e of zero, en e

fields (if anya)fg%/ﬁ’*\?ntf%?ga{gl?@b foll ow the NAK ROUNDS REV field. For
exanple, in a messdpe thmdpménrre% emhodiment?, anpAKS sihiee previousht hdlSEﬁSSQd

for \g/a;gdag@NrAEﬁgéaﬁed i ot REFEBO0H Isséﬁi is@ggg%ﬁ%’%l @% it Owed

by three FSERTRBI® %%WQVM% chegrpe smays then
The last NAK ﬁmmmd%ﬁhmmay Heohégntinded duringehe BZEaWnHE]ﬁke

POUND REV T el as NBIai0aiY@hHRSerhinodirhBR, hasE AR Y dhay! ArAfl illle e
and gncr ypti oﬁ“"g’g]?%yngfgﬁs%§ reg H%‘g&‘? |SHF%E' fﬁ?nﬁ‘d NAK pchemes dor @ﬁsRLB

ot her typd§ ofcalleBydgepingratk e ponrdLitlerrdPidil/ REPEAILs to etach

PCT/ US00/ 3083 e PQ%E t ct.ion
Message (G%DI\/)éug be%ia&%%sg thgg%l ﬁ% rectéégn ge‘l\/gss Eﬁ%ﬂﬂ%ﬁ‘g% ?gf‘flﬁ‘éd I n
the af oremenpr%\‘i‘é 5588R) 308 sResHyBI% emf#é’?ﬁ toahe wuged: hAfter

previously di semdingdSefvice Corgrst tMa*ssagm 3(!8 tdiel Rlulﬁ'lcﬁliﬂieééiﬁh £ B§rv1ce
n
Cohenp may. t nRSTRet Sﬁe%%afe%?’?r%p R mﬁ@bfggﬁ‘e ?}F?Cg{%sa SiHiPhg

h
fﬁeeg?mn§¥ﬁanag?r§??ée station104 heginsransnising ween dathase station 104 may

further reduce theSeverabetiethbd be%mpl@yedqur E?ﬁgdaﬂi?f ggm' &&érﬁ{ggel i
;fgsrgzsfgLPac% mta%%ggghésugééc ggé&%tzﬁr?gsﬁbg% Se sg ili‘ agrgr?tft?ébl n a
cal | by transfEi5ally In embod1ment base station 104 obtams the mmal RTT
estimate by addmg a predetermmed 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 Dbase 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 transmlttmg 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



Connect Message 308 specifying the RLP paraneters to be used. After

sendi ng Service Connect Message 308, and wi thout receiving a Service
Request Message 302 or Service Response Message from subscriber station 15
102, base ywdgddssp 104 begins transmtting user data. SevecaiusomioBsads may be
enpl oyed by base station 104 to determing@ the initial RTT estimate to
specify to a subscriber station at the start of an RLP call. In a

preferred enbo base tatlo 104 ai_ns e inptiha te by
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originated ca ervi ce uest Message 342 is transm tted by base station
104 and Ser ResporgasMersage 8ssage 344 is transmitted by subscriber station
102. Service ConiRiGt 4aNBss figevch@st bfithe hatepssatakehobyrmat substiriben stationdis cussed

above. As Shﬂmlgéofﬂgsssfter@r &?Wcﬁﬁoﬁrﬁ §mut.ta raa{eéamﬂﬁtaf’ data.

frames 310 I ne nnect Ssa %eg recel ving
q

Servi ce 10corgmabediment of dhednvention c Fhecsteps are shewn %égﬁuhgc #8349 i ng
reverse RLP oﬁ@h&eﬁrm&‘caﬂlgudi astthat shewn! av FIGN0 dindefir, a $ase istatidrequest
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initial RTT e handshake. As shown, '
subscri ber stati éﬂalﬂlbs%'a@pitéh?%é’nﬁiﬂﬁtﬁésEL iAll40, the, spbsgribes stalian age

344, and t hanitidtey sét&ftéSﬂiﬁg&lahbnﬁdiy d8addig 3 FrBSEEIde RENUSO Dlessage 402 :

perfor be ViGfe RTT® and
- 312. Alrrﬁ%t hel}l}sggc%éné%éa am&%ﬁgﬁ@%ﬁﬁ%ﬁé&%g@@%ﬂ%ﬁ:ﬁ@%ﬁw th su scrl be
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subscri ber Stpg}eggﬁaﬁgofurther RLP parameters. e message received was a Se ice
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 3-way 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.



initialize and use an RLP communication tink in accordance with an 10
enbodi ment of the invention. The steps: are shown for a subscriber station
originated RLP call, 'such as that shown in FIG 3a, and for a base statlon

originated RL such as that shown in FIG 3b. In a subscriber
st atgi on ori gY‘E‘H?’Sﬁ* RLP call 400, the subsg | ber station i n?g’g?’g@“gérw ce
negoti ati ons by sending a first Service éuest Message 402 15 indicating
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) and decodes a fu'st 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 pafameters
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 Corinect 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




5 station responds by sending a Service Response Message 424, indicating
that the subscriber also supports using an initial .RTT estimte received
during service negotiation. The subscriber station then receives and
decodes t{go1A5%6 response nessage 426 sent by the base gmiratsoomessdhe type
of response is evaluated 428. The respgnse may be another Service Request
Message, for 10 exanple indicating a proposal for a particular NAK schene .
or other additional RLP ters subscriber statjon t ends
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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 counter 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 funning 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




specifying an initial RTT estimate duri ng' servi ce negotiation. The base
station then receives and decodes:the Service Response Message received
fromthe subscriber station 464. The RLP paraneters indicated in the

Servi ce Res ssage are 5 evaluated 466 to determ nem y
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If the RTT cotn grAI? gmr#gt hafsﬁtrhﬁeltnngea%%‘ﬁ_ ﬁﬁré\er ggmtfhasf efﬁ'e@%&*@c@%bd,
then the RTT Beuncts NaK rounds aver permittads fiprethea sorrespossking yholef antetHel T
counter is stalbscribandtigonpaitedds RS dtapsmt frame is received, then the RTT

ot mat . A on bt 4eb oot KK lihibed, Fosrpecn 2ol he "Hispubet by
perform ng a %etigntemluates 532 whethpe the| RET fstinkate 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  before 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.



old RTT estimate and the sumof the RTT tinmer and a predeterm ned guard
time. One skilled in the art will appreciate that various other conbining
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20 FIG. 6 is 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 usedin conjunctioh with a wireless base station without departing from the
present invention. '

The apparatus shown includes data mterface 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




after expiration of the first NAK tiner. If, for sone reason, the initial
RTT estimate specified during service negotiation was artificially small,
then the 35 first NAK tinmer mght expire before a first retransmt frane
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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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provi de? by FEC nodul e 610 to interleaver 612, which interleaves the data
to prov %e time di versMé into the transmitted signal. Interleaver 612
utilizes anWBATASICIABMEBHS: nt er| eaving techniques, such as bl ock
interleaving and bit reversal interleaving. The output of interleaver 612
is binary, and is then provided to Wal sh spreader 20 614, which spreads the
signal using Wal sh codes. After Wal sh spreading, the output of Wlsh
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
transmtter 618, where it is upconverted, anplified, and provided to

di pl exer 650, and then transmtted through antenna 652.



25 In the preferred enbodinment, PN spreader 616 is a conplex PN spreader
that multiplies the conplex output of ‘Wal sh spreader 614 by a conplex PN
code. In an alternate enbodi nent, PN spreader 616 nultiplies the conplex
out put of Wsloshissdegeader 614 by a real (non-conplex) PN coggraResiuass

recei ved through antenna 652 pass throughidi pl exer 650 and 30 are then
gai n-control l ed and downconverted in receiver 638. Fromthere, the signals
are provided to CDVA denodulator nodule 640, within which they are PN
despread in PN despreader 636, Wal sh despread in Wal sh despreader 634,
deinterl eaved in deinterl eaver 632 andCIEAIMSoded in FEC decoder 630. FEC
decoder 630 provides the resultant received franes to 35 control processor
604. In the preferred enb dlnent PN despreader 636 is a conplex PN
despreader thadt mufs misthed fonfansmitting 3 sieam of informatiopnbytes epmprising by
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enbodl ment$s s 2 herein but is to be accorded the dest scope consi s% ent
with the prin B?aegf and novel features disclosed herein. 15 WHAT IS CLAI MED
|'S: WD 01/35580 PCT/US00/ 30834 19 CLAIMS 1. A nethod for transmitting a

stream of i nfor MlTRO nfuth6d of Ml 5 Wherein said Service Connect Message further
2 speeifies a NAK scheme, and wherein said method for transmitting further
comprises the step of using said NAK scheme.

5. 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.
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2 the steps of. receiving a nessage specifying a radio |ink protocol (RLP)
round-trip 4 time (RTT) estimate; and conducting an RLP communi cati on
session using said RTT estinate 6 to determ ne negative acknow edgnent

( NAK) Nes Ry %agp ng. 2. The nethod of claim 1l wherein Sacgulmzesde IS a
service negotiation 2 nessage. 3. The pgthod of claim1 wherein said
nmessage is a Service Connect 2 Message. 4. The nethod of claim3 wherein :
sai d Ser vi cel0ConiThet mettexh gé claimt harhergirs paidithessege inalUnivhmak Handbffher ei n
sai d nmet lod 'ﬁl(}% ing further conprises:ithe step of using said NAK
schene. ?O 1[29&% a?Ecl aiml further conprising the step of
negotiating, 2 using service negotiation nessages, a NAK schene used
during said 1lsubgeamethdd HoP tramsmittirgn ti strease of informatiolihbytes comgrising: | ai m 1
further Qorrpchh {e?g tfhe step of negotiating, 2 usi ng service negoti ation
nmessages, encryption par anet ers used durin ﬂ subs qiqm

communi cati on seSENGRS ¥ MEERASEEP adpa i MK REGRS rr?l‘-:‘é‘éiafg'g’ is a
Servi ce Hequasé (RZT)\/emgQ, ald The nethod of claim 1 wherein said nessage

is a Service Res o 9 f Fg@e id
nessage is a Gengglé?&f%\% N,Fﬁ@ﬁg & mg]?%trll %gggﬂ uﬁ%w ggﬁﬂla&a

PCT/ [ TSO®/ 30@3ieterngineegative @€ ‘G AK)eseage YmiRB-nessage i s a
Uni versal Handoff 2 Direction Message 11 A net hod for transmtting a

stream of i nfor i Qn sage
speci fyi ng ;lzl’ Irflﬁtg‘% rogtg %Sﬁt’%?elrngsua%%g% %sf seﬁ?%% I mat e,
and conddct mgssage -RLP communi cati on session using said RTT esti mate 6 to
determ ne negative acknow edgnent (NAK) nessage timing. 12. The nethod of

claimil Whelr el nﬁ%‘met[ﬂ%a 98l 1A WREMS %a{aeﬁﬁ' @s‘ﬁn?ﬂe is specified by an
2 operator of a base station and is used to determme NAK message timing
RLP communication sessions between one or more subscriber stations and

4 said base station. o

14.  The method of claim 11 wherein said meissage is a Service Connect
2  Message. o '

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 Handoff
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.
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2 message. 13. The nethod of claim 11 wherein said RTT estinate is
specified by an 2 operator of a base station and is used to determ ne NAK
message timng RLP conmunication sessions between one or nore subscri ber

stations an | d base station. 14. The nethod of claim] lerein said
nmessage i s 3"%8%’%? ’E’e Connect 2 Message. 1 The net hod of %Mgﬂ%’fi erein
said nmessage is a Service Request 2 Message. 16. The method of claimi1l

wh d rv ns, 17. Th net hod of
Cl'ai m 11 wher G2 cart JReERR Y} SRR A Rer criniofg e/ weritd naastetoe:
18. The nethodusingcsevigel megobiation agsdagess sagAKs - s;:hblmevezsadl didzimgiofshid 2

Direction Messggsse &gnt RhPp cmhheshi@iion sdsBiohd Wherein said Service Connect
Message 2 further speC|f|es a NAK schene, and wherein said nmethod for

transmtting further conprises the step of using said NAK schene.
LEEETiEVELLT 11230 The mhethbdl of hlaMSZ&’ﬁﬁhéB&Bﬁ@rE&Hg Uﬁéﬂtﬁﬁ’%% ‘gaﬁaﬁﬁ The

met hod of cj ai Rk sEHHE@?nEgSH&%ﬂ ?ﬁé&gacé] eﬁérggalﬁg ué‘ﬁgﬂ{ét&rsdigs e qf%:g?#l RLP

servi ce negotiatidn nes ng sai
communi cat |gon gﬁg CPARMMBIGAEANGTeSHPRI m 20 further comprising the

step of negotiating, 2 u5|ng service negotiation nessages encryption

araneters us dur deo |on Si on.
ﬁet hod f or- trg212 m té:}ﬂeﬁ%a ream oé | n#orna?ﬁgrrgpg@tf %%?H) sn‘ij’mlin?‘ﬁ'@
steps of. st d rftfgaflrst radi o |ink protocol (RLP) roundtrlptlrre
(RTT) 4 estimat e d!sfaibllltghﬁ@’ Wifiret pedjot ik i toc@nct rt@us.att@l ingé (Ra)RTT

estimate (o deanloauERlite r@e&%@a&%sﬂgmt reScebe TR T o

t RLP conmuni c h rrethod of claim 22 further
igﬁ;??g,eﬂg the stepding 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 information 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;
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2 measuring the delay between transmtting a NAK frane and receiving a
first corresponding retransmt frame to forma second RLP RTT 4 esti mate;
and updating said first RLP RTT estinate based on said second RLP RTT 6
estinmat e. yaforskig et hod of claim 23 wherein said step opcrpséisongd further
2 conprises performng a weighted average of said first RLP RTT estinate
and said second RLP RTT estimate. 25. The nethod of claim 23 wherein said-:

step of gsodati ng eEféBiiQﬁhﬁ 8 B LS &stiphaveCasidbfitdd Wwith B-RefOhl qip mat e
with said second RLP estingte q\ased on recerlggk,[ij the first retranspt
frame of saiS@TRRBYUHATIAEESIPRWhegein said sreongs! ?35%81?3135? RHtting a
stream ofg i rfiret RAT estilmates sareb nyhiereim gaid? sedonds RA[S estfimafeeid establighed 3- way

handshake t ' . LD -trip time 4 (RTT) estimte associ at ed
wth a fi rs?ilggﬁhe%&&?cﬁ%é orgtﬁ%)lgfol‘l LP@ Iﬂg(:;mmni cation_ sessjon; II1LIII
il o &R T;

Lrrer 130 111 msing  said | segongy/ £RigDates o3 detormpmes sREEALIYh | ng a
second RTT egkhowleignanci NAK)W tnilessage C dirdlirtg P inc oamusutssetjiient s Ik on,

wher ei n ,sai jnate is based on said 8 first RTT estimate,
1 %ogrﬁgﬁﬂf&aﬁzg %%%iog;a

and wheré@i n said secon eStimate is established during service
negoti ation; and 10 using said. second RLP RTT estimate to determ ne
negative agEnowrpdofitiiod NAKMaitk S2g¢herein Bgid Step Sflpedaimitig Rl Pwak?

. t . . ) - T .- . . . . . f .
corform fg TAnaGBAl pelormlnliidACe Baoctalhih BRd L SclbeAiBh ShE |
subscri ber seigk step of regtablishingsa spcasrd Bdilapstimatenis pedfermed) brivveessaidht e i s

perfornmed behuesnrtisAladd saidatscabét dt@tiorand sai d subscri ber station. 28. The
met hod of claim 26 wherein said step of performng a 3-way 2 handshake is

perfornmed between a base station and a first subscriber station and said
step of est @Bl i sFhagmethad efdclany 26swhenein - saidpetep fnperforningen 3avayai d
base st abi ohanfshakeSis Genfbriiedskdtiveen Shaskistation?@nd Bhierstelibsesibef stakidnm 26
wherein sai d 3eg08 gtep of gsstgﬁlwg '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 session; 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
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2 generated by adding a predetermned guard time to said first RTT
estimate. 30. Subscriber station appar-at-us conprising: 2 control processor
for receiving a service negotiation 'nessage specifying a radio |ink

pr ot ocol 8) gupd-trip tine (RTT) estimate and 4 using pghfSodolas
estimte to e erm ne negative acknow edgrzgnt (NAK) nessage timng in a
subsequent RLP communi cation session; and CDVA nodul ati on nodul e for
modul ating seravknewhegaient | (NAK)r arinessagd Rh:ﬁﬁg anms rarorsublsadlulem sakmP
control prgce A olo}

nmodul at i ongrmgaﬁ{muéé?u&i] er cggéﬂégg%td géér%g er B ﬂi?‘?!l&p Sahon’

i nformation s@& al conprising said service negoti atl on frames and said RLP

frames by ];8 PN 4 CDMA JRodBRsOnst@odale aﬁﬁa&ﬂé&kslaﬁﬁgprsem&g nfa g68ati6n|
processor or ran ervrc ot specifying a
radio link pr “H%HQ%%“ °"“§ cpggg elsgrlgﬁ%gé ‘to a 4 subscriber

station and usi ng said RTT estimate to determ ne negative CL N S W

01/:35580 PCT/ g500/ @ﬁé%ga?a%u%k R rwr.@ren{ A COMAGHR ISR nddale
subsequent RLE’[‘Ttg com‘ru

i cat n.sai d base_ station and
subscr ber 2ot HRItBEE CORRFSES BV SRS, £, OB oA g BACKACAT. s SIERAL .
negoti ati on tomprwirwdaiﬁL@rfiircamegqumﬂ&amgs giad daizhb RLPo Frapnesc bg soPN 33.
The appar ajus .gfe.Cl ai m 32 wherein said CDVA nodul ation nodule 2 further
conprises PN spreader for multiplying an information signal conprising
sai d service negotiation frames and said RLP franes by a PN 4 code. |
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