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[1001] The present invention relates to wireless communications. More

particularly, the present invention relates to a novel method and apparatus for
providing multiple levels of quality of service in a wireless packet data network

between a mobile station and a wireless network.

Background

[1002] The use of code division multiple access (CDMA) modulation techniques
is one of several techniques for facilitating communications in 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 in the art. These techniques
have been standardized to facilitate interoperation between equipment
manufactured by different companies. Code division multiple access
communication systems have been standardized in the United States in
Telecommunications Industry Association TIA/EIA/IS-95-B, entitled “MOBILE
STATION-BASE STATION COMPATIBILITY STANDARD FOR DUAL-MODE
WIDEBAND SPREAD SPECTRUM CELLULAR SYSTEMS”, and referred to herein
as 1S-95. In addition, a new standard for COMA communication systems has been
proposed in the United States in Telecommunications Industry Association (TIA),

entitled “Upper Layer (Layer 3) Signaling Standard for cdma2000 Spread Spectrum



Systens, Rel ease A - Addendum 1", dated Cctober 27, 2000, and referred to
herein as "cdma2000." [1003] The International Tel econmunications U%‘Q
recently requested the subm ssion of proposed nmethods for provi diﬂfﬂg |§}q5
rate data amdobighroqual ity speech services over wrel ess cpoTwgiaasizon
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frames. Beclrarnes! [Bubsequent standards have built on the standard to support a variety of
additional non-voice services including packet data services. One such set of
packet data services was standardized in the United States in Telecommunications
Industry Association TIA/JEIA/IS-707-A, entitled “Data Service Options for Spread
Spectrum Systems”, incorporated by reference herein, and hereafter referred to as
“1S-707."
[1005] 1S-707 describes techniques used to provide support for sending Internet
Protocol (IP) packets through an 1S-95 wireless network. Packets are
encapsulated into a featureless byte stream using a protocol called Point-to-Point-
Protocol (PPP). Using PPP, IP packets can be transported over a wireless
network in segments of arbitrary size. The wireless network maintains PPP state
information for the duration of the PPP session, or as long as additional bytes may :
be sent in the continuous byte stream between the PPP end points.
[1006] Such a continuous byte stream is subsequently encapsulated into a
series of 1S-95 frames using a protocol called Radio Link Protocol (RLP). RLP
includes an error control protocol that uses negative acknowledgments (NAKs) by

which the receiver prompts the sender to retransmit lost RLP frames. Because the
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prot ocol uses retransm ssions, RLP data transm ssion generally exhibits a
vari abl e transmi ssion del ay from sender to recei ver. A nodified f B eSS RLP

call ed synw(}; RLP (SRLP), in which no NAKs and no ret ey s are
sent by sen ewgr%r eceiver, is well known in the art. The frarrerg"Z/?JPg? rate
in SRLP is greater than that of RLP, but the transm ssion delay is kept to a
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STV Ces. R h The Wireless etwork, wherd it s pocessed b s packet data Seming node "
(PDSN). The PPP state for a connection between an MS and the wireless network
is typically maintained within the PDSN. The PDSN is connected to an IP network
such as the Internet, and transports data between the wireless network and other
entities and agents connected to the IP network. In this way, the MS can send and -
receive data to another entity on the IP network through the wireless data
connection. The target entity on the IP network is also called a correspondent
node. The interaction between a MS and the PDSN have been standardized in
EIA/TIA/IS-835, entitled “Wireless IP Network Standard,” dated June, 2000, and
referred to herein as “IS-835." One skilled in the art will recognize that, in some
networks, the PDSN is replaced with an Interworking Function (IWF).

[1008] In order to provide more complex wireless network services, there is an
increasing desire and need to provide different types of services simultaneously
through a single wireless device. Exémples include simultaneous voice and packet
data services. Examples also include multiple types of packet data services, such
as simultaneous web browsing and video conferencing. At the same time,
technological advances are increasing the bandwidth available through a single

wireless channel between a wireless device and the wireless network.



as sinmul taneous web browsing and video conferencing. At the sane tine,
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SUMMARY

[1010] Embodiments disclosed herein address the above stated needs by
enabling a mobile station (MS) and a Radio Access Network (RAN) to establish a
connection that supports muitiple grades of services with a single IP address
assigned to the MS. The embodiments described herein enable a data sender to
use a single IP address for multiple packet data applications. Thé packets
generated by each of the multiple packet data applications are provided to a single |
Point-to-Point Protocol (PPP) stack and a single High-level Data Link Control
(HDLC) framing layer to convert data packets into byte streams suitable for
transmission through Radio Link Protocol (RLP) connections. Each of the resultant
multiple byte streams is then provided to one of multiple RLP connections having
different retransmission and delay properties. The RLP connection selected for
sending data from each application is based on the grade of service most
appropriate for the application.

[1011]  The receiver receives the data on the muitiple RLP connections and

reassembles the byte streams into frames. The receiver may utilize multiple HDLC



appropriate for the application. [1011] The receiver receives the data on
the multiple RLP connections and reassenbles the byte streans into franes.
The receiver may utilize multiple HDLC 08 SEP 2005 WO 112/ 073910 (8 SEP 200
PCT/ US02/ 07313 5 framng |layers, with one HDLC fram ng | ayer correspondi ng
to one RLPwoonmseto on. Alternatively, the receiver may utibcwesa/gsrsgl e
HDLC franming layer and nultiple sinple "defranmer" |ayers. Each deframner

| ayer corresponds to a single RLP connection, and searches for flag
characters that delimt HDLG franes in e€ach RLP byte stream The defraner
| ayer does not renove HDLC escape codes, but rather provides HDLC stream
data to theframing daydisG witheonasHPLG nisaeirg layeft cefiessoming ta aone RLB12]
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di agram of an exenplary wi reless network apparatus; [1017] FIG 5 is a
fl owchart ofondiguess MLy fram@ hod of sendi ng packets through nmultiple RLP
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[1019] [1020], Multjpl e applicatjons usi n% di fferent grades of service could
be 'support €30 ‘exemplary embodiment” is not to be construed asnecessarily preferred or

advantageous over other embodiments described herein.
BRIEF DESCRIPTION OF THE DRAWINGS

[1013] FIG. 1 shows an arrangement of protocol layers according to an
exemplary embodiment;
[1014] FIG. 2 shows an arrangement of protocol layers according to an
alternative embodiment;
[1015] FIG. 3 is a diagram of an exemplary mobile station (MS) apparatus; and
[1016] FIG. 4 is a diagram of an exemplary wireless network apparatus;

{ [1017] FIG. 5 is a flowchart of an exemplary method of sending packets through
muitiple RLP connections having different grades of service; and
[1018] FIG. 6 is a flowchart of an exemplary method of receiving packets

through multiple RLP connections having different grades of service. .

DETAILED DESCRIPTION

[1019]
[1020] Multiple applications using different grades of service could be supported

on a single wireless device using a separate Point-to-Point Protocol (PPP) stack



on a single wireless device using a separate Point-to-Point Protocol (PPP)
stack 08 SEP 2005 WO 02/073911) PCT/ 1uS02/ 07313 6 for each appl0&SEP @85
Thi s approach has several disadvantages. Supporting nultiple PPP instances

for a sin bl station (M5) woul d needl essly consune unts of
dat a mm%ﬁlogﬁ ét‘h the M5 and the Packet Data Serving Nodpkﬁﬁlg@g [ 1021]

In addition, if a Radio Link Protocol (RLP) session were established for
use by an appl ication that required | ow 6atency, the RLP should be
configured to operate without retransmissions. Wile this would result in

the | ow | afengicht BgplidiorkeSthis UppPy8Eh HaROsaPeldl AsA@hnth§és Li hgo!
Prot ocol (LCP) andﬁ%)t| helro confll gurpgtlon protsocol s that gre@ﬁqu?%f%ﬁﬁrpo
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The enbodi 1j). di scussed bel ow overcone these di sadvantages by utilizing a
single PPP instance for nultiple RLP instances between a M5 and the
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(HDLC) | ayer 104 and one Poi nt-to- Poi nt Praotocol (PPP) |ayer 102. Each of

the RLP | Rest {aisp¥adiagyapelication o thet LigkaGent @t@p@b( &F3 and bW, For
exanpl e, rﬁggﬂaﬁ nﬁdhécae%étg&.fe %ﬁn.ﬁ)r%drt%t A8 LA tﬁfgﬂiﬁﬁngw&ﬁ@%%s th0 NAK

franmes recel e recelver IS con ure
retransm gsboasd withouit lerromoontsol. R[E’ésrei@lﬁngnmzrem mhfrgmer errot iratei toulg

t hrough use of error col,. while 2s 108 pr.ovi des
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service thilig ebaeaeteri zes such an RLP,s 106 is referred to herein as
"reliable” for short. Simlarly, the grade of service that characterizes
such an RL[H’222]108Ths erebedimants disdusset rbedew" o arcoaieethese "disaduaghagee byl ar y
enbodi ment thzlng a %lsncgrlé %%1: mstari\c?e for multiple RLP instances between a MS and the
wireless network. FIG. 1 shows an arrangement of protocol layers between a
sender and a receiver of packet data using different concurrent grades of service.

In an exemplary embodiment, the sender maintains two Radio Link Protocol (RLP)
layers (106 and 108), one High-level Data Link Control (HDLC) layer 104 and one
Point-to-Point Protocol (PPP) layer 102. Each of the RLP layer instances uses
different grades of service (106 and 108). For example, if RLPs 106 is configured
to retransmit frames in response to NAK frames received from the receiver, RLPs |
108 is configured for no retransmissions. In other words, RLP1s 106 provides
higher reliability through use of an error control protocol, while RLP;s 108 provides
unreliable tranéport with fixed, minimal transmission delay. The grade of service
that characterizes such an RLP1s 106 is referred to herein as “reliable” for short.
Similarly, the grade of service that characterizes such an RLP,s 108 is referred to
herein as “low latency.” Though exemplary embodiments are described herein as
using just two grades of service, implementations that use a larger number of
different grades of service are also anticipated and are to be considered within the

scope of the described embodiments. For example, a sender and receiver could



using just two grades of service, inplenentations that use a |arger nunber
of different grades of service are also anticipated and are to be
consi-dered within the scope of the described enbodi nents. For exanple, a
sender and receiver could 0 8 SEP 1005 WD 112/0739111 PCT/ 0S( 12487823005

each addi{igapabiMeutilize a third RLP layer that provides i, ddbgsigdi ate
grade of service having a degree of reliability that |ies between

"reliable” and "low latency." [1023] In an exenplary enbodi nent, the
receiver also maintains two receive RLH instances (116 and 118)
corresponding to the sane grades of service as the RLP instances in the

sender (1@8cRr@ditEhall FLni!liz%afmn!oeRLPf|a§bP1t$at1&6vw@§vérdﬁﬂerrﬁ@dnbeéJbﬁacﬂé afe of
service, then RLP1R 116 is configured for reliable grade of service. Thus,

when the EeMIGR hawng aydagreeoécaliabiitythad lies hetweerns aglieblecand ipwrlatesicyt he
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other hand, if RLP2s 108 is configured for |ow |atency '%iade of service,
t hen RLP2RLP1®slanaesraithe seadar apd 4A8)r drpfrenampleofl HRwkt0§ aravides

seqguence | n . : . Qm a ence
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payl oad. Thusd@hehahe RRIFRRA 160RyBeedtatts a reaktiaite seqesncnanimberobf the f er

of previously sent frames, thus conserving nenory in the sender, Al so,
RLP2R 118refEavehRLRdramasnthen &dyachtd fgspordeby sendisgcaNAKviragenitor y

. th . . . ; d | P

packet s P tephoF i “UPERTeta Rl FERLPNARTraRe R RIS T,

I ncr easestheadqee stadrarg Higpm itb yetoamdrissiomgbuffern@adkee otlerivasss ifdRLBactO&S t he
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108). In an exenplary enbodinment, the | 'ayer 102 provi des whol e PP
packet s t BLPre 1HBL@ey|awié framesequgncensmbersent edy ifnioio thmtraoamitted Rtdh be

used to d?r%r%re@ {})emmérl](iecrtr]\o%‘l?ocl)#y%rr data payload. In addition, RLP;s 108 need not
maintain a retransmission buffer of previously sent frames, thus conserving
memory in the sender. Also, RLP2z 118 need not maintain a resequencing buffer,
thus conserving memory in the receiver.
[1024] The PPPg layer 102 in the sender encapsulates IP packets within PPP
frames. In an exemplary embodiment, the PPPg layer 102 increases packet
throughput by performing IP header compression such as the well-known Van-
Jacobsen (VJ) header compression. VJ header compression can result in the loss
of certain header information that might otherwise be useful in multiplexing PPP
packets between the multiple RLP layers (106 and 108). In an exemplary
embodiment, the PPPs layer 102 provides whole PPP packets to the HDLCs layer
104, and also provides information that can be used to determine which RLP layer
to send the framed data through. In an exemplary embodiment, the PPPg layer
102 provides a grade of service identifier or an RLP instance identifier with each
PPP packet provided to the HDLCs layer 104. The HDLCs 104 layer adds flag
characters between the PPP packets and adds a cyclical redundancy checksum
(CRC) to each PPP packet received from the PPPs layer 102. The HDLCs layer

104 further performs HDLC escaping to ensure that no flag or HDLC control



to send the franed data through. In an exenplary enbodi nent, theed;fgf Iag/er
102 provides a grade of service identifier or an RLP instance id PER &0
with each PPP packet provided to the HDLCs | ayer 104. The HDLCS 104 | ayer

adds flag‘,(@ag_ggo rs between the PPP packets and adds a c?;ébgs(ﬁli(ﬁéejdundancy

checksum each PPP packet received fromthe PPPs The
HDLCs | ayer 104 further perforns HDLC escaping to ensure that no flag or
HDLC control 0 8 SEP 2005 WD 02/073910 &CT/USO 2/117 31 3 8 characters
appear within the data of a single frame. The HDLCs | ayer 104 typically
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escape sequence having at least two characters. ecelver in FIG
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of the sen receiver, homever a single 212

is used Imstaﬂ@dsQi1Dmdf13t4)®©dﬂp8ﬁﬁ’rmnmbamef tHaeCmrsrred:@yenm(ﬁbmamd 220)
are inserted & between th&\ﬁ?LP Ig yers (218 and, 216) .and the HDLCR | ayer 212.
The purpost® determige duhetas the @m%dvezzo')eqesvec% Vﬂﬂblﬁo@ﬁ‘ﬁﬁtca@ﬁf‘y bt-e
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bet ween, dCRESsEeivnverdeditpahe neahpratdea! }lﬂ)@rldDL(eF’fFfpanﬂﬂ_ The HDLCR | ayer 212

renoves esﬁggg] SCHIE" T Shows an alternate arrangement of protocol layers. The
arrangement of protocol layers in the sender in FIG. 2 is identical to that of the
sender in FIG. 1. In the receiver, however, a single HDLCr layer 212 is used
instead of one for each RLP instance. Deframer layers (214 and 220) are inserted
between the RLP layers (218 and 216) and the HDLCx layer 212. The purpose of
the deframers (214 and 220) is to ensure that only whole HDLC frames are
delivered to the HDLCg layer 212. Delivering only whole HDLC frames makes it
unnecessary for the HDLCr layer 212 to differentiate between, or reassemble, data
from multiple HDLC frames. The HDLCg layer 212 removes escape sequences
and checks the CRC for an entire frame. If the CRC is deemed correct, then the
HDLCr layer 212 forwards the complete PPP frame to the PPPg layer 210. If the
CRC is incorrect, the HDLCr layer 212 silently discards the erroneous frame data.
[1027] One benefit of using deframer layers (214 and 220) is that it enables the
receiver to support mulitiple instances of RLP (218 and 216) without any changes
to the implementation of the HDLCgr layer 212. The HDLCg layer 212 need not
even be aware that the received bytes have been received through two different
RLP connections. This implementation independence is especially important in

network implementations where the HDLCr protocol layer 212 resides in a different



and checks the CRC for an entire frane. If the CRC is deened correct, then
the HDLCR | ayer 212 forwards the conplete PPP frane to the PPPR | ayer 210.
Lf the CRCis incorrect, the HDLCR | ayer 212 silently discards QBeSEP 2005
erroneous frane data. [1027] One benefit of using deframer |ayers (214 and
220) is that,lubeemables the receiver to support nultipley of RLP
(218 and ‘2/%32}"\%\%)? out any changes to the inplenentation Oﬂ@?ﬁs@?@%ﬁa | ayer
212. The HDLCR | ayer 212 need not even be aware that the received bytes
have been received through two differenB RLP connections. This

I npl ement ati on i ndependence is especially inmportant in network
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| ayers and grades of service wthout changing the software of the standard
packet rlayees and goads ¢f| servige svithasit ghaegegpharsefiwase| of the stanstard werkethat
supports }0318 mul tiple grades of service as di scussed above. A control
processor Y- establishes a wireless connection through a wirel ess nodem
304, tranpio2gfer FIG6.3 sabWsaaheaxemgRity amodhievstatih @SexREPsapporsb@ ment
the wireless nodem 304 and transmtter 306 operate I n accordance with the
cdma2000 Qywdinle; gradesn of sarvieenasi discyssehealipye| ebscapiahmpsoeesssy 302

transmtt o) rate .l | e

St andar d SHEprhesEWieR, @ifdeon RRH Y [fgliss R Qe M4 farimBef 86, 5,

I S connecérd antermaB08ras sHdwmavnrzh exeraplary emisddinentothe @irekessimgdéime

contr ol p£6) essor 302 to 8 tablish and utilize the protocol | ay%rs .shown in
FIGS. 1-2¢ ‘iﬁ’é‘drﬁmﬂ@ié GrAE NJRCGRARA AP the %fﬁazﬁﬁ%f)??' RENPPenor y,

EPROM | sk | 8odigk. i
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or any ot m of storage nedium or conputer rea e nedi a
known i n a¢pordamce with some other wireless standard such as 1S-95, W-CDMA, or EDGE.

[1029] The control processor 302 is connected to a memory 310 having code or
instructions directing the control processor 302 to establish and utilize the protocol
layers shown in FIGS. 1-2. The memory 310 may include RAM memory, flash
memory, ROM memory, EPROM memory, EEPROM memory, registers, hard disk,
a removable disk, a CD-ROM, or any other form of storage medium or computer
readable media known in the art.

[1030] In an exemplary embodiment, the control processor 302 uses some of
the memory 310 as memory buffers (312 and 314) necessary for operation of the
multiple RLP layers. For example, if the RLP, buffer 312 corresponds to a reliable
RLP connection, it will include a retransmission buffer for RLP data being sent and
a resequencing buffer for RLP data being received. If the RLP, buffer 314
corresponds to a low latency RLP connection, then the RLP; buffer 314 need not
have either a retransmission buffer or a resequencing buffer. Because these two
buffers are not needed, the RLP; buffer 314 occupies a smaller amount of memory
than the RLP; buffer 312. Though depicted as disjoint, the buffers (312 and 314)
may also overlap if some data structures are shared between the multiple RLP

implementations.



[ 1030] In an exenplary enbodi ment, the control processor 302 uses sone of
the nmenory 310 as nenory buffers (312 and 314) necessary for operjh pEm100F
the multiple RLP layers. For exanple, if the RLP, buffer 312 corresponds to
a reliabl e wBlRozmhection, it will include a retransmn ssi orciaSize73ior RLP
data being sent and a resequencing buffer for RLP data being received. If
the RLP2 buffer 314 corresponds to a Iow& atency RLP connection, then the
RLP2 buffer 314 need not have either a r&transm ssion buffer or a
resequenci ng buffer. Because these two buffers are not needed, the RLP2
buffer 314 6tBH)i eFlIS.ghahows amexemplary vafaless comanunination Retirkikaving 2.
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exenplary wi reless comunication network having a connection with a packet
net wor k suckurthertineludeser seteciars4021thatiis: eonrnacted derine oamaone wielpssikbase

i ncl udes a N nd a RDSN 414. Th 41 her incl,ude ect or
40 that 1sCURECREtE v ine N salprer APt M RAN 412 I bl BREPRREHTS!
The sel ect o gk statibAeonidlId ZBSE),0eRiEhds Inot 3hswnsy Allasiréless datsentstoadd on
controller (BSC), which is not shown. Al wireless data sent to or received

from t he MSréceived dioatthehvi8 is)routédethsmighdhe seléCr 4021 bdariditionrtottie s¢lectoed@d;t or

402, h i.ngGl I |
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W thin the mRiméyy, EEPROM fletnory! tdfisteRard disk, a removable disk, a CD-ROM, or
any other form of storage medium or computer readable media known in the art.
[1033] In an exemplary embodiment, the control processor 406 establishes
multiple buffer areas (408 and 410) within the memory 418 for the various RLP
connections established with multiple mobile stations. In an exemplary -
embodiment, one pool of RLP; buffers 408 includes retransmission and
resequencing buffers for use in reliable RLP instances. Another pool of RLP;
buffers‘410 is used for low latency RLP instances, and therefore does not include
retransmission and resequencing buffers. The control processor 406 may allocate
more than one RLP instance to a single MS. For example, one RLP¢ buffer and
one RLP; buffer may be allocated to a single MS that is running a combination of
delay-sensitive and non-delay-sensitive applications.
[1034] The control processor 406 is also connected to a PDSN 414. In an
exemplary embodiment, when the MS sends an IP packet to the packet network
416, the control processor 406 receives the RLP frames from the selector 402 and
uses the associated RLP buffer (408 or 410) to extract a stream of bytes from the
RLP frames. The bytes are then sent from the control processor 406 to the PDSN

414, which extracts complete IP packets (those having correct CRC values) from



connections established wwth nmultiple nobile stations. In an exenpl ary
enbodi ment, one pool of RLPZ buffers 408 includes retransm ssion gg&gp mqg
resequenci ng buffers for use in reliable RLP instances. Another pool of RLP2

buffers 430, is74¥ngd for low latency RLP instances, and thegfas,998s not
i nclude retransm ssion and resequencing buffers. The control processor 406

may all ocate nore than one RLP instance to a single MS. For exanple, one
RLPZ buffer and one RLP2 buffer may bethllocated to a single M5 that is
runni ng a conbi nati on of delay-sensitive and non-del ay-sensitive

appl i cati s byfel Q&ehnT e JeebtdancePWithedeoH DALS prototos 0 THE PSR4 1 4 therPDSN
414. In an eXenplary enbodi nent, when the M5 sends an | P packet to the
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defram ng before sendig?_ the bytes from the RLP frames to the PDSN 414. The
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Def ram ng I better_resource usage in addition to enabling the use of
exi sting B%EK@B@&'P %Fﬁ]éggrzﬁslsocate more than a single PPP/HDLGto an IP

addr ess. tﬂd%%?l WRRBn (the pRaketGietRBIRT & s8dds §%meﬁtooﬁﬁ%‘??§, R paerSard he

packets are irst received at the PDSN 414. I'n an exenplary enbodi nent, the
PDSN 414 fieshcepsiviedt atsthenBDSN ddtdagim@sn exempksyernbodimentsthen PO $IPH vhcket s
and uses encapsulates the IP datagrams addressed to the MS into PPP packets and uses
HDLC framing to convert the resulting PPP packets into a stream of bytes. In-an
exemplary embodiment, the PDSN 414 assigns a singie HDLC instance to a single
MS, and uses that HDLC instance to perform HDLC framing of any IP packet
addressed to that MS. In an alternate embodiment, the PDSN 414 may have
multiple HDLC instances assigned to a single MS, such that each HDLC instance
corresponds to a single RLP connection within the MS.

[1036] The connections_ between the PDSN 414 and the network 416, be"tween
the PDSN 414 and the control processor 406, and between the cont'rol processor
406 and the selector 402, may use any of a variety of interfaces including ethernet,
T1, ATM, or other fiber, wired or wireless interface. In exemplary embodiment, the
connection between the control processor 406 and the memory 418 will generally
be a direct hardware connection such as a memory bus, but may also be one of
the other types of connection discussed above.

[1037] FIG. 5is a flowchart of an exemplary method of sending packets through
multiple RLP connections having different grades of service. In an exemplary
embodiment, a control processor of the sending apparatus (302 of FIG. 3 or 406 of

FIG. 4) utilizes the method characterized by FIG. 5. At step 502, the sender



HDLC fram ng to convert the resulting PPP packets into a stream of bytes. In
an exenplary enbodi nent, the PDSN 414 assigns a single HDLC i nsr@nﬁqg f{]?}; a
single Ms, and uses that HDLC i nstance to perform HDLC fram ng of any I'P

packet a to that M5. In an alternate enbodi nent, 414 may
o FIRe I CRRY

have multip C instances assigned to a single M5, suc ¢h HDLC
I nstance corresponds to a single RLP connection within the Ms. (1036] The
connections between the PDSN 414 and th¢2network 416, between the PDSN 414
and the control processor 406, and between the control processor 406 and
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through nultiple RLP connections having different grades of service. [n an
exenpl ar y eacmiitiRP paoket ia coorerted iptocare sEC flamére Grendi meprapglagr ctiaractedd2 of

FIG 3 or 406 of I 4 ILli.zes the.net hqd characterized by FIG 5. At
tep 502, afhdnSertnsbpoheF Ry F1BkE0Hames it tae dpyes ST pen tiog) v Santrol
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enbodi ment, | P header conpression such as Van-Jacobsen (VJ) header
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octets OxAtlisteb806, the sender determines which of a set of available grades of service
should be used to send the data for the frame based on the type of the packet. IP
packets being sent using non-delay-sensitive applications such as FTP or TCP are
sent at step 508 using reliable RLP (with retransmission and resequencing). Also,
any packets that are not IP packets, but still non-delay-sensitive (such as IPCP or
LCP packets) are sent at step 508 using reliable RLP. Delay-sensitive types of
packets, such as Real-Time Protocol (RTP) packets used for video conferencing
services, are sent at step 510 using low latency RLP. As discussed above, low
latency RLP does not send or request retransmissions of RLP frames lost to
communication errors. Though two grades of service are shown in the exemplary
embodiment of FIG. 5., one skilled the art will recognize other systems may utilize
more than two different grades of service without departing from the scope of the
described embodiments. For example, at step 506, the sender may elect to send
some types of packets through an RLP connection having an intermediate level of
reliability.
{1038] FIG. 6 is a flowchart of an exemplary method of receiving packets
through multiple RLP connections having different grades of service. In an
exemplary embodiment, a control processor of the receiving apparatus (302 of
FIG. 3 or 406 of FIG. 4) utilizes the method characterized by FIG. 6. At step 602,



(hexadecimal) . Also at step 504, a CRC is conputed for each franme and
inserted at the end of the frame (before the flag character that (¢ g_rpajng
the end of the frame). ‘At step 506, the sender determ nes which of a set of
avai | abl e gwamebassob service should be used to send the dateciwusw2ehasfrane
based on the type of the packet. IP packets being sent using

non-del ay-sensitive applications such as ETP or TCP are sent at step 508
using reliable RLP (with retransm ssion 3 d resequencing). Al so, any
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t hrough an RLP connection having an internediate level of reliability.
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t hrough two connecti ons, atency and relitable. [1039] As
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reliable RLP connection have, sequyence nunbers that the receiver uses. .t.0
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conmuni cation errors, i o
[1040] In contrast, when an RLP frame is lost to communication error on a low

latency RLP link, no retransmission is requested or sent. Any data bytes carried in
such a lost RLP frame is omitted from the stream of data bytes presented to the
receiver's HDLC layer. In other words, the loss of an RLP frame on a low latency
RLP link invariably causes a gap in the receiver's stream of data bytes compared
to what was transmitted by the sender. However, low latency RLP protocol has
latency that is both fixed and small, making'it highly suitable for sending delay-
sensitive types of packets, such as RTP packets.

[1041] In an exemplary embodiment described in FIG. 2, the receiver uses
deframers (214 and 220 in FIG. 2) received through multiple RLP connections

(218 and 216 in FIG. 2) in order to provide whole HDLC frames of data to a single

HDLC protocol layer (212 in FIG. 2). In FIG. 6, this deframing is performed at step
604. At step 606, the HDLC protocol layer (212 in FIG. 2) removes HDLC escape
sequences that were inserted by the sender and checks the CRC of each HDLC
frame. At step 606, any HDLC frame bearing an incorrect CRC is silently
discarded by the receiver. The resulting PPP frames are then provided by the
HDLC protocol layer to the PPP layer. At step 608, the PPP layer decapsulates



the receiver sends a NAK frane to request retransm ssion of that frane. Wen
the retransmtted frane is received, the data carried in that fra i used
to conplete the stream of data bytes before providing any subs@@u tU@hta
bytes to the HODLC layer. As a result, the streamof data bytes extracted
fromthe RYPYPEMYS of a reliable RLP connection will genBFBUSY2HEHE3 have
gaps conpared to what was transmtted by the sender. The cost of preventing
gaps in the data is variable |atency. [14040] In contrast, when an RLP frane
is lost to comunication error on a low latency RLP link, no retransm ssion
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del ay- sensitive types of packets, such as pac n an
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then 604 is omitted. At step 602, each RLP layer (116 and 118 of FIG. 1) provides data
extracted from received RLP frames directly to its corresponding HDLC layer (112
and 114 of FIG. 1, respectively).
[1043] Thus, described herein is a method and apparatus for providing multiple
quality of service levels in a wireless packet data services connection. Those of
skill in the art would understand that information and signais may be represented
using any of a variety of different technologies and techniques. For example, data,
instructions, commands, information, signals, bits, symbols, and chips that may be
referenced throughout the above description may be represented by voltages,
currents, electromagnetic waves, magnetic fields or particles, optical fields or
particles, or any combination thereof. One skilled in the art will also recognize that
the PDSN in the above-described embodiments could also be replaced with an
Interworking Function (IWF) without departing from the scope of the described
embodiments. |
[1044] Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the
embodiments disclosed herein may be implemented as electronic hardware,

computer software, or combinations of both. To clearly illustrate this



routed at step 610. Though the enbodi nents described above di scuss primarily
encapsul ating | P packets, PPP and HDLC can al so be used to send pgajfet)gsf or
ot her protocols such as IPX or LCP. [1042] In an exenpl ary enbodi nent using

def r amer SM&Z‘W@HQ 220 in FIG 2), steps 602 and 604 are E‘fﬁ’g"&?ﬁ?‘gby t he

control processor (406 of FIG 4) within the RAN (412 of nd steps
606, 608, and 610 are perforned by the PDSN (414 of FIG 4). In alternate
enbodi ment such as that shown in FIG 1)15the PDSN (414 of FIG 4) allocates
mul tiple HOLC |l ayers (112 and 114 of FIG 1) to a single M. In this
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| ayer (112, and _ 114 of FI 1, respectively), [1043], Thus, ,described herein
275 et no4 B pianalis VGTEBPOSTR HPCaEli & MRlaMANe b RS S NEEE PEvel o
In-a w re's%ﬁ%a?@%bﬁénggh?oﬁethé!ﬁé‘?ﬁcnﬂﬁf‘ﬁﬁ&ﬁda@iﬁn AW E8siYh corstralints ri'mEB§e&”
woul d understand that I nformation and signals nay be represented sl ng any
of a vari enythefowdiralf systetn.t Skiledlastisats anay ittgdémieqgtiée dEscritedafupictionality a,

I nstructions, conmmand I nformation, signals, Rits, s ol s, .and, chi.ps that
my be 1 OF LRBRE WAV AIBLERGE PoTIR S ARRUARRE b TReme Rt Bhs by
vol tages, shelld ROL Be iflefSretOIRBNGUsIng\aV@SparfRENPéinCtHe §étse 6f trfe'slpﬁésvérﬁs,
optical fields or particles, or any conbination thereof. One skilled in the
art will anemtioBcogni ze that the PDSN in the above-described enbodi nents

depart | ng 95N ¢ PLRE ARl I Bar LB BRI, bRt il deiibeds
ski || woulcdnhettiberwididrheceaibddimantd A&sciesdd herbin Wsdy aid impleraestld or
bl ocks, nodul es, circuits, and algorithm steps described in connection with

the enbodeROANSd Yt P ALEErALPUPASAEYOMSSOR? Siditdl S0l PeperssPbAPEPha?livar e,
SEPUbeL SEPJAEI s9BeTe RATARLR JATOL TR Rt e B a0 0
and sof t wWiFBGAjaoii otteeri ptagsbmamabie logitpdeeices discrete gate or transistor logic,
discrete hardware components, or any combination thereof designed to perform
the functions described herein. A general purpose processor may be a
microprocessor, but in the alternative, the processor may be any conventional
processor, controller, microcontroller, or state machine. A processor may also be
implemented as a combination of computing devices, e.g., a combination of a DSP
and é microprocessor, a plurality of microprocessors, one or more microprocessors
in conjunction with a DSP core, or any other such configuration.
[1046] The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a
software module executed by a processor, or in a combination of the two. A
software module may reside in RAM memory, flash memory, ROM memory,
EPROM memory, EEPROM memory, registers, hard disk, a removable disk, a CD-
ROM, or any other form of storage medium or computer readable media known in
the art. An exemplary storage medium is coupled to the processor such the
processor can read information from, and write information to, the storage medium.
in the alternative, the storage medium may be integral to the processor. The

processor and the storage medium may reside in an ASIC. The ASIC may reside



bl ocks, nodules, circuits, and steps have been descri bed above gegﬁ‘rﬁi@ﬁ%i n
terms of their functionality. Whether such functionality is inpl

hardware or software depends upon the particul ar application and design
constrai Ny hPesgd on the overall system Skilled arti sa';ﬁ/{rg,%/(,i7§qgl enment

t he descri be functlonallty in varying ways for each particula

application, but such inplenentation decisions should not be interpreted as
causing a departure fromthe scope of th€& present invention. [1045] The
various illustrative |ogical blocks, nodules, and circuits described in
connect i ofin i rhbbilestatith 0 dh e afte ftiveofietploeessdar amy tHeestorayecnidiat rhay
performed with a general purpose processor, .a digital signal processor

(DSP), an regigpiaschqrele ecqreeonentsimadpelilecstationcuit (ASIC), a field

progr ammabl, at t e crete-
Gate or TG4, OTHE pRviols eBkrBlioR it the RS SRR gl fised \aTT o1

t her eof demiapleany pensehfskrlmd infteefarhts make oteser theqste sertdhventidrgeviariobs

pur pose processor be a mcroprocessor, but inthe alternatjve, the
processor MRfj '%ﬁ!‘%ﬁ)}o é%@ﬁmwwenﬁrw@&%madﬂ&mntép thase skidedtn 418 er |

or state of
computi ng o dae GeREREBRAGRIEHerHethesEin KR EIME] GDur BLARAE

pl UL al i ty withomit cdepartmgaﬁmr] ahecxpert;bor g?ope rof cthepinve rticr STrrl:m thenpms};ehton
with a DSP core, .or any o r such confi ation 4 e steps . of a

et hod o NGIRNEHAChEYERISE DR IWBIARLE s, SMbaRImRAS SRsn PRER DS & osed
herein mi)bebﬁc&i?@é@'tﬁ@ WiHESCEEpd %oHé:%:ﬂé’fﬁfvﬁth tHe ?nné@ d3'3hg 'f@al‘?ﬁf@§“t ed
by a processor, in a conblination of the two. S tvvare nodul e may

resi de md%ﬂs@rmmgm flash menory, ROM nenory, EPROM nenory, EEPROM
menory, registers, hard disk, a renovable disk, a CO- ROM or any other form
of storage nedium or conputer readable nedia known in the art. An exenplary
storage ngo48) | WEAPISELAIMED 197 ocessor such the processor can read
information from and wite information to, the storage nedium 1In the
alternative, the storage nedium my be integral to the processor. The

processor and the storage nediummay reside in an ASIC. The ASIC may reside
0 0 SEP 2005 WD 02/073910 PCT/U SO 2 /117 3 1 3



16 in a nobile station. In the alternative, the processor and the storage
medi um may reside as discrete conponents in a nobile station. [1047] The
previ.ous description of the disclosed enbodinents is provided to (Eh3BP g)pmny
person skilled in the art to nake or use the present invention. Various

nodi fications to these enbodinents will be readily apparent to those skilled
inthe art, and the generic principlgg defined herein may be applied to

ot her enbodi ments wit hout departing fromthe spirit or scope of the

i nvention. Thus, the present |nvenggﬁgj’£ not intended to be limted to the
enbodi ments shown herein but is to orded the w dest scope consi stent
with the principles and novel features disclosed herein. [1048] WHAT IS
CLAIMED IS: 0 8 SEP im17 CLAIM5S 1 . A nethod for providin packet dat a
services, the riet hod\ methnd sfphgﬂoé!ﬂ"w)lWaﬂkehgd%t35|sﬁ@li@e@oﬂ1ﬂ thogli n t

Pr ot ocol &gﬁﬁ‘s .ter PPP) layer (102, 110 or 210) for conmuni catlon by

mul tiple ‘ications between a nobile station and a wirel ess network

(412); sendi ng extablishi® @i BdghaFoitttoRght Fabtbesi obeimiterl RPPY) 16g62, 110 or
210) usi ngéa first Radio Li nk Protocol (hereinafter RLP) layer (106, 118 or

218) char 4d02r 11 er 89OiiquéquﬁmUé"(‘@t'QBéJYomUEMQ/F’é‘&a ﬁBP"C@t'PﬂﬁﬁetW99@ df data
applicati %obﬂ@&aﬁﬁﬂ%ha% \%?%l?rggg.%‘éb 4§?§;a t hrough said single PPP |ayer

using a second ayer ) characterized by a | ow | atency

grade of serviseading ard $@®e£mdgt¢awtmbugatsmdasimblezaﬂmmyev\/(rmz;l1r10td51e first
RLP | ayer is configured for data retransm ssiaons, t he second RLP is not

confi gured'2 HOdrusing 2 fiest Radia ldak Stretoce! (W@'ﬂﬁfﬁﬁcﬁ'—%) layes; (H09, 1f8reher
conprisi “921835&?:}?5&@%8&’ By T rétaiddrabe fO sbifod Fosh RSt gy s Bad N9 a

first buffer’si
appllcatlon, and

sending and receiving data through said single PPP layer using a
second RLP layer (108, 118 or 218) characterized by a low latency grade of
service for a second type of data application,

wherein the first RLP layer is configured for data retransmissions, and
the second RLP is not configured for data retransmissions.

2. The method of claim 1, further comprising:

establishing a first buffer for the first RLP layer having a first buffer size
based on the reliable grade of service; and

establishing a second buffer for the second RLP layer having a second

buffer size based on the low latency grade of service.

3. The method of claim 2, wherein the first RLP buffer includes
retransmission and resequencing buffers, and the second RLP buffer does

not include retransmission and resequencing buffers.

4. The method of claim 1, further comprising establishing a single
High-level Data Link Control (HDLC) layer, disposed between said PPP layer

and said first and second RLP layers.

5. The method of claim 4, further comprising:



based on the reliable grade of service; and establishing a second buffer for
the second RLP | ayer having a second buffer size based on the |ow | atency
grade of service. 3. The method of claim2, wherein the first RLF0 B SEP 005

i ncludes retransm ssion and resequencing buffers, and the second RLP buffer
does not include retransm ssion and rygsequencing buffers. 4. The nethod of
claim1, further conprising establishing a single Hi gh-level Data Link

Control (HDLC) | r. . di sposed between sai.d PPP, er an | d first and
second RLP | ay&sCbihing, & RSRIGFTOFF Bef iseses bfEaco St 8L G 1ok o
2005 18 esdnoddi@ firsiRIP fdyies! fof providing Wit HDLAT SiestodedidpHIL G ddyérHDLC

| ayer and said first RLP layer, for providing whole HDLC franes to said

HDLC | ayer. 6. The method of claim 1, further conprising: establishing a

first Hi gh-lev Datﬁﬁn{g@fho@gf ‘_r:@m (1 e.f!C? isi@.sposed bet ween said PPP

| ayer and said Tirst I"ayer; “and ésta |r§g ‘'second Hi gh-level Data
Li nk Control ( HstdBlishiyes firsttHighoews Duth WagaCoairdl fPHIﬂ_Cﬁmbrmsbamdd second
pr

RLP layer. 7. A nobile station conprisi ng a contro ocessor (302) and a
menory ( 30etweansaid RPPHayeo#rd saiddirsicRE dayearaa®d i s configured to execute

i nstructions i : s g | shi_ng | | nt,-40- Poi nt
Prot ocol (her e{éﬁgﬁgﬁﬁ@g Slggégérj ﬁ%o'f,%ﬁ?%h%rE'EEO)C%PEHPP%-@[HQQI (Iiagy at a

appl i cat i alispdsedebetiverpsaithPRFolayeeand shie sevondl RLBiayeron and a w rel ess
network (412); sending and receiving data through said single PPP | ayer

using at least _first and second Radi o Link Protocol (RLP) |ayers (106, 108,
118, 116, 218, 7-216)A dnebilg statione gomprisingepi editeol gpragesear 630 ard for a

Lo ¥ noe 10 e BT M BB 0oV A 3 BB 00
for data rigtheonions s tismendory (310) for:
establishing a single Point-to-Point Protocol (hereinafter PPP) layer
(102, 110 or 210) for multiple data applications to exchange data between the
mobile station and a wireless network (412);
sending and receiving data through said single PPP layer using at least
first and second Radio Link Protocol (RLP) layers (106, 108, 118, 116, 218,
216) characterized by a reliable grade of service for a first type of data
application and a low latency grade of service for a second type of data
application,
wherein the first RLP layer is configured for data retransmissions, and

the second RLP is not configured for data retransmissions.

8. The mobile station of claim 7 further comprising a wireless
modem (304) for modulating RLP frames generated by the first and second
RLP layers.

9. The mobile station of claim 7 further comprising a CDMA
wireless modem (304) for modulating RLP frames generated by the first and

second RLP layers.

10. The mobile station of claim 7, wherein said instructions further

comprise establishing a buffer (312, 314) for each of said at least two RLP



the second RLP is not configured for data retransm ssions. 8. The nobile
station of claim7 further conprising a wireless nodem (304) for Urgogﬁpl Abs ng
RLP franmes generated by the first and second RLP layers. 9. The nobile
station of claim7 further conprising a CDMA w rel ess nodem (304) for

nodul ati ng RLP franes generated by the] first and second RLP |ayers. 10. The
nobi l e station of claim7, wherein said instructions further conprise
establishing a buffer (312, 314) for, each of said at |l east two P 0O 8 SEP
2005 19 | &¥&rs, whgisinthe sige cgie@)@hd?uff@mgﬁw en the gradeq éﬁw%g}gﬁh&de of

service of g RLP layer. 11. The nobile station of claim10,
o BppFana AT st

wherei n eac 14) includes retransm ssion and resequenci ng
buffers only if the corresponding RLP layer is reliable. 12. The nobile
station of claiirh 7, Ttheemobiié rstatioroos claimt 103rwhereimpeach iy ffest(ab2, 3M)ng a
single H gh-level Data Link Control (HDLca I&yer &2,}22‘, di sposed, bet ween
sai d PPP IRglddes;fefransmisgion and resqrrercnd Byliess only if Ahg; Gasrespondifidnor k

conpri si ngs copt rol function (hereinafter PCF) apparatus (404)
conpri si ngQLgla?%ﬁﬁs(ﬁhsg%écessor (406) and a nenory (418), wherein the

control processor is configured to execute instructions stored in the

menory for: establishi a first Radio Link Protocol .(hereinafter, RLP) | ayer
(106,y118 or 21%) challrﬁgt Bqiley stguep r%gl_i‘ﬁ%'f'é r a0€ dé‘s glgﬁ\ﬂnée;further ) e

establ i shidggiishRy 8athtRbRin Yindld Wighlidelopatdl inkc beel CFDLEY Byera | ow

| atency gra Service different fromthe reliable gra servi ce;

r ecei vi ng (242 x disposed bebeer saidaPPBrayénrandydaid ra [¢astdwo RIEP layees.; and
receiving data fromthe nobile station through the second RLP

13. A wireless network comprising:
a packet control function (hereinafter PCF) apparatus (404) comprising
a control processor (406) and a memory (418), wherein the control processor
is configured to execute instructions stored in the memory for:
establishing a first Radio Link Protocol (hereinafter RLP) layer
(106, 118 or 218) characterized by a reliable grade of service;
establishing a second RLP layer (108, 118 or 218) characterized
by a low latency grade of service different from the reliable grade of
service;
receiving data from a mobile station through the first RLP layer;
and
receiving data from the mobile station through the second RLP
layer
wherein the first RLP layer is configured for data
retransmissions, and the second RLP is not configured for data

retransmissions.

14. The wireless network of claim 13, wherein the processor is
configured for:

deframing data received through the first RLP layer to identify a first
High-level Data Link Control (HDLC) frame;



| ayer wherein the first RLP layer is configured for data retransm ssions,
and the second RLP is not configured for data retransm ssions. 140 5%20%
wi rel.ess network of claim 13, wherein the processor is configured ? :
defram ng data received through the first RLP layer to identify a first

H gh-level Data Link Control (HDLC) franme; O 8 SEP 2005 20 defram ng data
recei ved through the second RLP | ayer 2p0 identify a second HDLC frane;
providing the first HODLC franme to a Packet Data Serving Node (PDSN); and

providing the %Eé(fr%rﬁqng%aqafrre%gﬁlehothtré'l?o%lfla%\l'seég?% Tﬁ@ﬁ%gadﬁgdéjgﬁ%£ k of

claim 13, wherein theYprocessor s I'gure r-p ecei ved
t hr ough t lsecbnd $iDIRC.Franagrer to a first High-1evel Data Link Control (HDLG

| ayer in a Packet Data, Servi de (PDSN); .an rovi di a ei ved

t hrough the seasﬂwdmﬁhraafy%trﬂsb&fr@r@édﬁ@%aﬁeé(baggéewwg[}ﬁ@éi@@ﬁ%_ The
wirel ess nefpork of Caim13, further conprising: a Packet Data Serving Node
(hereinafter PDSN) (414) for extracting IP packets fromdata received

t hrough the fi rgoviding) the saecdn&HDLGYrnse tatihee PPSOi di ng the | P packets to an
internet (416). 17. The wirel ess network of C aim 16, wherein the PDSN
extracts | P packets fromdata received through a single H gh-level Data

(PPP) connect | o tb woriieRe el U dlaith S Besete B Reed 1T ot "L
frame to tdosfiguregl ferrHDLC | ayer, and after providing the first HDLC franme to
the single HDL%ré)\%%rg’ data received through the first RLP layer to a first High-level
Data Link Control (HDLC) layer in a Packet Data Serving Node (PDSN); and
providing data received through the second RLP layer to a second

HDLC layer in the PDSN.

16.  The wireless network of Claim 13, further comprising:
a Packet Data Serving Node (hereinafter PDSN) (414) for extracting IP
packets from data received through the first and second RLP layers, and

providing the IP packets to an internet (416).

17.  The wireless network of Claim 16,

wherein the PDSN extracts IP packets from data received through a
single High-level Data Link Control (HDLC) layer associated with a single
Point-to-Point Protocol (PPP) connection to a mobile station

wherein the PCF provides the first HDLC frame to the single HDLC
layer, and after providing the first HDLC frame to the single HDLC layer,
providing the second HDLC frame to the single HDLC layer.

18. The method of Claim 1,

wherein said establishing the single PPP layer occurs at the mobile
station, the method further comprising:

at the mobile station, using the single PPP layer to encapsulate an IP
packet associated with a delay-sensitive application to generate a first PPP

packet;



provi ding the second HDLC frane to the single HDLC | ayer. 18. The nethod of
Claiml1l, wherein said establishing the single PPP |ayer occurs at the nobile
stati.on, the method further conprising: at the nobile station, usifgSEh®
single PPP | ayer to encapsulate an I P packet associated with a

del ay-sensitive application to generate a first PPP packet; 0 8 SEP 2005 21
at the nobile station, using the singlg PPP | ayer to encapsulate an IP
packet associated with a non-del ay-sensitive application to generate a

econd PPP packet: at .the npbile ati.o ing,.the first, PPP packet
fhrough t he gec,agﬁr&é moﬂlgrs(%?%oq'h‘é'%sﬁ‘&slé%%r@?ﬁmg%ﬁ t%l‘?ﬁ'cabs@ﬂ?% Ile
station, sridengsddimateq withta RBR-der@keénditNeaghlidatienfto igeherdteR s&tRid to the

wirel ess network. 19. The nethod of claim 18 further conprising: at the
nmobi | e st &R Packetiverting the first PPP packet into a first High- |evel

Data Link Contr, . i ﬁ?ﬁ; | | tation
prior to sendi ﬁgk?%gﬁbﬁh{téﬁgﬁ S%Z]glz%[t?'gafrﬁ at bﬁ%a?%%&r{)@&%ﬁ?%%cﬁ?ndzonve”i ng
t he secondaydrHo plae drielésdtietwosigemad HDLC frame using the HDLC layer in the
nobile station prior to sending the second PPP 'gacket. 20. The met hod of

. Jl ng ¢ [
Claim1, furthétthemabieisigtion, seadnacthetsesant FiP pasket throygbdbe firskcei ving a
first set fPF@&Et@YﬁeeﬁlirefersgrﬂeWSrI{mbi | e station through a | ow | atency RLP
, recerving

| ayer; in the a second set of data bytes fromthe nobile
station through a reliable RLP layer; providing the first set of data bytes
to a Packet Data Serying Nod PDSN) .t hr ough a  Poi nt-to-Point Protocol
(PPP) connect i ot¥-wi tﬁ‘ec ’%@ﬂmﬁgﬂf é'am%furt er comprising.

at the mobile station, converting the first PPP packet into a first High-
level Data Link Control (HDLC) frame using an HDLC layer in the mobile
station prior to sending the first PPP packet; and

at the mobile station, converting the second PPP packet into a second
HDLC frame using the HDLC layer in the mobile station prior to sending the
second PPP packet.

20. The method of Claim 1, further comprising:

in a packet control function (PCF), receiving a first set of data bytes
from the mobile station through a low latency RLP layer;

in the PCF, receiving a second set of data bytes from the mobile
station through a reliable RLP layer;

providing the first set of data bytes to a Packet Data Serving Node
(PDSN) through a Point-to-Point Protocol (PPP) connection with the PDSN,;
and ‘

providing the second set of data bytes to the PDSN through the PPP
connection.

21. The method of claim 20 further comprising:

prior to providing the first set of data bytes to the PPP connection,
using one or more High-level Data Link Control (HDLC) flag characters within
the first set of data bytes to identify a third set of data bytes within the first set

of data bytes corresponding to at least one complete HDLC frame; and



provi ding the second set of data bytes to the PDSN t hrough the PPP
connection. 21. The nethod of claim20 further conprising: prior tpg Sgp 2005
providing the first set of data bytes to the PPP connection, using one or
nore Hi gh-1evel Data Link Control (HDLC) flag characters within the first
set of data bytes to identify a thirdoget of data bytes within the first set
of data bytes corresponding to at | east one conplete HDLC frame; and 08 SEP

2005 22 providing .the third, se data bytes cansecut. vel t he, PDSN
Chrough 't he PRRGSRALEE bR Sebofdate Bl tursrutyay e #tF PRSMBONGhpr i ng:
prior to pROVFP AshAdi8iohi rst set of data bytes to the PPP connection, using

one or nore High-level Data Link Control (HDLC) flag characters within the
second set of data bytes to identify a third set of data bytes within the

second set of ta bytes corresppndi to at | east ogne conplete HDLC frane;
and provi di ng %ﬁe thiﬁ‘ﬁ e 081‘0%8' < %@M@‘%Gﬂ%’éﬁfﬁa y to the PDSN through

the PPP connectyrigfto BrovidiRg thefiRP@ePbf Gatal bTtedtd el PPP (oimattigh,ng: provi di ng
the first set of data byteS to the PPP connection through a first
Hi gh- | evelusing ene phrae itighrlevehDat) LinknGeartroldhDLiG ylagehavasters aithin provi di ng
Uhe seconds dalaRyYL&rof duth Bt BN 4 AR of o2BSBYS R ufonnect  on
second set of data bytes corresponding to at least one complete HDLC frame;
and
providing the third set of data bytes consecutively to the PDSN through

the PPP connection.

23. The method of claim 20 further comprising:

providing the first set of data bytes to the PPP connection through a
first High-level Data Link Control (HDLC) connection with the PDSN; and
providing the second data bytes to the PPP layer through a second HDLC
connection with the PDSN.



