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[ 1001] Thwopses®ns i nvention generally relates to the fielpdTafSomBecet ess
comuni cation systens, and nore specifically to flow control between a
base station controller and a base transceiver station. BACKGROUND [1002]
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base station controller and a base transceiver station.

BACKGROUND

[1002] High Data Rate (“HDR”) technology is a high-speed, high-capacity
wireless technology optimized for packet data services. Using a single,
data-dedicated 1.25 MHz channel for operation, HDR can deliver data at a
peak data rate of 2.4 Mbps, which is significantly faster than many accesses
provided over landline networks. Thus, the advantages of HDR include,
among others, high-speed data transmission and high spectral efficiency.
[1003] HDR is the basis for the 1x Evolution Data Only (1xEV-DO)
standard, which has been standardized by the Telecommunications Industry
Association as TIA/EIA/IS-856. HDR is designed to be interoperable with
existing wireless communication systems, for example a code divisioﬁ
multiple access (‘CDMA”) system. In CDMA systems, each signal is
separated from those of other users by coding the signal. Each user
uniquely encodes its information signal into a transmission signal, which is
then transmitted over a 1.25 MHz channel. The intended receiver, knowing

the code sequences of the user, can decode the transmission signal to



WO 03/ 051078 PCT/ US02/ 36642 receive the information. The fact that a CDVA
channel is 1.25 MHz sinplifies the integration of HDR technol ogy into the
present CBbl3/ofrasrewor k. [ 1004] Using CDVA for illustratiweTgsopsses, HDR
technol ogy can utilize existing COVA infrastructure and architecture,
I ncl udi ng CDVA base station controllers ("BSC') and base transceiver

stations ("BTS:). .For. le, i S oL | e
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the streamof data it receives into individual 128-byte HDR packets (or

"dat a packeframewskore transmitting the data packets to the BTS. The data
packets are received by the BTS and placed in a buffer (or "queue") of
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met hod for flow control between the BSC and the BTS invol ves the BTS
adverti si ng BTS; whichdvarsnits the dhata Bsthatuseeviaaiandata-dedicated 1.25 MHz

channel or air-link. The BSC packetizes the stream of data it receives into
individual 128-byte HDR packets (or “data packets”) before transmitting the
data packets to the BTS. The data packets are received by the BTS and
placed in a buffer (or “queue”) of fixed size to be transmitted to the user
using an HDR protocol.

[1005] To reduce the possibility of overflowing or overrunning the buffer
at the BTS, i.e. the BTS receiving more data from the BSC than the buffer
can accommodate and/or transmit to the user, as well as the possibility of
“starving” the buffer, i.e. the BTS not receiving data from the BSC when the
buffer is empty, mechanisms to control the data flow between the BSC and
the BTS are commonly employed. Generally, flow control mechanisms are
based on the BTS advertising to the BSC the amount of space, or “window”,
available at the buffer for receiving more data in order for the BSC to
determine how much data to transmit to the BTS.

[1006] One conventional method for flow control between the BSC and

the BTS involves the BTS advertising its window size to the BSC at certain,



2 WD 03/051078 PCT/ US02/ 36642 preset, buffer capacity threshold points.
For exanple, when the buffer nears capacity and reaches a preset high

wat er mar kwohsestes d, the flow control nechanismis triggecadjSoas@4t he BTS
sends a signal informng the BSCto stop transmitting additional data
packets so as not to overrun the buffer. Overrunning the buffer can |ead
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resulting in wasted air-link frames. Further, a flow control mechani sm

whi ch is tinggecewheyn thafbfulier impaaring eniptystnol bitgaipresehioyw watarmarkn t he
transm ssi on

threshold, the flow control mechanism is triggered, and the BTS sends a

signal telling the BSC to send more data packets. An empty buffer
translates to wasted system resources, because it can result in frames of
unused air-link that could be utilized to transmit data from the buffer.

[1007] A drawback to the conventional flow control mechanism described
above is that feedback signals may not be received by the BSC in time to
prevent overrunning and/or starving the buffer. For instance, by the time the
BSC receives a signal from the BTS to stop sending more data, the BSC
may have already put too much data “in flight” to avoid overrunning the
buffer, leading to data packets being dropped at the buffer. In the case of an
emptying buffer, a signal to send more data may not be received by the BSC
in time for it to get data to the buffer before the buffer is completely empty,
resulting in wasted air-link frames. Further, a flow control mechanism which
is triggered by buffer capacity threshold points may result in the transmission
of a high number of feedback signals which puts more strain on the system

and increases system overhead.



of a high nunber of feedback signals which puts nore strain on the system
and increases system overhead. 3 WO 03/051078 PCT/ US02/ 36642 [1008] There
is thus awpeadsiomst he art for an inproved nethod for flowpCaxarsoz/adé4bet ween
BSC and BTS. More particularly, there is a need for a nethod to reduce the
| i kel i hood of data overrun at a buffer, as well as the possibility of a

starving bu S Y, 9 | 1 SE r.el s the
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such as a nobile unit. [1010{j I n one aspect of the invention, a flow
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of a buffer at a base transceiver station is incremented each tinme a data
packet is tipassibility efla sfarvingtouéfenuf f er. For exanpl e, the updated nunber of
data packets transmtted fromthe buffer is conpared to a threshold nunber
which can be fifty. Wen the updated nunber of packets transmtted equals
or exceeds the threshold nunber, the buffer wi ndow size is determ ned, and
a flow indication nessage conpri si nﬂ t he buffer w ndow size is generated
and transnitted to the base stati & RY er. The buffer w ndow si ze,
which represents the anmount of buffer space available for receiving nore

data, is “z‘Fﬁosﬂ%’ tBf ot Yid AL SPRbretl hatirdsS tHiehebya .Qfatécii'ﬁeé@@ldt of
transm

data to to the base transceiver station. Additiona , the flow
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packet

transceiver station directly to the rate of data transmitted from the base
transceiver station to a wireless receiving unit such as a mobile unit.

[1010] In one aspect of the invention, a flow indication counter
responsible for tracking the rate of data flowing out of a buffer at a base
transceiver station is incremented each time a data packet is transmitted
from the buffer. For example, the updated number of data packets
transmitted from the buffer is compared to a threshold number which can be
fifty. When the updated number of packets transmitted equals or exceeds
the threshold number, the buffer window size is determined, and a flow
indication message comprising the buffer window size is generated and
transmitted to the base station controller. The buffer window size, which
represents the amount of buffer space available for receiving more data, is
used by the base station controller to determine the amount of data to
transmit to the base transceiver station. Additionally, the flow indication
message can further comprise a data packet ID of the last data packet
received by the buffer, and this data packet ID is used by the base station

controller to determine the proper order of data packets to transmit next.
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received by the buffer, and this data packet IDis used by the base station
controller to determ ne the proper order of data packets to transmt next.
4 WO 03/ 0003850/ US02/ 36642 [1011] I n another aspect ofeCrhEsoz/sosenti on, a
timer keeps track of an elapsed tinme since the transm ssion of the |ast
nmessage and triggers the generation and transm ssion of a flow indication
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transmtted fromthe buffer. [1012] In another aspect of the invention, a
system for fdeparationtansl traasmissiorceing flewdndigationpressagg when 8w elapsedt i on
counter nodul e configured to provide an updated nunmber of data packets
transm tt ed timeoeywalb ot exceads a thizsheldsina¢ imterval.n@ he)thtesholchiimé intehex
conprise a wi ndow size nonitoring nodule which determ nes the buffer

Wi ndow si ze cei e, tBEexRARIC ®.514BB6Hds. Ofn Bhid Pdtiferethe firhaPenbire8dhar @m t he

buffer equals or exceeds a threshold nunber. As an exanple, the threshold

nunber can %gﬁﬁ@di%ﬁic{ﬂ]%éssagée is bégnfte{\t %éﬁ%&lénb{?hﬂéhafhe%n@’ iftefRASage

generating no generates a flow 1 ndircati on nessage conprising the
wi ndow si ze.. . Subsegyen , the fl i ndi cation nmessage i g t smtted to a
base st at | oindeRBRERDHY Bt Nk niBet etk daskpiedfhamitan Tor g AR er r ne. ¢ he
anount of data to transmt to the base transceiver station. BRIEF
DESCRI PTI on[t#121HE Ibreneitiessaspest of the inventiony assysteradonflaycenirel cathbe
exenpl ary wi rel ess conmuni cati on systemin accordance with one enbodi nent
of the inverbhsimucted comprising a flow indication counter module configured to

provide an updated number of data packets transmitted from a buffer at a

base station. The system can further comprise a window size monitoring

module which determines the buffer window size when the updated number

of data packets transmitted from the buffer equals or exceeds a threshold

number. As an example, the threshold number can be set at fifty. The

buffer window size is used by a message generating module which

generates a flow indication message comprising the window size.

Subsequently, the flow indication message is transmitted to a base station

controller which uses the buffer window size to determine the amount of

data to transmit to the base transceiver station.

BRIEF DESCRIPTION OF THE DRAWINGS

[1013] FIG. 1 is a block diagram of an exemplary wireless communication
system in accordance with one embodiment of the invention.

[1014] FIG. 2 is an illustrative representation of a buffer used to illustrate



[1014] FIG 2 is an illustrative representation of a buffer used to
Illustrate 5 WD 03/051078 PCT/ US02/ 36642 exanple inplenentations of the

i nvent i orwO[0303BF8 FI G 3 is a bl ock diagram of a fl ow contCalUsenshishe in
accordance wth one enbodi nent of the invention. [1016] FIG 4 is a
flowchart of a process for flow control between a base station controller

and a base transceiver i i ce with one enbodi ment of the

i nventi on. %%'RPE%B‘@%?B%Q* ﬁ%@?hﬂxﬁg present invention is directed to
nmet hod and system for. flow ontrol between a base,staiion controller and a
base transc&f/Q/"e';r] stéﬁ- Shis aﬂf &jagrqnhé)\??an t"‘loﬂﬁ'o' o N BELPTAPDEE r espect

to specific enbodinments, the principles of the invention, as defined by
t he cl ai ms wfitheordeemhedisent of fninyentious! y be appli ed beyond the
enbodi ments of the description described specifically herein. Mreover,

certain det gidtelhavEiGheeis a Hbwclart of & procdss fardlovoconbiskcheteeehen basent i ve
aspects of the invention. The specific details not described in the

Pgefﬁgt afff?%ﬁ%%tf@ﬁdﬂ%rwdﬁ aNbh8E thdifaeeRAeSstafior? in PRicoPdarfe Witdi Baey skil |

e dramngs in the present application and their

acconpanyi n%méj(fcﬁ@i(ahfﬁf\}ggqﬁ%ﬁm{)bon are directed to nerely exanple
t'i on.

enbodi nent s O maintain brevity, other enbodi nents of
the invention that use the principles of the present invention are not
specifically described in the present application and are not specifically
il lustrated by the present [1018] draw ngs. The word "exenplary" is used

exclusively herein to DETAILED DESCRIPTION

[1017] The present invention is directed to method and system for flow
control between a base station controller and a base transceiver station.
Although the invention is described with respect to specific embodiments,
the principles of the invention, as defined by the claims appended herein,
can obviously be applied beyond the embodiments of the description
described specifically herein. Moreover, certain details have been left out in
order to not obscure the inventive aspects of the invention. The specific
details not described in the present application are within the knowledge of a
person of ordinary skill in the art.

[1018] The drawings in the present application and their accompanying
detailed description are directed to merely example embodiments of the
invention. To maintain brevity, other embodiments of the invention that use
the principles of the present invention are not specifically described in the
present application and are not specifically illustrated by the present
[1018] drawings. The word “exemplary” is used exclusively herein to
mean “serving as an example, instance, or illustration.” Any embodiment

described herein as “exemplary” is not necessarily to be construed as

6



mean "serving as an exanple, instance, or illustration.” Any enbodi nment
descri bed herein as "exenplary” is not necessarily to be construed as 6 WD
03/ 051078wWB@3/E180R/ 36642 preferred or advantageous over @ChArSOEsdseri nents.
[1019] FIG 1 illustrates an exenplary w reless comuni cati on systemin
accordance wth one enbodi nent. Exenplary w reless communication system

100 shown i | rt of a code division
mul tiple acgreéjé%FdW?ﬁ%m%?ggf g%\r??)sé%@ecﬁmgﬁ%fi gured to be

I nt eroperable wi.th Hi gh ta Rate ("HDR') technol ogy. The .general .

i nci pi e B0t Flghri istietes an SXoBREY Wieiess abmunNRaBn steB R a
principles for generation of spread spectrumsignals for transm ssion over
a conmuni cactoatlanhanwéh ore depbediveenti n Exesnplasat avirelasocorepunigatiop| ed

"Spread Spectrum Miultiple Access Communi cation System Using Satellite or

Terrestri al siRsteanti@0sshewd iasBlIG)ntano comprigs s fgnexamplet parpoésecbde
I nvention. The disclosure in that patent, i.e. U S. patent 4,901, 307, is

hereby ful hxnéiaﬁ%amp%t 86Ld¥% ‘emhm)%mmmicramnryygwrcomgumafd pa.
Moreover, U.S. patent 5,103,459 entitled "System and Method for GCenerating

Signal Wav | . Cel r I and Si to the
assi gnee of ﬁ'{%@%ﬂ%@&% ti%ﬁ?éaﬁ{%%l 3?&‘2& r?%@ﬁrae%‘ﬁrel-@t%e E‘%@N
spreadi ng, Wl sh coverj and techni ques . .to gener.ate read pectrum
Communi cat | BANGIPIFRPE COMB ChEmuBlgRiion; systele. BA dnpariowar e gensiale v
5,103,459, is also hereby fully incorporated by reference into the present
appl i cat i onpripgiplessior gemeraicss@nspread shechHmusionalsder irapsmiggion pvekang  of

data and various principles related to "high data rate" communication
syst ens, andohiraupiceti@ntchamnehtis odescribdse imsEdS.i patdnt gh, 241307 aanditled

“Spread Spectrum Multiple Access Communication System Using Satellite
or Terrestrial Repeaters” and assigned to the assignee of the present
invention. The disclosure in that patent, i.e. U.S. patent 4,901,307, is hereby
fully incorporated by reference into the present application. Moreover, .U.S.
patent 5,103,459 entitled “System and Method for Generating Signal
Waveforms in a CDMA Cellular Telephone System” and assigned to the
assignee of the present invention, discloses principles related to PN
spreading, Walsh covering, and techniques to generate CDMA spread
spectrum communication signals. The disclosure in that patent, i.e. U.S.
patent 5,103,459, is also hereby fully incorporated by reference into the
present application. Further, the present invention utilizes time multiplexing
of data and various principles related to “high data rate” communication
systems, and the present invention can be used in “high data rate”
communication systems, such as that disclosed in U.S. patent application
entitled “Method and Apparatus for High Rate Packet Data Transmission”

Serial No. 08/963,386 filed on November 3, 1997, and assigned to the



communi cation systens, such as that disclosed in U S patent application
entitled "Method and Apparatus for Hi gh Rate Packet Data Transm ssion”
Serial Nowo(8/9m38 386 fil ed on Novenber 3, 1997, and assi gagdSvv3dshe 7 WO
03/ 051078 PCT/ US02/ 36642 assignee of the present invention. The disclosure
in that patent application 1is also hereby fully incorporated by reference
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controll er & BSC") 122 "Internet" 124, and data server 126. Mbbile unit
110 and BTS mznlfur@hetmunngrwjm EI§. 1; expapiary avitelesseemmunicetionrfystam enna

114. In wireless conmmunication system 100, BTS 116 serves as a radio |ink
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I[nt er]net Sg?gﬂgéﬁw%ée%%%arﬂﬁ?cat eijcf1t ’Eg%%é%ﬁérﬂoﬁ %P(S‘l“lolﬂalto @?\gé out ed from
dat h | nt t 12 h
ransm 1ot HEtemel (2hneb CBIAPISE 180 MBﬁ‘f%rurﬁ&aﬁc&a@d %ﬁ%@%ﬁ%ﬁ i nk
channel . Data server 126 can be, for exarrp an HTTP or FTP server. The

I nternet dacemiischeraspectively: entennanm BI% and aatemysi 11d4uni 1V_t’!59'@§§ng an

HDR protocol. [1022] Continuing with FIG 1, BTS 116 further conprises
buffer 118 aoethmunication system 100, BTS 116 serves as a radio link between mobile

unit 110 and the rest of the system. It is noted that wireless communication
systems may comprise other components such as a mobile switching center
and a public switched telephone network which are not shown in any of the
FIG.s in order to not obscure the invention.

[1021] Exemplary wireless communication system 100 illustrates how
Internet data can be communicated to mobile unit 110 by being routed from
data server 126 through Internet 124 and BSC 122, and to BTS 116 which
transmits the data to mobile unit 110 via, for example, a 1.25 MHz air-link
channel. Data server 126 can be, for example, an HTTP or FTP server.
The Internet data can be transmitted from BTS 116 to mobile unit 110 using
an HDR protocol.

[1022] Continuing with FIG. 1, BTS 116 further comprises buffer 118 and
flow control module 120. In exemplary wireless communication system 100,
data received at BSC 122 is packetized into discrete 128-byte HDR data
packets before being sent to BTS 116. BTS 116 receives the 128-byte data

packets and places the data packets in buffer 118. Buffer 118, which is of a



flow control nodule 120. In exenplary wireless comuni cation system 100,
data received at BSC 122 is packetized into discrete 128-byte HDR data
packet s beDes®stwes ng sent to BTS 116. BTS 116 receives t h@CTAgobgdes2 dat a
packets and places the data packets in buffer 118. Buffer 118, which is of
a 8 WD 03/051078 PCT/ US02/ 36642 fixed-size, is used for tenporarily

storing the,data_for. pr ' Cog r ' La.abpll gaty on, to
conpensat e ?')6?&'3'59’ b%ﬁﬁ%‘i%ﬁ@ﬁ@%“ﬁ \%&rﬂgftwerg at@g ﬂ(}g?%&ﬁg@k%ﬂf gﬁ dpri or to
transm ssion of the data ckets to nobile un‘jt 110. It.ifnrﬁnoted tFat a
base t r ansc8ire@Ping: Medisharpligation, foreompgnsale fos anyfelaysining aBlAt 8t s, for
exanple transmt, retransmt and signaling buffers, and that each type of
buffer is craldedudatd pasketsc prioetaatiangnissionsofdhefdata packegisde mekileddnib f or
transm ssion to various wireless receiver units. [1023] Continuing with

FIG 1, flowigoitis@otetbthat@ Had mmnddeives stdtiom such a®BTE1 6 tah awdlude out " of
buffer 118. For exanple, flow control nodule 120 can count the nunber of

data packet §e\t/ér§Pmeé e¢orf &AM PIef frensmit SretianBRN Afd sighdling 1Uffefs, ddte same

time, flow control nodule 120 also nonitors the w ndow size of buffer 118,

which is th t ' [

recei vi ng nﬁ}agn%§ﬁéty§% 8&%%@%25&1@€§§]t0 i%‘géd\r'%?hg Ff’écgﬁ%a@%%’ﬁﬁ}’é%, flow
control m)du%)g 12f0 utilizes the npunber of data i]cﬁﬁets transmtted from
buf fer 118 PbId&TEF HRABMISSION Yalﬂf’rqsé‘l"éel??wcteb"% Sf eedback to BSC 122.
It is noted that the feedback sent fromflow control nodule 120 to BSC 122
is al so ref §1023] t Coentinying mitly FIGhdi, flew epntreidnadde 130 meaitpretherate

application. As an exanple, flow control nodule 120 can be configured to
send a f| owof ddta Slawing rer’s afjbutfet dd 8t hieor exampls, flomonontrolemedylef 12Qy dat a
packets from buffer 118. However, it is
can count the number of data packets transmitted from buffer 118 to mobile
unit 110. At the same time, flow control module 120 also monitors the
window size of buffer 118, which is the amount of unoccupied space
available at buffer 118 for receiving more data from BSC 122.
[1024] According to one embodiment, flow control module 120 utilizes the
number of data packets transmitted from buffer 118 to determine an
appropriate time to send feedback to BSC 122. It is noted that the feedback
sent from flow control module 120 to BSC 122 is also referred to as a “flow
indication message” in the present application. As an example, flow control
module 120 can be configured to send a flow indication message after the
transmission of every fifty data packets from buffer 118. However, it is
apparent to a person of ordinary skill in the art that the threshold number of
data packets transmitted from buffer 118 needed to trigger the transmission
of a flow indication message can be set to some number other than fifty,

depending on the requirements and resources of the system. The flow

indication message advertises to BSC 122 how much data should be



apparent to a person of ordinary skill in the art that the threshold nunber
of data packets transmtted frombuffer 118 needed to trigger the

t ransm sswor3/onfo7& fl ow i ndi cati on nessage can be set to ParaSausdser ot her
than fifty, depending on the requirenents and resources of the system The
flow indication nessage advertises to BSC 122 how nuch data should be 9 WO

03/ 051078 [ 366 t t t heywd ndow

si ze of buf %ﬁ%%dﬂ% éﬁffﬁr {m qeE;F'hgecon{jroISH‘%’OFl(tg)\;‘t\‘ﬁ;r%‘jlcﬂ%da "%sc 122
transmts to BTS 1 ased on how t s trans t f.rom

buf for 118 MARRT {Becbontrol; i hay Tauel date st (2 RenRmibaf: B35 1A im
wherein the flow control between the BSC and the BTS is directly tied to
how fast dabased dmehey quicklyisdatatisdranssaittedefreynfpwfer 118 25Thys, &G Shows an

exenplary buffer used to illustrate one enbodiment. Exenplary buffer 200

shown in FI flus@ateenst ivirdless peorhmehicatiohasgstenansieieirer thet dlomorcantroh
W rel ess communi cation system such as a CDVA system configured to be

i nt er oper abbgtvvéém tWP@S@CdH&O{WBT@ss dﬂ%&ﬂ%'tl@@dto' Rot fast HatBué fling00 can

correspond, for exanple, to buffer 118 ase transceiver station 116 of
w rel ess co 00 in FIG 1. Buffer 200 can be a transmt
buf fer, for@gmﬁdﬁ@gﬁ?‘é%ﬁﬁéé to queue bulk Internet data prior to
transm ssio th atg to a wireless bi e unit bile unit
110 in FIG hé)gﬁ]lo%?’ C%ntsi?‘ﬁmsnga% ?’FP'T—*P%D ”ffﬁff fuesredsge HE’E;"%?E? i ¥ size
or data capacity (i.e. buffer size 206), V\:hl ch can be, for exanple

appr oxi mat elyNtBBIKBYE dxemaplarabufjer 280 showr ia (FlGuf3 ephstitiiashpart ofudfer 200

conprises data 208 with data size 210, which represents the anount of data
gueued at bbBsertratdteiver station in a wireless communication system such as a

CDMA system configured to be interoperable with HDR technology, as
described in FIG. 1. Buffer 200 can correspond, for example, to buffer 118
of base transceiver station 116 of wireless communication system 100 in
FIG. 1. Buffer 200 can be a transmit buffer, for example, configured to
queue bulk Internet data prior to transmission of the data to a wireless
mobile unit, such as mobile unit 110 in FIG. 1.

[1026] Continuing with FIG. 2, buffer 200 has a fixed size or data capacity
(i.e. buffer size 206), which can be, for example, approximately 50 Kbytes for
a typical transmit buffer. Further, buffer 200 comprises data 208 with data
size 210, which represents the amount of data queued at buffer 200 for
transmission to wireless mobile units, and window 212 with window size 214,
which represents the unused space available for receiving more data at
buffer 200. The relative sizes of data 208 and window 212 are a function of
the rate of data flow through buffer 200.

[1027] Continuing with FIG. 2, data flows into buffer 200 from a base

station controller as shown by arrow 202, and flows out of buffer 200 to a
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transm ssion to wireless nobile units, and wi ndow 212 with w ndow size 214,
whi ch represents the unused space available for receiving nore data at
buf f er 2080 o3loslorel ati ve sizes of data 208 and w ndow 212 pamaisaz2/sasnzt i on of
the rate of data flow through buffer 200. [1027] Continuing with FIG 2,
data flows into buffer 200 froma base station controller as shown by

arrow 202, flLa . Duff 0 : %ﬁg U2/ 36642
Wi rel ess ac@@ggsgﬁvﬁeggﬁ?%ﬂghg%g gg%ortr)]lbpgélllj'rﬁﬁt%{pgggésvﬂo rﬁg/\ﬁgy ﬁbw 04. As
di scussed ahove, i DR s , data is received at .t he base transceiver
station and Epﬁ%ﬁiy PEOY%éxaﬁu[sﬁse?ysgﬁm&i %Péﬁée‘ﬁ'g@ﬂﬁtléhﬁgﬁﬁeZ"g}‘&?@%‘é’eguch as
data packet 216. Thus, a typical 50_Kbcii;e transmt buffer can queue

appr oxi mat estatiananthplacedckethe bufien ia diserete: d28duiendsia Rarkets SPEhens
utilizing HDR technol ogy operating at a peak data rate of 2.4

Megabi t s/ sedatad pagket 2d6s M Thusprer dypicalt 50yKRy#wOtradatmit pafférettanegqadue second.
[1028] Referring again to FIG 2, data packet 216 constitutes one of a

plurality of éf‘cﬁiﬁ‘néfe'ly' 40r eaitd iﬂekéll@t BrRPCk Yireleds ¢ahiniiGativieegsten buf fer
200. Data pa'g et 216 1s enlarged in FIG 2 to facilitate further

di scussion. .. ' t LA, ar etd zed Kk I ngb er 200,
dat a packet Ut'@%dmcmlrgi rslgéh@éalpgy i°b§.r£@‘§<a5‘21§ ﬁé?kg g%%kga?? Dtafi 'er, packet
| D 220. Packet ,1.D, 220 i,s an jdent.ification t . d" o at 8 by
he base  MAGBHSISEROPS! P&T SATPL ammuenateha A 00 RRE, Pt HiaRty )
220 can be used, for exanple, to track the novenent of data packet 216 as
It noves tﬁﬁ@@ﬂﬁ\ the comrmuni cation systemin a manner known in the art.

[ 1029] In one enbodi nent, the uni que packet ID of the |ast data packet
[1028] Referring again to FIG. 2, data packet 216 constitutes one of a

plurality of similarly packetized data packets of data 208 queued in buffer
200. Data packet 216 is enlarged in FIG. 2 to facilitate further discussion.
As with other similarly packetized data packets in buiffer 200, data packet
216 comprises data, i.e. data 218 and a packet ID, i.e. packet ID 220.
Packet ID 220 is an identification tag “stamped” on data 218 by the base
station controller and is unique to data packet 216. Packet ID 220 can be
used, for example, to track the movement of data packet 216 as it moves
through the communication system in a manner known in the art.

[1029] In one embodiment, the unique packet ID of the last data packet
received by the buffer, i.e. the data packet received most recently, is
included in the flow indication message transmitted to the base station
controller. The packet ID of the data packet received most recently is also
referred to as a “last packet ID” in the present application. As discussed
above, the flow indication message is transmitted after a threshold number
of data packets have been transmitted from the buffer. In the present

embodiment, the flow indication message can also comprise the buffer
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received by the buffer, i.e. the data packet received nost recently, is

I ncluded in the flow indication nessage transnmtted to the base station
cont rol | ewo o3loslopaacket | D of the data packet received nostPCrasensdoy2i s al so
referred to as a "last packet ID' in the present application. As discussed
above, the flow indication nessage is transmtted after a threshold nunber

of data packets have. . ] he buffer. In the present
enbodi nent5’3}9@’“{?@%"ﬁ%ﬁ?gﬁ‘ﬁ@ﬁﬂﬁﬁs‘ﬁa&@gﬁa| so conprise the buffer 11 WO
03/ 051078 P 02/.36642 wi ndow si ze in addition tq the |.ast packet |D.
[1030] The E‘B:?(B?sta QRasB RN ePnEglier ean i”i'hz? R'éei"ﬂtt%‘?‘ﬁh?ri‘é‘?ls‘iw?hs%ch a
flow indication nessage to determ ne not only how nmuch data to send to the
base transclowdndisation messagedo sieterming apt enlyhow sniali data tegenditedhe he
correct sequence of data packets to send next based on the |ast packet ID.
In this manpase trdrescehvew sthiidiatisadedoont the baffer stintownsizenbublalso the t he
base transceiver station is regulated by both the buffer w ndow size and

the identigpeaét Qé’tg@cncbhﬁ dRApRREB BAER] nERITASEIoPYhE PRt BHEKSTID. Thus,

FIG 2 shows an exenplary buffer used to illustrate one enbodi ment wherein
the buffer w A cei ved
by the buf !ﬁmg%ﬁ?éi tha]é;ﬁm}"n%a %E@W Irtll% @éﬁ%ﬁa@ﬁé%@g&%ﬂfﬁ?hg@ he flow

el ary 1 MASCANEH SIS So9vialac by EplBehe,puel WngRRotERend P ow
control nodule 300 shown in FIG 3 constitutes part of a base transceiver
station in #entifieatian of dhenkastcdataracket reesived by teahyifer. a TS s2em
configured to be interoperable with HDR technol ogy. Flow control nodul e
300 can cor shewenah ekempéaryripifer usedftooMustrate one embodiment wherein the
buffer window size and the packet ID of the last data packet received by the
buffer are included in a flow indication message to refine the flow control
between the BSC and the BTS.
[1031] FIG. 3 illustrates an exemplary flow control module in accordance
with one embodiment. Flow control module 300 shown in FIG. 3 constitutes
part of a base transceiver station in a wireless communication system, for
example a CDMA system configured to be interoperable with HDR
technology. Flow control module 300 can correspond, for example, to flow
control module 120 in base ftransceiver station 116 of wireless
communication system 100 in FIG. 1. Flow control module 300 comprises
flow indication counter module 302, data packet ID monitoring module 304,
window size monitoring module 306, timer 308, and message generating
module 310. The flow of information into, between, and from the modules is
indicated in the block diagram of FIG. 3 by arrows which also indicate the

direction of information flow.

[1032] Continuing with FIG. 3, flow indication counter module 302
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control nodule 120 in base transceiver station 116 of w rel ess

comuni cation system 100 in FIG 1. Flow control nodul e 300 conprises flow
i ndi cat i owomoustoes nodul e 302, data packet 1D nonitoring moaaise2/3d542

wi ndow si ze nonitoring nodule 306, tiner 308, and nessage generating

nodul e 310. The flow of information into, between, and fromthe nodules is

I ndi cated in the Dl | a f . r o i I hWndigate the
di rection o{"qfﬂﬁ(ﬁ ﬁ%h&&f%%{fﬁ%'gﬂﬁhﬁ r%gw\é\nﬁ% "@F‘?ﬁ %Ch fq%()wftc\)iit

i ndi cation counter nmodule 302 12 WD 03/ 051078 J USP2/ 36642 , monjtors the
flow of dat &X@mﬂﬁsnﬁttf@frﬁ‘F g?Hférb%HCf*blas\Ah‘i‘ 35&%?&302 whighdn eturm
transmt buffer such as buffer 200 in FIG 2, which in turn corresponds to
buf fer 118 carresnds. ta buffae 1d8bindFient, M oneierabedimasn, flewundisationdul e

302 keeps an updated count of the nunber of data packets transmtted from

the buffer gbdniepmuduls 30Rkeaapdatre dpdatedtcdunt af tie asmblet of mlatbpackets an
exanpl e, the threshold nunber can be fifty, but can alternatively be sone

ot her val ue @ﬁ{w BErECENd 'cOfpass Bt uptisRaussat t8fa tHiesifalgt em
When t he upggﬁg nunﬁg?pg}et dat a packetn?& transumptted fromthe buffer is

equal to or er gh t e I r OW, | NAL | c ter
nodul e 302 Qg'hﬁ)?ra éﬁsgra\ag’l e?%%é’sgg% tg‘éér%gra |an5n gé&ogﬁbeggiﬁ?y’?%tgggﬁi ng
nmessage generating nodul e 310 to generate a flow ipdicati.on ness . Thus,
f1ow i ndi caﬁ'tema&'gﬁlb{t 8? RORE 8*%2"5'&'9' 0EBALSLH P8 RAYETTAG" r§@§ of the
fl ow of data out of the buffer and for triggering the flow control
mechani sm wifespurges minther systemat a VWaekdhe updaiad miiymbar rofofrianBagiRteer
equal s or exceeds a threshold nunber.

transmitted from the buffer is equal to or greater than the threshold number,

flow indication counter module 302 sends a signal to message generating
module 310, triggering message generating module 310 to generate a flow
indication message. Thus, flow indication counter module 302 is
responsible for keeping track of the flow of data out of the buffer and for
triggering the flow control mechanism when the number of data packets
transmitted from the buffer equals or exceeds a threshold number.

[1033] Continuing with FIG. 3, data packet ID monitoring module 304 also
receives information from the buffer. Data packet ID monitoring module 304
monitors the reception of each data packet by the buffer and reads the
packet ID of the data packets. Using FIG. 2 for illustrative purposes, data
packet ID monitoring module 304 can read packet ID 220 corresponding to
data packet 216 as data packet 216 is received by buffer 200. The packet
ID of each subsequent data packet received by the buffer is similarly read by
packet ID monitoring module 304. Data packet ID monitoring module 304
provides message generating module 310 with the packet ID of the data

packet received most recently by the buffer. Message generating module
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[ 1033] Continuing with FIG 3, data packet |ID nonitoring nodule 304 al so
receives information fromthe buffer. Data packet |ID nonitoring nodule 304
noni t ors wbhasfpewepti on of each data packet by the buffer @ad/usezs®4t he
packet ID of the data packets. Using FIG 2 for illustrative purposes, data
packet I D nonitoring nodul e 304 can read packet 1D 220 corresponding to

dat a packet 6._as_.dat LS. necel cket

| D of each gﬁ%&@&u%tﬂfe ﬁﬁoggﬁ%lgétl gf il‘ieeldégadbé@gﬁtﬁécgfgggﬁoﬂ%&eﬁﬂ?ﬁfy r ead
by packet ID nonitoring nodul e 304. Data packet ID nonitoring nodul e 304
provi des meS4RRRAUSEHRIZESHIRInodul e 310 with the packet ID of the data
packet received nost recently by the buffer. Message generating nodule 13
WO 03/ 05107p1GdY/ Umﬁmewmmlélﬁsaﬁ, Jvindewt sizge paeriterndMPduiaS3Qhia packet
recei ved nost recently for subsequent processing. [1034] Continuing with

FIG 3, w ngenfiguraé toraionitor theowimibv eiz8@d the buffenf The manddw sirenivthich t he
w ndow si ze of the buffer. The w ndow size, which represents the anount of

buffer spac F‘erﬁéééﬁt@%é‘ aHUu]n'i SFSﬁffélr@pa%‘édé\FdiIQB@ fofl ?écﬁaivir(ljét; additionaf data,

proportional to the rate of data flowng into and out: the buffer. An

exanpl e of ] LZ&: | ] | ' |
buf fer 200 Snmﬁ"?@%béﬁpg%ﬂq Btgr&%tréﬁ@&a t?ﬁ@%i?&ﬁi@ﬁhﬁgﬁc ezééslﬁe\é/d?ndow
size 214, is reduced gs the buffer. receives nore data packets f .t he base
station conftYoPXaspple gl wiiday sizein Qﬁéhﬁﬁ HEs FoWLas ﬁ?ﬁ%‘?’égfeg?{én dat a
packets are transmtted fromthe buffer to wireless access termnals or
wi rel ess nobuffer @aPtie . FIGk 2do®tgightiomiardlyy thegWisow &izeoSUsB S WindQwe
buffer wi ndow si ze and provi des nessage generating nodule 310 with the

size 214, is reduced as the buffer receives more data packets from the base

station controller, and conversely, the window size is increased as data
packets are transmitted from the buffer to wireless access terminals or
wireless mobile units. Window size monitoring module 306 monitors the
buffer window size and provides message generating module 310 with the
window size.

[1035] The information received by message generating module 310 from
flow indication counter module 302, data packet ID monitoring module 304
and window size monitoring module 306, is utilized by message generating
module 310 to generate a flow indication message. Message generating
module 310 is triggered by flow indication counter module 302 when a
threshold number of data packets has been transmitted from the buffer.
Once triggered, message generating module 310 generates a flow indication
message comprising the buffer window size and the packet ID of the data
packet received most recently by the buffer.

[1036] The flow indication message is then transmiited to the base

station controller which utilizes the information, i.e. the buffer window size
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w ndow si ze. [1035] The information received by nessage generating nodul e
310 from flow indication counter nodul e 302, data packet |ID nonitoring
nodul e 30WO oanslons ndow si ze nonitoring nodul e 306, is utilPCTatbobgsenrssage
generating nodule 310 to generate a flow indication nmessage. Message
generating nodule 310 is triggered by flow indication counter nodul e 302

wh h ' h
bu%:Pe?. SRS gD, ﬁ%@%f%@'@'%ﬁéﬁa@@@%ﬁ@%ﬁfba“é‘iﬁwEfﬂ%éeéﬂﬁé'ﬁ low

i ndi cat i d | D of
the data AR BILRRARAR G SToNd BE RIS Ao Boiaey FRIH o
i ndication nmessage is then transmtted to the base station controller

whi ch uti | i indlicatins messagesaandee periermedefas epeapiei biawanssit modigs et/ 051078
PCT/ US02/ 36642 and the packet ID, to determ ne how nmuch data it can

transmt totHchbaselfstation. altdswivted ttat the daketstatimnutrdnbmitt madsle it adt next .
Transm ssion of the flow indication nessage can be perforned, for exanple,

by a transngpoRadH! 8n tof HReFRaSE Staiher)- mbbsade Yehephtingeimddife bare

station transmt nmodule is not shown in any of the FIG s. Further, nessage

generating Vﬁ?ﬂfﬁe}sc gg\}vo indiltioh! ESubte? nbAdie® 3 PQOQaé‘l?Lfﬁrﬁf 3 TR id 13..9’30 ach

tinme a flo rressaelstransmt 0W|n|cat|0n

counter nodul e 302, c n re da.t urrber
t ransni tted”?erséﬁg?i'r% Bﬁ?m dtst? ﬁ@lﬁg 'Cta)}?ﬂﬁof‘ﬂ rfn%é/ﬁ%%ﬁ?l%&n Wég’ﬁam sm
directly to the rate of data flown out of the buffer, the res
embodi nent heoupdrisd aumhes of sata prekeisttrnsmitied frosthe Bhifenio @f&n
conventional flow control methods. Further, the possibility of

tying the flow control mechanism directly to the rate of data flowing out of the

buffer, the present embodiment provides a more reliable method for flow
control than conventional flow control methods. Further, the possibility of
overrunning the buffer is reduced because the base station controller
receives information on the rate of data leaving the buffer and can adjust the
amount of data it sends to the buffer accordingly.

[1037] In another instance, message generating module 310 is triggered
to generate and fransmit a flow indication message after a threshold time
interval has elapsed since the transmission of a last flow indication
message, even if the threshold number of data packets transmitted from the
buffer has not been reached, i.e. even if flow indication counter module 302
does not trigger message generating module 310. Timer 308 in flow control
module 300 keeps track of the elapsed time between flow indication
messages sent from message generating module 310. If a threshold time
interval elapses without a flow indication message being sent, timer 308
triggers message generating module 310 to generate and transmit a flow

indication message. As an example, the threshold time interval can be 0.5
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overrunning the buffer is reduced because the base station controller
receives information on the rate of data | eaving the buffer and can adj ust
the anouwDodfsWata it sends to the buffer accordingly. [ PQ3MSor/ss6anot her
I nstance, message generating nodule 310 is triggered to generate and
transmt a flow indication nessage after a threshold tinme interval has

el apsed sin t Walel? | ven if
t he thresho%g &{breﬁ)eﬁ-ﬂgsfm(ygt aq%;;éé(éb %ng%ﬂ%dnﬁg%w@ﬂnat '?]% ga %S not
been reached, i.e. f flow indicatio ount dul e. 302 do not
trigger mes888ef Qﬂemgf‘"ﬁg 3&@&@9@“’9’% roml H@fa E%“-IP)HBW'EQSH}%P de“ﬁ%dul e
300 keeps track of the elapsed tine between flow indication rressages sent
f rom messag804ekeriaeilag pasket B, window skedvnpiiering medulend@y.J&. tee apses
wi thout a flow indication nessage being sent, tinmer 308 triggers nessage
gener ati ng buffat wirkddw tsizegebusyt BPmandSOBr’atigge'rs mneeddage genedatirg modulessage.
As an exanple, the threshold tinme interval can be 0.5 15 WO 03/051078

PCT/ US02/ 36848 to Ss%%rwﬂowThancaiu&wmé&bgétnhe@pémfemg%fqn@ neRbeTiof @lata
i nformati on nmessage generating nodul e 310 receiveS from data packet 1D

nmoni t ori ng Eggk'étg tha%%ﬁttﬁﬂ’on“ﬁ%cﬁtﬂl%tr packet 1D, and w ndow size nonitoring

nodul e 306, er w ndow size. Thus, tinmer 308 triggers nessage

generating 10 ta_se i nd tion ssa e.dn 'y of

t he nunber gDOU:ua Bﬁ%f‘g "‘f'& g'{n({)wgﬂerf#é%'? Harg ??t' S"{”?_ﬁ%@ﬁ Q%%E i nui ng
with FIG 3, tinmer 308 is inportant in situations where the buffer has
space avai | #tg buffer hafa@@avewaml@ fantepaivingimeraydata RutthedpsecdatieBl | er i s
not transmtting any data. This situation can occur, for instance, when

f1 ow i ndi catcontrolersis apt franemitfiyg agy data.bAbis situsttionrcancenaus, foe instance,

when flow indication messages notifying the base station controller of
available buffer space are lost or dropped at the base station controller - the
base station controller is, in effect, not aware that the buffer can receive
more data. Consequently, once the buffer is emptied of data and additional
data packets are not received form the base station controller, the flow
control mechanism could become “gridlocked” since no data packet is being
transmitted from the buffer to trigger the flow control mechanism. In other
words, flow indication counter module 302 would not trigger message
generating module 310 since the threshold number of data packets
transmitted needed would not be reached. However, because timer 308
triggers message generating module 310 independently of the number of
data packets transmitted from the buffer, timer 308 ensures that flow
indication messages are sent even if the buffer is empty and no data packet
is being transmitted from the buffer. In this manner, gridlock of the flow
control mechanism is prevented. Further, because a flow indication

message is sent at least every preset time interval, the possibility of starving
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avail abl e buffer space are | ost or dropped at the base station controller -
the base station controller is, in effect, not aware that the buffer can
recei ve wored/osiavs. Consequently, once the buffer is enptiped/usb2/s®n and
addi tional data packets are not received formthe base station controller,
the flow control mechani smcould beconme "gridl ocked" since no data packet

I s being tq@@gpﬁ%ﬁg%é&r}é#eggf fer to trigger the flow control

mechanism In o OW i ndi cation counter nodule 302 woul d not
trigger nes g rati ule 310 since the threshold nunber of data
packet s triﬁ@]t t %ﬁ‘ﬁ%e%’gg %’ﬂﬁ&am ap exempRIaRy flowogriteg! madulgurkichi mer
308 triggers nessage generating nodule 310 i ndependently of the nunber of
dat a packet §epeeiesanddiansnails flaw indication massagesedtesrasthreshdld aunfierw

i ndi cati on nessages are sent even if the buffer is enpty and no data packet

i s being trafsiata padkétsdrast beerb tbhemittdchfroim a buseren acgbidineekvigf ohbe fl ow
control nechanismis prevented. Further, because a flow indication nessage

i s sent at leafsddiment.YFORRSEFIG! BRIUSKafsy ’lsafd \Rid i ving 16
WD 03/ 051078 PCT/ US03/ 36642 " the buifer | s great re%r%@ﬁé{é"'&“ﬁg@&%hus,

FIG 3 11| UM 8bRaatn S RIBLALHAHOE AR RbicARGN Sl h jogener al s and

transmts flow i ndication nessages after a

packets has n nsm tted froma buffer .in accordance with one

embodi nent . oEﬁfet ngﬁ‘.,%ef:{ﬂ(gatg chlkﬁgq]ttlr%ﬂsé'%'{@%%a“ﬁgklg%%nponent that triggers
t he generat| nd transn ssion of flow indication nessages independently
of the numb f&tﬁ da’%@-ﬁ’aéh@W§ floveahars 4QQ desedbingran syemplary [process iorG. 4

shows flowchart 400 describing an exenplary process for
flow control between a base station controller and a base transceiver in

accordance with one embodiment. Flowchart 400 shown in FIG. 4 describes
a process which can be performed at a base transceiver station in a wireless
communication system, for example a CDMA system configured to be
interoperable with HDR technology. The process shown in flowchart 400
can be performed by a flow control module such as flow control module 300
in FIG. 3. Thus, for illustrative purposes, the process shown in flowchart 400
will be described in the context of flow control module 300 in FIG. 3.

[1041]  Referring to FIG. 4, the flow control process begins when a
connection is made between a base station controller and a base
transceiver station in which a flow control module such as flow control
module 300 is housed. At step 402, immediately after connection is made, a
flow indication message is transmitted to the base station controller. The
flow indication message can be transmitted by message generating module
310 and can comprise the window size of a buffer at the base transceiver
station. As an example, the buffer can be a transmit buffer such as buffer

118 in FIG. 1. The purpose of sending this initial flow indication message is
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fl ow control between a base station controller and a base transceiver in
accordance with one enbodi nent. Flowchart 400 shown in FIG 4 describes a
process vWoah/oswms be performed at a base transcei ver stat iPOA/USA2/366w2 r el ess
comuni cation system for exanple a CDVA system configured to be

I nteroperable with HDR technol ogy. The process shown in flowhart 400 can

Fra s, Thuso Fareri? o B3 (oSt BUAPRET Ine? AU B, IR, SRar oo

will be descriaﬂgl i,n the.context of flow control nmodule 300 in FIG 3.
[1041] Ref er? 5 lpJorfesevIng Bala-f | ow control process begins when a
connection i s _nade between a base station controller and a base

transcei ver [3042} onCentinungnwith fllosehagrd0®in MdGu ke itsisctetesmireaat stepr ol
nodul e 300 is housed. At step 402, imediately after connection is nmade, a
f1 ow i ndi cat4tdnwhethenge ricd a theesinld tiew intervhehhs stapsicalt $ince aenldspfibRr . The
flow indication nmessage can be transmtted by nessage generating nodul e

310 and can indioRtiors anbssagd e sehte RfisanBidd Tharthd hﬁ?tbﬂéﬁl fr[:oﬁébiﬁﬁi ver

station. As an exanple, the buffer can be a transmt buffer such as buffer
s 17" vo 03/ TREHE BARTERSR 3G 18 3 MesRabb Tl tedeagll dfieRlion """
Cont  nui ng w07 CERTRKEImS do6Hal BRER ot B2 oS stepidariae axampia ipaidaon
whet her or not a threshgld time interval has el apsed since the |last flow
i ndi cati on FESERGLI@s “tme: T” in the; praseati applicatione Mrraking ofvthe elapsedon
nessage is also referred to as the "last nmessage"” in the present
appl i cati on.ime can be performed by a timer such as timer 308 in flow control module
300 in a manner known in the art. When the timer determines at step 404
that at least time T has elapsed since the last message was sent, then the
flow control process proceeds to step 412 where a new flow indication
message is sent.
[1043] If instead the timer determines at step 404 that less than time T
has elapsed since the last message was sent, then the flow control process
proceeds to step 406. At step 406, it is determined whether or not a new or
“next” data packet has been transmitted from the buffer. This determination
can be performed by software in a flow indication counter module such as
flow indication counter module 302. When a next data packet has not been
transmitted, then the process returns to step 404 to determine again whether
time T has elapsed since the last flow indication message was sent. In this
manner, i.e. looping back to step 404 when a next data packet has not been
transmitied from the buffer, a safeguard mechanism is available to make

certain that flow indication messages will be sent at least every time T.

[1044] If it is determined at step 406 that a next data packet has been
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The threshold time interval, which can be 0.5 seconds, for exanple, is also
referred to as "tinme T" in the present application. Tracking of the el apsed
time can we opesfoes mned by a timer such as tiner 308 in flowcaxarsvz/ade4nodul e
300 in a manner known in the art. \Wen the tiner determ nes at step 404
that at | east ti me T has el apsed since the Iast nessage was sent, then the

fl ow control procee

nessage i s t ep%ﬁa:ﬂro?e?sscﬁrg%g%@% fcﬁ%tégl I mer gttg? %B\rqéeﬁh?t%gﬁgbaﬁ%h t hat

| ess than ti rre T has el a sed since th nessa S ent h t he
f1 ow cont r o3ughy 8e dlgw ingi @é‘d%O‘t"Heéf@ﬁf%%%b s é'%%gmz?%d q upda f?e rm ned
whet her or not a new or "next" data packet has been transmtted frlpm t he

buf f er. Thi sunibeeohdatatpanketctiansraitiserframn el bbifes of baatsiater BUMPENLO
i ndi cati on counter nmodul e such as flow indication counter nodul e 302. Wen

a next dat agaoaikeiafransinitiifrom thensuffartaz, be fstoretitin prmeresty desice ns to
step 404 to determ ne again whether time T has elapsed since the last flow

i ndi cation SatibAtmoddilet his manner, i.e. |ooping back to step 404
when a nextmagtéggﬁva\é@et has not been transmtted fromthe buffer, a

f d k t f
Poscanas. i HTOMRT S%ts?aﬂqga@% Goddiel ey T dphd phBRets it e o
step 406 that a ext data e as . b V\D 03/.051078, P 36642
senf then hecbyter c@s%orﬁpﬁ'c%‘é’eg% g B’e%@ oL, ff daia qa}cgwg %A%ﬁ?t%g
counter, such as flow indication counter nodule 302, is |ncrems= ted to
updat e the Thaihkesheld rumbepakt@apackahisansmisieds Whish ¢ basebat tf@rupdat ed

nunber of data packets transmtted fromthe buffer can be stored in a
mermory devi egample, is also referred to as a “threshold number” in the present

application. Comparison of the updated number of data packets transmitted
with the threshold number can be performed, for example, by software in
flow indication counter 302. When the updated number of data packets
transmitted from the buffer is less than the threshold number, the process
returns to step 404. By looping back to step 404 when the updated number
of data packets transmitted is less than the threshold number, the process
makes certain that flow indication messages are sent at least every time T,
even when the flow of data out of the buffer is relatively slow, and the time
interval before the threshold number is reached is increased.

[1046] If it is determined at step 410 that the updated number of data
packets transmitted from the buffer is equal to or greater than the threshold
number, then the process proceeds to step 412. At step 412, a flow
indication message is generated and sent to the base station controller. The
flow indication message can comprise the buffer window size and the packet
ID of the last data packet received by the buffer, i.e. last packet ID. The flow

indication message can be generated and sent by message generating
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in the flow indication nodule. [1045] At step 410, the updated nunber of
data packets transmtted from the buffer is conpared to a threshold nunber
of data paolansiors ansnmitted. The threshold nunber of dat ®Cpaskz56642
transmtted, which can be set at 50, for exanple, is also referred to as a
"threshol d nunber” in the present application. Conparison of the updated

nunber of dat a ts, transm.t ' esbal e

per f or ned, 'PB&“'Exérk@ whigh, r@é%yé\gﬁge}'\’hhﬁ?if g@vné%i ?:Iggi gﬁﬂgﬁﬁp 8@%&% When
t he updat ed nunber of data packet transmtted fromthe huffer.is |ess
than the tHNesRRIING Mmadide ,30@h€n§rtg§e'§§t P?&%ﬁjr'ﬁ’sf@m %Behﬁﬂ_m%@ltqrglgpi ng
back to step 404 when the updated nunmber of datggpackets transmtted is
| ess than treduler 88hol Thenstepsr of garerstingean trapreiting thaiflpve ipdicatian,y

i ndi cati on nessages are sent at |least every tine T, even when the flow of

data out of mbhgaduid tie haser ghtidh cohyroldraus atstdrefbieed itoras “advetisial” ivef or e
the threshold nunber is reached is increased. [1046] If it is determ ned at

step 410 t hm%a;}#ééeHPQﬁgﬁéatiBHﬁb?ﬁuézf tHeic IRGIBXES Mdsyagsl Adwiéethd he

buffer is equal to or greater than the threshold nunber, then the process
proceeds to, step.,412 t LA I nAipat, SHfSdindgner at ed
and sent to'an{HP%'QEetosﬁ? Fnc?%%cgﬁﬁ%ﬁpgl Féét?mﬁﬁe‘m%cﬁogvé%c}ﬁgatﬁl on dﬁ@é’s%e can
conprise the buffer w ndow size .and t he, packet D of t I packet
recei ved bydelgEmine hew mP\.é\%.Aa}t%stPntﬁ%(mlf Q? E{fe ﬁ'rg‘gelr'l ﬁﬁwgﬁaﬁgﬁ%i‘%ﬁb%essage
can be generated and sent by nessage generating 19 WO 03/051078

PCT/ US02/ 368aqueneechildata packets ¢ tieasaitnextt he buffer wi ndow size from

wi ndow size nonitoring nodule 306 and the | ast packet ID from packet 1D
noni toring [1047] Continuing with flowchart 400, the process then proceeds to step

414 where the updated number of data packets transmitted and time T are
reset to zero. The process then returns to step 404 in order to continue
controlling the flow of data from the base station controller to the base
transceiver station. It is noted that the process does not terminate, or “end’,
until the connection between the base station controller and the base
transceiver station is severed. Thus, FIG. 4 shows an example process for
flow control between a base station controller and a base transceiver station
in accordance with one embodiment.

[1048] Those of skill in the art would understand that information and
signals 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.

[1049] Those of skill would further appreciate that the various illustrative
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nodul e 304. The steps of generating and transmtting the flow indication
nmessage to the base station controller are also referred to as

"adverti swog3/0smw78t he present application. Thus, the fl owPCrdiSoasicen
nessage advertises the information to the base station controller which
uses the information to determ ne how nuch data to transmt to the buffer,

as well as the pr r. se e ta C : t des&ibdd h1047]
Cont i nui ng IW'PﬁI flﬁg%amgﬁggg’ tﬁgcuggbc%@cz ?@gﬁlt%@ocg‘e%@qu%sst epd I5314 wher e
t he updated nunmber of data packets transmtted and tine.T are .reset to
zero. The [fas@estion Mdh ﬁh@tﬂgﬁgéwrﬁ @'S'Sciffﬁdi hergiyEay; Be d@pfqnﬁ%rgeg &
controlling the flow of data fromthe base station controller to the base

t r anscei verelsttatnic hardwares cootpsden seftwaracopeapbinatigns ©f beth.: dpleaive, or
"end", until the connection between the base station controller and the

base transpgtkae tihib ahterchdrgyeability efihartinase aRti Gofvarbpwarious ilushigive process
for flow control between a base station controller and a base transcei ver

station | LAGEGHEAECHIONKEN ROGuIBSDRHLIRN and MI4EE dves beeh desbiibdch ( he
unae at

art woul d stand t Informati on and signals nmay be represented using

any of & vagh Slioledd helsls SERAPILOGIT RN WHHS S PRnciofalty ATl o

data, instr rmation, i gnal's, bits, , and

chips that may be referenced throughout the ,above descripti e
r epr esent edMjempgniesy &S E%"pr"‘@{?s,og, SPRWRIS, nARPRAGS: R s&em%})f i el ds

or particles, optical fields or particles, or any con‘ﬂi nat i onséh?rdaof.
[1049] Thosapwlicatian landadesign faanstraints, ippasedioe raevarall syskaraySkille
illustrative 20 WD 03/ 051078 PCT/ US02/ 36642

artisans may implement the described functionality in varying ways for each

particular application, but such implementation decisions should not be
interpreted as causing a departure from the scope of the present invention.
[1050] The various illustrative logical blocks, modules, and circuits
described in connection with the embodiments disclosed herein may be
implemented or performed with a general purpose processor, a digital signal
processor (“DSP”), an application specific integrated circuit (“ASIC”), a field
programmable gate array (“FPGA’;) or other programmable logic device,
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 a
microprocessor, a plurality of microprocessors, one or more microprocessors
in conjunction with a DSP core, or any other such configuration.

[1051] The steps of a method or algorithm described in connection with
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| ogi cal bl ocks, nmodules, circuits, and algorithm steps described in
connection with the enbodi nents disclosed herein nay be inplenented as

el ect r oniwoliansiwas e, conputer software, or conbi nations ofPCyaish2/ébaz cl early
illustrate this interchangeability of hardware and software, various
illustrative conponents, blocks, nodules, circuits, and steps have been

descri bed bov ner | | e, such
functionali 69 g que gﬁw@%?@gegg‘q?%w%/ayg’go%mé él\aciﬂgeg%ﬁ)rgn %gnrnt he
particul ar [ cat i on and desi constraints.i npose oV

system Skid p@ﬁwa@ m@&’%eﬁwt?ﬂ%y&r@mcqsﬁ@ PEdr %%Hg'f“&ﬁE? i gﬁ'&? ?\&? i
varying ways for each particular application, but such | rrpl enent at | on
deci si ons sHual sbftvetre bmodutg, eabDeC@EEtha chfBlWiQr Praafan t i dhe reSeRe scope

of the present invention. [1050] The various illustrative |ogical blocks,

modul es, angpyslication,! hay ¢enedih keduinber ofiseuicearodsi oihobjhet eod degrents
di scl osed here| n may be inplemented or performed with a general purpose

processor, afé??reédéblaﬁﬁ’eduunﬁéu@p@é BCRANDMepRSr) T C
i nt egr at ed CI rcw tl%%’ AS Cr%y C&ﬁ? programuabl e gate array ("FPGA") or

ot her progr bIe I's g th
di screte ha H}?%% ﬁéﬁm ﬁ‘%?“mg{y Epﬁr@mngﬁégﬁw h%%m gnecﬁ’t o]
performthe functl cribed h raQce may be
M or opr ocBSSIRTS, Bard Sﬁﬁméerapveﬁkaé%ea‘\cqgﬁ@%  DVELEON,of 4 2R
conventional processor, controller, mcrocontroller, ate ch| ne.
processor nigymalof ocamapite| eeabled mediug deeminmin ithe aft: co&Bu?’ﬁ{B i ces
e.g., a conbination of a DSP and a m croprocessor, a plurality of
m cr opr ocessomputerTeadablewnedivincisaqmuptakothe processomjwhereitbe pipeassar DSP
core, or any other such configuration. [1051] The steps of a nethod or
al gori t hm dggs vb A& hibAin&Ws &6, hdMnkite EHformation to, the computer readable
medium. In the alternative, the computer readable medium may be integral
to the processor. The processor and the computer readable medium may
reside in an Application Specific Integrated Circuit (“ASIC”). The processor
and the computer readable medium may reside in a flow control module. In
the altemative, the processor and the computer readable medium may
reside as discrete components in the flow control module.
[1052] The previous description of the disclosed embodiments is
provided to enable any person skilled in the art to make or use the present
invention. Various modifications to these embodiments will be readily
apparent to those skilled in the art, and the generic principles defined herein
may be applied to other embodiments without departing from the spirit or
scope of the invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be accorded the widest

scope consistent with the principles and novel features disclosed herein.

[1053] WE CLAIM:
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WO 03/ 051078 PCT/ US02/ 36642 the enbodi nents di scl osed herein may be

enbodi ed directly in hardware, in a software nodul e executed by a
processorwoas/ofr7@ conbi nati on of the two. The software modulise2/3@hso
called a conmputer programin the present application, may contain a nunber
of source code or object code segnents and may reside in any conputer
readabl e nedi um such as a RAM mem)rq)g M)gsh menory, ROM nenory, EPROM
menory, EEPROM nenory, registers, 'aA! sk, a renovable disk, a CO-ROM a
DVD- ROM or any other form of conputer readable nmediumknown in the art. An
exenpl ary confut erA rsloed toempeidingrsteps ofiupl ed to the processor where the
processor can read information from and wite information to, the

conputer r eadafbrmdrRiy Eiow hdibBgticH EQintat indRatihg ancasTeE huRiRG@p! € medi um

may be integral to thé processor. The processor and the conputer readable
_rl_rﬁdi um nad/atalrpgak&g t't sﬁﬁﬁébtﬁ’ﬂjoh?gtﬂu r.Speci fic Integrated Grcuit ("ASIC').
e processo an e conputer "readabl e nediummay reside in a flow
contrqgl nodule, In . the alternative, t rocessor, and, t he conput er
Fndafi o medi \IRARYNNGEA MR St st BuBR SRR el ke PHBRE St o
modul e. [1052] The previous description of the disclosed enbodi nents is
provi ded daja Paghels tranpmided Hemsaaid udfer is equal 4e or gecatakthagra thyesheld present
invention. Various nodifications to these enbodiments will be readily
appar ént numbdmse skilled in the art, and the generic principles defined
herein may be applied to other enbodi nents w thout departing fromthe
spirit or scopnheRatindg flomadichfon nlédsage! B&idMlodsipdicatiBd eRédsayel S not
intended to be linmted to the enbodi mrents shown herein but is to be

accor ged ‘ﬁa‘%a}”'@gﬁfd winB8R&isonsi stent with the principles and novel
ose

features di sc her el n.

2. The method of claim 1 further comprising a step of:
2 transmitting said flow indication message.
3. The method of claim 1 wherein said threshold number is fifty.
4. The method of claim 1 further comprising a step of:
2 determining a packet ID of a data packet received by said buffer before

said generating step.

5. The method of claim 4 wherein said packet ID is a last packet ID.

6. The method of claim 4 wherein said flow indication message

2 further comprises said packet ID.

7. The method of claim 6 further comprising a step of:
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[ 1053] WE CLAIM 22 WD 03/051078 PCT/ US02/ 36642 CLAIMS 1. A nethod
conprising steps of: 2 increnenting a flow indication counter indicating an
updat ed rwolwa/swfs data packets transmitted from a buffer PCa/uder/ssont ni ng a
wi ndow si ze of said buffer when said updated nunber of data packets
transmtted fromsaid buffer is equal to or greater than a threshold 6

nunber; generating.a flowd ndi i , said flow indication nessage
8 indfcating gﬁpﬁﬁ\kﬁﬂ%8%\Hsf,og'g?n%@dt%elﬂgn§€% of claim1 further conprising
a step of: 2 transmtting said flow indication nessage. 3. The nethod of
claiml wherein said threshold nunber is fifty. 4. The method of claiml
further conprising a step of: 2 determ ning a packet ID of a data packet
received by s& d bTheanetbetinfelaim tifuythescempiising sieps®f: The net hod of claim
4 wherein said packet IDis a |ast packet ID. 6. The nethod of claim4
wherepn sai d feepingietiokasfiapnelapssdtimeXsifics tHestramomissioned sslaisti packet 1D, 7.
The nmethod of claim6 further conprising a step of: 23 WD 03/051078 2
transm ”rhé&a@%ﬁ d flow indication nmessage. PCT/ US02/ 36642

4 generating said flow indication message when said elapsed time is equal

to or greater than a threshold time interval.

9. The method of claim 8 wherein said threshold time interval is 0.5

2  seconds.

10. A system comprising:
2 means for incrementing a flow indication counter indicating an updated
number of data packets transmitted from a buffer;
4 means for determining a window size of said buffer when said updated
number of data packets transmitted from said buffer is equal to or greater than a
6 threshold number;
means for generating a flow indication message, said flow indication

8 message comprising said window size.

11.  The system of claim 10 further comprising:

2 means for transmitting said flow indication message.

12.  The system of claim 10 wherein said threshold number is fifty.
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8. The method of claim 1l further conprising steps of: 2 keeping track of an
el apsed tine since the transm ssion of a | ast nessage; 4 generating said
fl ow i ndiwatosonessage when said el apsed tinme is equal tPeTArSOB@ar er t han
a threshold time interval. 9. The nethod of claim8 wherein said threshold
time interval is 0.5 2 seconds. 10. A system conprising: 2 neans for

i ncrenmenting aq4 | owri 0di i L ndi I .an updated nunber of
dat a packets t1r§éinsm%%ﬁ?‘ﬁ'foﬁ%&%?@??@%n@ﬁ@ﬁ%r determ ning a wi ndow
size of said buffer wh sai d updat nunber of data packets transmtted
from £aid buff%‘?a@fgq%z?m?'ﬂ'r@r BPEE%JP%@Aﬁa@ paé’%h?%’i@dobhﬁﬁ'ger; means
for generating a flow indication nessage, said flow indication 8 nessage
conpri si rﬂ-‘@@ii d wi ndow size. 11. The system of claim 10 further conprising:
2 means for transmitting said flow indication nmessage. 12. The system of

claim 10 wherein said threshold nunber is fifty. 24 WD 03/051078
PCT/ US02/ 36642 13. The system of claim 10 further conprising: 2 neans for

det ermi ni ng a ppckeThd Bysiémeoidtiim P9 WRireiesad ﬁ?&(éiﬁD%@iaqasl'b%ééléﬁ ip14 The

system of claim 13 wherein said packet IDis a |ast packet 15. The

system of claim 13 wherein said flow indication nessage

15.  The system of claim 13 wherein said flow indication message

2 further comprises said packet ID.

16.  The system of claim 15 further comprising:

2 means for transmitting said flow indication message.

17.  The system of claim 10 further comprising:
2 means for keeping track of an elapsed time since the transmission of a

last message;
4 means for generating said flow indication message when said elapsed

time is equal to or greater than a threshold time interval.

18.  The system of claim 17 wherein said threshold time interval is 0.5

2 seconds.

19. A method comprising steps of:
2 incrementing a flow indication counter indicating an updated number of
data packets transmitted from a buffer;

4 determining a window size of said buffer when said updated number of
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2 further conprises said packet ID. 16. The system of claim15 further
conprising: 2 neans for transmtting said flow indication nessage. 17. The
syst em ofwoloaiomol® further conprising: 2 neans for keepi hn@Crrsok3eh2 an

el apsed tinme since the transm ssion of a |ast nessage; 4 neans for
generating said flow indication nessage when said elapsed tine is equal to

or great j i T | 7
wherel n ooos TGS SREIRCE thonTEal by mgblt ol rauer B A BBl
corrpriési n&@égps of: 2 increnenting a flow indication counter indicating an
updat ed nu 'of data packets transmtted froma buffer; 4 determning a

w ndow si ze of said huffer when said updated nunber of 25 WD 03/051078

PCT/ US02/ 36642detganininga packet IDelstdatapackeas necriver by saiskbufierequal to or
greater than a threshold 6 nunber; determ ning a packet ID of a data
packet8 recei vegensrating d flowf indicatidn geessags, sgidfidw nali¢atidinaaessageressage,
said flow indication nessage conprising said window size; 10 transmtting

sai d fl oveorngrisingisafi wigeidddsize;20. The et hod of claim 19 wherein said
threshold nunber is fifty. 21. The nethod of claim 19 wherein said packet

I D i sjn 'ﬁéﬁsrﬁgggjééaih%w iRdicafibf MBddgd, of claim 21 wherein said flow

i ndi cati on nes

20.  The method of claim 19 wherein said threshold number is fifty.
21.  The method of claim 19 wherein said packet ID is a last packet ID.

22.  The method of claim 21 wherein said flow indication message

2 further comprises said packet ID.

23.  The method of claim 19 further comprising steps of:

2 keeping track of an elapsed time since the transmission of a last
message;
4 generating said flow indication message when said elapsed time is equal

to or greater than a threshold time interval.

24.  The method of claim 23 wherein said threshold time interval is 0.5

2  seconds.

25. A method comprising steps of:

2 receiving a plurality of data packets from a base station controller;

26



2 further conprises said packet ID. 23. The nethod of claim19 further
conprising steps of: 2 keeping track of an el apsed tine since the

transm sswor3p$10a8 | ast nessage; 4 generating said flow i mdiTasbr/sminessage
when said elapsed tine is equal to or greater than a threshold tine
interval. 24. The nethod of clain123 wherein said threshold tinme interval

is 0.5 2 seco f: 2 receiving a plurality
of data packe?@afng’% iR 01 AAERSA KR b2 BBfeBe o 03/ 051078

PCT/ U502/ 36642 ! sal d pac in a

trans% tting a@ﬁ?@&mﬁ? nggj fﬁfﬁ?‘&'ﬁ'ﬁﬁ& g‘é‘%ﬁ ﬁﬁ’étfé @?FFEHE’%F buf fer;
determ ning a ndow, si ze .of said buffer when sai d nunber of said 6
plurality of o‘i\gﬁtﬁ"ﬁmftléﬂ"ﬂcﬂ%ﬂﬁetqfeﬁﬁlﬁ putieswhen said rumber efgaitl t o or
greater than a threshold nunber; 8 determ ning a packet ID of one of said
pl ur al6i t yploralipnobdatagiacksts trgmmeittad ifrogn aaid lowiferisieqasl torornesategtharsai d 1 ow
i ndi cation nmessage 10 conprising said wi ndow size and said packet ID
transm t ta trgreshold riungvert ndi cati on nessage to said base station controller.
26. The nmethod of claim?25 wherein said threshold nunber is fifty. 27. The

met hog of cl ai ﬂ%t%ﬁn‘fﬂﬁﬁkﬂcﬁ&i 1B RUHEEST %eﬁ)d @@m&:@?&m?&ﬁé&@g# 28. The

met hod of claim 25 r conprising s Keepin ack of an
el apsed tine siOCqahifSatod MElcaRo? rﬁn'f;)sfsa%el 85 flow indication message

10 comprising said window size and said packet ID;

transmitting said flow indication message to said base station controller.

26.  The method of claim 25 wherein said threshold number is fifty.

27.  The method of claim 25 wherein said packet ID is a last packet ID.

28.  The method of claim 25 further comprising steps of:

2 keeping track of an elapsed time since the transmission of a last
message;
4 advertising said window size when said elapsed time is equal to or

greater than a threshold time interval.

29.  The method of claim 28 wherein said threshold time interval is 0.5

2 seconds.

30. A computer readable medium including a computer program, said

2 computer program comprising:
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message; 4 advertising said wi ndow size when said elapsed tine is equal to
or greater than a threshold tine interval. 29. The nethod of claim 28
wher ei n swod3bbreshol d tinme interval is 0.5 2 seconds. 30PCAUSONpAsHEYr
readabl e nmedi umincluding a conputer program said 2 conputer program
conprising: 27 WO 03/051078 PCT/US02/ 36642 a first code segnent for

ner ement i ng. 4 i Lot L oLkog: GHDLShird HER hRatdn BuNes Mcthiiyroer of

data packets Seco n segnent for

determ ning a wi ndow si ze of sajd buf updat ed nunber of data
packet s anapsaied aumbebah dalp pag ?‘isetfa’?%m'gﬁggh }%r%r’gr eater than a

threshol d nunber; 8 a third code segnent for generati ng* a flow indication
message, sai dafdepandicodi segment frsisigeniobiga vanday sEedP GaitiBWiTel ze. 31. The
conput er readabl e nedi um of claim 30 wherein said 2 conputer program

further Ge@ERArdA6 sipdatddnuniberasidiats paokets tfamsniitied ot saiddulier is equal
i ndi cation nessage. 4 32. The conputer readable program of claim 30 wherein

said 2 tMSFQPéﬁeﬂﬁﬁhearth\’e%ﬁdlé h¥mbd3. The conputer readabl e nmediumof claim

30 wherein's conput er program further conprises: a fifth code segnent
For d§ term ni %gthlrd%%%%teg}n%nﬂorageq\%trgnrp&ﬁIﬂ%RN indication message, said flow

indication message comprising said window size.

31. The computer readable medium of claim 30 wherein said

2 computer program further comprises:

a fourth code segment for transmitting said flow indication message.

32. The computer readable program of claim 30 wherein said

2 threshold number is fifty.

33. The computer readable medium of claim 30 wherein said
2 computer program further comprises:
a fifth code segment for determining a packet ID of a data packet

4 received by said buffer before said generating step.

34. The computer readable medium of claim 33 wherein said packet

2 IDis a last packet ID.

35. The computer readable medium of claim 33 wherein said flow
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4 received by said buffer before said generating step. 34. The conputer
readabl e nedi um of claim 33 wherein said packet 2 IDis a |ast packet |ID.
35. The cwopawser7s eadabl e medi um of cl aim 33 wherei n sai dPCTABIZIMND

03/ 051078 2 indication nessage further conprises said packet ID.

PCT/ US02/ 36642 36. The conputer readabl e nedium of claim 30 wherein said

2 co te i s oS de segnent for keeping
trac Ewof g‘r@%ﬁ%@éﬂ%ﬁ%@ P%gg&ﬁhﬁsé%fs%@%’#ggwon of a | ast nessage; a

sevent h code segnent for generating said flow indication nessage 6 when
said elapsed tinme is equal to or greater than a threshold time interval.
37. The conput er readabl e nedium of claim36 wherein said 2 threshold tine
interval is 0.86secdhasompyter readable medium of claim 30 wherein said

2 computer program further comprises:

a sixth code segment for keeping track of an elapsed time since the

4  transmission of a last message;

a seventh code segment for generating said flow indication message

6 when said elapsed time is equal to or greater than a threshold time interval.

37.  The computer readable medium of claim 36 wherein said

2 threshold time interval is 0.5 seconds.
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