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10 transmission in wireless communication systems.

BACKGROUND
In wireless communication systems several users may share a common
communication channel. To avoid conflicts arising from several users
15 transmitting information over the communication channel at the same time,
some allocation of the available channel capacity to the users is required.
Allocation of user access to the communication channel is achieved by various
forms of muitiple access protocols. One form of protocol is code division
multiple access (“CDMA”) and another form of protocol is time division multiple
20 access (“TDMA”).

In CDMA systems each user uniquely encodes its communication signal
into a transmission signal in order to separate its signal from those of other
users. The encoding of the message signal spreads its spectrum so that the

25  bandwidth of the encoded transmission signal is much greater than the original
bandwidth of the message signal. For this reason CDMA systems are also
referred to as “spread spectrum” systems. In TDMA systems each user
transmits its communication signal in a uniquely assigned time slot. The time
slots do not overlap so that each user's signal is separated from those of other

30 users.

HDR data transmission is a technology that can provide data
transmission in a standard CDMA voice communication channel. HDR can be
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30 users. HDR data transmssion is a technology that can provide data
iransm ssion in a standard CDVA voi ce communi cation channel. HDR can be
ACTI ON* WD 03/ 036848 2 PCT/ US02/ 33933 used to enhance data c bi | |t|es in
exi sting CHOAMBHorks or in stand-alone data networks. %)EF e

can provi de data transm ssion rates of approxinmately 2.4 mllion brrs per
second ("Moips"). Wth existing CODMA networks, sone nunber of channels are
changed fromvoice to data. HDR 5 use a conbi nati on of CDVA and TDVA to
share each conmuni cati on channel Zg several users. However, HDR assigns

time slots on an as-needed basi s rather than_on a fixed basi
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pr opagat ison ek We&imbR&idreotlODMARMMETDMA idsiears each ewmmumodmdnechannel 102

and base station antenna 114 connected to base station 112
102 may optaneeng several usersh eldewevaroH %:ﬁﬁ!ﬂﬂ% mes$ %089"5%%?%ﬁ£ag&sg%hter

("PC), forfﬁ@@%”ﬁ%" g(ﬁx;@ﬁas,g’gsmp@mAbe connected to nobile unit 102 by

data |ink can be a serial cable connected to an RS-232
- ort,
for exanple. 20 (RS-232 refers to Reconmmended Standard-232, a standgrd for

ofticially refer Figie; § G R %QP'E”S* OB TR uBal or
:j gtc;udlezlé):‘ grtvmdsdrrﬁialg:?dﬁﬂfauzreg HDR imia CCDMAG wirglesse CORBWNIGAIORasYSI8Mg user
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channel al sqdmasdootespreat vededtramntommunivation| systedn. whs showanin Figure 1,
mobile unit 102, which can be an HDR modem, communicates with base station
112 over a communication channel provided by radio frequency signal
15 propagation between mobile unit antenna 110 connected to mobile unit 102 and
base station antenna 114 connected to base station 112. Mobile unit 102 may
optionally be connected to a computer, such as a personal computer (“PC"), for
example, PC 104. PC 104 can be connected to mobile unit 102 by data link
106, which can be a serial cable connected to an RS-232 port, for example.
20 (RS-232 refers to Recommended Standard-232, a standard for serial
transmission between computers and peripheral devices, now officially referred

to as TIA/EIA-232-E.)

The communication channel includes forward data channel 116, which

25  can be used for carrying user data, indicated in Figure 1 by an arrow which
points in the forward direction from base station 112 to mobile unit 102. The
communication channel also includes forward control channel 118, which can

be used for carrying signaling information and power control information,
indicated in Figure 1 by an arrow which also points in the forward direction. The

30 communication channel further includes reverse data channel 120, which can
be used for carrying user data, indicated in Figure 1 by an arrow which points in

the reverse direction from mobile unit 102 to base station 112. The

communication channel also includes reverse control channel 122, which can




be used for carrying signaling information and power contr [ [
|pd|caped in Figure 1 by an arrow which al so poPnts in theOLoLagfénatlon1
direction. The 30 comruni cati on channel further includes reverse data
channel 12W00#B@&H#8 can be used for carrying user data, i PO ESRR3? 1 Fi gure
1 by an arrow which points in the reverse direction fromnobile unit 102
to base station 112. The conmunication channel al so includes reverse
contrpl channel_1223 whi ch can WD 03/ 036848 3 PCT/ US02/ 33933 be used for
carrying signaling informati on and poWwer control information, indicated in

Figure 1 by an arrow which also points in_the reverse d
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PC 104 through data link 106, such as an RS-232 port, for example, which has

a lower data rate, a “bottleneck” problem arises. In the HDR modem, with data

coming into the data buffer at the HDR data rate of approximately 2.4 Mbps and

leaving the data buffer at the RS-232 data rate of approximately 115 thousand

20 bits per second (“Kbps"), it is possible for data to “overflow” the buffer, i.e. data

is lost. The bottleneck problem can be partially solved by providing a larger

data buffer, but at differing data rates it is possible for data to overflow the buffer

and be lost regardiess of the data buffer size. Another problem which arises is

that occasionally in wireless systems, data needs to be retransmitted, due, for

25 example, to the varying signal quality of the communication channel which can
be caused by noise or interference. In general, the retransmit data is given a
higher priority for transmission than other data in order, for example, to maintain
orderly filling and emptying of data buffers.

30 Various profocols exist for controlling the data rate on a data link, also
referred to as “flow control”. As an illustration, flow control can be provided
between a modem and a PC in hardware such as an RS-232 data link, for
example, by providing a separate control link, one for the modem and one for



be caused by noise or interference. In general, the retransmt data is
given a higher priority for transm ssion than other data in order, for
exanple, to maintain orderly filling and enptying of data buffers. 30
Vari ous pr¥P®8B8i6848exi st for controlling the data rate on BEETHO%33Bhk, al so
referred to as "flow control”. As an illustration, flow control can be
provi ded between a nodem and a PC in hardware such as an RS-232 data |ink,
for exanple, by providing a separate control |ink, one for the nodem and
one for WO 03/036848 PCT/ US02/ 33933 44the PC, so that each can start and
stop data flow fromthe other. Thus, for exanple, if the data buffer in

t he nodem st PE, tso fhiat leaoh canhstartratenstoprdata dlow fratmathe othef.r oiush&rpC
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and then se er specr al arac o restart ow. Neit her
t he har dwar softhalveaatn¢arostartcand step stata flewdram the other.r dihugr tor example, ifs ar e

sensitive tg the requirenents. for. re-transnptti | | st ens,
i n general, ﬂ!ﬁg?tﬁé)%&m ﬁhgr{ﬁ?lqeén ﬁwﬁtbﬁé‘?ﬁ% rhﬁggﬁat#agntértg%\sﬁh‘faﬁ‘ ogigo'g‘%/her
priorityo dgiePOnbyieBndiag s epema, charagier 10 stopatata Tlows untivike mbdergtcarDR
technol ogy  provides separate data and g)%g‘trol cBanne(Ilﬁ. and @.‘seBar.a]te dat a
request chasateh up® brrerocessipg dataevis itgulier. and gen sgudipg AnPiher SPetdcol s i n
HDR typi cal lharaitdrt6 féStart RalPicw® Wi th transnmission of retransmt and other
priority data. For exanple, existing flow control protocols can stop data
transm ssion for too long so that retransmt or priority data is either

techni cal st andaNiihgf e gl fow CORRERITHE SKiwARe RS COBrb Lo kRole “onl y
t he nul 15datase sensitive to the reguireroentd dorre-transmitting data in wireless systems, in
general, or the requirements for transmission of retransmit and other priority
data in HDR technology, in particular. Thus, even though HDR technology
provides separate data and control channels and a separate data request
channel (“DRC"), application of existing flow control protocols in HDR typically
20 creates problems with transmission of retransmit and other priority data. For
example, existing flow control protocols can stop data transmission for too long
so that retransmit or priority data is either lost or needs to be retransmitted
unnecessarily. According to the 1S-856 technical standard for HDR modems,
the DRC channel is used to specify only the null data rate or the maximum data
25 rate that the instantaneous signal quality of the communication channel can
support. The DRC channel, thus, cannot be used to specify any optional data
rates, such as a data rate compatible with a particular modem buffer and

modem processing speed.

30 Thus, there is a need in the art for flow control in HDR data transmission
in wireless communication systems. Moreover, there is a need in the art for
adjusting the data rate of HDR data links in wireless communication systems
without interfering with transmission of retransmit and other priority data.



25 rate that the instantaneous signal quality of the communi cation channel
can support. The DRC channel, thus, cannot be used to specify any optional

data rates, such as a data rate conpatible with a particu buf f er
and nodemVr80¥$48 ng speed. 30 Thus, there is a need in ?@%’HB%& flow

control in HDR data transmission in wreless comunication systens.
Moreover, there is a need in the art for adjusting the data rate of HDR
data links in wireless conmunication gystenms wthout interfering with
transm ssion of retransmt and other priority data. WO 03/036848 5 SUMVARY
PCT/ US02/ 33933 Enbodi nents di scl osed herein address the above stated needs
by 5 providing flow control in HDR data transm ssion in wreless

communi cation systens. Mreover, an ggjaMiAReNt adjusts the data rate of HDR
data links in wreless comunication systens without interfering with
transm ssion of retransmt and other priority data. 10 In one aspect of

the invention, c nj. ] on. e : ' Uk then i s
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a supportable data rate for receiving data. For exanple, the supportable
data rate iretrareyait ead otherIPfioAAAAi ng t he signal quality of the

comuni cations channel being received fromthe base station. The

supportabl e data rate can be selected froma finite set of HBR dFta
transferlirates. 400p6 aspectof tEsTreptioroomrmunicationhetwesn & mabie unit and, | ock
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finite set of HDR data transfer rates. Meanwhile, the mobile unit continually
computes a moving average of the data transfer rates. For example, the mobile
unit computes the moving average of the data transfer rates over a pre-

15 determined number of HDR time slots. The mobile unit also ascertains a
supportable data rate for receiving data. For example, the supportable data
rate is ascertained by measuring the signal quality of the communications
channel being received from the base station. The supportable data rate can
be selected from a finite set of HDR data transfer rates.

20
In order to maintain the moving average of the data transfer rate within a
specified range, the mobile unit transmits maximum data rate requests or null
data requests to the base station. The maximum data rates requested by the
mobile unit are equal to or lower than the supportable data rate.
25

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram illustrating an example of communication
channels used for transmitting data using HDR in a CDMA wireless

30 communication system.

Figure 2 is a block diagram ilustrating an exemplary HDR modem used
for controlling data rate in an exemplary wireless communication system in



30 comuni cation system In order to maintain the noving average of the
data transfer rate within a specified range, the nobile unit transmts

maxi num data rate requests or null data requests to the base ?Pgﬁt%on. The
maxi mum daW® 03486848 r equested by the nobile unit are equa‘TC]E"ch0 wer than

the supportable data rate. Figure 2 is a block diagramillustrating an
exenpl ary HDR nodem used for controlling data rate in an exenplary

Wi rel ess communi cation systemin WO 03/ 036848 6 accordance with one

enbodi ment of the present invention. PCT/US02/33933 Figures 3A, 3B, and 3C
are graphs of data rate plotted against tinme illustrating three distinct
exanpl es of accatdapce with angembedimentpiijenresankinvedten-5 i n an exenpl ary

Wi rel ess conmmuni cation systemin accordance with different enbodi nents of
the present invention. Figure 4 is a flow chart illustrating the sfeps for
control | ing dat a Figures iaA,a3Bwane |35 are @raphs ofdiatm ratgspletied rraainsd tihfnce
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for contrsol ljhngh @iémpra?i wieless éommanicatiorsysteni in acoordaness witbowfferent at i on
system The foll ow n}gﬁ escripti gn contains specific information pertaining
to the inpl carabedimesi ¢Jithe REESSNLUWRPIGh ention. One skilled in the art

will recognize that the present invention may be inplenmented in a nanner

different fromthat specifically discussed in the prese application.
Mor eover, 20 sontFigdrethis & fewighast iHusteating tae steps fPE(?%’PH&ﬁW ggt@ "ﬁg‘{ ina
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described in sen applrcatiron are wthin the know edge of a person
of ordi ngyy prgséntinvertion. art. The drawings in the present application and
their acconpanying detailed 25 description are directed to nmerely exanple
enbodi nents of the invention. To maintain brevity, other enbodi nents of the
i nvention which use the princi (DETARED DESQGRIBIION i nvention are not

specifically described in the present application

The presently disclosed embodiments are directed to method and
15 apparatus for controling data rate on a forward channel in a wireless
communication system. The following description contains specific information
pertaining to the implementation of the present invention. One skilled in the art
will recognize that the present invention may be implemented in a manner
different from that specifically discussed in the present application. Moreover,
20 some of the specific details of the invention are not discussed in order not to
obscure the invention. The specific details not described in the present

application are within the knowledge of a person of ordinary skill in the art.

The drawings in the present application and their accompanying detailed

25 description are directed to merely example embodiments of the invention. To
maintain brevity, other embodiments of the invention which use the principles of

the present invention are not specifically described in the present application

and are not specifically illustrated by the present drawings. The word
“exemplary” is used exclusively herein to mean “serving as an example,

30 instance, or illustration.” Any embodiment described herein as “exemplary” is
not necessarily to be construed as preferred or advantageous over other

embodiments.
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"exenplary” is used exclusively hereinyto negn "serving aggZh ZQ:n%?;d 30
instance, or illustration.” Any enbodi ment described herein as " exenpi ary"
s not newOIIAIBIy to be construed as preferred or advarﬁqélé%&”ﬁ/er ot her
enbodi ments. WO 03/036848 7 PCT/ US02/ 33933 Referring nowto Figure 2, sone
of the features and conponents of an exenplary HDR nmpdem used for 1
controlling data rate in an exenplary CDVA wirel ess conmunication system
in accordance with one embodi ment are’ illustrated. Fi gure 2 shows
exenplary system 200 including a nobile unit such 5 as HDR nodem 202
connected to per Referring oputeeFigure@; yomephthg featyrascand Gﬁ"‘?@@e%ﬁioih"‘%y
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CDMA wireless communication system. Thus, HDR modem 202 is included in
15 a CDMA communication system.

The general principles of CDMA communication systems, and in
particular the general principles for generation of spread spectrum signals for
transmission over a communication channel is described in U.S. patent

20 4,901,307 entitled “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

25 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

30 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



assignee of the present invention, discloses principles related to PN
spreadi ng, Walsh covering, and techniques to generate CDVA spread spectrum
comuni cation signals. The disclosure in that patent, i.e. U S g}ent

5, 103, 459, Wo3/8368¢8 her eby fully incorporated by refer encquTﬁ‘fS(?Z’f’:ﬁ present
30 application. Further, the present invention utilizes tinme nmultiplexing
of data and various principles related to "high data rate" conmunication
systens, and the present invention can be used in "high data rate"

communi cation systens, such as that 8isclosed in U S. patent application
entitled "Method and Apparatus for WO 03/036848 8 PCT/US02/ 33933 Hi gh Rate
Pagket Datai-ﬁ?ﬁm Patkat Da Mrahsmission85864, B A& 96H 386 filednreNpeember, 1997,
and assigned To the assignee of the present | ' . | in
that patent 3ag8e7 cand 6%'9%343105&’9@5 efqiﬁ%b{é:#gﬁ{ fﬁ]gggt'oyaeg@é rafeék fearggilege into
the presenty, app! datéiti Pplicaidrostdiss heebyifully intompoeated byiDBferenatinkoihe
conprises several nodul'es including air interface nodule 220, direct
menory accegwegerbapplicationul e 222, buffer 224, a central processing unit -
CPU 226, .and network interface 228. The flow of information between

nodul es s indicated in the block diagramof 10 Figure ng% the arrows
bet ween nodul es \@ontinumgswith Figura2e HOR rapdese 203 CapmPrises SVRER MRAYeHW. A r

i nterface moduyl e, 220 . onf i 0 i ok h pon over
w rel eos confHBAAGRTRSaR poUgR2oP AT HaGY &kt CLMRITRoads 2251, 2
220 can be agfdPR2ADM oL nprobéssing: anitunCEt 226, vandh natwak dntegiage i228- (not
shown in Figure 2) of fhe i rel es Q k: ] ; anpl e,
air interfacEhediew ¢ ipfsgmation gﬁm&ﬁﬂ E‘é’%g%\fnﬁ?ﬁ%{g@%ggns@%ﬁ% ?'ggﬁ%g’rposes
of downl gadi Bg,dAb oy HeMarRs Ibdhwear ndduldsewhietl dlso tlieile therdirgstiompf a
conput er user. 20 DVA nodule 222 is configured to transfer data fromair

i nterface noofgramatiopfowo buffer 224. For exanple, DMA nodul e 222 can
i ncl ude specialized

Air interface module 220 is configured to communicate with a base

station over wireless communication channel 210. For example, air interface

15 module 220 can be an HDR CDMA modem which communicates with a base
station (not shown in Figure 2) of the CDMA wireless communication system.

For example, air interface module 220 can communicate with a base station for
purposes 6f downloading data from the Internet to be fed to PC 204 foruse by a

computer user.

20
DMA module 222 is configured to transfer data from air interface module

220 to buffer 224. For example, DMA module 222 can include specialized
circuitry or a dedicated microprocessor that transfers data directly from air
interface module 220 to buffer 224 with minimal interaction required of CPU
25 226, in order to transfer data more quickly than using CPU 226 for each byte of
data transfer. Buffer 224 is configured to receive data from DMA module 222
and store it for further processing by CPU 226. For example, buffer 224 can be

a random access memory (‘RAM").

30



circuitry or a dedicated mi croprocessor that transfers data directly from
air interface nodule 220 to buffer 224 with mninmal interaction required

of CPU 25 226, in order to transfer data nore quickly tha ' U 226
for each bYOd3@3¥684&%jat a transfer. Buffer 224 is configur eapQ{Tz&rOg@:’e?f‘a\?e dat a

from DVA nodul e 222 and store it for further processing by CPU 226. For
exanpl e, buffer 224 can be a random access nenory ("RAM). 30 WO 03/036848
9 PCT/ US02/ 33933 CPU 226 is configured to receive data from buffer 224 and
to provide the data to network interface 228. In addition, CPU 226
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| ntor f ace modtipGeNs MPRETSIGSD et BEPIGTPE S oug AR SSAEM PR S 656
technical standard for the HDR nodem air
15 Orderly data transfer requires that buffer 224 not overflow. This requires
that over an extended period of time buffer 224 be filled no faster than it is
emptied. The rate at which buffer 224 can be emptied depends on several
factors, for example, the processing speed of CPU 226; the amount of data
errors requiring re-transmission of data as described above, which is dependent
20 on varying signal quality of the communication channel; and the speed of
network interface 228. The intractability of these factors necessitates controlling
the data transfer rate of air interface module 220 when data is being received.

According to the 1S-856 technical standard for the HDR modem air

25 interface, air interface module 220 can send a data rate request in each time
slot for either the null data rate, i.e. no data will be transmitted, or the maximum

data rate that the instantaneous signal quality of the communication channel

can support, also referred to as “supportable data rate”. According to one
embodiment, CPU 226 and air interface module 220 are configured to

30 intersperse nuil data requests, i.e. a data rate request for a null data rate, with
maximum data requests, i.e. a data rate request for the maximum data rate that

the instantaneous signal quality of the communication channel can support. By
interspersing null data Eequests with maximum data requests the average data



25 interface, air interface nodule 220 can send a data rate request in each
time slot for either the null data rate, i.e. no data will be transmtted,
or the maxi mum data rate that the instantaneous signal %ualit of the
communi catWem3/83¢&8nel can support, also referred to as 'Qﬂﬁ@??’%’l e data
rate". According to one enbodinent, CPU 226 and air interface nodule 220

are configured to 30 intersperse null data requests, i.e. a data rate
request for a null data rate, with gpxi mum data requests, i.e. a data rate
request for the maxinmumdata rate th t he i nstantaneous signal quality of

the comuni cation channel can support. By interspersin | | .datag requests
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15 data rate in an exemplary CDMA wireless communication system in accordance

with one embodiment.

Figures 3A, 3B, and 3C illustrate three distinct examples of controlling

data rate using an HDR modem in an exemplary wireless communication

20 system in accordance with different embodiments. Referring now to Figure 3A,
an example is illustrated of controlling data rate using an HDR modem in an
exemplary CDMA wireless communication system in accordance with one
embodiment. Figure 3A shows graph 300 having data rate axis 301. Graph

300 shows data rate axis 301 plotted against time axis 302. Graph 300 shows

25 an illustrative example of the instantaneous maximum data rate of a
communication channel, such as forward data channel 116 shown in Figure 1,
which varies with time according to instantaneous maximum data rate curve

304. The instantaneous maximum data rate of a communication channel is
directly proportional to the instantaneous signal quality of the communication

30 channel. Signal quality can be measured as the signal to noise ratio of the
communication channel, for example, which can be expressed in decibels. The
higher the instantaneous signal quality, the higher the maximum data rate that

the instantaneous signal quality of the communication channel can support.



enbodi nent. Figure 3A shows graph 300 having data rate axis 301. Graph 300
shows data rate axis 301 plotted against tine axis 302. G aph 300 shows 25
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304. The instantaneous maxi rum data rate of a comruni cation channel is
directly proportional to the instant greous signal quality of the

comuni cation 30 channel. Signal quality can be neasured as the signal to

noi se ratio of the communication channel, for exanple, which can be
expressed in decibels. The higher the instantaneous signal quality, the
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15 be below instantaneous maximum data rate curve 304 because supportable
data rate 306 cannot exceed the capacity of the communication channel. Thus,
supportable data rate 306 in graph 300 varies from time slot to time slot as

shown in Figure 3A.

20 By way of background, according to the 1S-856 technical standard for the
HDR modem air interface, the HDR modem can send a data rate request over
the data request channel in each time slot for either the null data rate, i.e. no
data will be transmitted, or the maximum data rate that the instantaneous signal
quality of the communication channel can support, i.e. the supportable data

25 rate. In normal or conventional operation of the HDR modem, the HDR modem
would send requests for the supportable data rate, i.e. maximum data rate
requests.. Thus, the data rate requested would be the maximum data rate that
the communication channel can support, so that if there are any problems with
the HDR modem processor, DMA, or buffer, data could potentially be lost.

30

Figure 3A shows one example of interspersing null data requests with
maximum data requests to control the average data transfer rate in order to
accommodate the processor, DMA, or buffer. In the example of Figure 3A,



HDR nodem air interface, the HDR nodem can send a data rate request over
the data request channel in each tine slot for either the null data rate,
i.e. no data will be transmtted, or the maxi numdata rate that the

i nst ant aneVON3WBGAl  qual ity of the comunication channefCHYHH2Short

I .e. the supportable data 25 rate. In nornmal or conventional operation of
the HDR nodem the HDR nbdem would send requests for the supportable data
rate, i.e. maximumdata rate requests.. Thus, the data rate requested
woul d be the nmaxi num data rate that ]?he comuni cati on channel can support,
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requests E argcifing dath in tife Slot 3181842, 314,3151816 34 388, @ndamdy GLejving

i ndi cated by the “notation "Null” above ti sl ot s 31]Tip| 2, 314, 315, 316,
and 318. By data irstimeslaty Bhd andB47; heavsrpag data rate s cqquolledy ;315 316, and
318, and only receiving data in tinme slots 313 and 317, the average data

rate is controlled. For exanple, the average data ra‘t)rﬁe(gsn be ant roll ed by
conputing the aFerayempla,dhe averagecdaty ralgngan becopir B EOMRUURG fRE (5o
on, i.e. conputin ' : TN fle NébmputingLan dat a
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data rate 306 is above the specific value required to maintain the moving
15 average data rate within the example's specified range in time slots 313 and

317.

The technique illustrated in Figure 3A is very efficient in that data is

transmitted in the best time slots for each particular user, so that even though

20 the HDR modem maintains its own data rate below that which it can

accommodate, the fewest number of time slots, which are a shared system

resource, is used to do so. In other words, the technique shown in Figure 3A

allows other users in the same system to use more of the remaining time slots,

such as time slot 315, for example, where although supportable data rate 306 is

25 low in time slot 315 for the user of Figure 3A, supportable data rate 306 may be

higher in time slot 315 for other users of the same communication channel. In

addition, the technique shown in Figure 3A of periodically sending maximum

data requests avoids problems with priority data described above, by not

shutting down the forward data channel for any extended period of time. Thus,

30 Figure 3A illustrates one technique for controlling data rate using an HDR
modem in accordance with one embodiment.

Referring now to Figure 3B, another example is illustrated of controlling



transmtted in the best tinme slots for each particular u
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3A allows other users in the same systemto use nore of the remaining tine
slots, such as time slot 315, for exanple, where although supportable data
rate 306 is 25 lowin tinme slot 315 for the user of Figure 3A supportable
data rate 306 nay be higher in tine l%ot 315 for other users of the sane

comuni cation channel. In addition, the techni ' '
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conmun cat | offseRiAnRERS el by bf AR RAGAL R HaBnotdel ol | T
?L?gn ﬁsginélgFO?X528332 is divided into 8 time slots, tine slot 341
The standard tDR ' the' ”sﬁ%%% %?a@ﬁ%ﬁ%ﬁogﬁﬁ }’rgbkég% :is@xfd?ﬁfugig $2 R diiged e 38
duration. Thﬁltd@%ﬁf@@lb&?‘ﬁﬂ\,er ﬁbtesafmhr@ag}htimérmé%t nurrr:?)elidycon'sgc&?vee(l:y 1
15 through 8 in Figure 3B. The standard HDR time slot, for example, is
approximately 1.6 msec in duration. The maximum data rate for each time slot
that the instantaneous signal quality of the communication channel can support,
i.e. supportable data rate 336, is shown in Figure 3B as horizontal steps
corresponding to the data rate scale of data rate axis 331. Supportable data
20 rate 336 is chosen from a finite set of available data rates according to the HDR
technical specifications. For example, the data rates range in value from the
maximum HDR data rate of approximately 2.4 Mbps to the minimum HDR data
rate of approximately 38 Kbps. As seen in Figure 3B, supportable data rate 336
must be less than instantaneous maximum data rate curve 334. In other words,
25 supportable data rate 336 must be below instantaneous maximum data rate
curve 334 because supportable data rate 336 cannot exceed the capacity of the
communication channel. Thus, supportable data rate 336 in graph 330 varies

from time slot to time slot as shown in Figure 3B.

30 Figure 3B shows one example of interspersing null data requests with
maximum data requests to control the average data transfer rate in order to
accommodate the processor, DMA, or buffer of the HDR modem. In the
example of Figure 3B, maximum data requests are sent on time slots 342, 344,
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15 moving average data rate can be computed to monitor the technique and help
decide the frequency of sending maximum data requests. Thus, in the example
shown in Figure 3B, the example’s specified value for the average data rate is

met by sending maximum data requests on every second time slot.

20 The technique illustrated in Figure 38 is also efficient in that the HDR
modem maintains its own data rate below that which it can accommodate while
leaving remaining time slots, which are a shared system resource, open for
other users in the same system to use. In other words, the technique shown in
Figure 3B allows other users in the same system to use the remaining time

25  slots, such as time slot 345, for example, where although supportable data rate
336 is low in time slot 345 for the user of Figure 3B, supportable data rate 336
may be higher in time slot 345 for other users of the same communication
channel. Furthermore, the technique of Figure 3B is simpler than that of Figure
3A, so it may be easier to implement and consume less processing resources,

30 such as CPU time, in the HDR modem. In addition, the technique shown in
Figure 3B of periodically sending maximum data requests avoids problems with
priority data described above, by not shutting down the forward data channel for
any extended period of time. Thus, Figure 3B illustrates one technique for
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curve 354. The-nsicdNk 3NN §uafy bfhe communication channel can support.
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In the illustrative example shown in graph 350, time axis 352 is divided
into 8 time slots, time slot 361 through time slot 368, numbered consecutively 1
through 8 in Figure 3C. The standard HDR time slot, for example, is
approximately 1.6 msec in duration. The maximum data rate for each time siot
20 that the instantaneous signal quality of the communication channel can support,
i.e. supportable data rate 356, is shown in Figure 3B as horizontal steps
corresponding to the data rate scale of data rate axis 351. Supportable data
rate 356 is chosen from a finite set of available data rates according to the HDR
technical specifications. For example, the data rates range in value from .the
25 maximum HDR data rate of approximately 2.4 Mbps to the minimum HDR data
rate of approximately 38 Kbps. As seen in Figure 3C, supportable data rate 356
must be less than instantaneous maximum data rate curve 354. In other words,
supportable data rate 356 must be below instantaneous maximum data rate
curve 354 because supportable data rate 356 cannot exceed the capacity of the
30 communication channel. Thus, supportable data rate 356 in graph 350 varies

from time slot to time slot as shown in Figure 3C.

Figure 3C shows one example of interspersing nuli data requests with



data rate of a communication channel varies wth the instantaneous signal
quality of the communication channel as described above. The higher the

i nstant aneous signal quality, the higher the ﬁHXIﬁUﬁ]data rate that the

i nst ant ane¥093/8%638al qual ity of the comunication channelPCaR¥WPort. 15
in the illustrative exanple shown in graph 350, tine axis 352 is divided
into 8 tine slots, time slot 361 through time slot 368, numbered
consecutively 1 through 8 in Figure,3C. The standard HDR tine slot, for
exanple, is approximately 1.6 nsec i duration. The maxi num data rate for

each tinme slot 20 that the instantanequs I '
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Fi gure 3C s%%qﬁggé%esexarrpl e of interspersing null data requests with V\D

03/ 036848 P /_ 3933 16 maxi num data requests to control the average
data trdfsfer rate in order to acconmodate the processor, DVA, or buffer

of the HDR m’de"}gl- %g%ﬁ@le %g@)e?aa@ dﬁggﬂé&& cgﬁ: bé@éﬁt%&l@udﬂha\ FEtERIRANIS ar e

sent on tine slo i cat e he notation "Max.
Request" abejata hasrbesh requestsd bynsersthigy ngl date rﬂQlWSt%iﬁﬁféhQ @&Q&%am%em on

5 0, i e g e B UAARRINES bioos oo
g:t: : 2 :E' rm.-:.t@tlidiﬁt andack3Ghd pfotessing, t|r865at thed baseé, statian, fonltlye rRstasitW i ng g
15I mare?rar?strrs\lt %gZa ?c? dretﬁ§n8 to hee m% e Uhit. d% tﬁ«te |Ilds§rat|ve example of
Figure 3C shows null data requests being sent on 6 consecutive time slots, a
time delay of approximately 10 msec assuming the standard HDR time slot
duration of approximately 1.6 msec. In practice, the time delay could be
approximately 50 to 100 msec but not long enough for the HDR modem to lose
20 connection on the channel. Using this technique, the maximum data requests
are sent when the priority data is ready to be transmitted so that the priority data
and retransmit data are received first when the maximum data requests are
sent. As described above, receiving retransmit data facilitates emptying blocks
of data from the buffer. Thus, the technique illustrated by Figure 3C controls
25 the average data rate in a manner which addresses the “bottleneck” problem

described above.

The technique illustrated in Figure 3C is also efficient in that the HDR

modem maintains its own data rate below that which it can accommodate while

30 leaving remaining time slots, which are a shared system resource, open for
other users in the same system to use. In other words, the technique shown in
Figure 3C allows other users in the same system to use the remaining time
slots, such as time slot 365, for example, where although supportable data rate



controlled. 10 For exanple, the average data rate can be controlled when
retransmt data has been requested by sending null data requests for the
expected anount of time, including signal propagation del alys fromthe

nobi | e uni WOt03/0368¢8 base station and back, and processi ngPCt ({23233 he base
station, for the priority 15 retransmt data to return to the nobile unit.
Thus, the illustrative exanple of Figure 3C shows null data requests being
sent on 6 consecutive tinme slots, a hi me del ay of approximately 10 nsec
assum ng the standard HDR tinme sl ot Huration of approximately 1.6 nsec. In

practice, the tine delay could be approximately 50 to 100 ec byt .not
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escri be

above. The technique illustrated in Fiqure 3C | efifCci ent
in that the ThHoR, Figom RCitMstRigs NG @F‘BWHQ t‘é?r}trgﬂ'é'gtga%%gétéﬁgtn nll(-:lP'RI:t can
accommodat & hid g iP0clFRUMAOWHIE BRE Biribbdihere, S1 ot s, whi ch are a shar ed
system resource, open tor other users in the same systemto use. |In other

wor ds, the technique shown in Figure 3C allows other users in the sane

systemto use the,r i_Nij [ ddcfibes lope ademplé @f a
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Fi gure 3C of, pesdeadivtdth xah eedperprmeeixinnamathile ainitesers dataatianaisyP it ems

with priority data described abqve, by 5 nq{_s ' d data
channel for takipgeplaes @8R gﬁWPBﬁgﬁﬁa ?h%@.e" The p'}b'&égsﬂgqm ﬁéWcrfa‘?lrM\@(ﬁ
can be performed by a mobile unit, such as HDR modem 102 shown in Figure
15 1, for example, in a CDMA or spread spectrum communication system.

Continuing with Figure 4, at step 402 the invention's process for
controlling data rate, also referred to as “flow control process”, begins. The
process for controlling data rate may be initiated, for example, when the data

20 buffer is over utilized, i.e. is filling up, or when retransmit data has been
requested. Continuing with Figure 4, at step 404 the process for controlling
data rate computes a moving average of the data rates at which data has
recently been transferred. For example, the average data rate can be
computed over a fixed number of the most recent time slots. The moving

25 average data rate can be used in deciding whether to send a maximum data
request or a null data request on the next time slot, for example, as described
above in connection with Figure 3A, Figure 3B, or Figure 3C.

At step 406 of flowchart 400, the flow control process ascertains the

30 supportable data rate for the next slot. As described above, the supportable
data rate is the maximum data rate that the instantaneous signal quality of the
communication channel can support, where signal quality can be measured as

the signal to noise ratio of the communication channel, for example. Once the



Thus, Figure 3Cillustrates one technique for controlling data rate using
an HDR nodemin accordance with one enbodi nent. Referring now to Figure 4,

fl ow chart 400 descri bes one exanple of a 10 process for l.L ng data
rate usi ngWaPMR*odemin a CDVA systemin accordance V\nq%%)ém‘gﬁ%odi ment .

Fl omchart 400 shown in Figure 4 describes a process which can be perforned
in a nobile unit when data transm ssion is taking place on a forward data
channel . The process shown in flowchalrt 400 can be performed by a nobile
unit, such as HDR nbdem 102 shown in Bi gure 15 1, for exanple, in a CDVA
or spread spectrum comuni cati on system Continuing with Figure 4  at step
402 the inveoppantie pdataesatef ds as,QﬂﬁlaH@dHWB'CBat’%?)f dbeludey ngr RPN to as

"flow contraol prace niaat dlaha float € nay
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is filling l4!:Bntr@lr robegs doritinaes at step408. has been requested. Continuing with

Figure 4, at step 404 the process for controlling data rate conputes a
novi ng average of the data rates at which data has recently been
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flow control process proceeds to step 412.

15
At step 410 of flowchart 400, the flow control process sends a maximum

data request over the DRC, i.e. over the data request channel, in conformance
with the 1S-856 technical standard for HDR modems, for example. The flow
control process then proceeds to step 414. At step 412 of flowchart 400, the
20 flow control process sends a null data request over the DRC, i.e. over the data
request channel, in conformance with the 1S-856 technical standard for HDR
modems, for example. The flow control process then proceeds to step 414.

At step 414 of flowchart 400, the flow control process ends. The flow

25  control process can be repeated immediately if ongoing flow control is needed,
or the process can be terminated and the HDR modem can be operated
normally until flow control is again required. Thus, Figure 4 describes one
example of a process for controlling data rate using an HDR modem in a CDMA
system, in accordance with one embodiment. it is noted that the above steps

30 402 through 414 described in relation to Figure 4 can be implemented, in
hardware or software, with the aid of a processor such as CPU 226 in HDR

modem 202 in Figure 2.



supportabl e data rate and the noving average data rate to determ

a maxi mum data request or a null data rquest shoul d be sent forn'?h\(,amﬁfag'?r
time slot. For exanple, the flow control process can use_ an f the

t echni quesWOdB#&B#bed above in connection with Figure 3APEERE%NE or
Figure 3C, or 10 conbinations of those techniques. Wen the flow cont rol
process determnes that a maxinumdata request should be sent for the next
time slot, the flow control process %roceeds to step 410. Wien the flow
control process determnes that a nd¥ data request should be sent for the
next time slot, the flow control process proceeds to step 412. 15 At step
410 of flowchart |t4130apprieciateco by dbetatsivepdlerssiption dhatsthe inyRniRmProyides
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the inventi Oéhtﬁr%HiﬁssretﬁbmﬁawdAnmhaﬂhuﬂn\iemonwdemribed@medé@ e on a
forward chann In a wreless COF@‘UI’II cation s m_ Ac |
embodi ment ofiDRhdatantransmisgion in a CDMA system, |¥ wan be rea%cfy %prbgretn(? t8"&
person of ordinary skill in the art how to apply the invention in similar situations
15 where flow control for data transmission is needed, for example, where a faster
data link, such as Ethernet or Universal Serial Bus (‘USB") is interfaced with a

slower data link such as RS232.

Those of skill in the art would understand that information and signals

20 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

25 thereof.

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,

30 computer software, or combinations of both. To clearly illustrate this
mterchangeablhty of hardware and software, various illustrative components,
blocks, modules, circuits, and steps have been described above generally in
terms of their functionality. Whether such functionality is implemented as



descri bed above, flow control for data transm ssion to an HDR nodemis 5
achieved in a nobile unit in a wireless comuni cation system According to

one enbodi nent, flow control is achieved using the data r nnel in
conf or mi t yWRi%M3684% HDR st andard techni cal specificati onsﬁw@%ﬁ%}?mbi | e

unit air interface. Therefore, the rate of data transm ssion can be
controlled, which inproves data conmuni cations using HDR by, for exanple,
avoi di ng buffer 10 overfl ows. l\/breov?p, according to an enbodi mnent of the
i nvention described above, flow conttol is achieved without interfering
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of different technol ogi es and techni ques. For exanple, data, instructions,
commands, information, signals, bits, synbols, and chips that may be
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optical fi elcosnmtlmamthcﬂhés?mgpdmﬂm%&'ﬁﬁQﬁ%ji eirp gy, beIRPIemRREd 8F <ici ||
woul d further it r ok il | | p&cessor (D s,
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I nter changeé%%@fro?thﬁﬁﬁms&ng% g&'?%tr)lg?’ \H/gﬂ'%ﬁsd a}t’el :ot.sttb?\gsﬁ/rgob
conmponent s, diddroesardwarkitamponents,drtany cambisatignsthaeepé desioned i pefeiBY above

ol ement ed the iprbRRo sisanbesh Necain Usav/esi pupbhe iBes b a8 AV 0
upon the parhicrifréées3or) biahitRe sRBehaties, e processor may be any conventional
15  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.

20
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,
25 EPROM memory, EEPROM memory, registers, hard disk, a removable disk, a
CD-ROM, or any other form of storage medium known in the art. An exemplary
storage medium is coupled to the processor such that 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
30 processor and the storage medium may reside in an ASIC. The ASIC may
reside in a mobile unit. In the alternative, the processor and the storage

medium may reside as discrete components in a mobile unit.



constraints inposed on the overall system Skilled artisans may inpl enent
the described functionality in varying ways for each particul ar
application, but such inplenmentation decisions should noéﬁ}gﬁ?(}%@#% preted
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various illustrative |ogical blocks, nodules, and circuits described in
connection with the enbodi nents di sclosed herein nmay be inpl enented or
performed with a general purpose procgessor, a digital signal processor
(DSP), 10 an application specific integrated circuit (ASIC), a field
programmabl e gate array (FPGA) or other programmable |ogi¢c device,
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The previous description of the disclosed enbodinents is provided to

enabl e any person skilled in the art to nmake or use the present invention.
Various nodifications to these enbodi ments will be readi Ily apparent to

t hose skiWPdd03684& he art, and the generic principles def |9Té'g£’i’(§f9é:?n may be
applied to 5 other enbodi nents wi thout departing fromthe spirit or scope
of the invention. For exanple, different techniques for interspersing null
data requests with maxi num data requ.igsts could be used in addition to the
techni ques described in the present “4pplication. Therefore, the present
invention is not intended to be limted to the enbodi nrents shown herein
but is to be accorded the widest 10 scEGbAM8nsistent with the principles
and novel features disclosed herein. Thus, nethod and apparatus for
controlling data rate on a forward channel in a wreless comunication
syst em have beenq{descAimettiod Wa OdreEss SosnauniCatitn\gystenT faISemneueating . A
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conpri sing %Wismb:stépg:mputi ng a novi ng average of said data transfer
rate; ascertalining a supportable data iat.gtd%?r recei ving data by said
mobi | e 64unit; tFOMPHIRG AAYOHIRD 3¥ATA0H QLR 3 gan ern'??;'(‘ﬁ"rmm data rate
gﬁggteztmisgl f‘s tOaﬁéerigﬂéiﬂb%'éhg%%hgblﬁwélﬁhtév&rrésﬁviﬂbd%@aBydardanéhsimsfer rate

y unchanged, “sal d nmaxi nrum data rate being equal to or |ower
than sai @ 1@itsupportable data rate. 2. The nethod of claim 1l wherein said
w rel ess communi Lon.. i Lifrhd tefrellesh soragitobase
station to said %b#ﬁ@tlrﬁﬁyaﬁég%é ?@Sgﬁﬁgﬂa’ﬁgﬁ’? ta?tgﬁgm segi_ on. 3. The nethod
of c: ai mgl w?antaimi,aidirmm% amageogaaidmaamtramf?r @t%_yelwﬂﬁl&\fj?ﬁwp_ri ses a CDNI A
wi rel ess conmupi catjaon. syst.em @i n sai
conput i ng St%‘ﬁﬂewisggg%axﬁuméata afe H&EE%GUQI to'dr v thif 858

10 supportable data rate.

2. The method of claim 1 wherein said wireless communication
2 system for communicating data from said base station to said mobile unit
comprises HDR data transmission.

3. The method of claim 1 wherein said wireless communication
2 system comprises a CDMA wireless communication system.

4. The method of claim 1 wherein said computing step comprises
2 computing said moving average of said data transfer rate over a pre-determined

number of HDR time slots.

5. The method of claim 1 wherein said supportable data rate is
2 selected from a finite set of HDR data transfer rates.

6. The method of claim 1 wherein said ascertaining step comprises
2 measuring a signal quality of said forward data channel being communicated
from said base station to said mobile unit.

7. The method of claim 1 further comprising transmitting to said base

2  station a null data request so as to maintain said moving average of said data



2 conputing said noving average of said data transfer rate over a
pre-determ ned nunber of HDR tinme slots. 5. The nethod of claiml wher ei n
said supportable data rate is 2 selected froma finite set dat a
transfer rWOd3036848 The nethod of claim 1 wherein said ascér U0 step
conprises 2 nmeasuring a signal quality of said forward data channel being
communi cated from said base station to said nobile unit. 7. The nethod of
claiml further conprising transmttimyg to said base 2 station a null data
request so as to maintain said noving average of said data WO 03/036848 23

transfer rate s bstan nch PCT/ US02/ 33933 8. The net hod of
claim?7 \/\/nelt"é‘fI g‘@f‘é@@ "Wﬁ%ﬂﬁ?%atl on 2 systemfor communicating
data from said base station to said nobile unit conprises HDR data

transm ssion. 9. The nethod of ¢l aj wherein sai,d w ni cation
2 system conpris8s a M%?@Pﬁgg"‘g}émﬁ?'eé?ldo‘ﬁ'@?ﬁ %%nﬁ%n?caiiﬁlg]m t hod of
claim 7 yhery At édt datd frbﬂiéaudl pasebtior b s@dimabiteardti ni te set of
HDR dat a\ﬁ?raﬁgl?n’?ﬂjrrg?es l 9 he met hod of claim 7 wherein said conputing

step conpri mmprlseshﬁﬁldatagtr%{'%%'ﬁ@ average of said data transfer rate
over a pre-determ ned nunber of HDR tinme slots. 12. The nethod of claim?7
wherein said supportable data rate is 2 selected froma finite set of HDR
data transfer raes. TRe niéthodef tlain diwhsrainraid wifeless GOREIUNIGAILR! t ai ni ng

step conprises, 2 nmeasurin orward data channel
bei ng cormufYEeMeeMPHgTH %%@A%é@%ﬂsﬁs ?rﬁ)rhnﬁﬁﬁgé’tsoarf %}s@erﬁl le unit. 14. The

met hod of claim 1 wherein said maxi num data rate request is 2 transmtted
on an HDR data re uest_chanpe 5, nmet hod ' id null
data request is trJﬁ@rﬁ‘?"B 906%13%-;9&@8'&53'4 ﬁa‘& S(F:%{éﬁ%r%’qﬁrsge&e%a

2 from a finite set of HDR data transfer rates.

11.  The method of claim 7 wherein said computing step comprises
2 computing a moving average of said data transfer rate over a pre-determined

number of HDR time slots.

12.  The method of claim 7 wherein said supportable data rate is
2 selected from a finite set of HDR data transfer rates.

13.  The method of claim 7 wherein said ascertaining step comprises
2 measuring a signal quality of said forward data channel being communicated

from said base station to said mobile unit.

14.  The method of claim 1 wherein said maximum data rate request is

2 transmitted on an HDR data request channel.

15. The method of claim 7 wherein said null data request is

2 transmitted on an HDR data request channel.

16. A mobile unit configured to communicate with a base station in a
2 wireless communication system at a data transfer rate, said mobile unit
comprising:
4 a CPU coupled to a buffer and an air interface module;



16. A nmobile unit configured to communicate with a base stationin a 2

W rel ess communi cation systemat a data transfer rate, said nobile unit
conprising: 4 a CPU coupled to a buffer and an air interface nodul e; WO

03/ 036848 WO M{0IB¢S02/ 33933 sai d CPU bei ng configured to ToWpE* 3 novi ng
average of said data 6 transfer rate; said CPU being further configured to
ascertain a supportable data rate 8 for receiving data by said buffer;
said air interface nodul e being configgred to transmt to said base station
10 a maxi num data rate request for receiving said data by said buffer so as

to maintain said ' avera f ' f rat ntially
12 unchanged, saiS&%kD%?ﬁ?%g?%Fqug‘?de%g@?nr%ﬁ é%ﬁﬁ\ﬂﬁgagérﬁggv(\grs gt&lﬁﬁgsai d
support alyl e telsferrate. 17. The nobile unit of claim 16 wherein said

Wi rel ess comrmunication 2 systemuti]i ze(i‘ HDR dat a trans si,on. 18. The

mobil e unit of cls@ichCRl hitied Birthes gprfidkre®ia-AsceRgMR YRR data rate; o
conpri seg, a ) VAT Mgration system 19. The nobile unit of
claim 16%Me%e}yéﬁ°§a%§§ [ slcomeﬁ' ured to 2 conpute said npving ayerage of
sai d data transf esaid air interfage mo@ule%@mgetmﬁawd tadrapsmitde saigPaseiatignt s.

20. The bile unit o | FELdNIRG b SIS I eis 2
sel ect edﬂ?rMXWW#@%(@Eg%&%ﬁgbgégaéwlﬁgﬁgger rngg*.a @ﬁ%ﬁg&ﬁ%bi l e unit
of cl ai m 16 whiptath Baklandvingdvemageafi saigudatal transfeprate substantiglyai d support abl e
data rate by asuring.a signal al it f .saifd for .channel being
communi ckk ed‘ﬁ%ﬁgﬁ%%‘%%%‘f@t‘ﬁﬁ@%&@&?ﬁg&q Ig\@éﬂtrqlgﬁ tsg?g The nobile
unit of claigpphérigbRrIcitaratel d air interface nodule is 2 further configured

to transmt to said base station a null data request so as to nmaintain
said noving average of said data transfer rate substantially

17. The mobile unit of claim 16 wherein said wireless communication

2 system utilizes HDR data transmission.

18. The mobile unit of claim 16 wherein said wireless communication

2 system comprises a CDMA wireless communication system.

19. The mobile unit of claim 16 wherein said CPU is configured to
2 compute said moving average of said data transfer rate over a pre-determined

number of HDR time slots.

20. The mobile unit of claim 16 wherein said supportable data rate is
2 selected from a finite set of HDR data transfer rates.

21.  The mobile unit of claim 16 wherein said CPU is configured to
2 ascertain said supportable data rate by measuring a signal quality of said
forward data channel being communicated from said base station to said mobile

4 unit.

22 The mobile unit of claim 16 wherein said air interface module is
2 further configured to transmit to said base station a null data request so as to
maintain said moving average of said data transfer rate substantially

4 unchanged.



4 unchanged. WO 03/036848 25 PCT/ US02/ 33933 23. The nobile unit of claim22
wherein said wireless conmmunication 2 systemutilizes HDR data

transm ssion. 24. The nobile unit of claim22 wherein said wreless

comuni cat WOr3/036848,st em conpri ses a CDVA wirel ess com‘runirt%rlni’%?(s?%t em 25.
The nobile unit of claim22 wherein said data transfer rate is 2 selected

froma finite set of HDR data transfer rates. 26. The nobile unit of claim
22 wherein said CPU is configured to 2 conpute said noving average of said

data transfer rate over a pre-determned nunber of HDR tine slots. 27. The

mobil e unit of clgim 21 .Sl .dak ' i | ect ed
froma finite sel2 of EEE{%@ ‘P‘#‘?ﬁé’?’ éff\Lﬂ?%ég@%%@%%léﬁ%%ﬁﬁﬂﬂ&%@& claim
22 wherebn sys@nihlifiZes HDRdatanranbhiesiof. ascertain said supportabl e data
rate by neasuring a signal quality of said forward data channel being
comruni cated from said base station to said nobile 4 unit. 29. The nobile

unit of clai m 16 juher ha nsebilé iit'ofichiira2askerahdsdie wireleds conimunicatibnt o
transmt said maxi num data rate request on gn HDR data request channel.
30. The @obisyetenmcompfises aiGRMA Wikeless| GPMRURICEHNGN $YHRYAPt ace nodule is 2

configured to transmt said null data request on an HDR data request
channel .

25.  The mobile unit of claim 22 wherein said data transfer rate is
2 selected from a finite set of HDR data transfer rates.

26. The mobile unit of claim 22 wherein said CPU is configured to
2 compute said moving average of said data transfer rate over a pre-determined

number of HDR time slots.

27, The mobile unit of claim 22 wherein said supportable data rate is
2 selected from a finite set of HDR data transfer rates.

28. The mobile unit of claim 22 wherein said CPU is configured to
2 ascertain said supportable data rate by measuring a signal quality of said
forward data channel being communicated from said base station to said mobile

4 unit.

20. The mobile unit of claim 16 wherein said air interface module is
2 configured to transmit said maximum data rate request on an HDR data request

channel.

30. The mobile unit of claim 22 wherein said air interface module is
2 configured to transmit said null data request on an HDR data request channel.




