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(57) ABSTRACT 

Various aspects of the invention provide for determining 
data rate for a reverse link communication by determining 
packets of data for transmission for a number of communi 
cation services, determining a data rate for transmission of 
the packets of data based on an arrangement of the packets 
of data in a queue alloWing for meeting the transmission 
deadline for each of the packets of data. The base station 
determines Whether available resources alloW for allocation 
at the base station for transmission from the mobile station 
at the determined data rate and duration. The mobile station 
drops at least a packet of data of the packets of data in the 
queue to determine a neW queue of packets of data. The neW 
queue of the packets of data is used to determine a neW data 
rate for communication on the reverse link. 
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METHOD AND APPARATUS FOR CONTROLLING 
DATA RATE OF A REVERSE LINK IN A 

COMMUNICATION SYSTEM 

CLAIM OF PRIORITY UNDER 35 U.S.C. §119 

[0001] The present Application for Patent claims priority 
to Provisional Application No. 60/448,269 entitled “Reverse 
Link Data Communication” ?led Feb. 18, 2003, and Provi 
sional Application No. 60/469,376 entitled “Method and 
Apparatus for Controlling Data Rate of a Reverse Link in a 
Communication System” ?led May 9, 2003, and assigned to 
the assignee hereof and hereby expressly incorporated by 
reference herein. 

FIELD 

[0002] The present invention relates generally to the ?eld 
of communications, and more particularly, to controlling 
data rate of a reverse link from a mobile station in a 
communication system. 

BACKGROUND 

[0003] In a Wireless communication system, unnecessary 
and excessive transmissions by a user may cause interfer 
ence for other users in addition to reducing the system 
capacity. The unnecessary and excessive transmission may 
be caused by inef?cient selection of data rate of a reverse 
link in the communication system. The data communicated 
betWeen tWo end users may pass through several layers of 
protocols for assuring proper How of data through the 
system. Normally, a mobile station receives blocks of data 
from an application for transmission on a reverse link. The 
block of data is divided into a number of frames and 
transmitted over the communication link. The proper deliv 
ery of data in at least one aspect is assured through a system 
of checking for error in each frame of data, and requesting 
a retransmission of the same frame of data if an unacceptable 
error or error rate is detected in the frame of data. The blocks 
of data may be of any type, for example, music data, video 
data, etc. The blocks of data may have different siZe and 
different delivery requirements. Such data delivery require 
ments often are associated With a quality of service. The 
quality of service may be measured by the communication 
data rate, the rate of packet loss that may be acceptable to the 
service, consistency in time delay of the data delivery, and 
an acceptable maximum delay for the communication of the 
data. Very often, if the data rate selected for transmission is 
not adequate, the required packet loss and the communica 
tion delay parameters may not be achieved. 

[0004] On a forWard link communication, the base station 
very often has adequate information about forWard link 
quality With a number of mobile stations. As such, the base 
station may be able to centrally manage the forWard link 
communication data rates. HoWever, on the reverse link, a 
mobile station has no information about the transmissions 
from other mobile stations. Therefore, the mobile station 
may make a request to get permission to transmit at a data 
rate. The base station after revieWing every mobile station 
requests, accepts or rejects the requested data rate. If the 
requested data rate is rejected, the mobile station may 
request a loWer data rate until the base station accepts a 
requested data rate. The mobile station may have permission 
to transmit beloW a data rate Without going through the 
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request and acceptance process. Such a data rate is normally 
a very loW data rate. Before transmission on the reverse link, 
the mobile station needs to have completed its communica 
tion for the data rate request. Such overhead communica 
tions betWeen the mobile stations and the base stations may 
reach an unacceptable level and impact the desired quality of 
service. 

[0005] Therefore, there is a need to provide a system, 
method and apparatus for selection of a reverse link data rate 
in a communication system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The features, objects, and advantages of the present 
invention Will become more apparent from the detailed 
description set forth beloW When taken in conjunction With 
the draWings in Which like reference characters identify 
correspondingly throughout and Wherein: 

[0007] FIG. 1 depicts a communication system for trans 
mitting and receiving data in accordance With various 
aspects of the invention; 

[0008] FIG. 2 depicts a receiver system for receiving data 
in accordance With various aspects of the invention; 

[0009] FIG. 3 depicts a transmitter system for transmitting 
data in accordance With various aspects of the invention; and 

[0010] FIG. 4 depicts a How of messages and processes 
for determining a data rate for reverse link communication. 

DETAILED DESCRIPTION OF THE 

PREFERRED EMBODIMENT(S) 

[0011] One or more exemplary embodiments described 
herein are set forth in the context of a digital Wireless data 
communication system. While use Within this context is 
advantageous, different embodiments of the invention may 
be incorporated in different environments or con?gurations. 
In general, the various systems described herein may be 
formed using softWare-controlled processors, integrated cir 
cuits, or discrete logic. The data, instructions, commands, 
information, signals, symbols, and chips that may be refer 
enced throughout the application are advantageously repre 
sented by voltages, currents, electromagnetic Waves, mag 
netic ?elds or particles, optical ?elds or particles, or a 
combination thereof. In addition, the blocks shoWn in each 
block diagram may represent hardWare or method steps. 

[0012] More speci?cally, various embodiments of the 
invention may be incorporated in a Wireless communication 
system operating in accordance With the code division 
multiple access (CDMA) technique Which has been dis 
closed and described in various standards published by the 
Telecommunication Industry Association (TIA) and other 
standards organiZations. Such standards include the TIA/ 
EIA-95 standard, TIA/EIA-IS-2000 standard, IMT-2000 
standard, UMTS and WCDMA standard, all incorporated by 
reference herein. A system for communication of data is also 
detailed in the “TIA/EIA/IS-856 cdma2000 High Rate 
Packet Data Air Interface Speci?catication,” incorporated by 
reference herein. Acopy of the standards may be obtained by 
accessing the World Wide Web at the address: http:// 
WWW.3gpp2.org, or by Writing to TIA, Standards and Tech 
nology Department, 2500 Wilson Boulevard, Arlington, Va. 
22201, United States of America. The standard generally 
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identi?ed as UMTS standard, incorporated by reference 
herein, may be obtained by contacting 3GPP Support Of?ce, 
650 Route des Lucioles-Sophia Antipolis, Valbonne-France. 

[0013] FIG. 1 illustrates a general block diagram of a 
communication system 100 capable of operating in accor 
dance With any of the code division multiple access 
(CDMA) communication system standards While incorpo 
rating various embodiments of the invention. Communica 
tion system 100 may be for communications of voice, data 
or both. Generally, communication system 100 includes a 
base station 101 that provides communication links betWeen 
a number of mobile stations, such as mobile stations 102 
104, and betWeen the mobile stations 102-104 and a public 
sWitch telephone and data netWork 105. The mobile stations 
in FIG. 1 may be referred to as data access terminals (AT) 
and the base station as a data access netWork Without 
departing from the main scope and various advantages of the 
invention. Base station 101 may include a number of com 
ponents, such as a base station controller and a base trans 
ceiver system. For simplicity, such components are not 
shoWn. Base station 101 may be in communication With 
other base stations, for example base station 160. A mobile 
sWitching center (not shoWn) may control various operating 
aspects of the communication system 100 and in relation to 
a back-haul 199 betWeen netWork 105 and base stations 101 
and 160. 

[0014] Base station 101 communicates With each mobile 
station that is in its coverage area via a forWard link signal 
transmitted from base station 101. The forWard link signals 
targeted for mobile stations 102-104 may be summed to 
form a forWard link signal 106. The forWard link may carry 
a number of different forWard link channels. Each of the 
mobile stations 102-104 receiving forWard link signal 106 
decodes the forWard link signal 106 to extract the informa 
tion that is targeted for its user. Base station 160 may also 
communicate With the mobile stations that are in its cover 
age area via a forWard link signal transmitted from base 
station 160. Mobile stations 102-104 may communicate With 
base stations 101 and 160 via corresponding reverse links. 
Each reverse link is maintained by a reverse link signal, such 
as reverse link signals 107-109 for respectively mobile 
stations 102-104. The reverse link signals 107-109, although 
may be targeted for one base station, may be received at 
other base stations. 

[0015] Base stations 101 and 160 may be simultaneously 
communicating to a common mobile station. For example, 
mobile station 102 may be in close proximity of base 
stations 101 and 160, Which can maintain communications 
With both base stations 101 and 160. On the forWard link, 
base station 101 transmits on forWard link signal 106, and 
base station 160 on the forWard link signal 161. On the 
reverse link, mobile station 102 transmits on reverse link 
signal 107 to be received by both base stations 101 and 160. 
For transmitting a packet of data to mobile station 102, one 
of the base stations 101 and 160 may be selected to transmit 
the packet of data to mobile station 102. On the reverse link, 
both base stations 101 and 160 may attempt to decode the 
traf?c data transmission from the mobile station 102. The 
data rate and poWer level of the reverse and forWard links 
may be maintained in accordance With the channel condition 
betWeen the base station and the mobile station as outlined 
by various aspects of the invention. 
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[0016] FIG. 2 illustrates a block diagram of a receiver 200 
used for processing and demodulating the received CDMA 
signal While operating in accordance With various aspects of 
the invention. Receiver 200 may be used for decoding the 
information on the reverse and forWard links signals. 
Receiver 200 may be used for decoding information on the 
fundamental channel, control channel and supplemental 
channels. Received (Rx) samples may be stored in RAM 
204. Receive samples are generated by a radio frequency/ 
intermediate frequency (RF/IF) system 290 and an antenna 
system 292. The RF/IF system 290 and antenna system 292 
may include one or more components for receiving multiple 
signals and RF/IF processing of the received signals for 
taking advantage of the receive diversity gain. Multiple 
received signals propagated through different propagation 
paths may be from a common source. Antenna system 292 
receives the RF signals, and passes the RF signals to RF/IF 
system 290. RF/IF system 290 may be any conventional 
RF/IF receiver. The received RF signals are ?ltered, doWn 
converted and digitiZed to form RX samples at base band 
frequencies. The samples are supplied to a multiplexer 
(mux) 252. The output of mux 252 is supplied to a searcher 
unit 206 and ?nger elements 208. A control system 210 is 
coupled thereto. A combiner 212 couples a decoder 214 to 
?nger elements 208. Control system 210 may be a micro 
processor controlled by softWare, and may be located on the 
same integrated circuit or on a separate integrated circuit. 
The decoding function in decoder 214 may be in accordance 
With a turbo decoder or any other suitable decoding algo 
rithms. The signal transmitted from a source may be 
encoded With several layers of codes. The decoder 214 may 
perform decoding function in accordance With tWo or more 
codes. For example, the transmitted data may be encoded at 
tWo different layers, an outer layer and a physical layer. The 
physical layer may be in accordance With the Turbo code, 
and the outer layer may be in accordance With Reed 
Solomon code. As such, the decoder 214 decodes the 
received samples in accordance With such codes. 

[0017] During operation, received samples are supplied to 
mux 252. Mux 252 supplies the samples to searcher unit 206 
and ?nger elements 208. Control unit 210 con?gures ?nger 
elements 208 to perform demodulation and despreading of 
the received signal at different time offsets based on search 
results from searcher unit 206. The results of the demodu 
lation are combined and passed to decoder 214. Decoder 214 
decodes the data and outputs the decoded data. Despreading 
of the channels is performed by multiplying the received 
samples With the complex conjugate of the PN sequence and 
assigned Walsh function at a single timing hypothesis and 
digitally ?ltering the resulting samples, often With an inte 
grate and dump accumulator circuit (not shoWn). Such a 
technique is commonly knoWn in the art. Receiver 200 may 
be used in a receiver portion of base stations 101 and 160 for 
processing the received reverse link signals from the mobile 
stations, and in a receiver portion of any of the mobile 
stations for processing the received forWard link signals. 

[0018] The decoder 214 may accumulate the combined 
energy for detection of a data symbol. Each packet of data 
may carry a cyclic redundancy check (CRC) ?eld. The 
decoder 214 may in connection With control system 210 and 
or other control systems check for error in the received data 
packet. If the CRC data does not pass, the received packet 
of data has been received in error. The control system 210 
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and or other control systems may send a negative acknoWl 
edgment message to the transmitter to retransmit the packet 
of data. 

[0019] FIG. 3 illustrates a block diagram of a transmitter 
300 for transmitting the reverse and forWard link signals. 
The channel data for transmission are input to a modulator 
301 for modulation. The modulation may be according to 
any of the commonly knoWn modulation techniques such as 
QAM, PSK or BPSK. Before modulation, the channel data 
for transmission may pass through one or more layers of 
coding. The channel data for transmission are produced for 
modulator 301. The channel data for transmission are 
received by the modulator 301. 

[0020] The modulation data rate may be selected by a data 
rate and poWer level selector 303. The data rate selection 
may be based on feedback information received from a 
destination. The data rate very often is based on the channel 
condition, among other considered factors and in accordance 
With various aspects of the invention. The channel condition 
may change from time to time. The data rate selection may 
also change from time to time. 

[0021] The data rate and poWer level selector 303 accord 
ingly selects the data rate in modulator 301. The output of 
modulator 301 passes through a signal spreading operation 
and ampli?ed in a block 302 for transmission from an 
antenna 304. The data rate and poWer level selector 303 also 
selects a poWer level for the ampli?cation level of the 
transmitted signal. The combination of the selected data rate 
and the poWer level alloWs proper decoding of the trans 
mitted data at the receiving destination. Apilot signal is also 
generated in a block 307. The pilot signal is ampli?ed to an 
appropriate level in block 307. The pilot signal poWer level 
may be in accordance With the channel condition at the 
receiving destination. The pilot signal may be combined 
With the channel signal in a combiner 308. The combined 
signal may be ampli?ed in an ampli?er 309 and transmitted 
from antenna 304. The antenna 304 may be in any number 
of combinations including antenna arrays and multiple input 
multiple output con?gurations. 
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[0022] In CDMA 2000 system, the mobile station (MS) is 
permitted to have several simultaneous communication ser 

vices. Each one of the communication services may have 

different quality of service (QoS) requirements. For a service 
option, packets of data may be communicated With the 
speci?cally de?ned QoS parameters such as a speci?c data 

rate or a range of data rates, a packet loss rate and a 

maXimum delay alloWed for communication of data packet 
or a number of data packets. During the service negotiation 

phase of a communication link, MS and the base station 

(BS) agree on a set of QoS parameters. The QoS parameters 
may be de?ned for duration of a de?ned communication 

service. The BS then may be required to meet such negoti 
ated QoS such as the date rate, packet loss and maXimum 
delay With high probability. 

[0023] In accordance With various aspects of the inven 
tion, a method and apparatus provide for an implementation 
of a QoS on the reverse link, Where an updated information 
relating to the queue length and packet delay deadlines are 
available at the MS, While the resource manager allocating 
the negotiated QoS is at the BS. The MS requests a required 
rate from the BS rather than reporting its queue length 
(backlog) information. The MS computes the required data 
rate and duration before requesting the data rate from the 
BS. The request for the data rate may be in the form of 
requesting one or more forWard link traf?c channel poWer to 

pilot (T/P) ratio. The set of available data rates may have 
corresponding T/P ratios. A table may provide for the 
correspondence betWeen the T/P and the data rate. The 
autonomous data rate control by the MS may also be based 
on a congestion feedback from the BS. The BS may be 
responsible for allocating rate to the MS’s and for conges 
tion management and stability of the reverse link. The BS is 
also responsible for admission control. The allocation of 
resources in response to a data rate request may be depicted 
in the folloWing graphical How of messages and processes. 

'3 Admission Control 

IE] Resource Manager 

El 
'2' Rate Allocation 

IE] Rate Request 

'5' Scheduler 

IE] QoS Manager 

'2' Policy Implement 

'2 Packet Arrivals 
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Delay. Provide Policing Parameters to MS. 

Stack Required or Congestion Rates to fit into total available resource. 
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Rate 

Request 
Rate 
Allocation 

Schedule Packet Transmissions. Drop packets that Will miss deadline. 

Arrange packets in order of deadlines. Compute Required Rate, Congestion Rate. 

WM ll 
Drop non-conformant packets 

l l 
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[0024] The actual resource managed by the BS is the 
traf?c channel to pilot power ratio (T/P). The mapping from 
data rate to T/P of the channel is the operating point that is 
chosen based on the number of permitted retransmissions 
and the use of hybrid ARQ. The BS may assign a different 
mapping as a function of the delay requirement (permitted 
retransmissions) for each service. Such an optimiZation is 
useful for services With short transactions and very loW 
delay requirements (e.g., interactive gaming). For most 
services, the best choice is for the BS to choose the mapping 
that maximizes reverse link throughput. The numbers (1-8) 
on the left hand side represent a possible order of events or 
processes that may take place. 

[0025] 1. The BS manages admission control and 
only admits the communication service (or ?oWs) 
With acceptable and achievable QoS requirements. 
Once a service or communication How of data pack 
ets is admitted, the MS is aWare of the negotiated 
QoS parameters, such as acceptable data rate, packet 
loss rate and maXimum delay associated With the 
?oW. Note that due to channel variations and mobil 
ity, these QoS guarantees are necessarily probabilis 
tic. 

[0026] 2. The MS implements an (upstream) policy 
that discards non-conformant data packets at the 
ingress. Thus, the MS accepts all packets that by the 
implementation of the policy are assumed to meet 
the negotiated QoS for the admitted ?oWs. The 
packets that require a QoS eXceeding the negotiated 
QoS as de?ned by for eXample communication data 
rate are discarded at the MS prior to the output 
queuing stage. The MS may also implement an 
outer-loop mechanism to adjust the policing param 
eters based on operating conditions. The BS may 
“verify” that the MS is actually conforming to its 
negotiated rate. 

[0027] 3. Conformant packets admitted at the MS are 
placed in the output queue. A deadline is associated 
With each packet based on the packet arrival time and 
the maXimum permitted delay for that service (or 
?oW). Preferably, the MS may arrange the output 
queue so that the packets are stored in the order of 
their deadlines, the earliest deadline ?rst. The MS 
must manage its transmission schedule to ensure that 
packets are transmitted before their deadline. 

[0028] 4. The MS determines a required data rate 
based on the deadlines associated With the packets in 
the output queue. The procedure is described beloW 
more fully. Since the data rate determined by the MS 
is required to meet the negotiated QoS, the requested 
data rate is not just a “priority” indication. The MS 
also computes one or more congestion data rates by 
determining What packets in its queue may be 
dropped to assist the BS in making an allocation 
loWer than the required rate, if the required rate 
cannot be allocated due to congestion, overload 
control or any other reason, by the base station. The 
congestion rates are determined by the MS based on 
the required rate and the number of packets that may 
be dropped in the queue. Generally, When a packet is 
dropped from the queue, the data rate needed to 
transmit the remaining number of packets decreases. 
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The BS translates the required and congestion rates 
to the required and congestion T/P, or alternately the 
MS can directly compute a required and congestion 

[0029] 5. The MS communicates the required and 
congestion T/P or T/P increment or decrement and 
communicates it to the BS. The BS must attempt to 
meet requests for T/P increases subject to available 
resources since these resources are required by the 
MS to meet its QoS criteria. Several consecutive T/P 
increase requests from the MS indicates increasing 
priority, Which if not satis?ed Would result in some 
QoS criteria not being satis?ed. 

[0030] 6. The BS scheduler stacks these T/P requests 
in terms of reverse link resources (i.e., rise over 
thermal) and time. The BS also sets aside certain 
resources for knoWn loW delay, constant bandWidth 
?oWs e.g., voice calls. The BS may attempt to 
optimiZe such a stacking, e.g., by delaying certain 
T/P allocations or providing higher T/P allocation for 
shorter duration. If the BS delays an allocation to the 
MS, subsequent requests from the MS may request 
even higher T/P to satisfy the QoS for delay-sensitive 
packets, because the longer the delay in transmitting 
a data packet, the higher the date rate required for 
transmission to meet the same QoS. Thus, the BS has 
limited ?exibility in scheduling. If there is an eXcess 
bandWidth available, the BS may choose to ignore 
requests for T/P decreases, or provide higher than 
requested T/P. 

[0031] 7. The BS makes T/P allocation to the MS. 
The allocation may be indicated to the MS as an 
increment (or decrement) to a current data rate 
allocation. 

[0032] 8. Based on the T/P allocation, the MS sched 
ules packets for transmission. The MS serves packets 
based on earliest-deadline-?rst scheduling disci 
pline, and may be subject to a modi?cation. For 
eXample, prior to starting the transmission of any 
packet, the MS determines if the transmission of the 
data packet takes place Within its deadline. This 
determination is a function of the allocated T/P and 
the deadline and should account for the potential for 
an increased allocation in the future. The MS drops 
any packet that is likely to miss its transmission 
deadline. A packet that is not successfully transmit 
ted prior to the eXpiry of its deadline is counted as 
lost. The MS tracks the packet loss rate associated 
With the ?oW. 

[0033] In such a frameWork, the processes of time steps 2, 
3 and 8, respectively, alloW the MS to manage the QoS (rate, 
maXimum delay and packet loss guarantees) associated With 
its ?oWs. The processes of time steps 4 and 5 alloW the MS 
to merge its needs for all its ?oWs into one T/P requirement. 
The BS admission control process at time step 1 ensures that 
the BS Would have enough resources in time step 6 to satisfy 
the requirements of all admitted, negotiated QoS ?oWs from 
all MS’s. The MS determines the required data rate to satisfy 
the QoS. The MS merges queues for multiple (negotiated 
QoS) services into a rate requirement. Moreover, generally, 
instead of determining required rate and translating to a 
required T/P, the MS can Work directly With required T/P. 
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This is more general, since it easily accommodates the 
transmission of packets from different services With different 
mappings from T/P to rate. 

[0034] Let us assume that at time to, the MS queues consist 
of packets Pi, {i=1, . . . , N} of siZe si, arranged in order of 
their deadlines di. Each packet Pi is associated With a data 
service k(i). For data service k, the knoWn data rate to T/P 
map is de?ned as: Rk(T/P). Then, at the allocated T/P value 
To, the folloWing equations may be de?ned and determined. 
At rate Rk®(TO), the transmission time of packet Pi over the 
air, Xi 1s 

[0035] Since the packets have been arranged in order of 
their deadlines, packet Pi Will complete its transmission at 

z;=t0+Esj/Rk(j)(T0), Where the sum is over [1, . . . , i]. (2) 

[0036] That is, packets P1, . . . , Pi_1, With deadlines prior 
to di are transmitted before Pi. Thus, the process may 
determine if any packet in the MS output queue Would miss 
its deadline, i.e. 

[0037] If the MS determines that any packet in its queue 
Would miss its deadline at a current rate, then it may require 
a higher rate to satisfy its QoS. Note: such a data rate 
computation uses the deadline information associated With 
every packet in the MS queue. The BS is unable to make 
such a data rate determination based on just the backlog and 
QoS class. 

[0038] There may be several Ways of providing the 
required T/P information to the BS. Depending on the design 
of the request channel and the frequency of transmission of 
request information from the MS to BS, it may also be useful 
to compute a required duration at the MS and provide an 
indication to the BS. The above equation 2 also alloWs the 
MS to determine the required duration. Basically, at the 
allocated T/P ratio To, the last packet in the MS queue Would 
complete its transmission at time ZN. Therefore, based on 
the current packet queue and the allocated rate, the required 
duration is ZN. The equation 2 may be updated With very 
little computation burden. For eXample, if at a subsequent 
time t1 at the completion of the transmission of packet P1, 
the allocated T/P has changed to T1, the updated packet 
completion instants are Written as: 

z;(t1)=t1+Esj/Rk(j)(T1), Where the sum is over [2, . . . , 

i]. (4) 
[0039] These completion times can be computed from the 
previous packet completion times using the equation: 
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[0040] Next, assume that a neW packet Pnew of siZe sneW, 
service k(neW) and deadline dnew arrives at time t2. In 
general, the deadline for the neW packet is betWeen the 
(ordered) deadlines for packets k and k+1, ie for some k<N, 
dké dneW<dk+1. Then, for iék, Zi(I2) is unchanged. If the T/P 
value T1 is unchanged, 

[0041] Thus, the MS is able to compute and keep updated 
its required T/P, required duration as Well as the transmission 
schedule of packets in its queue. 

[0042] To assist the BS in making rate allocations during 
periods of congestion, the MS also computes congestion 
rates by determining What packets in its queue may be 
dropped. The MS may use many criteria to prioritiZe Which 
packets can be dropped: 

[0043] Packets from services that are tolerant to 
dropped packets, 

[0044] Packets from services Whose current packet 
loss rate is smaller than the negotiated packet loss 
rate, 

[0045] Packets that are likely to miss their delay 
deadline if the required T/P is not allocated. 

[0046] Based on the drop priority, the MS determines 
Which packets can potentially be dropped While still satis 
fying an acceptable QoS at various levels of congestion. The 
MS then applies equations (1) through (3) to a virtual queue 
formed by removing these packets from the MS queue to 
compute the congestion T/P values. Note, throughout, the 
packet data and block of data may be interchangeable. 

[0047] If the T/P to Rate mapping is ?xed, it is more 
convenient and equivalent to Work With data rate. A sche 
matic that illustrates graphically, the required and conges 
tion data rate computations is shoWn beloW. The packet siZes 
and the deadlines are also graphically shoWn. The siZe of 
each packet (in bits) is shoWn as a vertical bar placed at its 
deadline in a time frame aXis. The siZe of the vertical bar is 
a representative of the packet siZe. Any line With positive 
slope pivoted at the origin corresponds to a rate (in bits/ 
second). The origin is the current time or time of start of 
allocation. The required rate is the smallest slope that 
satis?es all deadlines, i.e., the smallest slope such that all the 
packets in the chart are beloW the line. Also, Where the MS 
computes the congestion rate assuming that the ?rst packet 
in the queue can be dropped (congestion level 1) and a 
congestion rate associated With dropping the largest packet 
in the queue (congestion level 2). 
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[0048] At time to, the MS queues consist of packets Pi, 
{i=1, . . . , N} of size Si, arranged in order of their deadlines 
di. Then, at the allocated rate RO We can Write the following 
equations. At rate R0, the transmission time of packet Pi over 
the air, xi is 

[0049] Since the packets have been arranged in order of 
their deadlines, packet Pi Will complete its transmission at 

zi=tU+§Isj/R0 Where the sum is over [1, . . . , i]. (8) 

[0050] That is, packets P1, . . . , Pi_1, With deadlines prior 
to di are transmitted before Pi. Thus, the process may 
determine if any packet in the MS output queue Would miss 
its deadline, i.e. 

[0051] If the MS determines that any packet in its queue 
Would miss its deadline, then it requires a higher rate to 
satisfy its QoS. Such a data rate computation uses the 
deadline information associated With every packet in the MS 
queue. The BS is unable to make this rate determination 
based on just the backlog and QoS class. 

[0052] There are several Ways of providing the required 
rate information to the BS. Depending on the design of the 
request channel and the frequency of transmission of request 
information from the MS to BS, it may also be useful to 
compute a required duration at the MS and provide an 
indication to the BS. The above (equation 2) also alloWs the 
MS to determine the required duration. Basically, at the 
allocated rate R0, the last packet in the MS queue Would 
complete its transmission at time ZN. Therefore, based on the 
current packet queue and the allocated rate, the required 
duration is ZN. The equation (2) may be updated With very 
little computation burden. For example, if at a subsequent 
time to at the completion of the transmission of packet P1, 
the allocated rate has changed to R1, the updated packet 
completion instants are Written as: 

z;(t1)=t1+§Isj/R1 Where the sum is over [2, . . . , i]. (10) 

[0053] These completion times can be computed from the 
previous packet completion times using the equation: 

Zi(t1)_t1=[(Zi(tD)_tU)RD_51]/R1 (11) 

[0054] Next, assume that a neW packet Pnew of siZe snew 
and deadline dnew arrives at time t2. In general, the deadline 
for the neW packet may be betWeen the (ordered) deadlines 
for packets k and k+1, ie for some k<N, dk§dneW<dk+1. 
Then, for iék, Zi(I2) is unchanged. If the rate R1 is 
unchanged, 

z;(t2)=z;(t1)+sneW/R1 for i>k (12) 

[0055] Thus, the MS is able to compute and keep update 
its required rate, required duration as Well as the transmis 
sion schedule of packets in its queue. 

[0056] As shoWn above, by examining the delay deadlines 
of all the packets in the MS buffer, the MS is able to 
determine a required rate or T/P. Alternatively, if the MS 
examines only the ?rst packet in its buffer, that is, the packet 
With the shortest delay deadline, and applies the T/P (or rate) 
calculations described above, the result is equivalent to 
delay deadline feedback to the BS. In this case, the value of 
calculated T/P (or rate) represents the shortest deadline and 
equivalently highest priority. An example of a tWo-bit 

Aug. 19, 2004 

encoding of delay deadlines for the reverse link channel is 
shoWn later paragraphs and may be used. 

[0057] The reverse link requests may be sent to the BS 
either through messages or using a continuous loW-rate rate 
control channel. The folloWing schemes may be considered 
and used: 

[0058] Using a reverse link message to provide queue 
length or backlog information to the BS. For QoS 
support, a QoS ?eld may be added to this request 
message. 

[0059] A continuous T/P or rate request channel 
Where the MS periodically inserts a bit indicating a 
request for higher rate. This does not provide the BS 
any indication of QoS. 

[0060] The resources managed by the BS include the 
traffic channel to pilot poWer ratio (T/P). Generally, a higher 
T/P ratio maps to a higher data rate. The system may alloW 
more than one mapping scheme betWeen the T/P ratio and 
the corresponding data rate. In general, the MS alWays 
chooses the data rate to T/P mapping that maximiZes reverse 
link throughput. For some services (e.g., interactive gaming) 
With short transactions and very loW delay requirements, it 
may be necessary to operate With feWer retransmissions and 
a higher T/P. Thus, if the data packet at the head of the queue 
at the MS has a very short deadline (e.g., less than 40 ms), 
the MS may choose a special rate to T/P mapping suitable 
for loW-delay services. It is possible to operate the scheme 
either using rate, and mapping it to T/P, or directly comput 
ing required T/P. 

[0061] To alloW the BS resource manager to prioritiZe 
allocation in periods of congestion, in addition to the 
required T/P, the MS also indicates one or more values of 
congestion T/P to the BS. The BS attempts to fairly allocate 
the required T/P to all MS. If the required resources exceeds 
the available resources, the BS changes the required T/P for 
one MS at a time (in some order determined by the BS), With 
a smaller T/P associated With congestion level 1 until the 
total allocation for all mobile stations falls Within the 
available resources. If necessary, the BS may move on to the 
T/P associated With congestion level 2, etc. The indication of 
the required T/P or data rate and congestion T/P or rates may 
be communicated via short control messages, continuous 
messaging or a combination. 

[0062] In the request message to the BS, the required T/P 
and its duration may be provided based on the computations 
at the MS. Such a request message may not include the 
backlog and QoS feedback to the BS. The BS is not able to 
compute the required T/P and its duration based on the 
backlog and QoS class. To manage QoS (rate, packet loss, 
maximum delay), periodic messages that request T/P and its 
duration are preferable to periodic feedback of backlog and 
QoS class. In response, the BS makes a T/P and duration 
allocation to the MS through a grant message. The MS 
continues to update its (local) rate and duration computation. 
An updated request is triggered Whenever there is either a 
signi?cant change in the required T/P, or the required 
duration exceeds the allocated duration by a signi?cant 
amount. A grant With a Zero T/P allocation may indicate the 
termination of a grant to the MS. 
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[0063] Once a T/P is granted to the MS, to reduce request 
messaging overhead, a loW-bandWidth continuous reverse 
link request channel may be utilized. The MS maintains a 
Current Grant variable based on the grant from the BS. 
Alternately, it is possible that the grant is implicit, that is, 
any MS is alloWed to autonomously set its Current Grant 
variable to a global (initial) value of Current Grant and thus 
eliminate the need for any messages. 

[0064] Based on the required rate computations, the MS 
continuously sends requests to increase, decrease or leave 
unchanged its Current Grant. A request for increased T/P 
may also indicate if the increase is needed to satisfy the T/P 
at various levels of congestion. An encoding of a 2-bit 
Differential Rate Request ?eld may be included in the 
message. The MS indicates the level of its Current Grant 
With respect to the required rate and congestion rates, for 
example, if the Current Grant is betWeen the required T/P 
and the congestion level 1 T/P, then the MS requests includes 
encoded bit “10”. In an alternative, a 2-bit Differential Rate 
Request ?eld that contains only 1 congestion level and a neW 
level that prevents buffer under?oW for delay sensitive 
traf?c may be included. 

Encoding of 2-bit Differential T/P Request Field 

Current Grant Request 

------------ -- 11 

Required T/P 
------------ -- 10 

Congestion Level 1 T/P 
------------ -- 01 

Congestion Level 2 T/P 
------------ -- 00 

The T/P Request indicates the level of the Current Grant to the MS 
With respect to the Required T/P and the Congestion T/P. 

Alternative Encoding of 2-bit Differential T/P Request Field 

Current Grant Request 

------------ -- 11 

T/P can be reduced 
------------ -- 10 

Required T/P 
------------ -- 01 

Congestion Level T/P 
------------ -- 00 

The T/P Request indicates the level of the Current Grant to the MS 

With respect to the Required T/P, the Congestion T/P and T/P that 
can create buffer under?oW. 

[0065] Optionally, a look-ahead long grant threshold DO 
may also be de?ned. If the MS computes its required 
duration exceeds DO, then it may indicate a request for a long 
grant. This is useful, as it alloWs the BS to look-ahead and 
thus better manage its resource allocation and scheduling 
decisions. For the scheduler, requests for high rate are 
“priority” requests, While requests for long grant indicate 
backlog. 
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[0066] Alternately, tWo bits may be used to represent the 
delay deadline (or priority level) of the packet at the head of 
the queue. For example: 

Priority Level Delay Deadline of head of queue packet 

3 less than X 
2 greater than X, but less than 3X 
1 greater than 3X, but less than 9X 
0 greater than 9X (i.e., best effort) 

X is a system parameter Whose value may be ?xed for the BS, or may be 
?xed depending on the mix of services per MS. 

[0067] The MS transmits on the reverse link using the T/P 
value Current Grant. The BS determines the value of the 
Current Grant variable at the MS from the current transmis 
sion. The BS may determine this value by measuring the 
ratio of the traf?c channel poWer to the pilot poWer in the MS 
transmission, or from the rate used by the MS for the 
transmission and then mapping it to T/P. 

[0068] The BS resource manager uses the current T/P used 
by the MS, along With the information in the T/P request to 
allocate T/P fairly among the MS. For example, depending 
on the level of congestion it may be able to satisfy only the 
congestion level 1 requirements for all MS. The BS Would 
then allocate T/P increases for MS Whose request indicates 
00 or 01, With higher priority for MS requests indicating 00. 
The BS Would allocate T/P decreases for MS Whose request 
indicates 11 or 10. The BS may also use additional criteria 
to manage contention among the MS. 

[0069] The BS resource manager operation may be 
explained With a folloWing example. Considering the case of 
three MS: 

[0070] MS 1: Ec_Pilot[l], Current Grant [1], 
Request=10 

[0071] MS 2: Ec_Pilot[2], Current Grant [2], 
Request=01 

[0072] MS 3: Ec_Pilot[3], Current Grant [3], 
Request=01 

[0073] MS 4: Ec_Pilot[4], Current Grant [4], 
Request=11 

[0074] MS 5: Ec_Pilot[5], Current Grant [5], 
Request=00 

[0075] MS 6: Ec_Pilot[6], Current Grant [6], 
Request=10 

[0076] Noting the above example, all MS except MS 4 
require higher T/P than the Current Grant to meet the 
required T/P. The MS 4 may be assigned a decrease in its 
Current Grant. The allocation of increase may or may not be 
offered to other MS, depending on further computations. 
The BS resource manager is able to compute the current 
resource utiliZation from the Ec_Pilot and Current Grant for 
each MS, as folloWs: 

Resource Utilization=2 Ec_Pilot[i]*[Current Grant 
[i]+1] (13) 

[0077] The BS grants an increment (up adjust) or a dec 
rement (doWn adjust) With respect to the Current Grant. The 
increment or decrement is a multiplicative factor to the 
Current Grant Whose value Adjust[i] is given by a (1+a) or 
(1-a), respectively. Then folloWing an allocation, the 
updated resource utiliZation can be computed as: 

Resource Utilization=2 Ec_Pilot[i]*[Adjust[i]*Cur 
rent Grant[i]+1] (14) 
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[0078] The resource manager algorithm may proceed 
through the following steps. It terminates at the step Where 
a set of adjustment values Adjust[i] is found Where the 
updated resource utilization is beloW the maXimum resource 
utiliZation threshold TmaX. 

[0079] Step 1 Assigning decrement to MS 4 and 
increment to all other MS. 

[0080] Adjust[4]=1—a,Adjust[i]=1+a, for i=1,2,3,5,6. This 
allocation attempts to move all MS to meet their required 
T/P. Determining the updated resource utiliZation. If the 
updated resource utiliZation is beloW the maXimum thresh 
old TmaX, this allocation is permitted and may be assigned. 
If the resource utiliZation eXceeds TmaX, then move to Step 
2. 

[0081] Step 2 It is not possible to move all MS 
toWards the required T/P. 

[0082] For fairness, the process moves all MS toWards the 
congestion level 1 T/P. 

[0083] This means that in addition to MS 4, MS 1 and 6 
can be assigned a doWn adjust. That is, Adjust[i]=1—a, for 
i=1,4,6 and Adjust[i]=1+a for i=2,3,5. Once again, deter 
mine if this updated resource allocation is permitted or not, 
i.e. does not eXceed the total alloWed allocation. If not 
permitted, then move to Step 3. 

[0084] Step 3 It is not possible to move all MS 
toWards the congestion level 1 T/P. For fairness, the 
process moves all MS toWards the congestion level 
2 T/P. This means that all MS eXcept MS 5 can be 
assigned a doWn adjust. That is, Adjust[i]=1—a, for 
i=1,2,3,4,6 and Adjust[5]=1+a. Once again, deter 
mining if this updated resource allocation is permit 
ted or not i.e. does not eXceed the total alloWed 
allocation. If not permitted, then move to Step 4. 

[0085] Step 4 The BS T/P adjustment algorithm is 
unable to determine a satisfactory allocation. An 
explicit message may be required to terminate the 
transmission from one or MS. The BS chooses Which 
grant to terminate based on various criteria includ 
ing: fairness and the siZe of the current allocation to 
the MS. 

[0086] A loW-bandWidth continuous forWard link grant 
channel may be used to indicate adjustments to the Current 
Grant to the MS. The MS modi?es its Current Grant variable 
based on the actual grants (and adjustments) it receives from 
the BS. Since grants are continuously eXtended to the MS, 
it is not necessary to indicate a long grant to the MS. The 
long grant request (if used) just alloWs the BS to look-ahead 
and thus making better scheduling decisions. 

[0087] The encoding on the loW-bandWidth continuous 
forWard link grant channel may be as folloWs: 

[0088] +1 if the mobile station is instructed to 
increase T/P by con?gured amount, a (could be also 
T/P dependent) 

[0089] —1 if the mobile station is instructed to 
decrease T/P by con?gured amount, a (could be also 
T/P dependent) 

[0090] 0 if the mobile station is instructed to keep T/P 
unchanged. 
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[0091] If the BS does not decode the continuous request 
channel reliably (for eXample the reverse pilot channel 
(R-PICH) is received With loW poWer and continuous 
request channel symbols are erased), the BS sets the forWard 
grant channel symbol to 0. OtherWise, if the continuous 
request channel is reliably decoded, the BS sets the forWard 
grant channel symbol appropriately. 

[0092] While the BS resource manager determines the 
congestion level based on the MS requests, and instead of 
requiring a continuous grant channel per MS, With some loss 
of ?exibility, it is possible to use a continuous common grant 
channel that just indicates the current computed level of 
congestion at the BS (for eXample, encoded as one of three 
levels shoWn above). Based on such an indication, the MS 
can autonomously adjust its data rate folloWing the same 
logic. For eXample, When the BS common grant indicates 
congestion level 1, MS requesting 10 must decrease their 
T/P While MS requesting 01 can increase their T/P for the 
subsequent transmission. Moreover, While reducing the 
overhead on the forWard link, the continuous common grant 
channel takes aWay the ability of the BS to discriminate 
among contending MS based on additional criteria. It is also 
possible to eliminate the continuous request channel and 
reduce this to autonomous operation by the MS. The con 
gestion indication from the BS is based on current measure 
ments of resource usage by the MS, rather than MS requests. 
Thus, there is no closed loop per MS. In this case, the BS is 
unable to distinguish betWeen MS Whose QoS is being 
satis?ed and those Whose QoS is not being met and so is 
unable to enforce fairness. 

[0093] As such, signaling errors on the continuous request 
and grant channels are not catastrophic. An erasure on the 
continuous forWard grant channel is assumed to be a com 
mand to leave the Current Grant unchanged. Due to the 
loW-delay closed loop mechanism any signaling errors 
Would quickly be corrected by subsequent requests and 
grants. In particular, the local variable Current Grant at the 
MS becomes knoWn to the BS at every reverse link frame 
transmission and alloWs the tWo sides of the control loop to 
maintain the same state. 

[0094] It is possible to operate the reverse link QoS 
management using just the request and grant messages. 
HoWever, for tight QoS management, i.e. to manage QoS for 
services With bursty arrivals, variable rates and tight delay 
constraints, it is necessary to use the continuous request and 
grant channels. Note that the continuous request channel can 
be used Without the continuous grant channel. 

[0095] For a negotiated QoS traf?c, the MS may operate as 
folloWing: 

[0096] The MS sends a request message that indi 
cates the required T/P (and congestion T/P). The 
request message may also contain maXimum T/P (the 
headroom at the MS). The BS may indicate a T/P 
grant through a message, or the grant may be implicit 
(a knoWn initial T/P). In the latter case, no request or 
grant message is required. 

[0097] Changes to the required T/P are indicated on 
the loW-overhead continuous rate request channel. 
The channel is subject to set up and release With 
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Layer 3 signaling. Since this channel represents the 
aggregate rate requirement for the MS, only one such 
channel is needed per MS. 

[0098] Changes to the granted T/P are indicated by 
the base station on the loW-overhead continuous 
grant channel on the forWard link. Alternately, a 
loW-overhead continuous common grant channel 
may be used Which indicates the congestion level 
based on the received requests. 

[0099] During a soft handoff operation, the message-based 
reverse resource management is handled by the serving BS 
only (the BS With the highest averaged pilot level received 
at the MS). The continuous request and grant channels may 
be received and transmitted only by the serving BS or by a 
reduced active set of BS. If the continuous grant channel is 
transmitted only by the serving BS, the operation in soft 
handoff does not differ from the case When mobile station is 
not in soft handoff. HoWever, if the forWard fast grant 
channel is transmitted from more than one BS in the active 
set, the different BS may operate independently and generate 
different grant commands. The MS is then required to adjust 
its Current Grant variable to the minimum of the rate 
adjustments granted by all the BS in the active set. 

[0100] The overhead per MS for continuous request and 
grant channels is comparable to using the message based 
channels once every feW hundred ms. Thus, to match the 
overhead, the rate request and rate grant messages need not 
be sent more frequently than for eXample 250 ms per MS, 
including all services at the MS. Continuous feedback 
channels may be necessary to manage QoS for services 
Where the maXimum delay is less than for eXample 100 ms. 
Even for services With bursty arrivals Where the queue siZes 
can vary signi?cantly over tens of ms. If the delay deadlines 
are greater than 250 ms, then the QoS may be managed 
through message based request and grant channels. There 
may be a need for 2-4 bits every 20-40 ms for the continuous 
reverse rate request channel. These bits indicate to the BS 
requested modi?cations to its allocated rate and/or the need 
for a long grant. 

[0101] Generally, a frameWork is disclosed for QoS and 
resource management on the reverse link, Where the packet 
queues are distributed at the MS and the centraliZed resource 
manager is at the BS. In this frameWork, the responsibility 
of reverse link QoS management is assigned to the MS While 
the BS manages the aggregate resource and admission 
control for negotiated QoS services. The MS provides to the 
resource manager the required resource (rate or T/P) that it 
needs to meet its QoS. This is different from previous 
approaches Where the MS provides queue backlog informa 
tion to the resource manager. The queue backlog information 
is not sufficient for the resource manager to meet QoS 
guarantees. Reverse link QoS is managed through a closed 
loop control of allocated rate or T/P by the MS. The QoS 
requirements for multiple services (or flows) are merged into 
a compact representation of resource (rate or T/P). This 
permits ef?cient (loW communications overhead) for the 
closed loop control. This permits the MS to determine a 
required T/P that Will alloW it to meet QoS requirements of 
all services. A loW complexity mechanism to re-compute the 
rate (or T/P) and duration requirements folloWing packet 
departures, packet arrivals, changes in allocated rate or 
changes in the link quality. LoW-overhead continuous 
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request and grant channels that are consistent With the 
frameWork and are suitable to manage QoS for services With 
maXimum delay requirements of less than 100 ms. Aprocess 
is disclosed for computing T/P requirements for different 
levels of congestion by using a drop priority for packets. A 
compact encoding of the rate request channel is disclosed 
that provides the BS resource manager information to deter 
mine level of congestion at the packet queues distributed 
among the MS. Further, it alloWs the BS resource manager 
to make intelligent allocation decisions among the contend 
ing MS. Therefore, the BS resource manager operates to 
allocate the resource among the contending MS, including 
operation of the closed loop rate control in soft handoff. 

[0102] Various aspects of the invention may be more 
apparent by referring to various steps depicted in FIG. 4. 
FIG. 4 depicts a How 400 of messages and processing steps 
at a BS and a MS in the communication system 100. The 
receiver and transmitter systems 200 and 300 shoWn in 
FIGS. 2 and 3 may operate to perform various steps When 
incorporated in a respective base station or mobile station in 
the communication system 100. At step 401, the mobile 
station determines packets of data for transmission for a 
number of communication services. At steps 402 and 403, 
respectively, the mobile station determines a transmission 
deadline of each of the packets of data and arranges the 
packets of data in a queue for transmission in accordance 
With the determined transmission deadline. At steps 405, 406 
and 407, respectively, the mobile station determines a data 
rate for transmission of the packets of data based on the 
arrangement of the packets of data in the queue alloWing for 
meeting the transmission deadline for each of the packets of 
data, determines duration of the determined data rate for 
transmissions of the packets of data based on the arrange 
ment of the packets of data in said queue, and communicates 
the data rate and the duration from the mobile station to the 
base station. At step 408, the base station determines 
Whether available resources alloW for allocation at the base 
station for transmission from the mobile station at the 
determined data rate and duration. At step 409, the base 
station communicates acceptance of the determined data rate 
for transmission of the packets of data from the mobile 
station. At step 410, the mobile station transmits at the 
accepted data rate. At step 411, the base station may indicate 
a congestion level alert to the mobile station that the 
determined available resources disalloW for allocation at the 
base station for transmission from the mobile station at the 
determined data rate. At steps 412, 413 and 414, the mobile 
station drops at least a packet of data of the packets of data 
in the queue to determine a neW queue of packets of data, 
determines a neW data rate for transmission of the neW queue 
of packets of data, the neW data rate being loWer than the 
previously determined data rate, and determines a neW 
duration for use of the determined neW data rate for trans 
missions of the packets of data based on the arrangement of 
the packets of data in the neW queue. The How 400 moves 
to step 408 to repeat the determination for acceptance or 
rejection. 
[0103] Those of skill in the art 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 elec 
tronic hardWare, computer softWare, or combinations of 
both. To clearly illustrate this interchangeability of hardWare 
and softWare, various illustrative components, blocks, mod 
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ules, circuits, and steps have been described above generally 
in terms of their functionality. Whether such functionality is 
implemented as hardWare or softWare depends upon the 
particular application and design constraints imposed on the 
overall system. Skilled 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. 

[0104] 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 speci?c integrated circuit (ASIC), a ?eld 
programmable gate array (FPGA) or other programmable 
logic device, discrete gate or transistor logic, discrete hard 
Ware 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 conjunc 
tion With a DSP core, or any other such con?guration. 

[0105] 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. A softWare 
module may reside in RAM memory, ?ash memory, ROM 
memory, 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 processor and the storage 
medium may reside in an ASIC. The ASIC may reside in a 
user terminal. In the alternative, the processor and the 
storage medium may reside as discrete components in a user 
terminal. 

[0106] The previous description of the preferred embodi 
ments is provided to enable any person skilled in the art to 
make or use the present invention. The various modi?cations 
to these embodiments Will be readily apparent to those 
skilled in the art, and the generic principles de?ned herein 
may be applied to other embodiments Without the use of the 
inventive faculty. 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. 

1. In a communication system, a method for determining 
a data rate for reverse link communication from a mobile 
station to a base station comprising: 

determining packets of data for transmission from the 
mobile station for a number of communication ser 

vices; 

determining a transmission deadline of each of said 
packets of data; 
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arranging the packets of data in a queue for transmission 
in accordance With said determined transmission dead 
line; 

determining a data rate for transmission of the packets of 
data based on the arrangement of said packets of data 
in said queue alloWing for meeting the transmission 
deadline for each of said packets of data. 

2. The method as recited in claim 1 further comprising: 

communicating said data rate from said mobile station to 
said base station. 

3. The method as recited in claim 1 further comprising: 

determining duration for use of said determined data rate 
for transmissions of the packets of data based on the 
arrangement of said packets of data in said queue. 

4. The method as recited in claim 3 further comprising: 

communicating said determined duration from said 
mobile station to said base station. 

5. The method as recited in claim 1 further comprising: 

determining Whether available resources alloWs for allo 
cation at said base station for transmission from said 
mobile station at said data rate. 

6. The method as recited in claim 5 further comprising: 

indicating a congestion level alert to said mobile station 
When said determining available resources disalloW for 
allocation at said base station for transmission from 
said mobile station at said data rate. 

7. The method as recited in claim 6 further comprising: 

dropping at least a packet of data of said packets of data 
in said queue to determine a neW queue of packets of 

data; 

determining a neW data rate for transmission of said neW 
queue of packets of data, Wherein said neW data rate is 
loWer than said data rate. 

8. The method as recited in claim 7 further comprising: 

determining a neW duration for use of said determined 
neW data rate for transmissions of the packets of data 
based on the arrangement of said packets of data in said 
neW queue. 

9. In a communication system, a method for determining 
a data rate for reverse link communication from a mobile 
station to a base station comprising: 

determining packets of data for transmission from the 
mobile station for a number of communication ser 

vices; 

determining a transmission deadline of each of said 
packets of data; 

arranging the packets of data in a number of queue 
arrangements for transmission in accordance With said 
determined transmission deadline; 

determining a number of data rates for transmission of the 
packets of data based on the number of possible queue 
arrangements. 

10. The method as recited in claim 9 Wherein said number 
of determined data rates include a required data rate, and at 
least one congestion level data rate. 
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11. The method as recited in claim 9 further comprising: 

communicating said number of data rates from said 
mobile station to said base station. 

12. The method as recited in claim 9 further comprising: 

determining duration for use of each of said determined 
number of data rates for transmissions of the packets of 
data based on the arrangement of said packets of data 
in said queue. 

13. The method as recited in claim 12 further comprising: 

communicating said determined duration from said 
mobile station to said base station. 

14. The method as recited in claim 9 further comprising: 

determining Whether available resources alloWs for allo 
cation at said base station for transmission from said 
mobile station at least one of said number of data rates. 

15. The method as recited in claim 14 further comprising: 

indicating to said mobile station When said determining 
available resources alloWs for allocation at said base 
station for transmission from said mobile station at 
least at one of said data rates. 

16. In a communication system, an apparatus for deter 
mining a data rate for reverse link communication from a 
mobile station to a base station comprising: 

means for determining packets of data for transmission 
from the mobile station for a number of communication 
services; 

means for determining a transmission deadline of each of 
said packets of data; 

means for arranging the packets of data in a queue for 
transmission in accordance With said determined trans 
mission deadline; 

means for determining a data rate for transmission of the 
packets of data based on the arrangement of said 
packets of data in said queue alloWing for meeting the 
transmission deadline for each of said packets of data. 

17. The apparatus as recited in claim 16 further compris 
mg: 

means for communicating said data rate from said mobile 
station to said base station. 

18. The apparatus as recited in claim 16 further compris 
ing: 

means for determining duration for use of said determined 
data rate for transmissions of the packets of data based 
on the arrangement of said packets of data in said 
queue. 

19. The apparatus as recited in claim 18 further compris 
ing: 

means for communicating said determined duration from 
said mobile station to said base station. 

20. The apparatus as recited in claim 16 further compris 
ing: 

means for determining Whether available resources alloWs 
for allocation at said base station for transmission from 
said mobile station at said data rae. 
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21. The apparatus as recited in claim 20 further compris 
ing: 
means for indicating a congestion level alert to said 

mobile station When said determining available 
resources disalloW for allocation at said base station for 
transmission from said mobile station at said data rate. 

22. The apparatus as recited in claim 21 further compris 
ing: 
means for dropping at least a packet of data of said 

packets of data in said queue to determine a neW queue 
of packets of data; 

means for determining a neW data rate for transmission of 
said neW queue of packets of data, Wherein said neW 
data rate is loWer than said data rate. 

23. The apparatus as recited in claim 22 further compris 
ing: 
means for determining a neW duration for use of said 

determined neW data rate for transmissions of the 
packets of data based on the arrangement of said 
packets of data in said neW queue. 

24. In a communication system, an apparatus for deter 
mining a data rate for reverse link communication from a 
mobile station to a base station comprising: 

means for determining packets of data for transmission 
from the mobile station for a number of communication 
services; 

means for determining a transmission deadline of each of 
said packets of data; 

means for arranging the packets of data in a number of 
queue arrangements for transmission in accordance 
With said determined transmission deadline; 

means for determining a number of data rates for trans 
mission of the packets of data based on the number of 
possible queue arrangements. 

25. The apparatus as recited in claim 24 Wherein said 
number of determined data rates include a required data rate, 
and at least one congestion level data rate. 

26. The apparatus as recited in claim 24 further compris 
ing: 
means for communicating said number of data rates from 

said mobile station to said base station. 
27. The apparatus as recited in claim 24 further compris 

ing: 
means for determining duration for use of each of said 

determined number of data rates for transmissions of 
the packets of data based on the arrangement of said 
packets of data in said queue. 

28. The apparatus as recited in claim 27 further compris 
ing: 
means for communicating said determined duration from 

said mobile station to said base station. 
29. The apparatus as recited in claim 9 further comprising: 

means for determining Whether available resources alloWs 
for allocation at said base station for transmission from 
said mobile station at least one of said number of data 
rates. 

30. The apparatus as recited in claim 29 further compris 
ing: 
means for indicating to said mobile station When said 

determining available resources alloWs for allocation at 
said base station for transmission from said mobile 
station at least at one of said data rates. 

* * * * * 


