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(57) ABSTRACT 

Techniques to partition and allocate the available system 
resources among cells in a communication system, and to 
allocate the resources in each cell to terminals for data 
transmission on the uplink. In one aspect, adaptive reuse 
schemes are provided Wherein the available system 
resources may be dynamically and/or adaptively partitioned 
and allocated to the cells based on a number of factors such 
as the observed interference levels, loading conditions, 
system requirements, and so on. A reuse plan is initially 
de?ned and may be rede?ned to re?ect changes in the 
system. In another aspect, the system resources may be 
partitioned such that each cell is allocated a set of channels 
having different performance levels. In yet another aspect, 
terminals in each cell are scheduled for data transmission 
(e.g., based on their priority or load requirements) and 
assigned channels based on their tolerance to interference 
and the channels’ performance. 
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FIG. 1 
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METHOD AND APPARATUS FOR CONTROLLING 
UPLINK TRANSMISSIONS OF A WIRELESS 

COMMUNICATION SYSTEM 

CLAIM OF PRIORITY UNDER 35 U.S.C. §l20 

[0001] The present Application for Patent is a Continua 
tion of patent application Ser. No. 09/848,937 entitled 
“Method and Apparatus for Controlling Uplink Transmis 
sions of a Wireless Communication System” ?led May 3, 
2001, pending, and assigned to the assignee hereof and 
hereby expressly incorporated by reference herein. 

BACKGROUND 

[0002] 1. Field 

[0003] The present invention relates to data communica 
tion, and more speci?cally to a novel and improved method 
and apparatus for controlling uplink transmissions of a 
Wireless communication system to increase e?iciency and 
improve performance. 

[0004] 2. Background 

[0005] Wireless communication systems are Widely 
deployed to provide various types of communication such as 
voice, data, and so on, for a number of users. These systems 
may be based on code division multiple access (CDMA), 
time division multiple access (TDMA), frequency division 
multiple access (FDMA), or some other multiple access 
techniques. 

[0006] In a Wireless communication system, communica 
tion betWeen users is conducted through one or more base 
stations. A ?rst user on one terminal communicates With a 
second user on a second terminal by transmitting data on the 
uplink to a base station. The base station receives the data 
and can route the data to another base station. The data is 
then transmitted on the doWnlink from the base station to the 
second terminal. The doWnlink refers to transmission from 
the base station to the terminal and the uplink refers to 
transmission from the terminal to the base station. In many 
systems, the uplink and the doWnlink are allocated separate 
frequencies. 

[0007] In a Wireless communication system, each trans 
mitting source (e.g., terminal) acts as potential interference 
to other transmitting sources in the system. To combat the 
interference experienced by the terminals and base stations 
and to maintain the required level of performance, conven 
tional TDMA and FDMA systems resort to reuse techniques 
Whereby not all frequency bands or time slots are used in 
each cell. For example, a TDMA system may employ a 
7-cell reuse pattern in Which the total operating bandWidth, 
W, is divided into seven equal operating frequency bands 
(i.e., B=W/7) and each cell in a 7-cell cluster is assigned to 
one of the frequency bands. Thus, in this system every 
seventh cell reuses the same frequency band. With reuse, the 
co-channel interference levels experienced in each cell are 
reduced relative to that if all cells are assigned the same 
frequency band. HoWever, reuse patterns of more than one 
cell (such as the 7-cell reuse pattern used in some conven 
tional TDMA systems) represent inef?cient use of the avail 
able resources since each cell is allocated and able to use 
only a fraction of the total system resources (e.g., operating 
bandwidth). 
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[0008] CDMA systems are capable of operating With a 
l-cell reuse pattern (i.e., adjacent cells can use the same 
operating bandWidth). First-generation CDMA systems are 
primarily designed to carry voice data having a loW data rate 
(e.g., 32 kbps or less). Using code division spread spectrum, 
the loW-rate data is spread over a Wide (e.g., 1.2288 MHZ) 
bandWidth. Because of the large spreading factor, the trans 
mitted signal can be received at a loW or negative carrier 
to-noise-plus-interference (C/I) level, despread into a coher 
ent signal, and processed. NeWer generation CDMA systems 
are designed to support many neW applications (voice, 
packet data, video, and so on) and are capable of data 
transmission at high data rates (e. g., over 1 Mbps). HoWever, 
to achieve the high data rates, high C/I levels are required 
and the need to control interference becomes more critical. 

[0009] There is therefore a need in the art for techniques 
to control uplink transmissions to support data transmission 
at high data rates and achieve better utiliZation of the 
available resources. 

SUMMARY 

[0010] Aspects of the invention provide techniques to (l) 
partition and allocate the available system resources (e.g., 
the spectrum) among cells in a communication system, and 
(2) allocate the resources in each cell to terminals for data 
transmission on the uplink. Both of these may be performed 
such that greater ef?ciency is achieved While meeting sys 
tem requirements. 

[0011] In one aspect, adaptive reuse schemes are provided 
Wherein the available system resources may be dynamically 
and/or adaptively partitioned and allocated to the cells based 
on a number of factors such as, for example, the observed 
interference levels, loading conditions, system require 
ments, and so on. A reuse plan is initially de?ned and each 
cell is allocated a fraction of the total available system 
resources. The allocation may be such that each cell can 
simultaneously utiliZe a large portion of the total available 
resources, if desired or necessary. As the system changes, the 
reuse plan may be rede?ned to re?ect changes in the system. 
In this manner, the adaptive reuse plan may be capable of 
achieving very loW effective reuse factor (e.g., close to 1) 
While satisfying other system requirements. 

[0012] In another aspect, the system resources may be 
partitioned such that each cell is allocated a set of channels 
having different performance levels. Higher performance 
may be achieved, for example, for lightly shared channels 
and/or those associated With loW transmit poWer levels in 
adjacent cells. Conversely, loWer performance may result, 
for example, from loW transmit poWer levels permitted for 
the channels. Channels having different performance levels 
may be obtained by de?ning different back-off factors for the 
channels, as described beloW. 

[0013] In yet another aspect, terminals in each cell are 
assigned to channels based on the terminals’ tolerance levels 
to interference and the channels’ performance. For example, 
disadvantaged terminals requiring better protection from 
interference may be assigned to channels that are afforded 
more protection. In contrast, advantaged terminals With 
favorable propagation conditions may be assigned to chan 
nels that are more heavily shared and/or have the greater 
interference levels associated With their use. 
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[0014] The ability to dynamically and/or adaptively allo 
cate resources to the cells and the ability for the cells to 
intelligently allocate resources to the terminals enable the 
system to achieve high level of ef?ciency and performance 
not matched by systems that employ conventional non 
adjustable, ?xed reuse schemes. 

[0015] The invention further provides methods, systems, 
and apparatus that implement various aspects, embodiments, 
and features of the invention, as described in further detail 
beloW 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The features, nature, 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: 

[0017] FIG. 1 is a diagram of a communication system 
that supports a number of users and is capable of imple 
menting various aspects and embodiments of the invention; 

[0018] FIG. 2 shoWs cumulative distribution functions 
(CDFs) of the C/I achieved for a number of ?xed reuse 
patterns for a particular communication system; 

[0019] FIG. 3 is a How diagram of a speci?c implemen 
tation of an adaptive reuse scheme, in accordance With an 
embodiment of the invention; 

[0020] FIG. 4 is a diagram of an embodiment of a 
resource partitioning and allocation for a 3-cell reuse pat 

tern; 

[0021] FIG. 5 shoWs a CDF of the achieved C/I for a 
l-cell reuse pattern With all cells transmitting at full poWer; 

[0022] FIG. 6 is a How diagram of an embodiment of a 
scheme to schedule data transmissions; 

[0023] FIG. 7 is a How diagram of an embodiment of a 
priority-based channel assignment scheme; 

[0024] FIG. 8 is a How diagram of an embodiment of a 
channel upgrade scheme; and 

[0025] FIG. 9 is a block diagram of a base station and 
terminals in a communication system, Which are capable of 
implementing various aspects and embodiments of the 
invention. 

DETAILED DESCRIPTION 

[0026] FIG. 1 is a diagram of a communication system 
100 that supports a number of users and is capable of 
implementing various aspects and embodiments of the 
invention. System 100 provides communication for a num 
ber of coverage areas 10211 through 102g, each of Which is 
serviced by a corresponding base station 104. Each base 
station’s coverage area may be de?ned, for example, as the 
area over Which the terminals can achieve a particular grade 
of service (GoS). The base station coverage areas are 
organiZed in a manner to achieve overall coverage for a 
designated geographic area. The base station and its cover 
age area are often referred to as a “cell”. 

[0027] As shoWn in FIG. 1, various terminals 106 are 
dispersed throughout the system. The terminals in the cov 
erage area may be ?xed (i.e., stationary) or mobile, and are 
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generally served by a primary (i.e., serving) base station. 
Each terminal communicates With at least one and possibly 
more base stations on the doWnlink and uplink at any given 
moment depending on Whether “soft hando?‘” is employed 
and/or Whether the terminal is designed and operated to 
(concurrently or sequentially) transmit/receive multiple 
transmissions to/from multiple base stations. The doWnlink 
refers to transmission from the base station to the terminal, 
and the uplink refers to transmission from the terminal to the 
base station. 

[0028] In FIG. 1, base station 104a receives data trans 
mission from terminals 106a and 10619 on the uplink, base 
station 104!) receives data transmissions from terminals 
106b, 1060, 106d, and 1061', base station 1040 receives data 
transmissions from terminals 106a, 106e, 106], and 106g, 
and so on. On the uplink, the transmission from each 
communicating terminal represents potential interference to 
other terminals in the system. The doWnlink transmissions 
are not shoWn in FIG. 1 for simplicity. 

[0029] System 100 may be a multiple-input multiple 
output (MIMO) system that employs multiple (NT) transmit 
antennas and multiple (NR) receive antennas for data trans 
mission. A MIMO channel formed by the NT transmit and 
NR receive antennas may be decomposed into NC indepen 
dent channels, With Ncémin {NT, NR}. Each of the NC 
independent channels is also referred to as a spatial sub 
channel of the MIMO channel. The MIMO system can 
provide improved performance (e.g., increased transmission 
capacity) if the spatial subchannels created by the multiple 
transmit and receive antennas are utiliZed. 

[0030] An example MIMO system is described in US. 
patent application Ser. No. 09/532,492, entitled “HIGH 
EFFICIENCY, HIGH PERFORMANCE COMMUNICA 
TION SYSTEM EMPLOYING MULTI-CARRIER 
MODULATION,” ?led Mar. 30, 2000, assigned to the 
assignee of the present invention and incorporated herein by 
reference. System 100 may also be designed to implement 
any number of standards and designs for CDMA, TDMA, 
FDMA, and other multiple access schemes. The CDMA 
standards include the IS-95, cdma2000, W-CDMA stan 
dards, and the TDMA standards include Global System for 
Mobile Communications (GSM). These standards are 
knoWn in the art. 

[0031] In system 100, a large number of terminals share a 
common system resource, namely the total operating band 
Width. To achieve the desired level of performance for a 
particular terminal in the system, the interference from other 
transmissions needs to be reduced to an acceptable level. 
Also, to reliably transmit at high data rates for a given 
operating bandWidth, it is necessary to operate at or above 
a particular carrier-to-noise-plus-interference (C/I) level. 
Reduction in interference and attainment of the required C/ I 
are conventionally achieved by dividing the total available 
resource into fractions, each of Which is then assigned to a 
particular cell in the system. 

[0032] For example, the total operating bandWidth, W, can 
be divided into Nr equal operating frequency bands (i.e., 
B=W/Nr), and each cell can then be assigned to one of the 
NI frequency bands. The frequency bands are periodically 
reused to achieve higher spectral ef?ciency. For a 7-cell 
reuse pattern such as that supported by FIG. 1, cell 102a 
may be assigned the ?rst frequency band, cell 1021) may be 
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assigned the second frequency band, and so on, and cell 
102g may be assigned the seventh frequency band. 

[0033] A communication system is typically designed to 
conform to a number of system requirements that may 
include, for example, quality of service (QoS), coverage, 
and performance requirements. Quality of service is typi 
cally de?ned as every terminal in the coverage area being 
able to achieve a speci?ed minimum average bit rate a 
prescribed percentage of the time. For example, the system 
may be required to support any terminal Within the coverage 
area With a minimum average bit rate of at least 1 Mbps for 
99.99% of the time. The coverage requirement may dictate 
that a particular percentage (e.g., 99%) of the terminals With 
received signal levels exceeding a particular C/l threshold be 
able to achieve the speci?ed grade of service. And the 
performance requirements may be de?ned by some particu 
lar minimum average bit rate, bit-error-rate (BER), packet 
error-rate (PER), frame-error-rate (FER), or some other 
requirements. These requirements impact the allocation of 
the available resources and the system ef?ciency, as 
described beloW. 

[0034] FIG. 2 shoWs example cumulative distribution 
functions (CDFs) of the C/l achieved for terminals in a 
communication system based on a number of reuse patterns 
obtained from simulation of terminals randomly distributed 
throughout the coverage area. The horiZontal axis, x, rep 
resents C/l, and the vertical axis represents the probability 
that the C/l achieved for a particular terminal is less than the 
value shoWn in the horizontal axis, i.e., P(C/l<x). As shoWn 
in FIG. 2, virtually no terminals achieve a C/l Worse than 0 
dB. FIG. 2 also shoWs that the probability of greater C/l 
increases With greater reuse. Thus, the P(C/l>x) for the 
7-cell reuse pattern is greater than the P(C/l>x) for the 1-cell 
reuse pattern. 

[0035] The C/l CDFs in FIG. 2 may be used to charac 
teriZe the potential performance of the system. As an 
example, assume that a C/l of at least 10 dB is required to 
meet a minimum instantaneous bit rate of 1 Mbps for 
99.99% of the time. Using a reuse factor of one (i.e., Nr=1, 
every cell reuses the same channel), the probability of not 
achieving the required performance (i.e., the outage prob 
ability) is approximately 12%. Similarly, cell reuse factors 
of three, four, and seven correspond to outage probabilities 
of 5.4%, 3.4%, and 1.1%, respectively. Thus in order to 
achieve a 10 dB C/l for 99% of the terminals, a reuse factor 
of at least seven (N 27) is required in this example. 

[0036] A number of modulation schemes may be used to 
modulate data prior to transmission. Such modulation 
schemes include M-ary phase shift keying (M-PSK), M-ary 
quadrature amplitude modulation (M-QAM), and others. In 
general, bandWidth-ef?cient modulation schemes such as 
M-QAM are able to transmit a higher number of information 
bits per modulation symbol, but require high C/l to achieve 
the desired level of performance. Table 1 lists the spectral 
ef?ciency of a number of bandWidth-ef?cient modulation 
schemes, Which is quanti?ed by the number of information 
bits transmitted per second per Hertz (bps/HZ). Table 1 also 
lists the assumed required C/l to achieve 1% bit error rate for 
these modulation schemes. 
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TABLE 1 

Required C/I 
Modulation Modulation (in dB) 
Scheme Efficiency (bps/HZ) for 1% BER 

BPSK 1 4.3 

QPSK 2 7.3 
8-PSK 3 12.6 

16-QAM 4 14.3 
32-QAM 5 16.8 
64-QAM 6 20.5 

[0037] The average channel ef?ciency, ECH, of a particular 
reuse scheme may be determined based on the CDF of the 
achievable C/l for the scheme (as shoWn in FIG. 2) and the 
achievable modulation ef?ciency as a function of C/l (as 
shoWn in Table 1). If the most e?icient modulation scheme 
is used Whenever possible, then the average channel effi 
ciency, ECH, may be derived as a Weighted sum of the 
modulation efficiencies, With the Weighting being deter 
mined by the probability of achieving the required C/l. For 
example, if BPSK through 64-QAM are employed by the 
system Wherever possible, the average channel ef?ciency 
can be computed as folloWs: 

[0038] Table 2 lists (in column 2) the average channel 
ef?ciencies for various reuse factors (e.g., 1-cell, 3-cell, 
5-cell, and 7-cell). Table 2 also provides (in column 3) the 
average spectral (i.e., overall) ef?ciencies for these reuse 
factors, Which are derived by dividing the average channel 
ef?ciencies by the reuse factors. From Table 2, it can be 
observed that the average channel ef?ciency increases as 
reuse increases. HoWever, this gain in channel ef?ciency 
With increasing reuse is more than offset by the loss in 
overall spectral e?iciency that results from alloWing each 
cell to use only a fraction of the total available resources for 
the system. Thus, the overall spectral ef?ciency decreases 
With increasing reuse. 

TABLE 2 

Average per Channel Average Spectral 
Cell Reuse Factor Efficiency Efficiency 

Nr (bps/channel) (bps/HZ/cell) 

1 4.4 4.4 
3 5.18 1.73 
4 5.4 1.35 
7 5.75 0.82 

[0039] As indicated in FIG. 2 and Table 2, the C/l for a 
given terminal may be improved if the interference from 
terminals in neighboring cells is reduced by employing a 
higher reuse factor. HoWever, in a multiple access system 
composed of many cells, maximiZing the C/l for a single 
terminal in one cell typically implies that the resource 
cannot be reused in some other cells in the system. Thus, 
although higher C/l and higher throughout may be achieved 
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for some of the terminals With higher reuse factor, the 
overall system throughput can decrease since the number of 
terminals alloWed to transmit simultaneously using the same 
channel decreases With higher reuse factor. 

[0040] Conventionally, systems that require high C/I oper 
ating points employ ?xed reuse schemes. In these ?xed 
reuse systems, a “channel” made available for use by a 
terminal in one cell may only be reused in another cell With 
the same channel reuse pattern. For example, consider a 
3-cell reuse cluster containing cells 1, 2 and 3. In this 
scheme different channel sets are allocated to each cell in 
this ?rst reuse cluster. The channels in the set allocated to 
any one cell in a reuse cluster are orthogonal to the channels 
in the other sets allocated to the other cells in the cluster. 
This strategy reduces or eliminates mutual interference 
caused by terminals Within a reuse cluster. The reuse cluster 
is repeated throughout the network in some prescribed 
fashion. So for example, a second reuse cluster of cells 4, 5 
and 6 Would be permitted to use the same channel set as cells 
1, 2 and 3, respectively. The interference to terminals in the 
cells in the ?rst reuse cluster caused by terminals in the 
second reuse cluster is reduced due to the increased sepa 
ration betWeen cells using the same channel set. The 
increased separation implies increased path loss, and loWer 
interference poWer. While ?xed reuse schemes may be used 
to maximize the percentage of terminals meeting the mini 
mum required C/I, they are generally inef?cient because 
they employ a high reuse factor. 

[0041] Aspects of the invention provide techniques to (l) 
partition and allocate the available system resources (e.g., 
the spectrum) among cells in a communication system, and 
(2) allocate the resources in each cell to terminals for data 
transmission on the uplink. Both of these may be performed 
such that greater e?iciency than ?xed reuse schemes is 
achieved While meeting system requirements. Certain 
aspects of the invention are based on several key observa 
tions. 

[0042] First, the uplink is different from the doWnlink 
since the transmissions from the terminals may be coordi 
nated by the system for increased ef?ciency. The system 
(e.g., cells) receives information that describes certain char 
acteristics of the terminals in the system (e.g., their path 
losses to the serving cells). This information may then be 
used to determine hoW to best schedule terminals for data 
transmission on the uplink. Coordination of the uplink data 
transmission alloWs for various bene?ts such as (1) 
increased uplink throughput on a system-Wide basis, and (2) 
smaller variations in performance observed by terminals in 
the system, Which implies that a more uniform quality of 
service (QoS) may be delivered to the terminals. 

[0043] Second, the terminals in the system typically have 
different tolerance levels for interference. Disadvantaged 
terminals such as those near the cell borders, With poor 
shadoWing/ geometry, must transmit at higher poWer to over 
come their large path loss. In essence, these terminals have 
small link margins, Where link margin is de?ned as the 
difference betWeen their peak poWer constraint and the 
transmitted poWer needed to achieve a desired C/I operating 
point at the cell site. As a consequence, these terminals are 
more vulnerable to interference from other terminals and 
also tend to cause greater levels of interference to terminals 
in nearby cells. In contrast, advantaged terminals such as 
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those closer to the cell site, With favorable propagation loss 
and shadoWing, are more tolerant to interference since they 
have larger link margins. In addition, these advantaged 
terminals tend to contribute less to the interference poWer 
seen by terminals in other cells. 

[0044] In a typical system, a large percentage of the 
terminals in the system are able to achieve a C/I that equals 
or exceeds a setpoint. The setpoint is a particular C/I 
required to achieve the desired level of performance, Which 
may be quanti?ed as, e.g., a particular average data rate at 
1% BER or 0.01% outage probability, or some other crite 
rion. For these terminals, a unity reuse pattern may be 
employed to achieve high e?iciency for the system. Only a 
fraction of the terminals in the system are typically disad 
vantaged at any given time. For the fraction of terminals that 
achieve a C/I beloW the setpoint, some other reuse schemes 
and/or some other techniques may be employed to provide 
the required performance. 

[0045] In one aspect, adaptive reuse schemes are provided 
Wherein the available system resources may be dynamically 
and/or adaptively partitioned and allocated to the cells based 
on a number of factors such as, for example, the observed 
loading conditions, system requirements, and so on. Areuse 
plan is initially de?ned and each cell is allocated a fraction 
of the total available system resources. The allocation may 
be such that each cell can simultaneously utiliZe a large 
portion of the total available resources, if desired or neces 
sary. As the system changes, the reuse plan may be rede?ned 
to re?ect changes in the system. In this manner, the adaptive 
reuse plan may be capable of achieving very loW effective 
reuse factor (e.g., close to 1) While satisfying other system 
requirements. 
[0046] In another aspect, the system resources may be 
partitioned such that each cell is allocated a set of channels 
having different performance levels. Higher performance 
may be achieved, for example, for lightly shared channels 
and/or those associated With loW transmit poWer levels in 
adjacent cells. Conversely, loWer performance may result, 
for example, from loW transmit poWer levels permitted for 
the channels. Channels having different performance levels 
may be obtained by de?ning different back-olf factors for the 
channels, as described beloW. 

[0047] In yet another aspect, terminals in each cell are 
assigned to channels based on the terminals’ tolerance levels 
to interference and the channels’ performance. For example, 
disadvantaged terminals requiring better protection from 
interference may be assigned to channels that are afforded 
more protection. In contrast, advantaged terminals With 
favorable propagation conditions may be assigned to chan 
nels that are more heavily shared and/or have the greater 
interference levels associated With their use. 

[0048] The ability to dynamically and/or adaptively allo 
cate resources to the cells and the ability for the cells to 
intelligently allocate resources to the terminals enable the 
system to achieve high level of ef?ciency and performance 
not matched by systems that employ conventional non 
adjustable, ?xed reuse schemes. The techniques described 
herein may be applied to any communication systems that 
experience interference such as, for example, Wireless (e.g., 
cellular) communication systems, satellite communication 
systems, radio communication systems, and other systems in 
Which reuse can improve performance. In one speci?c 



US 2006/0262750 A1 

implementation, these techniques may be advantageously 
used to improve the spectral ef?ciency of a ?xed-terminal, 
multiple access communication system designed to accom 
modate high data rate services. 

Adaptive Reuse Schemes 

[0049] The adaptive reuse schemes may be designed to 
exploit certain characteristics of the communication system 
to achieve high system performance. These system charac 
teristics include loading effects and the terminal’s different 
tolerance to interference. 

[0050] The loading at the cells affects the overall perfor 
mance (e.g., throughput) of the system. At loW loads, the 
available system resources may be divided into sets of 
“orthogonal” channels, Which may then be assigned to the 
cells, one channel set per cell in a reuse cluster. Because the 
channels in each set are orthogonal to the channels in other 
sets, interference on these orthogonal channels is loW and 
high C/I values may be achieved. As the load increases, the 
number of orthogonal channels in each set may be insuf? 
cient to meet demands, and the cells may be alloWed to 
deviate from the use of only the orthogonal channels. The 
transmissions on non-orthogonal channels increase the aver 
age interference levels observed in the channels used. HoW 
ever, by properly controlling the transmission levels on 
non-orthogonal channels, the amount of interference may be 
controlled and high performance may be achieved even at 
higher loads. 

[0051] As the load increases, the number of active termi 
nals desiring to transmit data also increases, and the pool of 
terminals from Which a cell may select to schedule for data 
transmission and to assign channels also increases. Each 
terminal in the pool presents interference to other terminals 
in the system, and this level may be dependent (in part) on 
the particular location of the terminal to the serving cell as 
Well as other neighbor cells. In addition, terminals With 
greater link margin have a greater tolerance to other-user 
interference. The terminals’ different interference character 
istics can be exploited in scheduling terminals and assigning 
channels to achieve tight reuse (i.e., close to unity). In 
particular, as the load increases, terminals With higher tol 
erance to interference may be assigned to channels having 
greater likelihood of receiving high interference levels. 

[0052] FIG. 3 is a How diagram of an adaptive reuse 
scheme in accordance With an embodiment of the invention. 
The development of a reuse plan and the adaptation of the 
plan to changing system conditions may be performed 
concurrent With normal operation of the communication 
system. 

[0053] Initially, the system is characterized, at step 310, 
for one or more parameters and based on information 
collected for the system and Which may be stored in a 
database 330. For example, the interference experienced by 
the terminals, as observed at each cell, may be determined 
and an interference characteriZation may be developed, as 
described beloW. The interference characteriZation may be 
performed on a per cell basis, and may involve developing 
a statistical characteriZation of the interference levels such 
as a poWer distribution. The information used for the char 
acteriZation may be updated periodically to account for neW 
cells and terminals, and to re?ect changes in the system. 
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[0054] A reuse plan is then de?ned using the developed 
system characterization and other system constraints and 
considerations, at step 412. The reuse plan encompasses 
various components such as a particular reuse factor Nr and 
a particular reuse cell layout based on the reuse factor Nr. 
For example, the reuse factor may correspond to a l-cell, 
3-cell, 7-cell, or l9-cell reuse pattern or cluster. The selec 
tion of the reuse factor and the design of the reuse cell layout 
may be achieved based on the data developed in step 310 
and any other available data. The reuse plan provides a 
framework for operation of the system. 

[0055] Additional system parameters and/or operational 
conditions are then de?ned, at step 314. This typically 
includes partitioning the total available system resources 
into channels, With the channels corresponding to time units, 
frequency bands, or some other units, as described beloW. 
The number of channels, NC, to be employed may be 
determined based on the reuse plan de?ned in step 312. The 
available channels are then associated into sets and each cell 
is allocated a respective channel set. The sets can include 
overlapping channels (i.e., a particular channel may be 
included in more than one set). Resource partition and 
allocation are described in further detail beloW. 

[0056] Other parameters may also be de?ned in step 314 
such as, for example, the scheduling interval, the operating 
points or setpoints of the cells in the system, the back-off 
factors associated With the allocated channel set, the back 
off factor limits, the step siZes for adjustments to the back-off 
factors, and others. The back-off factors determine the 
reductions in the peak transmit poWer levels for the chan 
nels. These parameters and conditions, Which are described 
in further detail beloW, are akin to a set of operating rules to 
be folloWed by the cells during normal operation. 

[0057] The system then operates in accordance With the 
de?ned reuse plan and the cells receive transmissions from 
terminals scheduled for data transmission. During the course 
of normal operation, the system performance is evaluated for 
the de?ned reuse plan, at step 316. Such evaluation may 
include, for example, determining the effective path losses 
from each terminal to several nearby cells and the associated 
link margins, the throughputs, the outage probabilities, and 
other measures of performance. For example, the effective 
link margin for each scheduled terminal in each channel in 
each cell may be computed. Based on the computed link 
margins, an estimate of the average throughput of the system 
can be developed as Well as the individual performance of 
the terminals. 

[0058] Once the system performance has been evaluated, 
a determination is made on the effectiveness (i.e., the 
performance) of the de?ned reuse plan, at step 318. If the 
system performance is not acceptable, the process returns to 
step 312 and the reuse plan is rede?ned. The system per 
formance may be unacceptable if it does not conform to a set 
of system requirements and/or does not achieve the desired 
performance level. The rede?ned reuse plan may include 
changes to various operating parameters, and may even 
include the selection of another reuse pattern and/or reuse 
cell layout. For example, if excessive interference is encoun 
tered, the reuse pattern may be increased (e.g., from 3-cell 
to 7-cell). Steps 312 through 318 are performed iteratively 
until the system goals are achieved (e.g., maximiZed 
throughput While simultaneously satisfying the minimum 
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performance requirements for the terminals in the coverage 
area). Steps 312 through 318 also represent an ongoing 
process While the system is operational. 

[0059] If the system performance is acceptable (i.e., does 
conform to the system requirements), a determination is then 
made Whether the system has changed, at step 320. If there 
are no changes, the process terminates. Otherwise, database 
330 is updated, at step 324, to re?ect changes in the system, 
and the system is recharacteriZed. The steps in FIG. 3 are 
described in further detail beloW. 

[0060] The process shoWn in FIG. 3 may be performed 
periodically or Whenever system changes are detected. For 
example, the process may be performed as the system groWs 
or changes, e.g., as neW cells and terminals are added and as 
existing cells and terminals are removed or modi?ed. The 
process alloWs the system to adapt to changes, for example, 
in the terminal distribution, topology, and topography. 

Channels 

[0061] The resource sharing among cells and terminals 
may be achieved using time division multiplexing (TDM), 
frequency division multiplexing (FDM), code division mul 
tiplexing (CDM), other multiplexing schemes, or any com 
binations thereof. The available system resources are parti 
tioned into fractions using the selected multiplexing 
scheme(s). 
[0062] For TDM-based schemes, the transmission time is 
partitioned into time units (e.g., time slots or frames), and 
each cell is allocated a number of time units. For each time 
unit, the total operating bandWidth of the system can be 
assigned to one or more terminals by the cell allocated With 
that time unit. For FDM-based schemes, the total operating 
bandWidth can be divided into frequency bands, and each 
cell is allocated a set of frequency bands. Each cell can then 
assign the allocated frequency bands to terminals Within its 
coverage areas, and thereafter (simultaneously) receive data 
transmission from the terminals via these frequency bands. 
For CDM-based schemes, codes can be de?ned for the 
system and each cell may be allocated a set of codes. Each 
cell can then assign the allocated codes to terminals Within 
its coverage areas, and thereafter (simultaneously) receive 
data transmission via these codes. Furthermore, combina 
tions of these schemes can also be used in the partitioning 
process. For example, certain code channels Within a CDMA 
system may be associated With a particular time slot or 
frequency channel. Common rules governing the use of 
these partitioned channels are then de?ned. 

[0063] FIG. 4 is a diagram of an embodiment of a 
resource partitioning and allocation for a 3-cell reuse pattern 
(i.e., Nr=3). In this example, the system resource is divided 
into 12 fractions. The division can be implemented in the 
time, frequency, or code domain, or a combination of these. 
Thus, the horizontal axis in FIG. 4 can represent either time 
of frequency, depending on Whether TDM or FDM is 
employed. For example, the 12 fractions can represent 12 
time division multiplexed time slots for a TDM-based 
scheme or 12 frequency bands for an FDM-based scheme. 
Each of the fractions is also referred to herein as a “channel”, 
and each channel is orthogonal to the other channels. 

[0064] For the 3-cell reuse pattern, the system resources 
may be partitioned by grouping the available channels into 
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three sets, and each cell in a 3-cell cluster can be allocated 
one of the channel sets. Each channel set includes some or 

all of the 12 available channels, depending on the particular 
reuse scheme being employed. For the embodiment shoWn 
in FIG. 4, each cell is allocated an equal number of 
channels, With cell 1 being allocated channels 1 through 4 
for transmission at full poWer, cell 2 being allocated chan 
nels 5 through 8, and cell 3 being allocated channels 9 
through 12. In some other embodiments, each cell may be 
allocated a respective channel set that can include any 
number of channels, some of Which may also be allocated to 
other cells. 

Back-Off Factors 

[0065] In an aspect, a channel structure is de?ned and 
employed by the system such that as the load increases, 
reliable performance is achieved using the channels a large 
percentage of the time. For a particular cell, it is likely that 
some terminals are more immune to other-cell interference 

than some other terminals. By providing a channel structure 
that takes advantage of this fact, improvement in the system 
throughput and performance may be realiZed. 

[0066] For the channel structure, each cell in a reuse 
cluster is allocated a respective set of channels that may then 
be assigned to terminals in its coverage area. Each cell is 
further assigned a set of back-off factors for the set of 
allocated channels. The back-off factor for each allocated 
channel indicates the maximum percentage of full transmit 
poWer that may be used for the channel. The back-off factor 
may be any value ranging from Zero (0.0) to one (1.0), With 
Zero indicating no data transmission alloWed on the channel 
and one indicating data transmission at up to full transmit 
poWer. The back-off factors result in channels capable of 
achieving different performance levels. 

[0067] The back-off from full transmit poWer can be 
applied in one or more selected channels, at one or more 

selected time slots, by one or more selected cells, or any 
combination thereof. The back-off can additionally or alter 
natively be applied to selected terminals in the cell. In an 
embodiment, each cell applies a back-off for each channel 
assigned for data transmission, With the speci?c value for the 
back-off being based on the operating conditions of the cell 
such that the desired performance is achieved While limiting 
the amount of interference to terminals in other cells 

[0068] The back-off factors for each cell can be deter 
mined based on a number of factors. For example, the 
back-off factors can be determined to take into consideration 
the characteristics of the terminals, the loading conditions at 
the cells, the required performance, and so on. The set of 
back-off factors assigned to each cell may be unique, or may 
be common among different cells in the system. In general, 
the channels allocated to each cell and the assigned back-off 
factors may change dynamically and/or adaptively based on, 
for example, the operating conditions (e.g., the system load). 

[0069] In one embodiment, the back-off factors for each 
cell are determined based on the distribution of the achiev 
able C/I values for the total ensemble of (active) terminals 
in the cell. A non-uniform Weighting of these terminals may 
be applied, for example, based on their pro?le, as described 
beloW. This Weighting may be made adaptive and/or 
dynamic, e.g., time-of-day dependent. 
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[0070] On the uplink, the C/I for a speci?c terminal may 
be determined at the cell based on, for example, a pilot 
signal transmitted by the terminal. The C/I for the terminal 
is dependent on various factors including (1) that terminal’s 
path loss to the serving (or home) cell and (2) the other-cell 
interference level. In a ?xed-terminal system, the path loss 
for a terminal does not change appreciably and the predic 
tion of the terminal’s signal level (“C”) may be accurately 
made. The other-cell interference level (i.e., a portion of “I”) 
depends on the path losses from other interfering terminals 
to their serving cells as Well as the path losses from these 
terminals to the cell of interest. Accurate estimation of the 
other-cell interference levels typically requires the instanta 
neous knoWledge of Which terminals in other cells are 
transmitting and their poWer levels. 

[0071] A number of assumptions may be made to simplify 
the interference characterization. For example, each cell 
may place an upper bound on the other-cell interference 
levels. This may be accomplished by assuming that one 
terminal in each cell is alloWed to transmit on each channel, 
in Which case the Worst case other-cell interference levels 
may be determined based on the assumption that the inter 
fering terminals Will transmit at full poWer. Correspond 
ingly, the Worst-case C/I for each terminal in each cell may 
be estimated based on the assumption that this terminal and 
other interfering terminals Will be transmitting at full poWer. 
The C/I values for the terminals in each cell may be 
collected and used to characterize an effective C/I CDF for 
the cell. 

[0072] FIG. 5 is an example of a CDF of the C/I achieved 
by terminals in a cell for a l-cell reuse pattern With one 
terminal transmitting at full poWer on each channel in each 
cell. The C/I CDF provides an indication of the percentage 
of terminals in the cell that have a C/I greater than a 
particular C/I value When the terminals are transmitting at 
full poWer. From FIG. 5, it can be seen that terminals Within 
the cell have different C/I characteristics. These terminals 
may be able to achieve different levels of performance or, for 
a particular level of performance, may need to transmit at 
different poWer levels. Terminals With smaller path losses to 
the serving cell typically have higher C/I, Which implies that 
they Will be able to achieve higher throughput. 

[0073] In an aspect, the terminals in each cell are catego 
rized based on their link margins, and the back-off factors 
are selected based on the link margin categorization. Using 
the example C/I distribution shoWn in FIG. 5, the population 
of terminals may be categorized into sets, With each set 
including terminals experiencing similar other-cell interfer 
ence levels (i.e., having C/I Within a range of values). As an 
example, the CDF shoWn in FIG. 5 can be partitioned into 
NC sets, Where NC is the total number of channels allocated 
per cell. The sets may be selected to be equal size (i.e., the 
same percentage of terminals is included in each set), 
although non-equal size set partitions may also be de?ned. 

[0074] Table 3 identi?es the NC=12 terminal sets and 
(column 2) tabulates the minimum C/I for the terminals in 
each of the 12 terminal sets. Since there are 12 terminal sets 
and each set is equal size, each set includes approximately 
8.3% of the terminals in the cell. The ?rst set includes 
terminals having C/I of 10 dB or less, the second set includes 
terminals having C/ I ranging from 10 dB to 13 dB, the third 
set includes terminals having C/I ranging from 13 dB to 15 
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dB, and so on, and the last set includes terminals having C/I 
greater than 34.5 dB. 

TABLE 3 

Minimum C/I s(n) 
Terminal Set in Range (dB) (dB) [5(n) 

1 <10 <—5 1.0000 
2 10 —5 1.0000 
3 13 —2 1.0000 
4 15 0 1.0000 
5 17 2 0.6310 
6 18.5 3 5 0.4467 
7 20.5 5 5 0.2818 
8 22 7 0.1995 
9 24 9 0.1259 

10 26 11 0.0794 
11 29.5 14 5 0.0355 
12 >34.5 >19.5 0.0112 

[0075] The cells may be designed to support a particular 
setpoint y (or operating point), Which is the minimum 
required C/ I in order to operate at a desired data rate With an 
acceptable error rate. In typical systems, the setpoint is a 
function of the instantaneous data rate selected by the 
terminals, and may thus vary from terminal to terminal. As 
a simple example, it is assumed that a setpoint of 15 dB is 
required by all terminals in the cell. 

[0076] The minimum link margin, s(n), for each set of 
terminals can then be computed as: 

[0077] The minimum link margin, s(n), for each set of 
terminals is the difference betWeen the minimum C/I of the 
terminals in the set and the setpoint y. The minimum link 
margin s(n) represents the deviation from the required 
transmit poWer to the setpoint based on the assumption of 
full transmit poWer from all terminals in the system. A 
positive link margin indicates that the C/I is greater than 
necessary to achieve the desired level of performance 
de?ned by the setpoint. Thus, the transmit poWer of these 
terminals may be reduced (i.e., backed-o?‘) by the amount 
proportional to their link margin and still provide the desired 
level of performance. 

[0078] The back-off factors for each cell may then be 
derived based on knoWledge of the path losses to the 
terminals served by the cell and the characterization of the 
other-cell interference levels. If the maximum transmit 
poWer level is normalized as 1.0, the normalized back-off 
factor for each set of terminals can be expressed as: 

[5(n)=min(1.0, 104-19)); n=1, 2, . . . ,Nc. Eq (2) 

[0079] The back-off factor associated With a particular 
terminal set represents the reduction in the transmit poWer 
that can be applied to that set of terminals While still 
maintaining the desired setpoint y, and thus the desired level 
of performance. The back-off in transmit poWer is possible 
because these terminals enjoy better C/I. By reducing the 
transmit poWer of a scheduled terminal by the back-off 
factor, the amount of interference to terminals in other cells 
can be reduced Without impacting the performance of this 
terminal. 

[0080] Table 3 lists the minimum link margin s(n) (in 
column 3) and the back-off factor (in column 4) for each set 
of terminals for a setpoint y of 15 dB. As shoWn in Table 3, 
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channels 1 through 4 have link margins of 0 dB or less and 
channels 5 through 12 have progressively better link mar 
gins. Consequently, channels 1 through 4 are operated at full 
poWer and channels 5 through 12 are operated at progres 
sively reduced poWer. The back-off factors may be imposed 
on transmissions from terminals in the associated terminal 
sets. For example, since the terminals in set 5 have C/I of 17 
dB or better and a minimum link margin s(n) of 2 dB, then 
the transmit poWer from these terminals may be backed off 
to 63.1% of peak transmit poWer. 

[0081] For terminals having C/I that are beloW the setpoint 
y, a number of options may be applied. The data rate of the 
transmission from these terminals may be reduced to that 
Which can be supported by the C/I. Alternatively, the inter 
fering terminals that cause the loW C/I may be requested to 
(temporarily) reduce their transmit poWer or to stop trans 
mitting on the affected channels until the loW C/I terminals 
are satisfactorily served. 

[0082] In an embodiment, once the back-off factors are 
determined for one cell in a reuse pattern, the back-off 
factors for other cells in the reuse pattern can be staggered. 
For example, for a Nr=3 (i.e., 3-cell) reuse pattern that 
operates With 12 channels and uses an NS=4 channel offset, 
the back-off factors for cell 2 can be offset by four modulo 
NC and the back-off factors for cell 3 can be offset by eight 
modulo-NC. For this reuse pattern, cell 1 applies the back-off 
factors associated With channel set 1 (Which includes the 
channels and their back-off factors shoWn in the fourth 
column in Table 3), cell 2 applies the back-off factors 
associated With channel set 2 (Which includes the channels 
and back-off factors shoWn in the fourth column in Table 3 
but shifted doWn by four channels and Wrapped around), and 
cell 3 applies the back-off factors associated With channel set 
3 (Which includes the channels and back-off factors shoWn 
in Table 3 but shifted doWn by eight channels and Wrapped 
around). A 4-channel offset is employed in the example, but 
other offsets may also be used. 

[0083] Table 3 tabulates the back-off factors for cells 1 
through 3 using the back-off factors shoWn in Table 3 and a 
four-channel offset. For example, for channel 1, cell 1 
applies the back-off factor associated With channel 1 of set 
1, cell 2 applies the back-off factor associated With channel 
9 of set 1, and cell 3 applies the back-off associated With 
channel 5 of set 1. 

TABLE 4 

[51(11) [5201) [5301) 
Channel, n Cell 1 Cell 2 Cell 3 

1 1.0000 0.1259 0.6310 
2 1.0000 0.0794 0.4467 
3 1.0000 0.0355 0.2818 
4 1.0000 0.0112 0.1995 
5 0.6310 1.0000 0.1259 
6 0.4467 1.0000 0.0794 
7 0.2818 1.0000 0.0355 
8 0.1995 1.0000 0.0112 
9 0.1259 0.6310 1.0000 
10 0.0794 0.4467 1.0000 
11 0.0355 0.2818 1.0000 
12 0.0112 0.1995 1.0000 

[0084] At loW loads, each of the cells assigns terminals to 
the “better” allocated channels. For the channel allocation 
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shoWn in Table 4, the terminals in cell 1 are assigned to 
channels 1 through 4, the terminals in cell 2 are assigned to 
channels 5 through 8, and the terminals in cell 3 are assigned 
to channels 9 through 12. When the load in each cell is four 
terminals or less, there is no co-channel interference from 
the terminals in the adjacent cells (since the 12 channels are 
orthogonal to one another), and each terminal should be able 
to achieve its setpoint at the cell for uplink transmission. 
When the load in any of the cells exceeds four terminals, 
then that cell may assign certain terminals to those channels 
that are not orthogonal to those of the other cells. Since the 
load typically varies independently in each cell, it is possible 
that the non-orthogonal channel assigned Will not be occu 
pied by any of the adjacent cells. The probability of this 
event (i.e., the probability of “non-collision”) is a function 
of the load in each of the adjacent cells. 

[0085] The channel structure With back-off may result an 
increase in the effective margin observed by all terminals in 
the system. The back-off factors shoWn in Table 4 are 
initially derived based on the C/I CDF shoWn in FIG. 5, 
Which is generated With the assumption that terminals in 
other cells are transmitting at full poWer. HoWever, When the 
back-off factors are applied along With a staggered channel 
reuse scheme as shoWn in Table 4, the actual C/I values 
achieved by the terminals in each cell may be greater than 
the minimum C/I values provided in column 2 of the Table 
3 since the interference from the terminals in other cells is 
reduced by the applied back-off factors. 

[0086] As an illustration, consider a case Where a terminal 
achieved a C/I of 17 dB in cell 1. Cell 1 may then assign 
channel 5 to this terminal. A terminal in cell 2 is alloWed to 
transmit at full poWer on this channel and a terminal in cell 
3 is alloWed to transmit at 12.6% of full poWer. The 17 dB 
C/I for the terminal in cell 1 Was computed based on full 
transmit poWer and Worst-case interference assessment. 
HoWever, since the poWer transmitted by the terminal in cell 
3 is reduced from 1.0 to 0.126, the effective margin for the 
terminal in cell 1 Will increase. The actual amount of 
increase in the link margin depends on the path loss from the 
backed-off interfering terminal (assigned to channel 5 in cell 
3) to cell 1. 

[0087] As a simple example, the terminals in each cell 
may be categorized into three different sets having 0 dB 
margin, 3 dB margin, and 6 dB margin. Terminals With 0 dB 
margin Would be alloWed to transmit at full poWer (When 
scheduled), terminals With 3 dB margin Would be alloWed to 
transmit at half poWer, and terminals With 6 dB margin 
Would be alloWed to transmit at 25% of full poWer. If three 
channels are allocated per cell, the back-off factors assigned 
may be 1.0 for channel 1, 0.5 for channel 2, and 0.25 for 
channel three. In a 3-cell reuse pattern, the channels may be 
staggered so that each cell is allocated the same three 
channels but With a different set of back-off factors. Table 5 
lists the staggered channel assignment for this simple 
example. 

TABLE 5 

Channel, n Cell 1 Cell 2 Cell 3 

1 1.00 0.25 0.50 
2 0.50 1.00 0.25 
3 0.25 0.50 1.00 
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[0088] An actual system typically does not ?t the idealized 
system model described above. For example, non-uniform 
distribution of terminals, non-uniform base station place 
ment, varied terrain and morphology, and so on, all contrib 
ute to variations in the interference levels observed in each 
cell. The characterization of the cells and the normalization 
of performance in the cells is typically more complicated 
than that described above (i.e., the C/ I CDFs for the cells are 
not likely to be identical). Furthermore, the terminals in each 
cell typically see different levels of interference from the 
terminals in other cells. Thus, more computations may be 
required to normalize the effective margins to Within a 
particular threshold level across the cells in the system. 

[0089] The back-off factors derived for each cell may thus 
be different and may not be modulo shifted versions of the 
back-off factors other cells in the reuse cluster. Moreover, 
different setpoints for the cells and/or channels may also be 
used to achieve a level of normalized performance, if so 
desired. The setpoints may also be altered to achieve non 
uniform system performance. The elfect of different C/I 
CDFs on the back-off factors and the adjustment of the 
back-off factors to improve system performance are 
described in US. patent application Ser. No. 09/539,157, 
entitled “METHOD AND APPARATUS FOR CONTROL 
LING TRANSMISSIONS OF A COMMUNICATIONS 
SYSTEM,” ?led Mar. 30, 2000, assigned to the assignee of 
the present application and incorporated herein by reference. 

[0090] A number of different schemes may be used to 
determine the back-off factors for the cells. In one scheme, 
a procedure to determine the back-off factors is iterated a 
number of times, and the back-off factors are adjusted in 
each iteration such that the maximum achievable setpoint for 
all channels is met. In an embodiment, the Worst-case 
other-cell interference is assumed in determining the initial 
back-off factors. In another embodiment, other values may 
be used instead of the Worst-case interference levels. For 
example, the average, median, or 95-percentile of the other 
cell interference distribution may be used to determine the 
initial back-off factors. In yet another embodiment, the 
interference levels are adaptively estimated, and the back-off 
factors periodically adjusted to re?ect the estimated inter 
ference levels. The back-off factors employed by each cell 
may or may not be communicated to neighboring cells. 

[0091] In some embodiments, a subset of the allocated 
channels in a cell may be provided With some form of 
“protection”. The protection may be achieved, for example, 
by reserving one or more channels on a periodic basis for 
exclusive use by terminals in the cell. The exclusivity may 
also be de?ned to be exercisable only When required, and 
only to the extent required to satisfy disadvantaged termi 
nals. The protected channels may be identi?ed to neighbor 
cells by various means. For example, a cell may communi 
cate to its neighboring cells a list of channels that are 
protected. The neighbor cells may then reduce or prevent 
data transmission on the protected channels by terminals in 
their coverage areas. Channel protection may be used to 
serve disadvantaged terminals that cannot achieve the 
required C/I because of excessive interference from the 
terminals in neighbor cells. For these cases, the channel 
protection may be removed once the disadvantaged termi 
nals are served. 

[0092] In some embodiments, a cell may impose “block 
ing” (i.e., no transmission by terminals Within its coverage 
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areas) on certain channels if the channel conditions deterio 
rate to an unacceptable level (e.g., if the FER is above a 
certain percentage, or the outage probability exceeds a 
particular threshold value). Each cell can measure the per 
formance of the channels and self-impose blocking on poor 
performing channels until there is reasonable certainty that 
the channel conditions have improved and that reliable 
communication may be achieved. 

[0093] The channel protection and blocking may be per 
formed dynamically and/or adaptively based on, for 
example, the conditions of the cell. 

Adjustment to the Default Back-Off Factors 

[0094] In embodiments that employ poWer back-off, the 
back-off factors are computed and provided to the cells in 
the system. Thereafter, each cell applies the back-off factors 
When scheduling terminals for data transmission on the 
uplink and assigning channels to the terminals. 

[0095] In an aspect, the initial back-off factors may be 
adjusted dynamically and/or adaptively based on, for 
example, changes in system loading, terminal characteris 
tics, user demands, performance requirements, and so on. 
The back-off factors may be adjusted using numerous 
schemes, some of Which are described beloW. 

[0096] In one back-off adjustment scheme, the back-off 
factor(s) of offending cell(s) are reduced during the period of 
time a disadvantaged terminal is actively communicating. 
As noted above, the disadvantaged terminal in many 
instances is not able to achieve the desired setpoint because 
of excessive interference from a limited number of terminals 
in other cells. 

[0097] If the disadvantaged terminal is unable to achieve 
the desired setpoint even When assigned to the best available 
channel (a condition referred to as “soft-blocking”), termi 
nals in other cells that cause the interference may have their 
transmit poWer temporarily reduced such that the disadvan 
taged terminal Will be able to attain the desired setpoint. As 
an example, if the primary interference source for a disad 
vantaged terminal in cell 1 is a terminal in cell 2, then the 
transmit poWer of the terminal in cell 2 may be backed-off 
by an amount necessary to alloW the disadvantaged terminal 
to operate at the desired setpoint (e.g., an additional 3 dB, 
from [3(n)=x doWn to [3(n)=0.5x). 

[0098] In the above example, if the back-off factor is 
applied to the terminal in cell 2, then this terminal may no 
longer be able to meet its setpoint either, potentially causing 
further reductions in the back-off factors of other cells. 
Therefore, adjustments may also be made to the setpoints 
employed in the speci?ed channels of the offending cells in 
addition to the back-off factors. In addition, these adjust 
ments may be made locally as Well, so that the setpoints of 
both cells 1 and 2 are reduced, e.g., to values that effectively 
maximize their collective throughput While still meeting the 
outage criteria of the terminals in both cells. 

[0099] In another back-off adjustment scheme, the offend 
ing cell(s) may be temporarily prevented from using a 
particular channel so that the disadvantaged terminal may be 
served. The back-off factor(s) [3(n) for the effected chan 
nel(s) may be set to 0.0 for the offending cell(s). 

[0100] The primary interference for a particular terminal 
may be co-channel interference from another terminal in a 
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cell in another reuse cluster. To reduce co-channel interfer 
ence, the back-off factors for the offending cell may be 
modi?ed, e.g., shifted so that the back-off factor is not high 
for the channel experiencing high level of interference. 

[0101] In another back-off adjustment scheme, one or 
more channels may be reserved for exclusive use by each 
cell in the reuse pattern. Other cells in the reuse pattern are 
then prevented (i.e., blocked) from transmitting on these 
channels. The number of reserved channels may be based on 
the load or system requirements, and may be adjusted 
dynamically and/or adaptively as the operating condition 
changes. Also, the cells may be allocated different number of 
reserved channels, again depending on the system design 
and conditions. 

[0102] The amount of poWer back-off to request from 
other cells may be obtained in various manners. In some 
implementations, each cell knoWs the back-off factors nec 
essary to alloW disadvantaged terminals to operate at the 
desired setpoint. The back-off factors may be pre-computed 
and saved or may be determined from prior transmissions. 
When a disadvantaged terminal becomes active, the cell 
knoWs the back-off factor(s) needed for the terminal and 
communicate this to the offending cell(s). 

[0103] For the embodiments in Which it is desired to adjust 
(e. g., reduce or block) the transmit poWer of the terminals in 
the offending cells, the cell requesting the back-off adjust 
ment can convey to the offending cells the desired adjust 
ment to the back-off factors to satisfy the requirements of the 
disadvantaged terminals. The adjustments may also be sent 
to other cells in the system, Which may then use the 
information to improve the performance of these cells. The 
offending cells Would then apply the requested back-off 
factors, based on a de?ned back-off adjustment scheme. 
Such adjustment scheme may de?ne, for example, the time 
and duration for Which to apply the adjustment. If an 
offending cell receives back-off requests from a number of 
other cells, the offending cell typically applies the maximum 
of the back-off factors that it receives from the requesting 
cells. 

[0104] The request (or directive) to temporarily reduce or 
block the transmission in other cells may be communicated 
to the offending cells such that the disadvantage terminals 
can be served. The request may be communicated dynami 
cally to the offending cells as needed, or in an orderly 
manner (e.g., every feW frames), or by some other methods. 
For example, each cell may send its neighbor cells a list of 
such requests at the start of each transmission frame With the 
expectation that the requests Would be applied at the next 
transmission frame. Other methods for communicating 
requests to other cells may be contemplated and are Within 
the scope of the present invention. 

[0105] The back-off adjustment may be achieved using 
numerous methods. In one method, the back-off factors are 
sent to the neighbor cells on a dynamic basis and are applied 
shortly thereafter (e. g., the next frame). In another method, 
the back-off factors are applied at predetermined time, Which 
is knoWn by the affected cells. 

[0106] Restoration of a back-off factor to its original value 
may also be achieved using numerous methods. In one 
method, the original back-off factor can be restored by 
issuing a “restore” command to the offending cell(s). In 
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another method, the back-off factor is gradually restores to 
its original value by increasing it incrementally. 

[0107] In yet another method for back-off adjustment, 
each cell maintains a knoWn step siZe for adjusting the 
back-off factor in each channel. Each cell maintains the 
current value of the back-off factor employed for each 
channel and a step siZe for increasing and decreasing the 
back-off factor. Thereafter, the cell adjusts the back-off 
factor in accordance With the associated step siZe each time 
it receives a request to reduce transmit poWer. 

[0108] In an embodiment, each channel of a particular cell 
may be associated With maximum and minimum limits on 
the back-off factor. As an example, assume that a scheduler 
operating in each cell schedules on common frame bound 
aries, i=1, 2, 3 . . . Further, let [3mmax(n) and [3mmin(n) be the 
maximum and minimum values for the back-off factor for 
channel n in cell m, and let 81%) and 6d°Wn(n) represent the 
step siZes for increasing and decreasing the back-off factor 
for channel n. The back-off adjustment at frame i in cell In 
for channel n can then be expressed as: 

[0109] (a) if any neighbor cells send decrease poWer 
commands at frame i: 

6m(n,i)=min[[5mmi“(n),[5m(n,i—l)-6“P(n)]. 
[0111] The maximum and minimum back-off limits may 
also be adjusted as desired or necessary. For example, the 
maximum and minimum limits can be adjusted based on 
system loading or requirements. 

[0112] Dynamic adjustment of the back-off factors may be 
equated to dynamic adjustment of the system setpoint or the 
maximum permitted data rate for the channels, based on 
loading, performance, or some other measures. As the sys 
tem loading increases, the setpoint may be adjusted (i.e., 
decreased) to a level that permits reliable operation in the 
channels. Generally, the setpoint for each channel may also 
be made adaptive. This alloWs the data rates associated With 
the channels to be set differently as desired or necessary. 
Adaptation of the setpoint in each channel may be per 
formed locally by each cell. 

[0113] Dynamic adjustment of the back-off factors may be 
extended such that the back-off factors for all channels in 
every cell can be dynamically adjusted. This feature alloWs 
the system to effectively adjust the poWer level in each of the 
channels so that the active terminals in the speci?ed chan 
nels are able to meet the desired setpoint. The poWers in the 
channels of adjacent cells can thus become a function of, for 
example, a group of active terminals in the local cell, their 
requirements, and so on. If the mix of terminals in a cell is 
such that all can achieve their setpoints in their assigned 
channels, then the default back-off factors are employed. 
Otherwise, additional reductions in the back-off factors (i.e., 
reduced transmit poWer) are applied temporarily in the 
offending neighbor cells in the speci?ed channels and for the 
speci?ed duration. 

[0114] When the back-off factors are alloWed to be 
changed dynamically, a scheduler in a particular cell may 
not be certain of the poWer being transmitted by the neighbor 
cells. This can result in an ambiguity in the actual operating 
points for the terminals in the local cell. Nevertheless, 






















