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conmmuni cations systens include a time division 20 nultiple access ( TDVR)
system and a frequency division nultiple access (FDVA) system A { obal
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wi dely enpgl oyed in Europe. The spread spectrum nodul ation techni que of CDVA
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CDIVA standards. Exanples of such CDVA standards include the
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One such wireless communications system is a code division multiple access

(CDMA) system that facilitates communication among a large number of
system users. Other wireless communications systems include a time division

20 multiple access (TDMA) system and a frequency division multiple access
(FDMA) system. A Global System for Mobile (GSM) communications system is

- a TDMA-based system widely employed in Europe. |

The spread spectrum modulation technique of CDMA has significant
advantages over other modulation techniques for multiple access

25 communications systems. The use of CDMA techniques in a multiple access
communications system is disclosed in U.S. Pat. No. 4,901,307, entitled
"SPREAD SPECTRUM MULTIPLE ACCESS COMMUNICATION SYSTEM
USING SATELLITE OR TERRESTRIAL REPEATERS," issued Feb. 13, 1990, and

U.S. Pat. No. 5,103,459, entitled "SYSTEM AND METHOD FOR GENERATING

30 SIGNAL WAVEFORMS IN A CDMA CELLULAR TELEPHONE SYSTEM,"
issued Apr. 7, 1992, both assigned to the assignee of the present invention and

incorporated herein by reference.
CDMA systems are typically designed to conform to one or more CDMA
standards. Examples of such CDMA standards include the “TIA /EIA /1S5-95-A
35 Mobile Station-Base Station Compatibility Standard for Dual-Mode Wideband
Spread Spectrum Cellular System” and the “TIA/EIA /15-95-B Mobile Station-
Base Station Compatibility Standard for Dual-Mode Wideband Spread
Spectrum Cellular System” (collectively, the I5-95 standard), the TIA /EIA/IS-
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experienced in each cell are reduced relative to that if each cell is assigned the
25 same frequency band. However, reuse patterns of more than one cell (such as
the 7-cell reuse pattern for a conventional TDMA system) represent inefficient
use of the available resources since each cell is allocated and able to use only a
portion of the total operating bandwidth.
A CDMA system is capable of operating with a 1-cell reuse pattem (i-e.,
30  adjacent cells can use the same operating bandwidth). However, the CDMA
system is 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
transmitted signal can be received at a low or negative carrier-to-noise-plus-
35 interference (C/I) level, despread into a coherent signal, and processed. The
CDMA system is not designed for data transmission at high data rates.
Given the ever-growing demand for wireless communication, method
and apparatus that can support data transmission at high data rates and allow
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whi ch cap, channels associated with the back-off factors. The back-off factors are defined
to provide the required power to a large percentage of the users while reducing
the amount of interference.

In accordance with other aspects of the invention, the cells operate using
an adaptive reuse scheme that allows the cells to efficiently allocate and

25 reallocate the system resources to reflect changes in the communications
system. A reuse scheme is initially defined and resources are allocated to the
cells. During operation, changes in the operating conditions of the system are
detected and the reuse scheme is redefined as necessary based on the detected
changes. For example, the loading conditions of the cells can be detected, and

30 the resources can be reallocated and/or the reuse scheme can be redefined
based on the detected loading conditions.

In accordance with certain other aspects of the invention, techniques are
provided to efficiently schedule data transmissions and to assign channels to
users. Data transmissions can be scheduled based on user priorities, some

35 fairness criteria, system requirements, and other factors. The data
transmussions to the users are assigned to available channels based on a number
of channel assignment schemes. Channel metrics are also provided, which can
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for channel assignnents, These various aspects of the invention aelul 200k
descri bed i {d Wishgr detail below. A specific enbodinent(ﬁrﬁﬁe |nvent|on
provi des a net. o for controlling transm ssions in a comu

system In accordance with the 5 met hod, the avail able systenfresources
are first partitioned into a nunber of channels. One or nore
characteristics of the conmunications systémare determ ned and a set of
back-off factors is defined for the channels based on the determ ned
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zero. For a whhnhelsedd a eymbination theteaff back- of f factors can be defined for
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those of nei dnisslerercec&i/l} characterization of the receiver units in the communications
) system, the loading probabilities, the required outage probabilities, the set
points (i.e., required C/I), or other characteristics or parameters of the system.
The back-off factor for each channel can be adjusted based on the
25 estimated required transmit power level for the channel. The required transmit
power can be estimated based on estimated or measured C/I, frame erasure
rate (FER), outage probabilities, and others. The back-off factors can also be
adjusted based on changes in the communication system (e.g., changes in user
characterization, loading, C/I requirements, and so on). One or more back-off
30 factors can be reduced (or possibly set to zero) for selected time durations to
reduce interference on the associated channels. The back-off factor for a highly
degraded channel having excessively poor frame erasure rate (FER) and/or
outage probability may also be set to zero.
For a multi-cell system, a set of back-off factors can be defined for each
35 cell based on the determined characteristics of the cell. The back-off factors for
a particular cell are approximately staggered from those of neighboring cells in
the reuse pattern to reduce interference. A cell may request other cell(s) to
temporarily reduce or shut down their transmit powers so that a particular



the reuse pattern to reduce interference. A cell may request Othe?SQﬁhH@ﬁ)
to tenporarily reduce or shut down their transmt powers so that a
particular 23 JUL 20D4 WD 01/ 76098 PCT/ US01/ 09325 5 di sadvantage user can
be served. WP OH7¢¥8| receives nultiple requests for power PEBXRSHI/M?S t he
cell can appl'y the | argest requested power reduction. The power reduction
can be applied in various manners (e.g., in defined steps, by specified
anounts, and so on, at designated tine ingprvals). The back-off factors 5
assigned to the cells may al so be nodified or adjusted to reduce the anount
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typically dependent on a number of factors such as, for example, the number of
available channels, the number of cells in the reuse pattern, the user
characterization, the loading conditions in the cells, and others. In some

25 implementations, a cell may transmit on a non-allocated channel when
additional capacity is needed. The non-allocated channel can be selected based
on, for example, its estimated performance, probability of occupancy by other
cells, outage probability, and so on. One or more channels can be reserved for
transmissions by a particular cell for a particular time duration.

30 Yet another specific embodiment of the invention covers a method for
providing data transmissions to a number of receiver units in a
communications system. In accordance with the method, a first set of
parameters to be used for scheduling data transmissions is updated, and the
data transmissions to the users are prioritized and assigned to available

35 channels based on their priorities. A second set of parameters to be used for
transmitting is updated, and the data transmissions are transmitted on the
assigned channels to the receiver units using the updated second set of
parameters. The performance (e.g., FER) of the data transmissions can be
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transm tt edw@oilsbe@s assi gned channels to the receiver units {}?, E
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transm ssions can be 23 JUL2 L WD 01/ 76098 PCT/ USCOL1/ 09325 6 measured and
the transmt power levels and/or data rates for the data transm ssions can
be adj usted accordingly based on the nmeasuPed performance. The first set of
paraneters may include, for exanple, channel occutﬁ)ancy probabilities,
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25 a reduction I om pea tTansmt power 1 e e cha
t ransni ssi onsTaRsEnigsieng nky sewet piles Haplementation, tavecessiyely senalleardead tdqztéwer
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adj usted in nce Wt re wredtransmt ower el s
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adj ust ed 20D hdutk rate$ férostinae of théaddte trarsniissibas.t 0 define and adjust the
doscr i bed above caretOUe sndlfse hribddiBAY ol the Thveffith 2eeds HARGE' for
providing data transrmssmns on a number of channels to a number of receiver
units in a communications system. In accordance with the method, a set of
back-off factors are defined for the channels, where the back-off factors identify
25 a reduction from peak transmit power level for the channels. Data
transmissions are assigned to the channels, and the required transmit power
levels are determined for the data transmissions. The back-off factors are
adjusted in accordance with the required transmit power levels, and the data
transmissions are transmitted on the channels in accordance with the adjusted
30 back-off factors. Various aspects to define and adjust the back-off factors,
schedule the data transmissions, and assign channels described above can be
applied.
Yet another specific embodiment of the invention provides a transmitter
unit that includes a system data processor, one or more modulators, and one or
35 more antennas. The system data processor receives and partitions an input
data stream into a number of channel data streams and to process the channel
data streams. The modulator(s) receive and modulate the processed channel
data streams to generate one or more modulated signals that comprise a



Yet anot her specific enbodi nent of the invention provides a transqgtg 004
unit that includes a system data processor, one or nore nodul ators, dY one
or 35 nore antennas. The system data processor receives and partltlons an
i nput dat aVe@ PEIMI] nto a nunber of channel data streans andP€COH/UBHRIDAES t he
channel data streans. The nodul ator(s) receive and nodul ate the processed
channel data streans to generate one or nore nodul ated signals that
conprise a 2 3 JUL 20 4 WD 01/ 76098 PCTJUSA ro09325 7 nunber of data
transm ssions to be transmtted on a nunber of channels to a nunber of
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Vor sover 13,6, SEERRECTo, Bahidnl(d FoaPied EFaE AL SR ons
system are ahumbgeof rdat&(ltab‘enusmo%t@hemmdm @uErbarH @RM\ENGﬁndhe
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cor r espondi n@kpodiAe dfeUincdiflateliesignBl(s) to generate one or more demodulated

20 symbol streams, and the data processor receives and processes the
demodulated symbol stream(s) to generate output data.

Various other embodiments of the transmitter and receiver units are also

provided, as described below. Moreover, various aspects, features, and

embodiments of the communications system are also described below.
25

BRIEF DESCRIPTION OF THE DRAWINGS

The features, nature, and advantages of the present invention will

become more apparent from the detailed description set forth below when
30 taken in conjunction with the drawings in which like reference characters
identify correspondingly throughout and wherein:

FIG. 1 is a diagram of a communications system that supports a number
of users and is capable of implementing at least some aspects and embodiments
of the invention;

35 FIG. 2 is a cumulative distribution function (CDF} of the C/I achieved
for a number of fixed reuse patterns for a particular communications system;

FIG. 3 is a flow diagram that generally describes the operation of a
communications system in accordance with some embodiments the invention;



FIG 1 is a diagramof a conmunications systemthat supports a nunféer Julofiii
users and is capable of inplenenting at | east sone aspects and enbodi nents

of the invemoomeop FIG 2 is a cunulative distribution fungéipgldedds of
the C I achieved for a nunber of fixed reuse patterns for a particular
communi cations system FIG 3 is a flow diagramthat generally describes
the operation of a comrunications systemin accordance wth sone

embodi nents the invention; 23 JUL 2004 WO 81176098 PCT/ USOL/ 09325 8 FIG 4
is a flow diagram of a specific inplenmentation of an adaptive reuse schene
of the invention; (& 45siaflgwidiagram of 2aspifie implgmentationpafbhir adaptive

enpl oyi ng sonkuse3Eha®Rtige Rivehfignadapti ve reuse scheme of the invention;
5 FIG 6 is a di aglt:gn f_an enbodi nent of resource partitioning and
2C

g
al l ocation for th 1§ ay Bhehd ioreel) system cppable ofs empbpyings same
achieved U1 émbodiménialfithe adsptiP@tdiderscMérnb ofithe Gflehfion! ransni tting at

full . FIG .di f 21-cel |, t t hat I 3-cell
adapt [ve riuse  10FErEHR S HHETS PEa} SBOMaer Shd GESHTCE R HRRBME B7d
scheme to schalibdadioddonthd B-zal systeirosiiwirikFIQ.G;i s a flow di agram of an
enbodi nent of a d / nel,. assi nt ,scheme; 15 FIG . 11.is.a
f1 ow di agr am of aﬁ%@%ﬁéﬁfo %ﬁﬂﬁaﬁlﬁﬁﬂﬁéw/ﬁg& afee §8H%%?ﬁ?fr'c§‘"ﬂ%?“§#85

pl ot s of the weesmitingad$all powferi ci ent as a function of set.point for two

different scatteri _%iar&ﬂ I%f a?c}g?eourl%t‘izéﬁ%u{ﬂﬁF%%_ﬁ%u%@gﬁﬁhﬁwseof

a user given as a function o
mul ti pl e- &t pihem& M) node with four transmit antennas and four receive

antennas; FIG 13BFG PisH AW dibgiarf 9 ianl smbo@intét! of a2 tdhéMile¥Mata

simulation of__five different retse schenmes; FIG 13C are plots of the
probabi | ity tWARSTUSEIONS6r age user throughput 25 falls bel ow the val ue
gi ven on the x-axiHEQG.d0 isacfiowfdiagnh of anreetlseliftmng OF 9 dénhind-bdsdbcliannel

aspects and. BUBTHENETBER o | nvent on: and F1G 15 15 a bl ock o agram of
an enbodi Hent of aFlatHl s acéloyordiagmna ofnam iembodinmntt dfe at ctemswd sgigpade
syst em shown écﬁeﬂe,e 14.
FIG. 12 are plots of the average reuse coefficient as a function of set point
for two different scattering environments;
FIG. 13A is a plot of the throughput of a user given as a function of C/1
20 for a 4x4 multiple-input multiple-output (MIMO) mode with four transmit
antennas and four receive antennas;
- FIG. 13B is a graph that depicts the cell layout used for a simulation of
five different reuse schemes;
FIG. 13C are plots of the probability that the average user throughput
25 falls below the value given on the x-axis for each of the five reuse schemes;
FIG. 14 is a diagram of a MIMO communications system capable of
implementing some aspects and embodiments of the invention; and
FIG. 15 is a block diagram of an embodiment of a data processor and a
modulator of the transmission system shown in FIG. 14.
30 :
DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENTS

FIG. 1 is a diagram of a communications system 100 that supports a

number of users and is capable of implementing at least some aspects and

35 embodiments of the invention. System 100 provides communication for a
number of cells 102a through 102g, each of which is serviced by a
corresponding base station 104. The cells are organized in a manner to achieve
coverage over a desired area. The coverage area may be defined, for example,
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a communi cati ons system 100 that supports a nunber of users and {9 i ﬂ;ﬂﬂile
of inplenenting at | east sone aspects and 35 enbodi nents of the invention.
Syst em 100 woovirel®8 cormmuni cation for a nunber of cells 102aThdzofugks 1029,
each of which is serviced by a correspondi ng base station 104. The cells
are organi zed in a manner to achieve coverage over a desired area. The
coverage area nay be defined, for exanple,,2 3 JUL 2004 WO 01/76098 PCT/ |
] SQJ/ 09325 9 as the area over which users “at terrri naI s 106 can achieve a
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The uplink teemmaiut@ethebnsestahon shown in FI G 1 for sinplicity. System
100 may be desi gnedFrasche t%&w%emm&%ﬁ%&%gg
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"METHOD AND ABPhEAE JETQPRn enstation e e
whi ch are astargiinaal. tA broken hﬁsmgﬂeﬂte(ﬁrrbhdnﬂi@mt fheeRndialad feceiving a
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20 communication is not shown in FIG. 1 for simplicity.

- System 100 may be designed based on the communications system

disclosed in U.S. Patent Application Serial No. 09/532,492 (Attorney Docket

No. PDO000151), entitled "HIGH EFFICIENCY, HIGH PERFORMANCE

COMMUNICATIONS SYSTEM EMPLOYING MULTI-CARRIER

25 MODULATION;," filed March 22, 2000, or the system disclosed in U.S. Patent

Application Serial No. 08/963,386, entitled "METHOD AND APPARATUS FOR

HIGH RATE PACKET DATA TRANSMISSION," both of which are assigned to

the assignee of the present invention and incorporated herein by reference.

System 100 may also be designed as a CDMA system that supports one or more

30 CDMA standards, such as the I15-95 standard, the W-CDMA standard, other

standards, or a combination thereof.

In system 100, a large number of terminals share a common resource,
namely the total operating bandwidth, W. To achieve a desired level of
performance at a particular terminal, the interference from other transmissions

35 need 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

,-1




System 100 may al so be designed as a CDVA system that supports 23
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FIG. 2 is a cumulative distribution function {CDF) of the C/I achieved
- for a number of reuse patterns for a particular communications system. The
horizontal axis, x, represents the C/I, and the vertical axis represents the
-25  probability that a particular terminal achieved a C/1 less than that shown in the
horizontal axis (ie., P(C/I < x)). As shown in FIG. 2, virtually no terminals
achieve a C/I worse than 0. FIG. 2 also shows that the probability of greater
C/1increases with greater reuse (i.e., the P(C/I >x) for the 7-cell reuse pattern is
greater than the P(C/I >x) for the 1-cell reuse pattern).

30 The C/I CDF in FIG. 2 can be used to characterize the performance of the
commurucations system. As an example, assume that a C/I 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 of one (i.e., every cell reuses the same channel), the
probability of not achieving the required performance (i.e., the outage

35 probability) is approximately 12%. Similarly, cell reuses 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/1 99.99% of the time for 99% of the users, a
reuse of at least 7 is required in this example.



achieve a 1 worse than 0. FIG 2 al so shows that the probability of
greater C/| increases with greater reuse (i.e., the P(C/1 >Xx) foZ‘StJhéZﬂ[]L
7-cell reuse pattern is greater than the P(C I >x) for the 1-cell reuse
pattern). MPH®'® | COF in FIG 2 can be used to charact er PEBUSHY3I2S
performance of the communications system As an exanple, assune that a C|
of at least 10 dBis required to neet a mninmuminstantaneous bit rate of
1 Mops for 99.99% of the tine. Using a riguse of one (i.e., every cell
reuses the same channel), the probability of not achieving the required
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modul at i on Sachi¢rnepartihilahbit srpo aate (fetgpb BER el %ol idprovidedirt soliran3 wift t ed
per second pefylohiertz (bps/Hz), is provided in colum 2 of Table 1. The
required C| to achieve a particular bit error rate (e.g., a BER of 1% is

provided in colum 3 of Table 1. Table 1 10 Mdul ation I\/bdul ation Required
C/| ScheneEfficiency (in dB) (b s/ Hz)fc;Fabi@/JBER BPSK14. 3 QPSK27. 3

8- PSK312. 6 16- QAMATZ 3 32 QA 205 ugrnmythe—cunmutatyi ve
di stribution functijon Modu‘l]fmﬁ?h' 3y apMdduiation, FI Lﬁeﬂua'ﬁd GHe 4chievable
nmodul ation efficiency ascﬁt uncti ¢n ofEfficlencp Tall e 1, A aw)
eme (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

10
- Using the cumulative distribution function of the achievable C/I in FIG.
2 and the achievable modulation efficiency as a function of C/1 in Table 1, the
average channel efficiency, E,, of each reuse scheme can be determined as a
weighted sum of the modulation efficiencies, with the weighting being
15 determined by the probability of achieving the required C/I. For example, if
BPSK through 64-QAM are employed by the system whenever possible, the
average channel efficiency can be computed as follows:

E, =1-P(43<C/I1<1.3)
+2-P(7.3<CI1<12.6)
+3-P12.6 < C/I <14.3)
+4-P(143<C/1<16.8)
+5-P(168< C/1<203)
+6-P(205<C/1)

The average channel efficiencies for various reuse patterns (e.g., 1-cell, 3-
20  cell, 5-cell, and 7-cell) are given in column 2 of Table 2. The average spectral
(i.e., overall) efficiencies are also provided in column 3 of Table 2, and are
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Average Spectral Cell ReuseChannel Effi?%g Efficiency 'b s/channel) (b
s/Hz/cell) 14.44 .4 35 181. 73 45, 41,35 75. 82 Adaptive Reuse Schenes 10

The invention prgvi des adaptive rguse Acémge#ethat al AverdgecSpricaral aljl e
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manner when and|where possible tqd ac@&y&m;er efftﬂﬂs?@&y/cgﬁ‘)d tq neet
4.4

syst em 1 i
3 5.18 1.73
4 54 135
7 5.75 0.82

Adaptive Reuse Schemes
10 The invention provides adaptive reuse schemes that allow the available

system resources (i.e., the spectrum) to be shared in a more efficient manner
when and where possibie to achieve greater efficiency and to meet system
requirements. In accordance with the adaptive reuse schemes of the invention,
a reuse plan is defined and each cell is initially allocated a fraction of the total
- 15 available system resources. The allocation can be such that each cell can
simultaneously utilize a large portion of the total available resources, if desired
or necessary. The initial allocation may resemble a fixed reuse scheme and may
include, for example, a subset of the available channels, a set of channels along
with their peak allowed transmit power levels, or some other allocations, as
20 described below.

At low system loads, each cell transmits to users using the allocated
resources. As the loads increase or the system characteristics change, the
system resources may be reallocated to better match the system conditions. In
some adaptive reuse schemes, resource constrained cells may be able to

25 transmit to some of the users in their cells using resources that have been
allocated to other cells. All or a portion of the allocated resources for a
particular cell may also be temporarily reallocated, suspended, or curtailed as
necessary (e.g., to provide the required C/I for disadvantaged users).

The invention thus provides techniques to dynamically and/or

30 adaptively allocate resources to cells and for cells to dynamically and/or
adaptively assign resources to users to meet system requirements and achieve




requirenents. In accordance with the adaptive reuse schenes of the 23 JUL 700
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fraction of the total 15 available systemresources. The allocation can be
such that SXOWIZ@P¥ can sinultaneously utilize a |arge por PCHUSOf0%3RE
total available resources, if desired or necessary. The initial allocation
may resenble a fixed reuse schenme and may include, for exanple, a subset

of the avail able channels, a set of channghs along wth their peak allowed
transmt power |evels, or sone other allocations, as 20 described bel ow.
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desired | evebe (eirnployed to achieve high efficiency. For the fraction of users that have C/I

below the set point, some other reuse schemes and/or some other techniques
can be employed to provide the required performance. In accordance with an
aspect of the invention, the reuse schemes can be dynamically and/or

25 adaptively adjusted based on a number of factors such as, for example, the
observed loading conditions, system requirements, and others.

FIG. 3 is a flow diagram that generally describes various aspects of the
communications system of the invention. Initially, at step 310, a reuse scheme
is defined in a manner to be described in further detail below. The reuse

30 scheme covers various aspects such as a particular reuse pattern, a particular
reuse cell layout, the resource allocation to the cells, the operating parameters,
and so on. The reuse scheme provides a framework for operation by the
system. The system then operates in normal manner and transmits to users in
accordance with the defined reuse scheme, at step 320. During the course of

35 normal operation, the system performance is evaluated, at step 330. Various
parameters and performance metrics may be evaluated, as described below.

A determination is then made whether the system performance is
acceptable, at step 340. If the system performance is not acceptable, the process
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I nformati on stored n a. s stemd or exa
y each cell, and others. interference constraint matnx descn S

the mterference power levels, above a particular threshold level, observed by
the user from other cells. The probability of the cells transmitting on the
25 available channels may also be collected and analyzed, as described below. The
information used for the characterization can be updated periodically to
account for new cells and users, and to reflect any changes in the system.

A reuse plan is then defined using the developed system
characterization and other system constraints and considerations, at step 412.

30 The reuse plan typicaily includes defining the size N, of a reuse cluster (i.e., the
reuse number) and an initial cell reuse layout with the defined reuse cluster.
For example, the reuse cluster may correspond to a 1-cell, 3-cell, 7-cell, or 19-
cell reuse pattern. The selection of reuse cluster and the design of the reuse
layout can be achieved based on the data developed in step 410.

35 Additional system parameters and/or operational conditions are then
defined, at step 414. 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
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det ai | bel owpethoemakicaof theaiseed. of operating rules to be f ol l owed by the
cell's during nor @}eeQREFLteB performance is evaluated, a determination is made on
the effectiveness (i.e., the performance) of the defined reuse plan, at step 418. If
the system performance does not conform to a set of system requirements, the
25 process returns to step 412 and the reuse plan is redefined. Steps 412 through
418 are performed iteratively until the system goals are achieved.

If the system performance does conform to the system requirements, a
determination is then made whether the system has changed, at step 420. If
there are no changes, the process terminates. Otherwise, system database 430 is

30 updated, at step 424, with the system characterization performed at step 410.
The system is then recharacterized, at step 410, to reflect the changes in the
system. The steps in FIG. 4 are described in further detail below.

The process shown in FIG. 4 can be performed periodically or whenever
system changes are detected. For example, the process can be performed as the

35 system grows or changes, e.g., as new cells and users are added and as existing
cells and users are removed or modified. This process allows the system to
adapt to changes, for example, in the user distribution, topology, and
topography.
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access (GMAunignHor FDMbaded @ekerhes, the GUE:S - operatmg bandw:dth can be d1V1ded
into a number of frequency bands (or sub-bands), and each cell is allocated a
number of frequency bands. The cells can (continuously) transmit to users
using the allocated frequency bands. For CDMA-based schemes, codes can be
allocated to users based on demand. For all multiplexing schemes, the

25 available resources are allocated in a manner to achieve high efficiency.

FIG. 5 is a diagram of a 3-cell system that employs some embodiments of
the adaptive reuse scheme of the invention. For simplicity, some aspects and
embodiments of the invention are described below in the context of the 3-cell
system. However, the specific details are intended to be illustrative, and not

30 limitations, of the invention. It will be recognized that alternative
implementations of the invention and modifications and variations of the
aspects and embodiments described herein can be made, and these
modifications, and variations are all within the scope of the invention.

FIG. 6 is a diagram of an embodiment of a resource partitioning and

35 allocation for the 3-cell system shown in FIG. 5. In this example, the system
resource is divided into 12 fractions. The division can be implemented in the
time or frequency domain, or a combination of these. Thus, the horizontal axis
can represent either time of frequency, depending on whether TDM or FDM is



O her nmultiplexing schenes, and conbi nations thereof, may al so be used and
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load in each cell is four users or less, there is no co-channel interference from
the adjacent cells, and each user should be able to achieve its set point. When
the load in any of the cells exceeds four users, then that cell may assign the
25 additional user to a channel that may not be "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 occupied 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.
30 In accordance with certain embodiments of the invention, a subset of the
available channels in a cell can be provided with some form of "protection”.
The protection can be achieved, for example, by reserving a set of channels on a
periodic basis for exclusive use by the cell. The exclusivity may also be defined
to be exercisable only when required, and only to the extent required to satisfy
35 disadvantaged active users. The protected channels may be identified to
neighbor cells by various means. For example, a cell may communicate to its
neighboring cells a list of channels that are protected. The neighbor cells then
temporarily reduce the transmit power on the protected channels by a

12
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only to the esememurHeafionscehn be achi¢wddy 35 di sadvant aged active users. The
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throughput and performance can be realized.
The power back-off can be applied in one or more selected channels, at
25 one or more selected time slots, or by one or more selected cells, or a
combination thereof. The power back-off can additionally or alternatively be
applied to selected users in the cell. The back-off can be achieved by operating
the cell at a particular back-off from a maximum transmit power level, by
limiting the transmit power to a particular power limit, or by completely
30 turning off the transmit power of the cell. In an embodiment, each cell applies
a back-off based on the operating conditions of the cell such that the desired
performance is provided while limiting the interference to users in other cells
A power back-off scheme can be designed based on a number of
parameters. For example, the power back-off scheme can be designed to take
35 into consideration the characteristics of the users, the loading conditions, the
required performance, and so on. The power back-off scheme can also be

adjusted to account for changes in any of the parameters.
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Concurrently, theFiGe¥ds aﬂmxaﬁipd@olﬁiaacaunﬁlaﬂ% dlﬁﬁrﬂfﬁtﬁiieﬁﬁ&hbﬁ\(ﬂBF)(daf) tHer om

the cell tr ansm ower _of

t he cell ?Oc\gggﬁg‘éggﬁ/g@?\?gf{#&%éﬁy%ﬁ ail eﬁs t}angrm gat power.
Using the C/I distribution shown in FIG. 7, the population of users can be
segmented into sets, with each set corresponding to users experiencing similar
other-cell interference (i.e., having C/I within a range of values). As an
example, the CDF shown in FIG. 7 can be partitioned into N, =N, -N, sets,

25 where N, is the number of cells in the reuse cluster and N, is the number of
orthogonal channels allocated per cell in the cluster. For the following

example, N, = 4 and N, = 3, giving N_ = 12. In the following example, the sets

are selected to be equal size (i.e., the same percentage of users is included in
each set), although non-equal size set partitions can also be defined.

30 Table 3 identifies the N, = 12 user sets and tabulates the minimum C/I
for the users in each of the 12 user sets. Since there are 12 user sets and each set
is equal size, each set includes approximately 8.3% of the users in the cell. The
first set includes users having C/I of 10 dB or less, the second set includes users
having C/I ranging from 10 dB to 13 dB, the third set includes users having C/I

35 ranging from 13 dB to 15 dB, the fourth set includes users having C/I ranging
from 15 dB to 17 dB, and so on, and the last set includes users having C/I
greater than 34.5 dB.
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erént C/I characteristics. These users may be able to achieve different levels
5 of performance or, for a particular level of performance, may require different
transmit power levels.
As an example, the cell may be required to support a particular set point
7 (i.e., a minimum required C/I) in order to operate at a desired data rate with
- an acceptable error rate. In typical systems, the set point y is a function of the

10 instantaneous data rate selected by the users, and may thus varies from user to
user. In a simple example, it is assumed that a set point ¥ of 15 dB is required
by all users in the cell. The minimum link margin s(n) for each set of users can
then be computed as:

s(r)=min{C/I(n}}-v ; n=12..,N. Eq (1)

15 The minimum link margin s(n) for each set of users is the difference
between the minimum C/I of the users in the set and the set point y. The
minimum link margin s(n) represents the deviation from the required transmit
power to the set point based on the assumption of full transmit power from all
cells. A positive link margin indicates that the C/I is greater than necessary to

20 achieve the desired level of performance defined by the set point y. Thus, the

transmit power to these users may be reduced (i.e., backed-off) by the amount
of the margin and still provide the desired level of performance.
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factor for e users can be exgﬂessed as: fl(n) n(1
$n)) ; n=1, 2 Tabl lists the papimum margin s(n) and the back—-off factor for

each set of users for a set point ¥ of 15 dB. As shown in Table 3, channels 1
through 4 have link margins of 0 dB or less and channels 5 through 12 have
progressively better link margins. Consequently, channels 1 through 4 are
15 operated at full power and channels 5 through 12 are operated at progressively
reduced power. The back-off factors may be imposed on transmissions to users

in the associated user sets. For example, since the users in set 5 have C/1 of 17
dB or better and a minimum link margin s{n) of 2 dB, the transmit power to
these user may be backed-off to 0.6310.

- 20 For users having C/I that are below the set point y, a number of options
can be applied. The data rate of the transmission to these users may be reduced
to that which can be supported by the C/I. Alternatively, the interferer(s) that
cause the low C/I may be requested to (temporarily) reduce their transmit
power or stop transmitting in the affected channel(s) until the low C/I users are

25 satisfactorily served.

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 N, = 3 (i.e., 3-cell) reuse pattern that operates with
12 channels and uses an N, = 4 channel offset, the back-off factors for cell 2 can

30 be offset by four modulo-N, and the back-off factors for cell 3 can be offset by
eight modulo-N,. 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 Table 3), cell 2 applies the back-off factors associated with
channel set 2 (which includes the channels and back-off factors shown in Table

35 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
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10
The back-off factors shown in Table 4 are derived based on the C/I CDF
in FIG. 7, which is generated with the assumption that other cells in the system
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
15 C/Ivalues observed by the users in the cell may be greater than the minimum
C/I values provided in column 2 of the Table 3 since the interference from
other cells is reduced by the applied back-off factors.
Table 5 shows the improvement in the C/I realized using the 3-cell reuse
pattern, a staggered channel offset, power back-off, and assuming equal
20 received power levels from cells 2 and 3 are observed. Column 1 gives the
channel indices 1 through 12. Column 2 provides the minimum C/I associated
with the 12 channels when the other cells operate at full power. Column 2 is
computed with a user in set 1 assigned to channel 1, a user in set 2 assigned to
channel 2, and so on, and a user in set 12 assigned to channel 12.



Tabl e 4 tabul ates the back-off factors for cells 1 through 3 u5|n i

back- 5 off factors shown in Table 3 and a four-channel offset. JUL 2004
exanpl e, f el 1, cell 1 applies the back-off factor d W th
channel 1 gfﬁ,@m cell 2 applies the back-off factor asso@f@g‘%@%ﬁ
channel 9 of set 1, and cell 3 applies the back-off associated with
channel 5 of set 1. Table 4 Channel, nfl1(n)f32 (n)fl3 (n)

11. 00000. 12590. 6310 21. 00000. 07940. 4467 3B 00000. 03550. 2818

41. 00000. 01120. 1995 50. 63101. 00000. 1259 60. 44671. 06000. 0794

70.28181. 00000. 03661 BN FETEs GEOMOnALID 18tk H2ESMs6gaD fohea?2 channels with

back-off 1 actorE o oA RLppue & P Ralicy 1 o e plveiobunind Wt

7, which is peinérat b3 di.tGolumanadsumpd Ggiventhe backeaft tastors foncellsel, &y endm

are transm t4i n b - o

applied al oéﬁ’ WE tg %mf’éigt aﬂawgfe Ctﬁﬁﬁl r%gégeo}slc engﬁgsl%g%l%‘kg Ilgl%rﬁd%?e 4,
the actuaP 1% @nn?vaCehyna s@ﬁ@% quérea@@qeasmt&wé $heuner
than the m NiAY R Illégﬁ he
i nterference, from oit,'ﬁ%?l ce tg;f:ﬁéh%% aﬁlré%elg%ﬁrpﬁ@ %&Ngﬁﬁé&%ﬁgﬁs
Tabl e 5 show@ctass sheyndndipbamnes 4 gbﬁ PlaLsesreRg agualpoverdeyels

pattern, a stellyGeareti3.chathiskexampiethe gifactive matgiwfsf palabdeapmsamd]gsequal 20
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The val ues f and sanba gxpressed as:
C/1,5(n) =y +min(0,s(m)+5() .

Table 5
Channel, | C/I_ (n)| s(n) Bi(n) B,(n) { Bi(m) | ¥n) | Clz(n)
n (dB) | (dB) @) | (B)
1 <10 <-5 | 1.0000 | 0.1259 | 0.6310 | 4.2202 | <14.2202
- 2 10 -5 1.0000 | 0.0794 | 0.4467 | 5.7995 | 15.7995
3 13 -2 1.0000 | 0.0355 | 0.2818 | 7.9953 | 20.9953
4 15 0 1.0000 | 0.0112 | 0.1995 | 9.7727 | 24.7727
5 17 2 0.6310 | 1.0000 | 0.1259 | 2.4953 | 17.4953
6 18.5 3.5 | 0.4467 | 1.0000 | 0.0794 | 2.6783 | 17.6783
7 20.5 55 | 0.2818 | 1.0000 | 0.0355 |2.8589 | 17.8589
8 22 7 0.1995 | 1.0000 { 0.0112 [2.9618 | 17.9618
9 24 9 0.1259 { 0.6310 | 1.0000 | 0.8859 | 15.8859
10 26 11 0.0794 | 0.4467 | 1.0000 | 1.4066 | 16.4066
11 29.5 145 | 0.0355 | 0.2818 | 1.0000 | 1.9320 | 16.9320
12 >345 | >19.5 | 0.0112 | 0.1995 | 1.0000 |2.2202 | >17.2202
15 As shown in Table 5, the effective C/1 for the users assigned to channels

1 through 12 increases as the result of operating the other cells at reduced

transmit power. Without the power back-off, the users assigned to channels 1

through 3 were not able to achieved the set point of 15 dB. With the power

back-off, all users except for the user assigned to channel 1 are able to achieve
20 the 15 dB set point.
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pattern and the power back-off factors shown in colums 4 through 6 for a

user seeing equal power levels from cellg 2 and 3. In this exanple the
effective margin s" can be expressed as: %n) =10-10gl0O[ (12 +13)1(12
-fl12(n)+13 .)f3(n) =10. 1logi O[ 2I (f iL (i+f|3(n)] | 2=] 3., 1Q The | ast
colum in Table 5 heysieme ExRigall/does onot it theeidealized gﬁé?@emomf’dd
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1129. 514. 50. 03550. 58181 00001
19. 50. 01120. 0vw202> 17.2202 15 As shown in Table 5, the effective
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result of operat| ng ot her ceII red ced tr. ower. Wt hout .t he
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selected as N emod(m, N, = 3) such that:

o cells with indices where mod(m,3) = 0 are assigned a channel offset of 0,
15 o cells with indices where mod(m,3) = 1 are assigned a channel offset of 4, and
» cells with indices where mod(m,3) = 2 are assigned a channel offset of 8.

where m is the cell number (m =0, 1, 2, ... 20 in the 21-cell system). With this

offset scheme, cells 0, 3, 6, ... and 18 in FIG. 8 are assigned a channel offset of 0,

cells 1,4, 7, ... and 19 are assigned a channel offset of 4, and cells 2, 5, 8, ... and
20 20 are assigned a channel offset of 8.

- In an idealized system, if the users are uniformly distributed over the
coverage area and propagation is identical in all cells of the system, the C/I
CDF for each of the cells in the system is identical (assuming infinite number of
cells such that the cells in the fringes have the same C/I CDF). In actuality,

25 these conditions are not met and the C/I CDF for each of the cells is likely to be
different. For example, the interference levels observed by cell 0 in the system
shown in FIG. 8 are likely to be different than those observed in cell 7. In
general, since the C/I CDFs are likely to be different for the cells, the back-off
factors B, (n) can be expected to be different for each cell.

30 The impact to the design of the reuse plan due to different back-off
factors 8, (n) for each cell can be illustrated using an example. In this example,
cell 1 is assumed to have the C/I CDF shown in FIG. 7, cell 2 is assumed to
have the same CDF but shifted to the right by 3 dB (i.e., the median of the
distribution moves from 20.5 dB to 23.5 dB), and cell 3 is assumed to have the

353 same CDF but shifted to the left by 3 dB (i.e., median of 17.5 dB). In actuality,
the CDFs are not likely to be shifted versions of each other and the simplified
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actualityg the CDFs are not likely to ?@b%%ifted ver si ons of each ot her
and.the sinplified 2 3 JU ?M, W 01/ PCT/US41 /09325 25

Channel,n | 5,(n) 5, (n) 55(n) By(n) B, (n) Ps(n)
1 <-5 <-2 <-8 1.000 0.063 1.000
2 -5 -2 -8 1.000 0.040 0.891
3 -2 1 -5 1.000 0.018 0.562
4 0 3 - -3 1.000 0.006 0.398
5 2 5 -1 0.631 1.000 0.251
6 3.5 6.5 0.5 0.447 1.000 0.158
7 5.5 8.5 2.5 0.282 0.794 0.071
8 7 10 4 0.200 0.501 0.022
9 9 12 6 0.126 0.316 1.000

10 11 14 8 0.079 0.224 1.000
11 14.5 17.5 11.5 0.035 0.141 1.000
12 19.5 22.5 16.5 0.011 |. 0.100 1.000

Table 7 lists the effective link margins §,(n), §,(n), and §,(n) for cells 1,
2, and 3, respectively, with the cells operating with the back-off factors S(n),
B.(n), and B,(n) listed in Table 6 and assuming equal received power from

25 each cell (i.e, I;=I,=1). While the back-off factors were originally computed to
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As shown in Table 7, by using a common set point for cells having
different C/I CDFs, the effective throughput in each cell in the cluster is
different because the effective link margins are different. For example, prior to

10

imposing the power back-off, users in cell 3 were more disadvantaged than
users in the other cells since their collective C/Is are lowest. Conversely, users

in cell 2 had the largest collective C/I’s prior to imposing the back-off structure.
However, once the back-off factors are applied, the situation is reversed and the
users in cell 3 have the highest effective link margins while the users in cell 2
have the lowest effective link margins. This is because the back-off factors in

15

cell 3 are greater (i.e., less power reduction) than that used in cells 1 and 2,

thereby increasing the effective margin in the channels in cell 3 relative to the

other cells.

The imbalance in the effective link margins among the cells in the cluster
can be corrected by employing a different set point in each cell in the cluster.

20

For example, by using a set point of 18 dB in cell 2 and a set point of 12 dB in

cell 3 the back-off factors in each of the cells can be made identical in this
specific example (i.e., since their C/I CDFs are shifted by 3 dB). This concept
can also be extended to the individual channels in the cells.

The imbalance in effective link margins shown in Table 7 can also be

25

reduced by iteratively computing the back-off factors. For example, another set

(n),

be different



26 provide O dB link margin when the cells are transmtting at ful] power,
the effective link margins shown in Table 7 vary fromO dB to ovef 51J21Ld’ﬂll.
when t he {’] 76?%,ansmt usi ng the back-off factors. Table Channel

(n)sz (n)1 ‘? 743.556. 55 23.325.198.19 35.387.5410. 54 Hﬁ“é@@”‘!?éi‘z 55
52.042.502. 74 62.372.682.84 73.642.862.93 85.822. 962. 99 91. 820. 000. 89
102.130. 241. 41 112.441.072.69 122.601.554.55 5 As shown in Table 7, by
using a common set point for cells havi ng27different C'1 CDFs, the
effective throughput in each cell in the duster is different because the
ef fective |iakbads-gffifactarecaii be eomputed dor theaffective yimnikanaigms listpddn ﬂgblme
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the other cells since th ers
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ef fective na\loﬁg‘?:i % rgdtf:ra%opeg%gﬁe%hqrb K h“of%? fi‘gtﬂ}eg]
The i nbal anceoxildltibheaeél’;ﬂmﬁecb I [ nk margi ns anong the cells in the cluster
can be corrected d r

cluster. 20 For Zﬁg%@a%%r@a&-gqnnbff%% ga%‘lan QQTOPI%@L%%& é%ﬁf&gﬁn@?a set
poi nt of 182 a@lﬁlﬁtﬁmcaﬂgmmmphwedmmﬂwgdeﬁaeb@abﬁvahe mcgl&m.«be

made identicale hBt LiRER tBRCIHiitEd VREBhS o@or% anéﬂh'éf%st ’%h the! 3

shifted by 3 d concept can al so tend ot el
channel s in f"’ﬁ@z‘E’@L mr‘ﬁ\srm%%d HPRIE M s iffezent Hewelsi ﬂf

Table 7 can miteffeiemce Bomeotasdcdly. | TRuS! mmé )toﬁq."mﬂﬁbﬂg Tha)e bearelquirell to
factors. For exanple. anofher set .
n ethe'e Ve margins to within a particular threshold level across the
15 cells of the system. Different set points for the cells and/or channels can be
used to achieve a level of normalized performance, if so desired. The set points
can also be altered to achieve non-uniform system performance.

Adjustment to the Default Back-Off Factors
20 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 to the channels used for transmission.
In accordance with an aspect of the invention, the initial assigned (i.e.,
default) back-off factors can be adjusted (i.e., modified) dynamically and/or
25 adaptively based on, for example, changes in system loading, user

characteristics, user demands, performance requirements, and so on. The back-
off factors may be adjusted using numerous schemes, some of which are
described below.
In an embodiment of a back-off adjustment scheme, the back-off factor(s)
30 of the offending cell(s) are reduced during the period of time a disadvantaged
user is actively communicating. As noted above, the disadvantaged user in
many instances is not able to achieve the desired set point because of excessive
interference from a limited number of cells.
If the disadvantaged user is unable to achieve the desired set point even
35 when assigned to the best available channel, a condition referred to as "sofl-
blocking”, other cells in the reuse pattern that cause the interference can have
their transmit power temporarily reduced such that the disadvantaged user
will be able to attain the desired set point. As an example, if the primary
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accordingly. The iterative process can cAinue until the effective link
margins for the ceIIs no |onger change appreciably fromiteration to
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such that thengy $R9¢BieRISLiHFR] with the same set of back-off factors as cell 0. To
- reduce co-channel interference, the back-off factors for cell 3 may be modified
from those of cell 0. For example, the back-off factors for cell 3 can be shifted by
one or more channels, or one or more back-off factors for cell 3 may be made
25 different than those for cell 0, or some other modifications can be made.

In a variation of a back-off adjustment scheme, one or more channels can
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 can be based on the load or system

30 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.

The amount of power back-off to request can be obtained in various

-

manners. In some implementations, each cell knows the back-off factors
35 necessary to allow disadvantaged users to operate at the desired set point. The
back-off factors may be pre-computed and saved or may be determined from
prior transmissions. When a disadvantaged user becomes active, the cell
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25 The back-off adjustment can 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.

30 Restoration of a back-off factor to its assigned (i.e., default) value can
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 another method, the back-off factor is gradually restores to its
original value by increasing it incrementally.

35 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
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al so be achi eved using nunerous nethods. In one nethod, the original back-
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adjusted based on system loading or requirements.

Dynamic adjustment of the back-off factors can be equated to dynamic

adjustment of the system set point or the maximum permitted data rate for the

20 channel(s), based on loading, performance, or some other measures. As the

system loading increases, the set point can be adjusted (i.e., decreased) to a

level that permits reliable operation in the channels. Generally, the set point for

each channel can also be made adaptive. This allows the data rates associated

with the channels to be set differently as desired or necessary. Adaptation of
25 the set point in each channel can be performed locally by each cell.

Dynamic adjustment of the back-off factors can be extended such that
the back-off factors for all channels in every cell can be dynamically adjusted.
This feature allows the system to essentiaily adjust the power level in each of
the channels so that the active users in the specified channels are able to meet

30 the desired set point. The powers in the channels of adjacent cells can thus
become a function, for example, of the group of active users in the local cell,
their requirements, and so on. If the mix of users in a cell is such that all can
achieve their set points in their assigned channels, then the default back-off
factors are employed. Otherwise, additional reductions in the back-off factors
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t he backipff(zgactors can be extended such that the back-off factors for
all channels in every cell can be dynamcally adjusted. This feature
all ows the systemto essentlally adj ust the power level in each of the
channel s so k g (lsansel | Assigeementeci fi ed channels are able to

meet 30 the d|r gh%)g?r Elﬁ%. n f. adh RRGRt jzel | s
can thus becone ﬂq‘?éﬁrgpﬁgﬁ%}%%ﬁe xa of ﬂ@ %% g%‘?ﬁdg ?Sve users I n
the | ocal ceallocatingeresourcgsitpcwaans sreqvaeﬁllrg) data hransunaeum d?uussrlsormal
cell is sgchsyshah Gjéraidf, requests for data transmissions are received from various
users throughout the system. The cells are then tasked to schedule the data

transmissions and to assign channels to the users such that high efficdency and

performance are achieved.
The scheduling of the data transmissions and the assignment of the

25 resources to the users can be achieved based on a number of factors. Such
factor may includes, for example: (1) the priority assigned to active users, (2)
criteria related to fairness, and (3) one or more channel metrics. Other factors
may also be taken into account, some of which are described below, and are
within the scope of the present invention.

30 In an embodiment, data transmissions and channel assignments are
performed such that higher priority users are generally served before lower
priority users. Prioritization typically results in a simpler scheduling and
channel assignment process and can also be used to ensure fairness among
users, as described below. The users in each cell can be prioritized based on a

35 number of criteria such as, for example, the average throughput, the delays
experienced by the users, and so on. Some of these criteria are discussed below.

The priority of the user can be made a function of the amount of delay
already experienced by the user. If resource allocation is achieved based on
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- The type of data to be transmitted may be considered in assigning
priority among users. Some data types are time sensitive and require quick
attention. Other data types can tolerate longer delay in transmission. Higher
25 priority can be assigned to data that is time critical. As an example, data being
retransmitted can be given higher priority than data transmitted for the first
time. The retransmitted data typically corresponds to data previously
transmitted and received in error. Since the signal processing at the receiver
may be dependent on the data received in error, the retransmitted data can be
30 given higher priority.

The type of data services being provided may be considered in assigning
user priority. Higher priority can be assign to premium services (e.g., those
charged higher prices). A pricing structure can be established for different data
transmission services. Through the pricing structure, the user can determine,

35 individually, the priority and the type of service the user can expect to enjoy.

The factors described above and other factors may be weighted and
combined to derive the priorities of the users. Different weighting schemes can
be used depending on the set of system goals being optimized. As an example,
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expressed as:

@) =09 (i-D+a, -r,@/r,, . Eq (3)

where ¢, (i) =0, fori <0, and a,and &, are weighting factors. For example, if
¢, and ¢, = 0.5, the current data rate r, (i) is given equal weight as the score
25  ¢.(i—1) from the prior scheduling interval. The scores ¢, (i) are approximately
proportional to the normalized average throughput of the users.
In another specific implementation, the score ¢, (i) for each active user
can be computed as a moving average throughput over a sliding time window.
For example, the average (realizable or actual) throughput of the user can be
30 computed over a particular number of scheduling intervals (e.g., over the latest
10 frames) and used as the score. Other implementations to compute the scores
¢, (i) for the active users can be contemplated and are within the scope of the
present invention.
In an embodiment, when a user becomes active, the score is initialized to
35 the normalized data rate that the user can achieve based on the current C/I.
The score for each active user can be updated at each scheduling interval (e.g.,
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) with the higher potennal data rate can be given a higher score and thus will
have a lower priority.
A fairness criterion may be imposed in the scheduling of data
25 transmission and assignment of channels to ensure (or maybe even guarantee)
a minimum grade of service (GOS). The fairness criterion is typically applied to
all users in the system, although a particular subset of the users (e.g., premium
users) may also be selected for application of the fairness criterion. Fairness
may be achieved with the use of priority. For example, a user may be moved
30 up in priority each time its data transmission is omitted from a scheduling
and/or with each unsuccessful transmission.
For the user prioritization scheme described above, the allocation of

resources can be made on the basis of the ratio of scores. In this case, the scores
of all active users can be referenced to the maximum of the user scores to form
35 amodified score éfn (%), which can be expressed as:

0.() = ¢, i)/ max{9, ()} . | Eq (4)
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schedul i ng of_ data 0 S h SRSHEE
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criterion isassighment asajepirileed begdowal | users in the system although a
particul ar subset of the users (e.g., premum users) may al so be sel ected

for application' of the fairness criterion. Fairness may be achieved with
the use of pChanmel Metgicseyanpl e, a user may be moved 30 up in priority

each timpg ts dat ®re antibes tivdhried 1Astridsegn’ beniseds irh @étforfigng ahd/ diannel h
each unSUCCESSfEJunt r?nsnc‘lhs%‘aot more efficient use of the resources and improved
performance can be achieved. Such channel metrics may include, for example,
metrics based on interference, outage probability, maximum throughput, or
some other measures. Some examples of channel metrics indicative of
25 “goodness” are described below. However, it will be recognized that other
channel metrics can also be formulated and used and are within the scope of
the present invention.
In an embodiment, a channel metric based on outage probability for
active users can be devised and applied. Channels are then assigned such that
30 the outage probability is minimized for as many users as possible. The outage
probability, d,(nt), is a function of the conditional C/I of the user and

represents an expected value of the outage probability for a given user in a
given channel. For a 3-cell system, the channel metric 4,,(n.k) for a given user

in cell 1 can be expressed as:



For the user prioritization schene descri bed above, the all ocatiogzg
resources can be nmade on the basis of the ratio of scores. In thi a@bz”m
t he scores wgfm%dgsactive users can be referenced to the nmaxi mum of the
user scores to form 35 a nodified score cA (k), which can HEEWEERE] as:
Ok (i) =k (i) / max{ bk (i) } . Eq (4) 23 JUL2004 WO 01/76098 PCT/ USO1
/09325 35 The resources allocated to a particular user can then be based on
their nodified score. For exanple, if use&6 1 has a score that is tw ce
that of user 2, then the scheduling processor can allocate a channel (or a

nunber of channel s) haV| (i,ﬁg_cptg; thmgesg&,gy;ﬁmgggylwgp t he dat
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power, mini mum C/ | m(&hdsﬁéﬁ BFﬂbﬁba]htYaﬂ@éCﬂé%ﬁ'e'éSmﬁ charnelg: {ilee prohabidity of

assi gnnment, as descrl beg, ? ér% Channel Metrics 20 One or nore channel
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Such changg@l metrics megliedrsaEtifoat AUP aﬂqptrl cs based on
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ventfon. L"éﬂ“?ﬁ‘%ﬁ}aﬁ%‘% X %ﬁgﬁgiﬁrf’ﬁﬁé&h"ﬁ‘é@e BERPRR b LR PR

for active 8B g ghapaeljay il canbedimesys ithat ushthendhaangl metrien daesh)g el
h that1s 3QnkAR q\rqu:g | angel
;ggsi bl Z.ISThe out%lge pr % It tothgé ﬁfdﬂa%%gggé gésftaﬁct oﬁoggaéﬂ {6 the

condi tional &5 -of the user and represents an expected val ue of the outage
probability for aTjeviemctioar fixh can be computed to a degree of confidence based on

estimates of the transmit power from the primary cell and the interfering cells
- 1,1,k). The value of f(x) can be averaged over a time period to improve

20 accuracy. Fluctuations in the value of f(x) are likely to occur due to small
signal fading and perhaps occasional shadow (e.g., a truck blocking the main
signal path). To account for the fluctuations, the back-off factors can be selected
to provide some margins and the data rates can be adapted based on changes in
the operating conditions.

25 The probability P,(n) can be estimated using various estimation
techniques. For example, if a cell is not using a channel, it can measure the
interference level and maintain a count of how frequently it exceeds a
particular threshold. And if the cell is using the channel, it can maintain

another count that measures how frequently a frame erasure occurs. Both of
30 - these measures can be used to derive an estimate of P, (n). A value of 1.0 can

also be assumed for P_(n).

The improvement in the outage probability provided by a power back-
off structure may be summarized as follows. If equation (5) is evaluated with
F,.(n) = 1.0 for all m and n, the results are equivalent to examining the channel

35 allocation scheme where all cells are at full load. When no back-off is used (i.e.,



given channel. For a 3-cell system the channel nmetric d,,,(,:,k) for a
given user in cell 1 can be expressed as: 23JUL204 WD 01/ 76098 23 JUL 200
PCTI US01/ 09325 36 dm (n, k) =

P2(n) - (1- PRRPYIPPE 1(1, k)-Fi (n)) 1[I, (2, K)-f12(n)}} PCT/US01/09325
+P3(n)-(1-P2(n))-.f{(11(1,k). f,(n)I/[1, (3,k)fi3(n))}

+P2(n)-P3(n). f([13(1,k)-f1, (n)1/[11(2 k)f2(n)+l, (3, k)F13(n)J} Eq (5) where:
fm(n) is the back-off factor associated gfth channel n of cell mwith 5

0:5,6:5 1. Wen ,6,,, (n) =o0, this is equivalent to preventing cell m
from using ckmmeb 0n) ﬂm(f@: dlbn hhe n@)rt@m:hhim&mbﬁﬁg acqh k) BYd 8qiavhI¥a for
channel n (i.e., probablll of occupancy); is the received
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anot her count that neasures how frequently a franme erasure occurs. Both of
30 these neasures can be %sed tq derive an estinmate of PmW A value of 1.0

can al sdSe assumkdrfor P a;,(my f;,(m.nk), Eq (6)
j=0
where
N -1 .
a;(n) = gb,-,,-(n) , Eq(7)
b ] B@ ;=1 s
O 1~P(n) ; ¢, =0 q(8)
= je2', Eq (9)
( \
20 f'j(m,n,k)=fj o I,,,(l,k)-ﬁm(n,k) . and Eq (10)
Y, Bink) 1,05
\ em )

the symbol "s" for ¢,; implies the logical "AND" operation (i.e., c, is either 0 or
1.
The function f{x) given in equation (10) represents the outage

probability evaluated at a C/I = x. A further generalization of equation (10)
25 includes the evaluation of several functions f*{x), where the superscript R



The inprovement in the outage probability provided by a power back-_ off
structure may be summarized as follows. I|f equation (5) is eval uat el wilt B0

P. (n) = 09}76(?)!3' mand n, the results are equivalent to WEA'&%D'{ he

channel 35 RO BEEPPon scheme where all cells are at full |o&

back-off is used (i.e., 23 JUL 2004 WO 01/ 76098 PCT/ US01/ 09325 37 when fm
(n) = 1.0, for all n and n) the channel netrics dm (n, k) are equival ent
for a given user k for all channels n = 8 2, ..., Nc Thus, there is no
preference in the channel assignment wthout power back-off. This |ack of
pref erence r dvdicatesithe fimetidn dessnibing an eutageeprobabilitisifer a paotiewales dstawage t he
users in the gells are unlikely 5 to experience simlar operating

conditions and some users are nor e |n{$ne to ot her-celj i nterference than
other users. By i nB@atoR &) sanbegisedsior ey memparef cellsimsthemense sliester N, he

conposi ti on c&nwﬁ@mesltgﬁf@yaaaﬂ tb Infeyfek&le reb&i0Ea TRt @S Haeu{$ﬂ{é dfifle as
descri bed eI oW %(g Ig}ﬁ Othegglé robabl lﬁ*’ltl es _are corrEut ed. for ctive
users, chahndhdes gnaddoge S PSR 16 REBPRRAHRR BOREES TN etk
descr |dbed bel "ew+chafirel” bersis mAg mra])ebehnslgﬁﬁicgﬂt for dd&&sﬁﬁ@ﬁumd&;th; ci'ell )
consideration is t xpect-ed out abi |1 ty.. The
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expressi on f dntarferendedmom cefls tonitside tine Kmal teuse slt&serf dhlthmscasaﬁ\fz@r &Maced
dn(n, k) Yaj( ] ( ) ( r rlb (7)
oiE. 3 B}) 1(! Wﬂé{g)Nqus 15@.1'_15 %)f""gﬁ E‘e]% tﬁ%:r stem! ﬁ)@i
1 unplementatlons N does not have to include all cells in the system should
include those cells that present interference levels above a particular threshold
level.
In another embodiment, channel metrics based on the expected C/I for
active users can be used for channel assignments. The metrics can be generated
15 based on channel occupancy probabilities and interference constraints. Using
the 3-cell system example, the metrics for user 1 in cell 1 can be expressed as:

-1

Py(n)- (- By(n))- L,(2,K)
W(n,k) = LK) + By(n)- (1= B (n) - L, 3, 1) Eq(11)
+B(n)- B(n)- (L. )+ [, (3,B)

- forn=1,2,...,Nandk=1,2, ... N,
where
20 P,(n) is the probability that channel n is occupied by a user in cell m,

and
I(l,k) is the received power observed by user k in cell m from cell 1.
The quantity in the bracket of equation (11) is a sum of the weighted
interference. The first term in the sum denotes the probability that cell 2 is
25 transmitting and cell 3 is not transmitting multiplied by the interference from
cell 2. The second term in the sum denotes the probability that cell 3 is
transmitting and cell 2 is not transmitting multiplied by the interference from
cell 3. And the third term in the sum denotes the probability that both cells 2
and 3 are transmitting multiplied by the interference from cells 2 and 3.
30 "Goodness” is inversely related to the ratio of desired signal power to
interference power.
Equation (11) is shown for a 3-cell system and can be extended to
accommodate any number of cells, users, and channels, similar to that achieved
for equation (6). Generally, the number of terms in the sum increases greatly as
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Eq(12)
where f_(n) is the power back-off factor associated with channel n of cell m,

10 with 0< 8<1. Thus, each interference term in equation (12) is scaled by the
back-off factors £, (n). When £ =0, this is equivalent to blocking the cell from
transmitting in the specified channel. The determination of £, (n) may be done

in a static or dynamic manner as described above.

15 Other Constraints and Considerations
A number of constraints and considerations may also be used in
addition to the channel metrics in the scheduling of data transmissions and the
- assignment of channels to active users. These constraints and considerations

may include, for example, excessive outage probability, payload requirements,
20 user data rates, interference to adjacent cells, interference from other cells, the

maximum transmit powers, the achievable C/I and the required set point, the

delays experienced by the users, the type and amount of data to transmit, the

type of data services being offered, and so on. The above is not an exhaustive

list. Other constraints and considerations may also be contemplated and are
25 within the scope of the present invention.

Scheduling of Data Transmissions
The cells in the system operate using the adaptive reuse plan formulated

in the manner described above and in accordance with the prescribed rules and
30 conditions. During normal operation, each cell receives requests for data
transmissions from a number of users in the cell. The cells then schedule the
data transmissions to meet the system goals. The scheduling can be performed
at each cell (i.e., for a distributed scheduling scheme), by a central controller
(i.e., for a centralized scheduling scheme), or by a hybrid scheme in which some
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The users are then prioritized and ranked, at step 912. Generally, only
active users having data to transmit are prioritized and ranked. Prioritization
of users can be performed using any one of a number of user-rating schemes
and can be based on one or more criteria listed above such as, for example, the
payload. The active users are then ranked accordingly based on their assigned
priorities.

Channels are then assigned to the active users, at step 914. The channel
assignment typically involves a number of steps. First, the channel metrics are
computed for the available channels using the updated parameters. Any one of
the channel metrics described above can be used, or other channel metrics can
also be used. The users are then assigned channels based on their priorities and
demand requirements and the computed channel metrics. Up to N, users per
cell are scheduled for transmission on the N, available channels. Channel
assignment is described in further detail below.

The system parameters are then updated to reflect the channel
assignment, at step 916. The parameters to be updated may include, for
example, adjustment to the back-off factors for the channels in the cell based on
requests from other cells. The cell may also request adjustments of the
neighbor cells and perform adjustments requested by neighbor cells.

The cell then transmits data using the assigned channels and the
updated parameters, at step 918. Generally, steps 910 through 918 are
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Generally, Ofl¥inels that also fulfill the user's requirements), and if that channel is the only
) one that can fulfill the requirements of the user with the higher payload, then
only one user can be served and the resources are not effectively used.
As an example, consider a situation where three channels are available

25 for assignment to two users and that user 1 has a payload requirement of 1
Kbyte and user 2 has a payload requirement of 10 Kbytes. Further, assume that
only one of the three channels will satisfy the requirement of user 2 whereas all
three channels will satisfy the requirement of user 1. The channels may be
assigned as follows:

30 (@)  If user 2 has higher priority than user 1, user 2 is assigned the
channel that maximizes its throughput. User 1 is then assigned the next best
channel by default. Both users are served by the channel assignment.

(b) If user 1 has higher priority than user 2, and if the payload
requirements of the users are not considered in making the channel assignment,

35 user 1 may be assigned the channe] that has the largest effective margin even
though any one of the available channels would have satisfied user 1's
requirement. User 2 would be assigned the next best channel by default, which



active users having data to transmt are prioritized and ranked.
Prioritization 20 of users can be perfornmed using any one of a nunbér)Ub A0tk
user-ratingagfiPdks and can be based on one or nore criteri a,éffést‘jgﬂ%ﬁ?ove
such as, for exanple, the payload. The active users are then ran i
accordingly based on their assigned priorities. Channels are then assigned
to the active users, at step 914. The channel 25 assignnent typically
invol ves a nunber of steps. First, the ché@nel netrics are conputed for

t he avail abl e channel s using the updat ed paraneters. Any one of the
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remaining channel satisfies user 1’s demand, reassigning user 1 to the channel
with the higher margin allows for reduction in the transmit power by the
amount of margin.

Other factors besides user payloads can be considered in making the
channel assignment. For example, the probabilities P, (n) of other cells

25 transmitting on a particular channel n can be taken into account. If a number of
channels have nearly equal channel metrics without taking into account P, (n),

then the better channel to assign is the one that has a lowest probability of
being used. Thus, the probability of channel occupancy P, (n) can be used to
determine the best channel assignment.

30 Excessive outage probability may be considered in making the channel
assignments. In some instances, it is possible that assignment of a channel to a
particular user is unwarranted or unwise. For example, if the user’s expected
outage probability for a particular channel is excessive, there could be a
reasonable likelihood that the entire transmission on that channel will be

35 corrupted and needs to be re-transmitted. Furthermore, assignment of the
channel may increase the likelihood that the adjacent cell transmissions are also
corrupted by the added interference. In such instances, assignment of the
channel to the user may be unwise, and it may be better to not assign the



serviced by a nunber of available channels whereas a user having higher jyi 2004
payl oad requirenents (e.g., a higher data rate) nmay be serviced by a

reduced nunber of available channels. If the user with the | ower payl oad
requi rementO887488& hi gher priority and is assigned the besPCEYSPIEHIRE
channel (anmong many channels that also fulfill the user's requirenents),
and if that channel is the only one that can fulfill the requirenents of
the user with the higher payload, then o088y one user can be served and the
resources are not effectively used. As an exanple, consider a situation

where three chanmela allrer tavRkigatthe chahnélao ARThaNBRR WP mMMOmERE battaPtsd hat
user 1 has agfatyl oad requirenment of 1 Kbyte and user 2 has a payl oad
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nunber of user 1 51 I %% t han "t he nunber of, avail abl.e channels, as in
step 1018. etermination is then made whether the active user list 1s empty,
indicating that all active users have been assigned channels, at step 1020. If the
list is not empty, the process returns to step 1014 and the highest priority,
unassigned user in the list is selected for channel assignment. Otherwise, if all

25 users have been assigned channels, the process terminates.

The scheme in FIG. 10 generally assigns successively lower priority users
to channels having successively larger back-off factors. If a user cannot be
assigned to a channel capable of achieving the required C/I, that user may be
scheduled for transmission at a reduced data rate (a condition referred to

30 herein as "dimming") or may be schedules for transmission at another time (a
condition referred to herein as "blanking”). The priority of a user who is
dimmed or blanked can be increased, causing it to be considered earlier in the
next scheduling and channel assignment interval. Once the users are assigned
to their initial channels, users can be upgraded to better channels if any are

35 available.

In one channel upgrade scheme, users are successively reassigned to
better available channels (starting from the highest priority user), if these
channels meet the requirements of the users and can provide larger link



t he above exanple, it is possible to upgrade the users. Thus, user 1 may be
upgraded to another unassigned channel that has a hi gher margin t han’ uubmm
assi gned chayglepokne reason for upgrading user 1 is to Icww;cﬁﬂﬁnﬁ$;ectlve
transmt power reqU|red to support the transm ssion. That is, since elth

20 remai ni ng channel satisfies user 1's demand, reassigning user 1 to the
channel wth the higher margin allows for reduction In the transmt power
by the anount of margin. Qther factors be# des user payl oads can be
considered in naking the channel assignnent. For exanple, the
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prioritized a d ranked sed on ctor.,s ,descyi bed abo at step 1012.
The prioriti % oo %‘é*‘rﬁiog? 5 i)thé% ?lﬁel‘%&é%ﬁlbasﬁ}g?‘? BETF n
step 101@0 Timenilable forpupgradeyarah the iprocess preteddsstoastepukies. t@thmwtim, rthe
channel users are upgraded to the available channels, if these channels are better (i.e.,
- have better channel metrics) than the original assigned channels.
At step 1112, the highest priority user from the list of active users is
selected for possible channel upgrade. For the selected user, the "best” channel
25 from the list of unassigned channels is selected. The best channel corresponds
to the channel having the "best” channel metrics for the selected user {(e.g., the
lowest outage probability).
A determination is then made whether an upgrade is possible for the
selected user, at step 1116. If the channel metrics of the best available channels
30 is worse than that of the channel originally assigned to the selected user, then
no upgrade is performed and the process proceeds to step 1124. Otherwise, the
selected user is upgraded to the best available channel, at step 1118, which is
then removed from the list of available channels, at step 1120. The channel
initially assigned to the selected user may be placed back on the list of available
35 channels for possible assignment to some other lower priority user, at step
1122. The selected user is then removed from the list of active users, at step
1124, regardless of whether a channel upgrade was performed or not.



assignment. 15 At step 1014, the highest priority user is selected f2dmymy
list of active wusers. The sel ected user I's then assigned to a channel with
the worst netric that neets the user's requirenents, at step 1016. For
exanpl e, i WeRAHMY netrics based on outage probabi | | ty ar BCEHINBYPIYE t he
sel ected user is assigned the channel with the highest outage probability

that still satisfies the user's outage 20 requirenent. The assigned user is
then renoved fromthe list of active usergsg at step 1018. A determ nation
is then made whether the active user list is enpty, indicating that all
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di sabl ed. . As part of a falmess con51deratlon, a particular user may e assigned to a
number of channels if such channels are available and if one channel is not
capable of meeting the user requirements. For example, a user may be assigned
a first channel capable of supporting 50% of the user's requirements, a second
25 channel capable of supporting 35% of the user's requirements, and a third
channel capable of supporting the remaining 15% of the user's requirements. If
this particular allocation of resources prevents other users from achieving their
requirements, then the priorities of the underserved users may improve such
that they will be considered earlier for the allocation of resources in subsequent
30 scheduling intervals.

In accordance with certain aspects of the invention, the assignment of
channels (i.e., the allocation of resources} to users are based in part on their
priorities, and dynamic adjustment of the user priorities are employed to
provide a "shuffling” effect on the data transmissions. The data transmission

35 for a particular user may be assigned to different channels for different
scheduling intervals. This shuffling of data transmission in some cases
provides interference averaging, which can further improve the performance of
disadvantaged users in the communications system, as described below.



O her upgrade schenes can be designed and are within the scope of the.
present invention. FIG 11 is a flow di agram of an enbodi ment of a chanié00k
upgrade 15 of the invention. Prior to conmencing the ade
process sho&y&f&ﬁ%ﬁﬁ G 11, the active users are assigned to q@ﬁ%“‘i"?ﬁzﬁi al
channel assignnents, which can be achieved using the channel assignnent
schene descri bed above in FIG 10. At step 1110, a determnation is nade
whet her all avail abl e channel s have been #&ssigned to users. If all
channel s have been assigned, no channels are 20 avail abl e for upgrade and
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the highest priorg | Q. t lList Js selected for, possible channel..upgrade.
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shown in Fl G, dbeSR0. 01”8951:%@%1’%191& garqg(\e/étg& C/1 is not able to support the required

outage probability, the data rate may be reduced to achieve the requirement.

Maximum transmit power constraints may be placed on certain assigned

channels. If the cells in the system have knowledge of the other cells’ power
25 constraints, the interference levels can be computed locally with higher degree
of certainty and better planning and scheduling may be possible.

A particular set point (i.e., target C/I) may be imposed on an assigned
channel, for example, in heavily loaded situations. A (e.g., low priority) user
may be assigned a channel that does not meet the required minimum outage

30 probability (i.e., the assigned channel has an expected C/I that is lower than
that required for a particular outage probability). In this case, the user may be
required to operate using the assigned charnnel at a lower set point that satisfies
the required outage probability. The set point employed can be static or vary
with system loading. Also, the set point may be imposed on a per channel

35 basis.



| nproved channel upgrades. For exanple, for a particular user, it % ?m 200
possible that a channel freed up by a lower priority user is better fo

this user. WEYET the user is not assigned to this channel because it
has already %S enpved fromthe user list by the time t hBCT/ARYO93S ority
user is considered. 15 The process in FIG 11 can thus be iterated nultiple
times, or other tests can be included to account for this situation. O her
upgrade schemes can al so be enployed and4are within the scope of the
present invention. The channel assignnment scheme shown in FIG 10 assigns
active user sControhSghemiese channel s based on their priorities. The users
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enbodi ments of "the I nvention, duri’ng any
process (e.dequingd. i njti al channel assi gnnent or the channel upgrade), the
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user can be active users at the cell, channel availability information, the a551gned back—off
factors, and so on. In the distributed control scheme, this information need not
be shared in a dynamic manner and may be “static" information available to the
25 cells in the system. The shared information can be used by the cells to help
decide how to best allocate resources locally.

The distributed control scheme can be advantageously used under both
low and high load conditions, and is simpler to implement than the centralized
control scheme. At low load, the cells are more likely to be able to transmit

30 using "orthogonal” channels, which results in minimal interference from other
celis. As the load increases, the interference levels in the system will generally
increase and there is a higher likelihood that the cells will transmit using non-
orthogonal channels. However, as the load increases, the set of users the cell
can select from also increases. Some of these users may be more tolerant of

35 other-cell interference than others. A distributed control scheme exploits this
fact in assigning channels and scheduling transmissions for the set of active
users. The channels are assigned in such a way as to maximize the system
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channel 35 basis. 2 3 J UL 200k WO 01/76098 PCT/USOL/ 09325 47 Control
Schemes The agafbisve reuse schene the schedul ing of data transm ssions,

and the si gnne qQf chann Is be..i ted in variou ners and
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any directed transmission to a particular area, and is typically defined by a
particular beam pattern from a transmitting source. A directed transmission

results in less interference, and thus improved performance and capacity, over
an omni-directional transmission. If a particular cell is operated to support
multiple sectors, coordination between sectors of the same cell can be achieved

25 for the allocation of resources, the scheduling of data transmissions, and the
assignment of channels.

Various aspects and embodiments of the invention can thus be
implemented within a structure composed of a number of sectorized and/or
non-sectorized cells to provide imprbved effidency and performance. For

30 example, a set of back-off factors can be associated with each sector of a cell,
with the back-off factors selected to minimize the amount of interference to
neighboring and nearby sectors. Also, the transmission for each sector can be
enabled at designated time intervals to further reduce interference. For
example, adjacent or nearby sectors may be designated to transmit at different

35 times to reduce the amount of co-channel interference.
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WO 01/ 76098 PCT/ U 09325 48 t hroughput given constraints Such as, for
exanpl e, t he" NS ¥nst ant aneous and average data rates for each user.
Power Control 5 PbBeera gmrkebldatancdmmexecaticresd spstetrh etheelcels fan tshkedule

assi gned cha&gﬁ% : ' ' . : L.l [.nk
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posi tive), tfdls parptremetersesudnas, bor examplel Yespartimilan dransmissiom dimei nk
mar gi n. ﬁmenaﬁ‘ﬂ/@ﬂﬂ;@-ﬁcﬁmﬂchahﬁeﬂ he systemare not aware of the back-off

for a particular écgtﬁtl handotf can btte rl‘lgeg o ri%{plrove performance (i.e., reliability) or to
i enhance capacity (for some operating conditions). When the set point is
negative or slightly positive for a particular user, soft handoff can be used
improve the reliability of the data transmission for that user (which can
25 improve the system performance since a retransmission can be avoided). When
a large fraction of the users in a cell have low C/I, soft handoff can be used to
improve the capacity of the system (e.g., for terminals with omni directional
antennas). When a small fraction of the users have low C/I and additional
capacity is available, soft handoff can be used to improve the reliability of the
30 data transmissions.

With soft handoff, the data transmissions from multiple cells to a
particular user are typically synchronized such that the received data can be
coherently combined. The data transmissions can be scheduled by the involved
cells to provide the required synchronization.

35
Uplink Scheduling

The aspects, embodiments, and implementations of the invention

described above can be applied for downlink transmissions from the cells to the




10 effect is to reduce interference levels and inprove the probabil it 2004
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envi ronment, P %éérbé%‘fng?& gﬁ‘?(gf? &&éf’ ﬁf% M%Cagggo f@(gﬁ #ﬁgm Wﬁl{eless
cells _ove!20t i Networks,r IRl Trarisactions exaGprenunisatinosit Voly 46hBlaidefune 1998,
transm ssi on which is incorporated herein by reference. This reference describes partitioning
each cell into a number of sectors and transmitting to each sector at designated

{(and possibly non-designated) and staggered time slots selected to reduce the

amount of interference.

25 Another reuse structure is disclosed by K. K. Leung et al. in a paper
entitled "Dynamic Allocation of Downlink and Uplink Resource for Broadband
Services in Fixed Wireless Networks,” IEEE Journal on Selected Areas in
Communications, Vol. 17, No. 5, May 1999, which is incorporated herein by
reference. This reference describes partitioning each cell into a number of

30 sectors and transmitting to each sector at designated (and possibly non-
designated) and staggered time slots and sub-time slots selected to reduce the
amount of interference. The C/I of the users are determined, and users are
classified into groups based on their tolerance for up to g concurrent
transmissions. The transmission pattern is then selected and data transmissions

35 are scheduled to ensure conformance with the requirements of the users.

Yet another reuse structure is disclosed by K. C. Chawla et al. in a paper
entitled "Quasi-Static Resource Allocation with Interference Avoidance for
Fixed Wireless Systems,” IEEE Journal on Selected Areas in Communications,
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20 (e.g., including movies on demand) to users.
The invention supports such application by providing techniques that
allow the communications system to achieve high performance and efficiency.
The invention supports efficient allocation and use of the available system
resources by aggressively reusing the available resources. The reuse is close to
25 unity in some implementations of the invention.

First Design Example
For a better understanding of some of the aspects of the invention, an

example design employing a staggered channel reuse scheme with power back-
30 off is described below. In this example design, a 3-cell reuse plan is employed
and N, = 12 channels are available for transmission. The users in the cell have

the C/1 CDF shown in FIG. 7.
To determine the initial back-off factors in this design, the C/I CDF in
FIG. 7 is partitioned into 12 equal-size sets. Each user set has the minimum link
35 margin s(n) shown in Table 3 based on a set point ¥ of 15 dB. The minimum
link margin s(n) is then used to determine the back-off factors for the 12
available channels. The transmission characteristics of the cells are thus



10 scheduling information may include, for exanple, the tinme interval 2i3njyL 7004
which the data transm ssion can occur, the data rate (e.g., nodul ation and

codi ng schg@hAesenpl oy and the assigned channel (s). The | o5 Of
the uplink transm ssions and the assignment of the channel can be

performed in simlar manner described above for the downlink

transm ssions. 15 Conbination with O her Reuse Structures The invention can
al so be inplenented within or in conbinati®@n with other reuse structures.
One such structure is disclosed by T. K Fong et al. in a paper entitled
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5, May 1099, SnPERAtedith achaskilf lagtor /T a1g, chamelieds desiemad o pRriate ith
descri bes para badooffnfacterobf €.4446, iamtdosa amy riner clemn2d 18ds tdesigr@ddto operate
transmtting imh acpalq ingnat ed (and possi bly non- desi gnat ed)
and staggere tl%ﬁ‘ S %ﬁkﬁﬁfu@?he slots sel ected to reduce the anount
of interftence. Trlls?|angt 3tare assignedathe samerbackeaff fagiaraubut shifted by 4
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Sel ect ed W& egower. Ghenbavikeoff ifamsrﬁ_far gells Uttiropgh8 an®shawrGoIbiRcT/ USOL/ 09325
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This reference describes assigning each cell wth a ' beam of Sequence

and al | owi ng asPwWEPHep, that gli; cells transmat o fnll iprevere sHowever svbes the back-offiat a
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commun cat 1 oN BNy SR By B y55ads B el b dxedts i ecrinenen GA or
can be us¥d tvalues provided in column 2 of Table 3 since the interference from other cells is
reduced by the back-off factors.

In an embodiment, the scheduling of data transmissions and the
assignment of channels are performed based, in part, on the priority of the
users. Thus, prior to the scheduling and channel assignment, the active users

25 are prioritized and ranked accordingly using any of the factors described

above.

In this design, the channels in each cell are operated based on the set of
defined back-off factors. The following factors and assumptions are used in
this simple example. First, there are 12 active users per cell and only the users

30 in cell 1 are considered in the example. The received power levels for the users
in cell 1 are assumed to be identical and equal to one. The received power
levels from cells 2 and 3 are assumed to be equal (i.e, I, = 1) and the
interference observed by users 1 through 12 are given in column 2 of Table 9.
The interference for users 1 through 12 may correspond to, for example, the

35 interference observed by users in set 1 through 12, respectively, described
above for FIG. 7. Thermal noise is assumed to be negligible.

In this design, the channel assignment is performed using channel
metrics based on expected C/1I of the users. Thus, prior to the scheduling and
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The users are then assigned channels based on their priorities and the
computed channel metrics. Initially, the highest priority user (i.e., user 1) is
selected and assigned the channel corresponding to its maximum achievable

20 channel metrics (i.e.,, channel 4, channel metric = 30.0). The next highest
priority user (i.e., user 2) is then selected and assigned the channel
corresponding to its second highest maximum achievable channel metrics (i.e.,
channel 3, channel metric = 63.0) since this is the best channel among the
available channels (i.e., channel 4 has already been assigned to user 1). The

25 channel assignment process continues, with user 3 being assigned to channel 2,
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applied to t he celﬁacﬁixgﬁlﬂ?‘ﬁﬁgrtﬁ%%ve 8power eve%gf:e and 3 given in

colum 2 of Table 9. For the 5 conput atlons both P= and P3 are assuned to

be unity.20 _ le 9
N C/I Margin Actual
User | LI, User Assigned| with [withinitial | Original baFk-off
priority | channel |back-off| back-off | back-off |required for
(dB) (dB) C/1=15dB
1 ]0.15811] 12 4 14.773 -0.227 1.0000 1.000
2 10.05000] 11 3 17.995 2.995 1.0000 0.502
3 10.01991] 10 2 19.799 4.799 1.0000 0.331
4 10.01581 9 1 19.220 4.220 1.0000 0.378
5 1000998 8 5 17.495 2.495 0.6310 0.355
6 10.00629 7 6 17.678 2.678 0.4467 0.241
7 |0.00397f 6 7 17.859 2.859 0.2818 0.146
8 [0.00251 5 8 17.962 2.962 0.1995 0.101
9 10.00199] 4 9 15.886 0.886 0.1259 0.103
10 {0.00126] 3 10 16.407 1.407 0.0794 0.057
11 ]0.00050] 2 11 16.932 1.932 0.0355 0.023
12 [0.00013 1 12 17.220 2.220 0.0112 0.007

If the C/I of the assigned channel is greater than the set point, there is
additional link margin. In this case, the data rate of the user may be increased
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As described above, the back-off factors are dependent on the set point
y required to operate at a particular data rate with a particular level of
performance. In practice, the set point ¥ is a function of the data rate selected

25 by the user. If the data rates of the users are variable, the conditional outage
probability given by equation (6) is a function of the selected data rate.

If the user priorities are updated according to their average throughput,
the channel assignment can be made to consider the user’s data rate assignment
as well. Thus, the channel assigned to a particular user is the one that

30 maximizes the user’s throughput at a particular outage probability level. For
example, the channel assignment process first evaluates the best channel for the
user given the list of available channels. The maximum data rate that satisfies
the desired outage probability criteria is then assigned to the user for that

channel.

35 The maximum and minimum back-off factors can also be adjusted, if
desired. For example, these maximum and minimum limits can be adjusted
based on system loading,.



channel 12. Colum 4 in Table 9 shows the channels assigned to thes 1@ 700
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Second Design Example
15 In a second design example, the cells are each allocated a fraction of the
available resources and thereafter transmits at full power on the allocated

resources. Each cell can also transmit on the non-allocated channels as loading
increases.

In this second design, users having higher tolerance for interference are

20 assigned channels with higher probability of having large interference levels. It
is recognized that the users in any particular cell generally do not have the
same tolerance to interference, and this property can be exploited by each cell
in assigning the channels. As the load in each cell increases, the impact on
throughput for the users that are most likely to interfere with one another is

25 minimized since these users have higher tolerance for interference.

In an embodiment, a cell is provided with information descriptive of the

~ interference experienced by each active user in the cell due to transmissions
from other cells. When the number of active users exceeds the number of
allocated channels, the cell can then select the user with the higher tolerance to

30 interference and place that user in an overlapping (non-orthogonal) channel
that provides the best overall C/I for that user.

For a better understanding of the invention, a specific example is now
described in which a 3-cell reuse scheme is empioyed and cell 1 includes five
active users.

35 Table 10 gives an example of the interference constraints for each of the 5
active users in cell 1. To simplify the example, the following assumptions are
made: (1) thermal noise is negligible, (2) all users in cell 1 have identical path
loss to cell 1, and (3) all cells transmit at the same fixed power level when they
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20 of the users (i.e., lowest C/I = highest priority).

- Table 10

User Cell 2 Cell 3 User

X * | Interference | Interference | C/ 1{2,k) | C/ L{3k) C/I{k) Rank
L(2K) L(3K)

1 0.5 0.3 2 3.33 1.25 1
2 0.3 04 3.33 25 1.43 2
3 0.2 0.1 5 10 3.33 3
4 0.1 0.05 10 20 6.67 4
5 0.01 0.05 100 20 16.67 5

The channel assignment can take into account the loading in the adjacent
cells so that the channels less likely to be used by the adjacent cells are assigned
25 first. The loading information can be provided by the adjacent cells or
estimated by the local cell. The loading information can then be used to
compute the probability that the adjacent cell is using a particular channel in
the transmission period of interest. Since the cells operate based on similar
channel assignment rules, the probability a given channel is occupied by an

30 adjacent cell can be computed or estimated locally.
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Table 11
Channel, n P(n) Pn) P(n)
1 0.5 0.03125 0.25
2 1 0.0625 0.125
3 1 0.125 0.0625
4 0.5 0.25 0.03125
5 0.25 0.5 0.03125
6 0.125 1 0.0625
7 0.0625 1 0.125
8 0.03125 0.5 0.25
9 0.03125 0.25 0.5
10 0.0625 0.125 1
11 0.125 0.0625 1
12 0.25 0.03125 0.5

Table 12 tabulates the channel metrics h (k) computed using equation
25 (11) for all 5 active users for cell 1 for all 12 available channels. Column 1 lists
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transmit at ﬂtﬁelzahunf\élsadtl—pough 12evEhchvoé rolurays 2 Budhlgh 2854 tH® B2hreI095
PCT/ USOI / 09325

control). Thi seh?rzrspﬁ'l'(% ﬁch tgg f&f gcl'lé]é\%\t}g@l\%lﬁggﬁ &3})52 S E?Wé&é'l&%“ figpley |

users (i.e., 1Zarg compkited Uisingftwedhanndl necapanrpprabebilibes 2, (i provided! imm 2
tn Table 10 t r V) jacent cell 2 for
each user In@éﬂ@%1£ﬁg{ ?ﬁ\&&%‘?&@c&q (‘?kﬁ}g#}ox)(ﬁe&inﬁl"é?fgng | evels |, (3, k)
from adj aent cel Foeexamw ﬁﬂh@ﬂﬂ@hﬁ@tﬂl‘? k() pr asen ldfor chennel: icamrbence
to user k incgmblitég f&:0m a transmssion in cell | for a particular
channel . Colum®4 gives the C/I for the users in cell 1 given cell 3 is ‘

not transmtting (again assupm ha = Simd{-arly, colum 5 gives the
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determned at the time of installation (e.g., for fixed termnals) or

tities can also be
dynami cal |y by the users and provided to the cells. The last colum is the
rank associated with each user in cell 'Da,blavmere a 15 rank of 1 typically
f

i ndi cates the : a —Thetr-ahki-ng-—can—be-based !
ranki ng schenes, haneelof which are descrl be bé-isﬁiv eoendl ng on the
overal | objegdtives mf thejsystein fAs &n=2xafpl €=08 a|sirptd rgnkikrg5schene,
users are giyen a rianki ng}baggd3zon|t he 14 overat;togveragmmrmghpgtgg I
this exanpl ¢, The yanking a nedi T € §se T € [T NRINHE! tilonal
to the C/:Tp Po—of tglc tSet iésg ?4]5 (v ﬁﬁ'Oellc“ %BO%I 1 ?y’}p—{wal g 10
User . Cel | 2ChLIaUser ki ntor t 82ahcolntapD m,,m;sizbtﬁ (3 0 196.92
1, (3, k) T | (k]Rank (%, k) (31k) 44 50 3231%1 251188230, 433@’@5. 51, 4%P.84
30. 20. 15103. 333 5 3.86 6.15 9.70 19.39 12549

6 1.93 3.08 4.85 9.70 53.33

7 1.86 2.86 4.71 9.41 36.36

8 3.08 4.00 8.00 16.00 34.78

h 9 3.64 3.64 10.00 20.00 25.81
10 2.76 2.29 8.00 16.00 16.00
“ 11 3.02 2.39 8.89 17.78 17.78
12 6.04 4.78 17.78 35.56 37.43
User Rank — 1 2 3 4 5
Assigned
Channel — 2 3 1 4 5
10 As noted from Table 12, the channel metrics for all users in cell 1 are

generally higher around channels 2 and 3 (the middle of the channels allocated
to cell 1), and tend to taper off away from the middle. Also, for this example,
user 1 has the lowest set of metrics and user 5 has the highest set of metrics,
with the metrics progressively increasing from left to right.

15 In an embodiment of a channel assignment scheme, channels are
assigned based on the ranks of the users and a set of channel metrics such as
those provided in Table 12.
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20 row of Table 12.

In an embodiment, if there is a tie during the channel assignment (i.e., if
more than one channels are associated with the same or similar channel
metrics), the channels are not assigned immediately. Instead, those channels
that resulted in the tie are tagged and evaluation of other lower priority users

25 continues. If the next user has its largest metric associated with any one of the
tagged channels, then that channel may be assigned to that user and removed
from the list of available channels. When the list of tagged charmels for a
specific user is reduced to one, the remaining channel is assigned to the highest
priority user that tagged that channel.

30 In another channel assignment scheme that is a variation of the one
described above, the differences between the channel metrics associated with
the channels can be taken into account in the channel assignment. In some
instances, it may be better to not assign the highest priority user the channel
with the highest metric. For example, if a particular user has a number of

35 channels with approximately similar metrics, or if a number of channels can
provide the required C/I, the user may be assigned one of several channels and
still be properly served. If a lower priority user has its best channel the same as
the higher priority user, and if there were a large disparity between the second
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Each of columms 2 through 6 lists the channel netrics h, (n,k) conputed
for a particular user k. The channel netrib&s in Table 12 are conputed
usi ng the channel occupancy probabilities P.(n) provided in Table 11 and
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yet ano annel assignment scheme, the highest priority user tags

the available channels that provide the required performance (similar to the
tagging of tied channels described above). The next lower priority user then

10 tags its acceptable channels. The channel assignment is then performed such
that lower priority users are assigned charme]s first but channels needed by
higher priority users are reserved.

In yet another channel assignment scheme, the channels are more
optimally assigned to active users in the cell by considering a large number of

15 permutations of channel assignments over the group of active users in the cell.
In this case, the channel decision for a particular user is not made on the basis
of the user’s metrics and priority alone. In an implementation, the user’s
priority can be converted into a weight that is used to scale the metrics in the
computation of the channel assignments in the cell.

20 For this and other embodiments of the invention, the transmitters in the
affected cells that prevent the disadvantaged users from achieving their set
point are adaptively reduced (also referred to herein as "cell dimming") or
disabled (also referred to herein as "cell blanking”) to reduce the interference to
the disadvantaged users. The cell dimming or blanking can be achieved in a

25 number of different ways. In an embodiment, information is collected from the
users in the system and a minimum number of cells are dimmed or blanked in
order to meet the minimum requirements for all users in the coverage area.
The control of the cells can be achieved using a centralized control or a
distributed control.

30 In an embodiment, the cell dimming or blanking is achieved by
collecting information relating to the interference environment (e.g., the
propagation loss environment) for each user. For example, each user can
measure the received signal level from each cell that exceeds a particular
threshold. A similar measurement can be performed by the cell for signals

35 received from the transmitting users. The collected information can be used to
estimate the C/I is for a particular user when only a subset of the cells is
enabled. This information is then used to select a subset of users to transmit to
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20 The improvement in average performance provided by the adaptive
reuse of the invention can be estimated by a Monte-Carlo system simulation
that evaluates the average reuse as a function of the C/I required to meet a
particular minimum data rate requirement (i.e., a particular set point). For this
simulation, reuse utilization is defined as the ratio of the number of active cells
25 to total number of cells. In the system simulation, a large number of traffic
distribution realizations (or simply, realizations) are evaluated.
For idealized cellular system with hexagonal cell layouts and utilizing a
common frequency in every cell, the distribution of C/I achieved within the
idealized cells can be calculated. The C/I achieved by any given user is a
30 function of the path loss, which for terrestrial cellular systems typically
increases as d° to d', where d is the distance from the user to the radiating
source. In the simulation, each realization places users uniformly within each
cell. The users have an effective receive antenna beamwidth of 30-degrees.
Omni-directional antennas are used at the cells. The path loss, L, in dB follows

35 a 35 dB/decade loss slope based on the distance, d, of the user to the cell. The
path loss, L,(k), for user k to cell m can be expressed as:

Lm (k) = 35 : IOgm(dm (k)) .
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The neighbor cells represent interference terms, and their maximum
interference power can be expressed as:
Nt
IL=>1k.
n=|
20 For each realization in the simulation, users are placed randomly (e.g.,
uniformly distributed) in each cell of the system. The median path losses are
then evaluated from each cell to each user.
The power to be transmitted to each user can be estimated by a number of
methods. In the simulation, transmit power estimates are based on a full power
25 assumption, i.e., the user estimates the signal levels from each cell based on a
full transmit power assumption. Given this, certain advantaged users will
observe C/1 levels that are in excess of the set point. In these instances, the cell
can reduce the transmitted power by an amount related to the observed margin
for that user (i.e., reduced by the difference between the observed C/I and the
30 set point). The actual C/T of the users in the system will be greater than that
computed in the simulation since not all cells will be operating at full transmit
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achieve the set point and the reuse coefficient drops. This adaptive reuse
scheme achieves much greater spectral efficiency than that of a fixed reuse

scheme. The average reuse is also observed to be lower when multipath
scattering is prevalent. This is because the isolation provided against the
25 interfering cells when using directional antennas is less effective due to random
scattering of energy. When scattering is present, a larger number of cells must
be disabled on average in order to meet the set point.
Table 13 shows the spectral efficiency attainable with the simulated
adaptive reuse scheme. In the Table 13, the spectral efficiency is computed for
30 various set points ranging from 10 to 26 dB, in 2 dB increments. Table 13 is
computed for the no-multipath condition and assumes that system operates
each link at the specified set point.
For each set point, the average reuse corresponding to the set point is
determined from FIG. 12 and provided in column 2. The modulation efficiency
35 for the set point is determined from Table 1 and provided in column 3. The
spectral efficiency is computed by multiplying the average reuse by the
modulation efficiency. For example, for a set point of 14 dB, the average reuse
determined from FIG. 12 is approximately 0.95. From Table 1, a C/I of at least
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In comparing the spectral efficiency associated with the adaptive reuse
scheme simulated here to that of the conventional fixed reuse scheme, the
improvement in spectral efficiency can be readily observed. The set point in the
adaptive reuse scheme approximately guarantees (i.e., the outage probability =

10 0.0) that the worst-case user can achieve the minimum performance
requirement, which can be defined as a particular minimum data rate for a
particular percentage of the time.

In Table 13, it can be noted that the maximum spectral efficiency is
achieved at a set point of 18 dB. At this set point, each link operates with a

15 modulation efficiency of 5 bps/Hz.. The average reuse coefficient at this
operating set point js approximately 0.83, which gives an overall spectral
efficiency of 4.16 bps/Hz/cell. A fixed reuse scheme has significantly lower
spectral efficiency than this. For example, using a 7-cell reuse pattern, a
spectral efficiency of 0.82 bps/Hz/cell can be achieved at similar outage

20 probability of 1%. Thus, this adaptive reuse scheme achieves nearly 5 times the
spectral efficiency of the fixed reuse scheme with lower outage probability.

In the simulation, no optimization was performed. The users to be
processed are randomly selected and no search of the "best” combination of
cells to disable was conducted. With a more intelligent control scheme, it is

25 possible to search for a better solution than the random solution used in the
simulation.
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where B,(n) is the back-off factor used in channel 7 of cell I.

A variety of performance measures (e.g., average throughput per cell,
user C/I distributions, user data rate distributions, and so on) are recorded for

30 each of the users in each of the 21 cells for each realization. A large number of

realizations are simulated to provide adequate confidence in the performance
measures.

Several reuse schemes are evaluated in the simulation. These reuse
schemes are described as follows:
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10 Similar to Reuse Scheme A, except that power control is employed for users
with positive margin (the margin is measured assuming all cells operate at
full power). The transmitted power allocated to users is reduced to that
required to meet a set point of 15 dB.

* Reuse Scheme C: 3-cell Reuse, Power back-off imposed, Metric-based

15 channel assignments, User priorities based on C/I, and No power control.
A reuse plan of N, = 3 is employed giving 7 sub-clusters of 3 cells each in the
21-cell cluster as depicted in FIG. 13B. Each of the cells in a sub-cluster is
assigned N, = 4 channels, yielding a total N, = 12 channels per cell that are
available for assignment. The back-off structure given in Table 4 is
- 20 imposed, which is designed to achieve a 15 dB set point in 11 of the 12
channels. The channel assignments are made on the basis of the expected
C/I channel metrics given by equation (12). The user priorities are based
the channel metrics averaged over the 12 channels. Power control is not
exercised, and the back-off factors employed for each channel remain fixed

25 at the levels indicated in Table 4.

e Reuse Scheme D: 3-cell Reuse, Power back-off imposed, Metric-based
channel assignments, User priorities based on C/I, and Power control.
Similar to Reuse Scheme C, exéept that power control is exercised for users
having positive margin. The back-off factors employed for each channel are
30 reduced (i.e., transmit power is reduced) to the level required to meet a 15
dB set point.

e Reuse Scheme E: 3-cell Reuse, Power back-off imposed, Metric-based
channel assignments, User priorities based on average potential throughput,
and Power control.
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20 below the set point is achieved relative to the results for reuse scheme A. Reuse

scheme D illustrates that when power control is employed in conjunction with
the back-off factors, the performance is improved over reuse scheme B in which
only power control is used. Finally, reuse scheme E shows a slight degradation
relative to reuse scheme D, which is caused by the shuffling of users over the

25 channels due to re-prioritization occurring during the 10-frame averaging
interval. However, the shuffling improves the average performance of some of
the disadvantage users, which reduces their outage probability, as described
below.
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* The throughput for each of the five schemes typically conforms to a
5 particular distribution having a particular median (or average) value, a
particular standard deviation, and tails at one or both ends of the distribution.
The shape of the distribution is dependent on the particular reuse scheme
employed. For reuse scheme A in which no power control or power back-off is
employed and users are allowed to transmit at the maximum achievable data
rate dictated by their C/I, the distribution has a higher mean and higher
standard deviation. As more control (e.g., power back-off and power control) is
applied, the mean of the distribution generally decreases (as the result of
limiting the transmit power to advantaged users and thus their data rates) but
the standard deviation of the distribution also decreases (since the performance
of disadvantaged users is improved due to the applied control). The applied
control affects the shape of the distribution and thus the performance of the -

system.

Table 15 gives the average throughput per channel as a function of load
for each of the five reuse schemes. The average throughput per channel for
reuse scheme A varies from 1.66 bps/Hz at low loads to 1.33 bps/Hz at full
load. In the simulation for reuse scheme A, the data rate of a user is allowed to
vary with the achieved C/I (based on FIG. 13A).
highest average throughput of the five reuse schemes, but the range of user
data rates observed per channel is large. This implies that different users will

Reuse scheme A has the
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In many communications system, a minimum average throughput

requirement is imposed on all users in the coverage area. Therefore, in addition

15 to examining the average throughput per channel, the percentage of users

. having an average throughput exceeding some minimum requirement is
typically important.

FIG. 13C are plots of the probability that the average user throughput

falls below the value given on the x-axis for each of the five reuse schemes. The

20 results shown in FIG. 13C are for fully loaded cells (i.e., all 12 channels

occupied in every cell), and illustrate the effectiveness of each reuse scheme at

satisfying a minimum average throughput requirement. For example, reuse

scheme A achieves a minimum average throughput of 0.7 bps/Hz/channel for

90% of the users, whereas reuse scheme E achieves this throughput for 99% of



power control, the percentage of users having a C/| below the set ggl nt i s
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factors w thout power control, a reduction in the nunber of users with C |
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A. Reuse scheme Dillustrates that when power control is enployed in
conjunction with the back-off factors, the performance is inproved over
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70. 1072310. 044582&%3&“/‘%’% 0139 %11‘8)2%01 ove can be implemented in numerous
80. 1287020. O&aafilthi EARABAYsO2R39Bh LHRAMes described in the aforementioned U.S.

90.1508470. Op2RRP AfHiflation Sap 148487539492 and 08/963,386, and in U.S. Patent
No. 5,103,459, all assigned to the assignee of the present invention and
incorporated herein by reference.

FIG. 14 is a diagram of a multiple-input multiple-output (MIMO)

15 communications system 1400 capable of implementing some aspects and
embodiments of the invention. Communications system 1400 can be operative
to provide a combination of antenna, frequency, and temporal diversity to
increase spectral efficiency, improve performance, and enhance flexibility, as
described in the aforementioned U.S. Patent Application Serial Nos. 09/532,492.

20 As shown in FIG. 14, communications system 1400 includes a first
system 1410 in communication with a second system 1420. System 1410
includes a (transmit) data processor 1412 that (1) receives or generates data, (2)
processes the data to provide antenna, frequency, or temporal diversity, or a
combination thereof, and (3) provides processed modulation symbols to a

25 number of modulators (MOD) 1414a through 1414t. Each modulator 1414
further processes the modulation symbols and generates an RF modulated
signal suitable for transmission. The RF modulated signals from modulators
1414a through 1414t are then transmitted from respective antennas 1416a
throu'gh 1416t over communications links 1418 to system 1420.

30 In the embodiment shown in FIG. 14, system 1420 incdludes a number of
receive antennas 1422a through 1422r that receive the transmitted signals and
provide the received signals to respective demodulators (DEMOD) 1424a
through 1424r. As shown in FIG. 14, each receive antenna 1422 may receive
signals from one or more transmit antennas 1416 depending on a number of

35 factors such as, for example, the operating mode used at system 1410, the
directivity of the transmit and receive antennas, the characteristics of the
communications links, and others. Each demodulator 1424 demodulates the
respective received signal using a demodulation scheme that is complementary



100. 1684190. 0657810. 0807140. 0313140. 042857 23 JUL 2004
110.1913720. 0744810. 1000430. 0368740. 053866

120. 209246Q,, 8814909 1446430. 0555120. 082306 The t hroughput fqr. nmggqthe
five schenes typically confornms to a 5 particular dlstrlbutlon avi ng
particul ar medi an (or average) value, a particular standard deviation, and
tails at one or both ends of the distribution. The shape of the
distribution is dependent on the particul @ reuse schene enpl oyed. For
reuse scheme A in which no power control or power back-off is enployed and

users are al Itovbe medulagigamcherme wsed %ﬁhenﬂimlﬁbmeévéﬁfeddmoduiﬂedmbo s
dictated by tff&hrdcg'tbdu}al?@rsdl@%'tﬁfﬁdgmlm HetheAHroPRH /&Y (R@RRY) data

tandard d t trol ? k- of f
control) i EippReRn iz Bardumtier Rrneesses thd Bipe éenﬁmdé‘ﬁa&“tﬁéeeeta( as
Eﬂe rezultt ofThe dathtp rﬁéﬁe]:h% %H&S&fﬁﬂsnﬂ%@??nﬁ&e@éﬁénﬁh ﬂﬂ@d & @é&ﬁ'ibt ednfl fifther
eir da e _standa i at i 1

decreasesa?( ﬁ@%@%ﬁ%ﬂ%@@i@ %% d‘gﬂﬁﬁ ggie&aiﬁio %5/5%9@1% due
to the applied corlnrs;ts)emTIﬁOapptesmirce:caﬂbcatﬁomfp&eo&ssot 11438 hmpleaf td kiata

di stributi f b [ A

G st oot on ey s besgel] LIRIGE 01t BE RpA T e REARTLIGRAYE,
reuse sc henesaromoalﬁChQQﬂqctﬁr@atghpdxcap@c of the: eperating corglitien ©f the Rgsterma
vari es 110m bl Houd!phadlhd BRI e Lot Rr Bard ikl R, pliloie

S|rrulat|onfo ses he data r user

with the 2 ﬁagaast% trangMisSANS, RIS SRFEMS ko (ACtivereserh zgﬁg
average thr Ouﬂbia&sha&fs mbaiafta ‘fﬁri’s.ﬁﬁ&ﬁoﬁsz hReBsurch Wllotttor pigessdr WY cardbé a

rates observe e annel Thi s d| ffe t .users wll
23 S0 2001 ViAo B0 muereh Y8Gus catprsi aptr eohodimere FERE i or
servi ce, depealwdimbedabore C/ | achi eved in the assigned channel. Reuse

schenmes B thrOUQhéﬁ kﬁf&%ﬂﬂ?at&ﬁﬂﬁ éha?Q&’i@fmé rouéﬁdﬂﬂb%&ﬁg% tﬁgﬁtﬂ?‘

set point of 15 d corresponds to

bps/ Hz/ chBhnditocgspor ilAZe rng (pﬁ'émblya e rdelm%a»l@tors t1I4344 glmufgélr Iaangl ar e

reduced and tdagrReSAHGH Préesstiie1f0\p i‘&@%rtlﬁ tecdReEaaAPles?® Hétermine
indicated in Table,14. The co t

of ower, i s decr.eased
e oo o TR T BActSe & the Fagei(A o?r‘scgﬁwrg e
perfornmance dhed gjFER, ard sd ah).eFddexdimplke dmﬁndhhamcﬁ&ragﬁo&*pmagimnﬂ%r

channel is r %gar%b ld)—[_'m%hgaeaﬁc? op]egat%dgﬁo Qﬁ%ér%@%@nél/ T f%¥e@1ea£1g;\gisl flofRd-

Tabl e 15 Cel |
20 various cells to which system 1420 can communicate, which can be used to

select the primary cell. Channel characterization processor 1440 can also

determine the interference from neighbor cells so that the cell(s) causing

excessive interference may be requested to reduce or disable their transmit

power to allow system 1420 to achieve its set point. The characterized
25 parameters are sent by system 1420 to the interested cell(s).

FIG. 14 shows only the downlink transmission from system 1410 to
system 1420. This configuration may be used for data broadcast and other one-
way data transmission applications. In a bi-directional communications
system, a uplink from system 1420 to system 1410 is also provided, although

30 not shown in FIG. 14 for simplicity. For the bi-directional communications
system, each of systems 1410 and 1420 may operate as a transmitter unit or a
receiver unit, or both concurrently, depending on whether data is being
transmitted from, or received at, the unit.

For simplicity, communications system 1400 is shown to include one

35 transmitter unit (i.e., system 1410) and one receiver unit (i.e., system 1420).
However, other variations and configurations of the communications system
are possible. For example, in a multi-user, multiple access communications
system, a single transmitter unit may be used to concurrently transmit data to a
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(i.e., alP 12 chaFach rapswittersenit mayimcudecd singletransinitaitenna o henumber
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reuse schemea 1ac§ﬁtﬁ\a@&h§dﬂs}&n&rﬁﬁ@m¢mw4 For eR8HpHe, 188 Lo aARALIYES SdiéH098
PCT/ USOL/ 093¢ may /ihelude a central system (i.e., similar to a base station in the IS-95 CDMA

10 system) having a number of antennas that transmit data to, and receive data
from, a number of remote systems (i.e., subscriber units, similar to remote
stations in the CDMA system), some of which may include one antenna and
others of which may include multiple antennas. Generally, as the number of
transmit and receive antennas increases, antenna diversity increases and

15 performance improves, as described in detail in the aforementioned U.S. Patent
Application Serial No. 09/532,492.

FIG. 15 is a block diagram of an embodiment of data processor 1412 and
modulator 1414 of system 1410 in FIG. 14. The aggregate input data stream that
includes all data to be transmitted by system 1410 is provided to a

20 demultiplexer (DEMUX) 1110 within data processor 1412. Demultiplexer 1110
demultiplexes the input data stream into a number of (K} channel data stream,
S, through S,. Each channel data stream may correspond to, for example, a
signaling channel, a broadcast channel, a voice call, or a traffic data
transmission. Each channel data stream is provided to a respective encoder

25 1112 that encodes the data using a particular encoding scheme.

The encoding may include error correction coding or error detection
coding, or both, used to increase the reliability of the link. More specifically,
such encoding may include, for example, interleaving, convolutional coding,
Turbo coding, Trellis coding, block coding (e.g., Reed-Solomon coding), cyclic

30 redundancy check (CRC) coding, and others. Turbo encoding is described in
further detail in U.S. Patent Application Seriat No. 09/205,511, entitled "TURBO
CODE INTERLEAVER USING LINEAR CONGRUENTIAL SEQUENCES,"
filed December 4, 1998, and in a document entitled "The cdma2000 ITU-R RTT
Candidate Submission,” hereinafter referred to as the 152000 standard.

35 The encoding can be performed on a per channel basis, ie., on each
channel data stream, as shown in FIG. 15. However, the encoding may also be
performed on the aggregate input data stream, on a number of channel data
streams, on a portion of a channel data stream, across a set of antennas, across a
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i sub-channel(s), and antenna(s), the data in the channel data stream is
modulated using multi-carrier modulation. In an embodiment, orthogonal
frequency division multiplexing (OFDM) modulation is used to provide

25 numerous advantages. In one implementation of OFDM modulation, the data
in each channel data stream is grouped to blocks, with each block having a
particular number of data bits. The data bits in each block are then assigned to
one or more sub-channels associated with that channel data stream.

The bits in each block are then demultiplexed into separate sub-channels,

30 with each of the sub-channels conveying a potentially different number of bits
(i.e.,, based on C/I of the sub<channel and whether MIMO processing is
employed). For each of these sub-channels, the bits are grouped into
modulation symbols using a particular modulation scheme (e.g., M-PSK or M-
QAM) associated with that sub-channel. For example, with 16-QAM, the signal

35 constellation is composed of 16 points in 2 complex plane (i.e., a + j*b), with
each point in the complex plane conveying 4 bits of information. In the MIMO
processing mode, each modulation symbol in the sub-channel represents a
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In the embodiment shown in FIG. 15, each modulator 1414 includes an
IFFT 1530, cycle prefix generator 1532, and an upconverter 1534. IFFT 1530
25 converts the received modulation symbol vectors into their time-domain
representations calied OFDM symbols. IFFT 1530 can be designed to perform
the IFFT on any number of sub-channels (e.g., 8, 16, 32, and so on). In an
embodiment, for each modulation symbol vector converted to an OFDM
symbol, cycle prefix generator 1532 repeats a portion of the time-domain
30 representation of the OFDM symbol to form the transmission symbol for the
specific antenna. The cyclic prefix insures that the transmission symbol retains
its orthogonal properties in the presence of multipath delay spread, thereby
improving performance against deleterious path effects, as described below.
The implementation of IFFT 1530 and cycle prefix generator 1532 is known in
35 the art and not described in detail herein.
The time-domain representations from each cycle prefix generator 1532
(ie., the transmission symbols for each antenna) are then processed by
upconverter 1532, converted into an analog signal, modulated to a RF



2 3 iu 20G WD 01/ 76098 PCT/ USO /09325 73 nunber of receiver units. @Iﬁo | N
a manner simlar to soft-handoff in an 1S-95 CDVA system a recelzv J leu
may concurr ceive transm ssions froma nunber of tr nits.
The commnig{ﬁél).%?r?gﬁsystem may include any nunber of trans aﬂf‘%’éﬁé’zg
receiver units. 5 Each transmtter unit may include a single transmt
antenna or a nunber of transmt antennas, such as that shown in FIG 14.
Simlarly, each receiver wunit may incl ude’6a single receive antenna or a
nunber of receive antennas, _again such as that shown in FIG 14. For

exanpl e, the Heanenmye @ndo sendifionedh (evgy amplifiatt 2ndcElieresl) toy gemeratd an. RF
simlar to a RawRigk a%ig%{m uﬁhtt@&lén%&‘émﬁ?t\éﬁ ﬁer?ﬂx%%%c%\é dieth er of
recei ve data er

ant ennas that tra of renote

t

systems (i.e., Bﬁﬂ 1t§e535%aﬁh?‘§s arsl?ﬁflfslia&rem @nb@@amﬁahg fata proCETIOR
systen, so[re1?ﬁo WiThe nidded datd/dsr it an%rﬁi@maiaa@@tre&?h@[es e MoEEd Wita

i ncl ude nuktipl e antennas as,.t he, nunber, o rans

recei ve anfen té%aq‘hgféﬁs%r?v‘%‘fé%‘?a\rl%ﬁf\?@@é? tcquqbfgé?e?r%ﬁsci“sl%@fgf tBAce
i rrplr oves, as desuel dath streaSIHet Bi to ba trdvesnitteteowat rangpleUsib-chatmilé and/or

i cation
megodl ment o?ﬁ{ éﬂ ?ﬁlep% 5%‘8‘2435063‘?3% dﬁé&ar%glu‘:”itagllgfgfﬂm f%r&?ﬂsﬂ'f@opﬁ)

FIG 14. The ehpgwehalata iprogessontd3at de-mmupiaxes rtlmfcldwnnelaﬂbtadatramme a

transmtted by,s¥e 4 3{5% 0
wi t hi n dat %ocesggﬂlﬁgfg[' lq)Irqriual%%(i'sp exer 11%%CH erru xes %dé}&
data st reéﬁl | AERNSTRLER PNt PERYCan prlichannel atia Paﬁ? @I anmgﬂnswpl@é

ghangel flatﬁ ﬁ'ﬁ}bl%ﬁ‘[énl’@t}b@()lﬁﬁeeslﬁﬁﬁfb@l rfo@dtafta)stfﬂ@%ﬁ@ﬁh@d ; is fess ThARleN) GirdadHiRE . A

roadcast cha oi_ce,ca r,a traffic data nsni ssi 0

channel data %Qﬁfa%%' b"%f&disﬁa fors r ver an%%gﬁ‘erﬁpﬂ?gdﬁﬁat The

encodes the oddata subfsh@amqoalettheu mocesambtb ggnaahean'res"ﬁmdmmg eﬂb—ng-eamgs for

i ncl ude error r C

to increase t Efecar% |ab % % E aﬁélﬁth%g&% {He?l |ca Qo C%E‘?Jﬁclﬁ enc |ng

may incl ude, Eembiney ﬁﬁ5%4 combemr meghﬂa,tmw pbr@ﬂm«?@ r eaplyaygenna

coding, Trel Im}ﬁqﬂmﬂmoﬁ&e&tﬁfb hat srethEﬁ B2 ﬁ%xﬂgﬁms%ﬁigo? 30
e

redundancy check and .ot hers encodi ng,i s descri
further detaiY® q’(#%@*ﬂp YIBGPR S vepta e freomsfss e N, shernRs

D;FURES 4, 1998, prbRelit) te b Dlocts 000 F}rﬂatclg\’ifglR}Tﬁ'd)
cenber t

Candi dat e Submi ssi ong %ﬁé?ﬁ% e&ﬁgge&\% ngg?t Ei bﬁh?% fZBB %%r%ﬂd%
The encod2®g highestcefficieney ntbe waodulation symbokto bairmsnmtted atgzachdine slot,
channel data & fe@NsuBchahAVY daRl Hd GrdibPdudRPENEr indepen8BRf iRl A9 be

feature allows for the best use of the available resource over all three
dimensions - time, frequency, and space. The number of data bits transmitted
by each modulation symbol may thus differ.

25 In the embodiment shown in FIG. 15, resource allocation processor 1430
couples to demultiplexer 1510, data processor 1520, and upconverters 1524.
After the data transmissions are scheduled, resource allocation processor 1430
directs data for the scheduled transmission to be demultiplexed by
demultiplexer 1510 into their respective assigned channels. Resource allocation

30 processor 1430 further directs the processing of these transmissions based on
the determined link quality. For example, resource allocation processor 1430
may determine the modulation scheme (e.g., M-PSK, M-QAM) to be used and
the data rates for these transmissions. Resource allocation processor 1430 may
also provide directive to upconverters 1524 to reduce or disable the transmit

35 power of some or all of the available channels to achieve the desired system
goals.

As shown above, the transmitter unit. and receiver unit are each
implemented with various processing units that include various types of data



performed on the aggregate input data stream on a nunber of chaﬁ%éNUH;@é
streans, on a portion of a channel data stream across a set of antennas,
across a 2 .3 JU. 20N WD 01/7608 PCT/ US01109325 74 set of sub-channel s,
across a s&tO817%%b- channel s and antennas, across each sub- PERAISAEN32HN
each nodul ation symbol, or on some ot her unit of time, space, and
frequency. The encoded data from encoders 1512a through 1512k is then
provided to a data processor 1520 that pr@tesses the data to generate 5
nodul ati on synbols. In one inplenentation, data processor 1520 assi gns each

clhannel dgt a pretesser) temcoderspr IFPTs RHTschdamalisp le&ér@n%oﬁ{bﬂ&{sedi‘ésﬁﬁrce
slots, and o re_antennas. , For  ex or _a chapnel data, stream
cor r espondi ngjlggetgg{ \P(gfr)meé-'se%il ¢ha fé:hﬁf%% é@gﬁ%nlgfﬁceiﬁ?r gh Bhe ‘hese
sub- channel @Emnocessingniretscan b nﬁpletmaﬁedrm valiives midnnerssutdt askaedpplication

mul tiple ant SR S lots
as needed fo?’ﬁ?ﬁﬁf fﬂtteg»fa[t@@or atq annél %‘&#ﬁl mg‘lﬁggérx{ocg%sro?e%%% h%g%

si gnal i ng Sor MBFERTEERASOLIRMAdler eleatronie ciseuitsdesigned tayperfemn ghe tfhactlons

desi gnated s asEibEd Metdih. OTAIRHE tIY PHBESsRY RS carf G i’&ﬂ WGl a
whether transmt diversity is used. “Data pa]gigecslsor 1520 then assi ns t he

remai ni ng av&FNER-EWERIHUITESESFF ThanfBPC ef1gn PTQ98$SOésBBﬂ’Eﬁt

dazI a L ransm &se@ﬁélms%&mmecdalfes}ﬂm ﬁ%@i@tﬂ@iﬁm&i&@&eﬁéﬁl&dé%reﬁ\r ATHRAE) &fﬁl ons
and the greater talerance t a at a Cesso can sign t e
avai | abl o T oEBERbES Jue: Flein! duerpl T P BRBlergRRe, oI Tt

hi gh ef f il escffware cnt(armmbaiahiﬁhehehzebé transm SSI ons are thus "schedul ed

20 to achi eve the I reamto
its respective ti %@fﬁg ;Q&S#ﬁ%rﬁ)ﬁgﬁg&ﬁ enna‘%ﬁ# 193’:&8\;1%% t%l n
the channel gaeblesanye person skiled) QlOl‘c\aﬁiErl presantanventionn an
enbodi nent, mzras—mgqaaamcaﬁaﬁye@%gé MhBOQRnETHS billl 15 kébHik @areﬁp%ﬂtﬁ&deon

| S Used to pr | nu ro a Vanta n
et o PRl SnaRe kit cardh Siinailet, datned Reredn seay be Appdieaeto
with eachsbl o&herrmmbasxgmentpmﬂmulthe use if ehe @iveddive fatilsy ‘Mhas fekért | N

each bl ock a A |ate i th
Chat channel "ol Bk NEHabd o BaTrRie AR fhe ééﬁbé?wﬁa SRRyl

i nt o separ at & fwbacteadad| e widesti sdopeactnsistenh avishibthehprineipdes andenoviel a
potential |y @ififRkeibclbsssdrentf bits (i.e., based on CI of the

sub- channel and whether M MO processing is enployed). For each of these
sub-channel s, the bits are grouped into nodulation synbols using a

particul @ nHIAR ISTIKIMEP IR. 9., MPSK or M QAM associated with that
sub-channel . For exanple, with 16- QAM the signal

(




35 constellation is conmposed of 16 points in a conplex plane (i.ezg‘ﬁ +
j*b), with each point in the conplex plane conveying 4 bits of I 700y
i nformation M MO processing node, each nodul ati on

sub- channel“fggfgggnts a 2 3 JUL 7004 WO 01/76098 PCT/ US01/ Q&H@lprnear
conbi nati on of nodul ati on synbols, each of which nay be selected from a
different constellation. The collection of L nodul ation synbols form a
nodul ati on synbol vector V of dlnen3|onalﬁty L. Each el enent of the
nodul ation synbol vector V 5 is associated with a specific sub-channel
havi ng a uni que frequency or tone on WEAIMS nodul ati on synbols is
conveyed. The collection of these L nodul ated synbols are all orthogonal
to one another. At each tinme slot and for each antenna, the L nodul ation
symbol s corresponding to the L sub-channels are conbined into an OFDM

symbol using an lm/emﬁe&x@atfoFeuﬁﬂr@nu{gr@mxﬁfsmo%@JﬁlaFc%}ﬁmuﬁﬁﬁBoﬁf%&wbol
i ncl udes d?t fromthe channel data streanms assigned to the

sub- channe ﬂ'@]ﬁ\?@(ﬁﬂ“@ﬁrﬂﬁﬂ& s described in further detail in a paper
entitled I\/UI ti cadeternirlihg uhammﬂmamttané'ui@rt&frﬂle &b@mmméﬁhdn%rst&lﬂse
Ti me Has ni_c azi

1990, 15 V\/m ch I?ﬁ@gﬂ@%@%ﬂ@ ‘é‘%gggﬁi’é‘ﬂ %&I}%ﬁ 2 1520
t hus receives and dﬁfcueggq:dmalﬁywbadb@f ctors dor theggurdity of thantelsbased|
data streags 5tqe§§t9¥g9ﬂ G iERIbteGhirkA S Winord Bl kitrisils ofyHRuoN V. one

nodul ati on synbol tor for each transmt
i npl ement at | dIENMEERAtIGNS 9%6%3@}65?%@%@%@@@@@@@ wﬁbaﬁasmctwe

dupli cat e 8nfisackesff fttenthapRientifies %lﬂédﬁb@(ﬁkﬁ'ﬁloin ipBhR M@dnﬁp%oﬂhlf feQeERhd

transmt anten as vect or t hr,ou .., T are

provi ded to nS ﬁ’ié‘?S?@%ﬂ%ﬁ&#m f’iﬂmzfaé%ffé@?‘? In the enbodl nent
shown in IHDG 15, teamsmitiimigbattbe pharhdity of thatawelsat d)\EEMeizEBCHetamhedprefl X
gener at or Qt%[se %’@fé}? I Jﬁ%? converts the

recei ved nodu ?ggle??/t vé@t%‘?éll n ?ﬁgigg('%ﬁ%gdggérml n representations
call ed OFDM synbol s. | FFY 1530 can be designed to perform the |IFFY on any
nunber of sub- char'meme fretbd oBclaikh 1, wheréiithe @vailibles)stdth re3hREs gRt . for

each nodul ation. s vect.or .cony, rte to, a cycle reflx
gener at or SWE%BS‘?%“ g‘Y’FW’H‘%’Mﬁ %‘é #ﬂ)&‘@ﬁﬁ : 8Rdof

t he OFDM synbwhetein ﬂmpﬂumﬁtytcrfachmmelslcofrespM lto definkdh 8ets oif éiehd slotsant enna.
The cyclic prefix insures that the transm ssion synbol retains its
orthogonal properties in the presence of nmultipath delay spread, thereby

i nprovi ng per f or mehcEheamgthsd ofidnian dr Wwheseipdha awailable systam resurebere bel ow.

2 partitioned into a plurality of frequency division multiplexed (FDM) channels.
4. The method of claim 3, wherein the plurality of channels corresponds
2  to sub-bands in an orthogonal frequency division multiplexing (OFDM)
modulation system.

5. The method of claim 1, wherein the available system resources are
2 partitioned into a plurality of code division multiple access (CDMA) channels.

6. The method of claim 1, wherein the determined one or more
2 characteristics of the communications system include carrier-to-noise-plus-
interference (C/]) characterization of receiver units in the communications
4 system.

7. The method of claim 1, wherein the determined one or more
2 characteristics of the communications system include loading probabilities for
the communications system.



The inplenentation of | FFT 1530 and cycl e prefix generator 1532 isz §”J%W?uu‘a“
35 the art and not described in detail herein. The time-domain U
represent atj m each cycle prefix generator 1532 (i.e., the ~
transni ssi B#IBQ)FZ?%%?S for each antenna) are then processed byCT{HSAHMG2E t er
1532, converted into an analog signal, podulated to a RF 2 3 A, A 70R WO
01/ 76898 PCTI USOL/ 09325 76 frequency, and conditioned (e.g., anplified and
filtered) to generate an RF nodul ated sifhal that is then transnmitted from
t he respective antenna 1416. FIG 15 al so shows a bl ock di agram of an

enbodi mnent of data processor 1520. The encoded data for each channel data

stream (i.e., thege t ERMei i j 0 respective
channel data p[_ocg'sgglrgqﬁ%?g.a (?fla?ﬁgi’channgi%(ﬁaﬁléﬁé‘l?%}e%%%cgqufa&gmgare
transmittéd 6¢Enedin approximately matabitke aneloy morgmdetemhiaed charavharigtios oiout
dupl i cation &Eb@:&mh@ﬁ\%éatﬁﬂﬁ%g@tfen{.he transm ssions), channel data processor
1532 denmul ti pl exes the channel data streaminto a nunber of (up to LNT)
data sub-streans. Each data sub-stream corresponds to 10 a transm ssion on

a p?rti cul ar sub- Qha‘heejhn%thbdaafﬁ?iiﬂ @,Wldgéreﬁﬂﬂﬁi Wlarality dHHACka S fLaﬁt_Iprs_are

i mpl emrent gtign e_nunber at ub-streans is [.ess than si nce sone
of the sub- cﬁgﬁﬂﬁcﬁ go %?%muxérga%ﬁ%mast%ﬂéq ngcﬁmgza HB%B{ recGNEE UBHS gat a.
The data suin tteeammuaiationssygencessed to generate correspondi ng
sub-streans for each of the assigned sub-channels that are then provided
to conbiners 1534. 15 Conbj ners 1534 conbi ne_the nodul ati on synbol s

desi gnat ed for eadh The amthod ohelsimold whergientheyplelity of beck-ofhfactags era hen
provi ded 25 _gefiRetlbalddi suttBRlreqifed By dBubilitAsNT modul ati on symbol
vector streans for the antenn%s are then provided to the subsequent
processing blocks (i.e., nodulators 1414). In a design that provides the

m)gt I f1exibility, 1heFhe pethod ohdaim lancheréi &l:keqﬁﬂfdllityfoﬁbﬁﬂe-@fﬁ’facﬁdﬂ@are
modul atiop s t e ti sl at,, n each,.

sub- channg l a%%gé%%gﬁen?fﬁﬁ%géﬁk?%;ﬁﬁ %ﬁ?&%ﬁ@ﬁg&ﬁ?ﬂﬁ%& f8’éﬂ'é%lpéﬁu‘f%"§' of cat ure
al | ows for t¢hanels, wheseigfeachsetpairit abtrespendsiocereguiredaCl 1 fdmadata

di mensi ong - ghh&Rissfoneauency, and space. The nunber of data bits

transmtted by each nodul ation synbol may thus differ. 25 In the
enbodi ment shown in FIG 15, resource allocation processor 1430 couples to

gerrul tiplexer 151 'Il@éﬂ'lelr!;]i%tﬂ:l@ﬁglﬁﬁnhﬂﬂrhe?éiﬁlt}:@@)ﬁ@}&&h@e%el%ﬁﬂs %% B er the

ata trangm §sjions e sghedu resouyce, al l ocat.i. rocessor

directs d taa?tWh%%%ﬁ? d{}|Pé’a'F‘P‘?5mW%‘£P‘6W8F6’rB§a'a‘§ﬁﬁ$u pl exed by

derul tipl exer 1510 into their respective assigned channels. Resource

al l ocation 30 progesprs I d{',,ﬁgg- r (}ﬁﬁi e

transm ssion basg% on Hﬁlg&%é?él%ﬁ‘lﬁr}éﬂ milﬁ&hgﬁngo? or ée%ggﬁlpﬂéé,ggresource

al | ocati of pretesxinsad haped in part on required data rates of data transmissions on the
plurality of channels.

14. The method of claim 1, further comprising:

2 estimating a required transmit power level for each of the plurality of
channels;
4 adjusting the plurality of back-off factors based on the estimated

required transmit power levels for the plurality of channels.

15. The method of claim 14, wherein the required transmit power level
2 for a particular channel is estimated based on a C/I estimate of a data
transmission on the particular channel.

16. The method of claim 15, wherein the required transmit power level
2 for the particular channel is further estimated based on a data rate for the data
transmission on the particular channel.



may determ ne the nodul ation schene (e.g., MPSK, MQAM to be useg and
the data rates for these transm ssions. Resource allocation proces or JULA%E
may al so V| irective to upconverters 1524 to reduce _12@ a@ t he
transmt B%Odv@?wgf sone or all of the avail able channels ?%C ﬁ’ll %/Igsthe
desired system goals. As shown above, the transmitter unit. and receiver
unit are each inplenmented with various processing units that include
various types of data 2 3 J UL 204 WO & 76048 PCT/ USO / 09325 77

processor, encoderny, THehethdd dfclafffMUWHePLRHR 1Sast BREPHhARRA is hESCULE
al l ocati on proceSjorImC;h nnel characteri zat.l onfmcessor, and so _on. These

processi ng? urVttB adickint! faghpreafeonce gepriescairbye of fiulh Fepsmitipowes and
application repeehihigGchaRhelraat assoridted ivith BRHCDES factdrgbf Rbs Haitle.
processor, a mcrocontroller, a 5 mcroprocessor, or other electronic
circuits designed to performthe functions described herein. Al so, the
processing units d&n The methozhehtlaindj wheaeingha phatalippopback-pffdatosareor a
speci al |y 4lesj . i nsit j des that
sehi eve 1o RTASRLY GERRPY sERERY Sflah e FIRE Kbk BT HEN R T <

descri bed herein can be inplenmented using hardware, 10 software, or a
conbi nation thereofy. THEnEMHKOO! AirAaBCHhRER 18 HPEEb &L S febodi. rent s
is provided to en_fgbl e anyggersonggﬂi P1 edg_fén ?ﬁgﬁart Pgéma%g{%? use the

g0

present i niverfbyrericalysdesned ko aetlect shanges inPerkEnarCABedIFERERtSIP  be

readily appar&nﬁmﬁm@ﬁgagsyggﬁ{_l ed in the art, and the generic principles
defined herein may be applied to 15 ot her enbodi nents w thout the use of

the inventive faculty. Thus, the present invention is not intended to be
limted to the ent2diThennstheftboinclaiend) whenginitbe plraliey aefbadldeff fadterswirdest

20 WaT | 2 QPRSP HiEhaha i s o BRH B e BRI X Vs
1. A nethod fSyBteBdNtrol ling transm ssions in a comunications system 2
the nethod conprising: determining one or nore characteristics of the

communi cati ons syste 4 parjitioni ayai l.ahl e sfemresources. into a
plurality of chan rsmi,he1&8&}‘}#9‘[9’-‘%%%7‘5%?{%}“3‘?3B%E’E‘m?g?%&%&gﬂ% A e
plurality df alaptivelysdéfasatitctapiroxémately matal thavgeshin chetaxterizneidnafe or
more charact §6} {64 S irf #& communications system.

22. The method of claim 20, wherein the plurality of back-off factors are
2 adaptively defined to approximately match changes in loading conditions in
- the communications system.

23. The method of claim 1, wherein one or more back-off factors are
2 adjusted based on measured performance.

24. The method of claim 23, wherein the one or more back-off factors are
2 adjusted based on estimated or measured C/1.

25. The method of claim 23, wherein the one or more back-off factors are
2 adjusted based on measured frame erasure rates (FERs).

26. The method of claim 23, wherein the one or more back-off factors are
2 adjusted based on estimated outage probabilities.

27. The method of claim 1, wherein one or more back-off factors are
2 reduced for selected time durations to reduce interference.



conmmuni cations system wherein each channel is associated with a resg)éctUL\iﬁﬁi
8 back-off factor that identifies a reduction frompeak transmt power

| evel , andx‘bd\hejl*(ﬁl n each back-off factor ranges fromzero to one; and 10
transmitti g S plurality of channels at power |evels dBEEUMMEAS based
at least in part on the plurality of back-off factors. 2. The method of
claim1, wherein the available systemresources are 2 partitioned into a
plurality of tine division nultiplexed (T8I time slots, and wherein the
plurality of chann | s cor spo d to defijned sets of tinme slots. 3. The

met hod of claim 12 V\H@Fé’ﬂ‘ﬁ% MF} hiwherein paervr Busabageosifactorpare seti oned
into a plaratd korodbr Eélemame@tﬂaﬁbmmﬂmﬁt@m&f&%w& oflbMe Nt Reret- The
nmet hod of claima3 reiri the plurality of channels corresponds 2 to

sub- bands i na$RCEI¢ %‘qgﬁ?}?ﬁq Sfrequency division multiplexing (OFDM

modul ati on system 5. The nethod of clai m 1, wherein the avail able system

resources are 2 pagt i ty.0f | Si
access (CDwVR) chag‘%e:ﬂ’l ?%eetﬂ?ﬁ fr%allﬂgid Fﬁt‘}%bfcgﬁéfa# ff?ep%r%tc% ned
one or noRe charmel écseditd gerai petfqrnmemﬂﬂmpamculw chyshelnis degtadie
carrier-to- nghGs ce (C1l) characterization of receiver
units in theB%:%m"rghl g%?‘iu%%ts (ggstem 7. The nethod of claim1, wherein
the determ ned one or nore 2 characteristics of the conmuni cati ons system
{,\gcl)‘{}j%l)ogd'p g% Bsgg?he?%%mga Jf%a%r#imvﬂ@fﬁi‘ﬂ%th : S Vol RV RYRIrAINthe particlitar 2004
e _net ho claim er.ein
pl ural i t yZof CHARTIEN &% 1‘9‘35‘?6?334?%‘“2 ea%?‘%rﬂwet(f‘atﬂ?‘fﬁéﬁﬁﬂ’ér?q‘;ﬁf %Eﬁt he one
or nore det ethreslaﬂdcharacterl stics of the comunications system 9. The
met hod of claim6, wherein the plurality of back-off factors are 2 defined
to approximately match the G| characterization for the receiver units in

t he communi cat i on81l.s¥be amthed of Tiremad, mirerein thiedack-pff fabtor aif the partjsularal i ty
of back- 0bf Har@ & fhdo z@rdjﬁfah’tﬁﬂageaﬁf&abﬂl G U e&fkaﬂHélat%‘E%eds
ra ity o

probabilities. 11. The nmethod of cl re|n ack- of f
factors are aPafeylaeyaligsed in part on one or rmre set points sel ected for
the plurality of channels, wherein each set point corresponds to a required
C| for a data 4,trans '.I'he et hod of .cl.aim ere| the one
or more set point 3 é%%ercﬁf‘ﬁe) Hish rapstgs “8&%’8&%‘1‘“@

probabi | i 2i ethe method comprising:
defining a reuse pattern for the comununications system, wherein the
4 reuse pattern includes a plurality of cells;

determining one or more characteristics for each cell in the reuse pattern;
N 6 partitioning available system resources into a plurality of channels;
defining a plurality of back-off factors for the plurality of channels for
8 each cell in the reuse pattern based at least in part on the determined one or
more characteristics, wherein each channel of each cell is associated with a
10 respective back-off factor that identifies a reduction from peak transmit power
level, and wherein each back-off factor ranges from zero to one; and
12 transmitting on the plurality of channels from the plurality of cells at
power levels determined based at least in part on the associated back-off
14 factors.

33. The method of claim 32, wherein the back-off factors for each cell in
2 the reuse pattern are approximately staggered from those of neighboring cells
in the reuse pattern.

34. The method of claim 32, further comprising;:
2 estimating effective link margins for the plurality of channels for each
cell in the reuse pattern; and



13. The method of claim 11, wherein the one or nore set points are223J 2004
determ ned based in part on required data rates of data transm ssions gln
the pluraly f ohannels. 14. The nmethod of claim1, furt I.si ng:
2 estimati n"g‘;‘)\é‘“?’é‘a’&i red transmt power |evel for each of th@%’%ﬁﬁ#g of
channel s; 4 adjusting the plurality of back-off factors based on the
estimated required transmt power |levels for the plurality of channels.

15. The method of claim 14, wherein the ré84uired transnit power level 2
for a partjcular chgnpel i St | d, based o G/l estimate of ~a data
transnissi®n on tHE& ﬁﬁ{m&@qei}a%gﬁﬁlgprsg _eaﬁﬁgmm%r%sedqagquyg,se rein
t he required theasdimatedeffertivedirdt ma2girer the particul ar channel is further
estimated based on a data rate for the data transm ssion on the particular
channel . 2 3 JUL 2004 WD 01/ 76098 PCT/US01109325 80 17. The nethod of
claim1, wherein & |TBwesmethnsd ehdaime B4, wherein theestindting ahd aedefikingfatre

factor of #n ¥, 'RT!.EﬁEI!IQ{iI I ﬁ?ﬁi’@h . Q%ﬁ and renmaining
channel s ar ee%esrs(grci};i%?ig%ta%t ac E{%ufthf%gc orsrs(l)#) eglgdf han one. 18. The
met hod of claim11, wherein the plurality of back-off factors are 2

dynari cal |y def i nes, tnd kiRl of 1A 8s, WherellP UL hRASedURiRTalS. The
f fa...2d cally

nmet hod of glaim 18, wherein the plurality of back-of . yna

defined t ré?qqg@?“%%&’el%mb@%re%ﬁ@é bk marginsare within a parsrwatc at i ons
system 20. Theesheldoaluef claim 1, wherein the plurality of back-off
factors are 2 adaptively defined to approximately match changes in the
comuni cations system 21. The nethod of claim 20, wherein the plurality
of back-off fact or¥. dihe methadhef daish §2,defthee domgprisprg:oxi mat el y mat ch
changes i my char actgui 3 r ' | ' I | system
22. The mg% hod . of agla |.m ggl,&r\%&]é,ﬁ%?ﬁb{éﬁ'oﬁl{%xﬁ%oﬁ%c@%s%%@%@?%S are
2 adaptively th%&ehét%ﬁﬁlﬁﬁithﬁbéWog%fg@ﬁr &rmpaiqulan wangl a8éndi t i ons
in the cofmuni catre@iiSing\thé dark-38 fadide forthe PhrAiulal ahahrel iMAREEIANSNR R
nore back-off,factors are 8‘?2%?&]1'usw based on neasured performance. 24.

The met hod of M€ ORE FF Sa0Te I tH6he or nore back-off factors are 2
adj usted based on estinmated or neasured C/I. 25. The nethod of claim 23,

wherein the one orgmeng RAGLOL adiAE 5P Whélefn the back-off factor for the particular
2 channel is reduced by the largest of requested reductions from the one or more

neighbor cells.

39. The method of claim 32, wherein the back-off factors are applied at
- 2 one or more time slots, or on one or more channels, or by one or more cells in
the reuse pattern, or a combination thereof.

40. The method of claim 32, wherein the available system resources are
2 partitioned into a plurality of time division multiplexed (TDM) time slots, a
plurality of frequency division multiplexed (FDM) channels, or a plurality of
4 code division muttiple access (CDMA) channels, and wherein the plurality of
channels correspond to defined sets of TDM time slots, or the plurality of FDM
6 channels, or the plurality of CDMA channels, or a combination thereof.

41. The method of claim 32, wherein the determined one or more

o)

characteristics of the communications system include carrier-to-noise-phus-
interference (C/I) characterization of receiver units in the communications
4 system or loading probabilities for the communications system, or both.

42. The method of daim 32, wherein the plurality of back-off factors for
2 each cell are defined based in part on C/{ characterization for receiver units in



2 adjusted based on neasured franme erasure rates (FERs). 26. The neztjngg ﬁ]h
claim 23, wherein the one or nore back-off factors are 2 adjusted ba ld Ln
esti mat ed outage probabilities. 27. The nmethod of claim 1, wherein one or
nor e back-@}fqo_lg"éeffsors are 2 reduced for selected tinme duraP¥BW§O¥3teduce
interference. 23 JUL 20DL WO 01/ 76098 PCT/ USAO /09325 81 28. The net hod of
claim1l, wherein one or nore back-off factors are set to zero for sel ected
time durations to elimnate interference 8n one or nbre associ ated
channels. 29. The nethod of claim1l, wherein the back-off factor of a

particul ar thetellnane or snemetset poirds seledted dorf Grepinedlityfofichanpelst feruiied
channel ig dSﬁfa%?ionl?i;lﬁgs,aoM&?ﬁ ﬂbnttﬂéfe%ll")' d. 30. The nethod of claim
e ck-o actor of t

29, wherein t - e particular 2 channel is set to zero
if a frame erasure rate (FER) exceeds a particular FER threshold. 31. The

mﬁt hodI of claitn12&>3. m&&l]@tﬂoﬂhﬂc%@,@%héééiﬁ?[egdo?@t thﬁi—bfﬁdhtl%'i-sf&ha |
channel ig set to,zerq i n Qu e probabili or.the particul ar channe
excoeds 2 phritictiigel areadiusted BSedon ipapuredon SotmR AP AT GG | ons |
? comr*]runi cat corpespryslingto n&a@h&&ﬁhﬁ@@rﬁﬂﬁﬁrrhﬁisWEERﬂﬁbhfﬁg@mHalbﬂfjtﬁspei tern
or the ¢ hcati.ons iSysi.e ein the 4 reuse pattern includes a

pl urali tyamﬁs‘,&?c&&%&ﬁﬁﬂ%&’gﬁé or nore characteristics for each cell
in the reuse pattern; 6 partitioning avail able systemresources into a

plurality of chanpgl $j DQLBJéI [ Lo Hegks _ he
plurality of chan%%l ?h?or t_}gé)g%la?%wp&}y?ﬁ{%rﬁ%drﬁeeuse pé?%écrgna?afgg%réagﬁéeast
in part os tRertiadarqellarg adinsted by amaunts selataddio wepsured (pdr andiset paint.

channel of each cell is associated with a 10 respective back-off factor

that identifies a cti fr e t ransm ower evel , and er.ei n
baoh back- of {1 oty THEmdRod 3 BBEY WRISH theRatEioft taitirs asdned i e 0
pl ural i t y2of phivalityedfscellsare tiedifibd taréd ycead-deinne] atterfprmnee. | evel s

determ ned based at least in part on the associated back-off 14 factors.
33. The nethod of claim 32, wherein the back-off factors for each cell in

2 the reuse pattef Ehemathedof daimi 32, wihegeisreaghiof she phuslity of erllsgabor i ng
cells inat hﬁeﬁi%ﬂ@t@d%ﬁééﬁvgﬁt of B ®td19d1sqh WwhithBa3® trahndfrlifgbns are

conpri si ng: estimating effective link margins for the plurality of
channel s f or 24Q¥gRd-

47. The method of claim 32, wherein the back-off factors are associated
2 with sectors in a sectorized cell.

48. A method for operating a plurality of transmitter units in a wireless
2 communications system, the method comprising:
partitioning available system resources into a plurality of channels;
4 defining a reuse pattern for the communications system, wherein the
reuse pattern includes a plurality of cells;
6 determining one or more characteristics for each cell in the reuse pattern;
allocating a set of channels to each cell in the reuse pattern based at least
8 in part on the determined one or more characteristics for the cell; and
repeating the determining and allocating to reflect changes in the
10 communications system.

49. The method of claim 48, wherein each cell in the reuse pattern is
2 allocated a respective set of channels for transmission at full power level.

50. The method of claim 48, wherein each cell in the reuse pattern is
2 allocated a respective set of channels that includes one or more channels



cell in the reuse pattern; and 23 JUL200b WD 01/ 76098 PCT/ US01/ 093 g@dzzh
redefining the back-off factors for each cell in the reuse pattern®b B‘h

t he esti nat\ggo%g gg;t ive link nmargins. 35. The nethod of cl all;g[1§,ﬂ4s lm%el n

the estimating and redefining are 2 perforned iteratively un a Sét of
conditions is satisfied. 36. The nethod of claim 34, wherein the estimating
and redefining are 2 perfornmed iteratively until the effective link
margins are within a particul ar threshol 4val ue. 37. The nethod of claim

32, further conﬂ ﬂ)]g 2 at._ a uI ar Eh rrecei ving one or, nore
requests frofiV8hd %‘II‘)u B?W§r ‘3’ and omearan \BOPELSt act or for
a particuldr a@:hﬂﬂhlelfbr&mdsﬂussa@kuatr@dcbd;hﬁﬁ&leﬁélsf actor for the particul ar
channel in accordance with the one or nore received requests. 38. The

met hod of claim 37, wherein the back-off factor for the particular 2
channel is reduce&lbﬁhelmeﬂmrbebdaim%ewhewﬂdheeemdthmmélsalioctaheitm’d'leor

more  nel GhQCeld fereARindi 5 iNYshe b the blldter IS5 EMAe LHENRAC knd he

factors are app ots, Or on one or
channel s, or rbl}'ﬂbﬂ m@\%@usgpaﬁtemhe réuse pattern, or a conbl nati on
t hereof. 40. The rret hod of claim 32, wherein the avail abl e system resources

are 2part|t|one | uyal it nme .di vi si on | tiplexed tinme
slots, a pluralit ﬂ'&‘i‘}g ﬂ?%?géow ’{'ltlb?é%é@fggmﬁ é‘gu\%}e

pl ur al i ty Df cells ﬁﬁﬁi@etérmhsecbhaﬁwmlmoﬁ@ﬁﬁ&tém b(&litlh@ﬂoﬁs itk oiflier ei n

the plurality of channels correspond to defined sets of TDMtine slots, or

the plurality of FDM 6 channels, or the plurality of CDVMA channels, or a
conbi nati on theredB. Mmﬁﬁmd]dtdmidnéﬁ whetein ®ach atlbirethe nenee pettemiisned one

or more 2 fhaamea%p'ﬂas & 4o ERATHIAL SRk 0O AHERAL tVHob Bllocated to

carrier-to-nol se-pLus- Tnterteren ') characterization of receiver
units in the Gbersatisdn %F@Se@ﬁ?@em or loading probabilities for the
comuni cati ons system or both. 42. The nethod of claim 32, wherein the
plurality of back-qff,.factagrs,f cell are defined bas i n.part on
&1 char acter i 2at S TstteRic) oflaioh ABCwisfan oot s0e Farpe Algssied s s
PCT/ USOl / 093gﬁrﬂa1lbheeli:ai'd transmitted atreelused poevertte redhiecingerférence.he
plurality of channels, required 4 outage probabilities, or a conbination

t her eof .
55. The method of claim 54, wherein reduction in power is performed in

2 defined steps.

56. The method of claim 48, wherein one or more channels allocated to a
N 2 particular cell are temporarily prohibited from transmitting to reduce
interference.

57. The method of claim 48, wherein a particular cell transmits on a non-
2 allocated channel for a transmission demand not supportable by the capacity of
the allocated set of channels.

58. The method of daim 57, wherein the non-allocated channel is
2 selected based on an estimated performance of the selected channel.

59. The method of claim 58, wherein the non-allocated channei is
2 selected based on an estimated probability of occupancy of the selected channel
by neighbor cells.

60. The method of claim 58, wherein the non-allocated channel is

2 selected based on an estimated carrier-to-interference-plus-noise (C/I)
achievable on the selected channel.



43. The nethod of claim 32, wherein one or nore back-off factors fz;nm ﬁ]ﬂl
particul ar cell are adjusted based on neasured or estimated perfor
corresponding to neasured frame erasure rates (FERs), outage probabilities,
or 4 C/Is,W(gP”@“??bnbi nation thereof. 44. The nethod of cl aPRFAB0IMBLY ei n
one or nore back-off factors for a 2 particular cell are adjusted by
anmounts related to neasured C/I and set point. 45. The nmethod of claim 32,
wherein the back-off factors assigned to 8he 2 plurality of cells are
nodi fied to reduce co-channel interference. 46. The nmethod of claim 32,

wher ei n each of tgf %grn%{h%oqfdaﬁﬁ{5§.wﬁer%irgﬁ§érg:f}?%§g%§eégﬁ&%%yVe set of

time intervals in_whic a transmssions are et hod of
cl ai m 32, 2nhegleqtadibiased golarostiniated sudage prebabiitiy foethe legtedclsaatedrs in a

sectorized cell. 48. A nethod for operating a plurality of transmtter
units in a wireless conmuni cat i ons_system the nethod conpri sing:
partitioning avai Pabfee beﬁqu@i%m%Wh%em angprmgre chariels praesereds

defining a rﬁsmarmﬂsgbﬁs_fb?rapmcamﬂaéuifaahiwﬁqﬁaﬁﬁﬁma&ﬁ%ai n the reuse
pattern includes a pluralify of cells; 6 determ ning one or nore
characteristics for each cell in the reuse pattern; allocating a set of

channel s to each 68! Theméthedrof ekdrpél, vehierehoneighbbr telsire pohibitedfforan t he

determ ned o . i.Sti r .t call-. and r ati.ng the
et or mi i g SRSy fBEpf 16E BRC BE FRbeiaorgd b Enidh for ARGABRARH LS | ons
system 49. Wheatian.hod of claim 48, wherein each cell in the reuse pattern

is 2 allocated a respective set of channels for transm ssion at full power
| evel . 50. The nethod of c aimﬁ wherein each cell in the reuse pattern

is 2 allocated abteipesmethedafclaim 44, avherem anspit pereer ghsagh nore

channel s 2 3allbdatedGRarvie] @4 LGB HINge@ S bwer 184els vithdrofhlealloested

transm ssi on .t fegl.l gjgswer |l evel and one or nore channels 4 available for
transm ssi on hilte fﬂbﬁﬂéﬁg | evel s. 51. The nethod of claim48, wherein
the sets of channels allocated to the 2 cells are determ ned based in part

on t he nunber of at : H8in fini ' use
pattern. 52. The %t%ﬁ%&gpy%ﬂi ,ﬁ]\ﬂhq%ltrlel n ﬁ]ée@egél:ts oﬁgé%gﬁggf%&%%%cat ed
to the 22cepPedforped@periadicald based in part on estimated | oadi ng
conditions in the cells. 53. The nmethod of claim48, wherein each cell in

the reuse pattern_jis allocgted. a r ctive.sef of channels that are
ort hogonal to thoééf ;ﬁ? gaoﬁglmmfé%e}\eremme etermining and allocating are
2 performed upon receiving an indication of changes in the communications

system.

67. The method of claim 48, wherein the reuse pattern includes three or
2 more cells.

68. The method of claim 48, wherein the available system resources are
2 partitioned into 12 or more channels.

69. A method for providing data transmissions to a plurality of receiver
2 units in a communications system, the method comprising:

defining a reuse scheme to be used for the data transmissions to the
4 plurality of receiver units, wherein the defined reuse scheme identifies a

particular reuse pattern, an initial allocation of available system resources, and

6 a set of operating parameters;

transmitting to the plurality of receiver units in accordance with the
8 defined reuse scheme;

evaluating performance of the communications system;



other cells in the reuse pattern. 54. The nethod of claim48, wherehrs qnen
or nore channels allocated to a 2 particular cell are transmtted at
reduced po duce interference. 55. The nethod of cl ai erein
reducti on rﬁ&Bﬁﬁﬁﬁﬁis performed in 2 defined steps. 56. Théqhaﬁﬂﬂﬁg f

cl aim48, wherein one or nore channels allocated to a 2 particular cel

are tenporarily prohibited fromtransmtting to reduce interference. 57.
The nmet hod of claim48, wherein a particuBér cell transmits on a non- 2
al I ocat edighannel ddkrfirlif@HNERS! B AAITIE] BRleSHPRRSLAIGE i0Wiliig Capaci ty
of the allocated set, of channels. 58. The ngﬁ%od 0 clain1§€,]dﬂ§rein t he
non- al | ocat ed” thyegholdlszandct ed based on an esti mated per f or mance of

the sel eciz2d chanri¢the &Saludted ﬁ%@éeﬂbr&hﬁééﬁs%t%ﬂﬁh&h@ﬁabﬁcﬂﬁf“ al | O]E:at ﬁd
occupancy o e

channel is 2 selected b d on, an estijated probability o

sel ect ed chantﬁ'@‘i’s‘i‘%@s'ﬁﬁ‘%ﬁﬂﬂgﬂé%m‘?? M%he net hod of claim58, wherein
the non-all ocated channel is 2 selected based on an esti mated
carrier-to-interf - 0l_1S- N0k SE- I ' > . el

channel. 2 3 JUL ?ﬁ%ﬁ%@%@%ﬂﬁb@%%@gmgtﬁ%ﬁ%&%ﬁ%‘%‘%f claim
58, whereid tlhel_l-\ﬁ’@ﬁ-al | ocated channel is 2 selected based on an estimated
out age probabili tycﬂﬁéctéﬂﬁng%r%%ﬁﬁo BheteRof J@@oxﬁ%ﬁa&&nﬁ%&&?l

wher ein one or c{'rore channel § are reserved 2 for transm ssions
particular®*cé@f® for a particular time duration. 63. The method of claim62,

wherei n nei ggbo[] @f*rﬁn?h&e?é@ﬁiahﬁ%a@édratwﬁ}stﬁxpéxgaﬁftgléﬁh@%%ﬁbﬂ_?ﬂe ontehotr]I f
nmore reseryed,channel s, for e panrticular tinme, duration. : met hod o
Cl o m 45, QndParaenesd paEErs Ber S he sirep o T bR HAREIPE TSR ¢ o
to a range ofpgFemeandareirdtialtvell rehse hlybotbased orctherpeeticilar reasespattérnng. 65.
The met hod of claim 48, wherein the determ ning and allocating are 2
performed periodically. 66. The method of claim 48, wherein the determ ning
and al |l ocating ar Zﬁ}%‘i{'ﬁ dpion 70 s¢bergim gharacieriginginichde changes in
the commum cat i ondetEhirfRg ah inteHeferieldharhc@érifdtRinfoft She PhEERH Of fiRefRYSE

attern includ three or ~ 2 re cells.
P urﬁgs mq.[\e commumcggons system.

72. The method of claim 70, wherein the one or more parameters are
2 updated periodically to reflect changes in the communications system.

73. The method of claim 70, wherein the defining the reuse scheme
further includes
partitioning the available system resources into a plurality of channels,

]

4 and
allocating a set of channels to each cell in the cell reuse layout based at
6 least in part on the one or more characterized parameters.

74, The method of claim 73, wherein the characterizing includes
2 determining expected probabilities of occupancy for the set of channels
allocated to each cell.

75. The method of claim 74, wherein the expected probabilities of
2 occupancy are set to one for uncharacterized channels.

76. The method of claim 73, wherein the defining the reuse scheme
2 further includes

defining a set of back-off factors to be associated with each allocated set
4 of channels.



68. The nethod of claim 48, wherein the avail able systemresources 286 Q) Z%Uf;
partitioned into 12 or nore channels. 69. A nethod for providing data”
transm ssi 8)9@8{‘% % plurality of receiver 2 units in a comunications
system the WeVA8e conprising: defining a reuse schene to bECHASHIANRS ¢ he
data transm ssions to the 4 plurality of receiver units, wherein the
defined reuse schene identifies a particular reuse pattern, an initial

al l ocation of avail able system resources,8And 6 a set of operating
paranmeters; transmitting to the plurality of receiver units in accordance

with the 8 defined T8HSS relai | rd W

comruni cati ons s(ﬁg e % %ﬁg)gg Zlai%illﬁé\/\%@i})éﬁ%gggeg g“?éerslo

det er mi ni g Hdudesa sqtofbagkwit Bgtors foreadhaliaspiesises of chasmnels.n  parti cul ar
thresholds; and 12 if the evaluated system performance is not within the
particular threshgl redef.ini t reyse schene. 70. The net hod of

cl ai m 69, wherei n%‘ngﬁgé’?‘? F}é)r}ﬁ%gn}é:ﬁ{:@rtglgﬁg%pngu}qu udes characteri zi ng
one or nore par ame¢ceivdingfanindicatioriufichahgesin hesbathudicatidng efétaijand reuse
pl an based at | easfsid..par n the one or nor char act.erd zed aneters,
wherein the reuse%pqee{{r%uﬁgé‘%ﬁoefslcégﬁeﬁgr %Rqr}sgﬁ&gefequgveedtlﬁlgﬁag}oﬁp nd an
initial cdl| changss ihdyeoombpagridations $ysterarti cul ar reuse pattern. 71. The

nmet hod of claim 70, wherein characterizing includes 2 determ ning an

interference characterization for the plurality of receiver units in the
conmuni cati ons sy<Pemne methedof glaimeP, srherei theryalugtingingludes one or nore

parameterg are 2duRantiRthghefdcaide Gk that@ns SArRe erahde 98%s (FERY outage
comruni cati ons s¥)3|1tlem 73. Theég{_sth d (%f claim.70, wherein.the defi, |1nag t he
euse schensProPA ek Pr ARETAREAETOHERRYY i 4 ST HBALiOR thaI0k fOF aparicu
resources4i ntell.a plurality of channels, 4 and allocating a set of channels

to each cell in the cell reuse |l ayout based at 6 least in part on the one
or nore characterized paraneters. 74. The nmethod of claim 73, wherein the

characteri zi ng i n80-udanethatbfosmrpriding dapretreasmissiseiipla pluzalityfofaeceipency
for the set ghits ipRREIInuAIA6AS SFbted, BRCIeHRId comprising:
updating a first set of parameters to be used for scheduling the data
4 transmissions;
prioritizing the data transmissions;

6 assigning the data transmissions to respective available channels based
at least in part on priorities of the data transmissions;
B 8 updating a second set of parameters to be used for transmitting the data

transmissions; and
10 transmitting on the assigned channels to the plurality of receiver units
using the updated second set of parameters.

81. The method of dlaim 80, wherein the first set of parameters channel
2 occupancy probabilities, loading probabilities, characterization of carrier-to-
interference-plus-noise (C/I) of the receiver units, or back-off factors, or a
4 combination thereof.

82. The method of claim 80, wherein the prioritizing includes
2 computing channel metrics for the available channels for each receiver
unit using the updated first set of parameters.

83. The method of claim 82, wherein the channel metrics relate to
2 cumulative throughput.



75. The nmethod of claim 74, wherein the expected probabilities of ik 200k
occupancy are set to one for uncharacterized channels. 76. The met _ll‘J B
claim73, \/Wsrﬂehgbg%he defining the reuse schene 2 further i

defining a set- ack-off factors to be associated with each a ocat?'ed set
4 of channels. 2 3 JUL 7004 WO 01/ 76098 PCTI US01/ 09325 87 77. The nethod of
claim 73, wherein the set of operating pargneters 2 includes a set of
back-of f factors for each allocated set offchannels. 78. The method of
claim69, further [l n .inthe
communi cati ons. y<FerimgagEak iR b frth 20k SRb R SRR e

recei ved |hdl@&iermWEdfb%edImn@ehzabiem@Cbm}damwtﬂ ons system 79. The

nmet hod of claim 69, wherein the evaluating incl udes 2 determining effective

link margins, franme erasure rates (FERs) out a probabilities, or average
t hroughput's, or a enth @ﬁdmﬁ hereing mlemletrrve threughpuige. A

net hod fora prdé’céﬂhﬁﬁd%ta?sli e%ﬁehﬁzatbl@b%@ddal Ha@frat@cRle¥a@r 2 units
in a conmmunicatio stem d conprising: updating a first set of
par amet er s t PEH "ot“% duI i ng the data 4 transnmissions;

prioritizing the data transm ssi ons; 6 assigni ng the data transmissions to
respective avail alyj e .ghanngl s. b ast 0 S he
data transm ssi onél.é 6. ep‘a"gFlrl‘("ndgc’f’iaglenégatlwi.l g E%f p ne%léllr?%t%tcg g'g)lgtteutg)e&ﬁ%%é
transmittig pﬂm@a‘dﬁmss. transm ssions; and 10 transm tting on the assigned
channels to the plurality of receiver units wusing the updated second set
of paraneters. 81. The nethod of claim80, wherein the first set of
paramet ers channel87- Zhscgthadtof dan S8 wherein the shanng) metsisa Frlrtertpes,

char act er i Zatd@iecRl dehidvable édriePt6 iR RAGRePblus-Tities@E 15/ | ) of the
receiver units, or back-off factors, or a 4 conbination thereof. 82. The
nmet hod of claim80, wherein the prioritizing includes 2 conputing channel
metrics for the ags |+ metﬂm?méd:lmm& whetein ébe ichannel mméttics &€ reflectinee of

Pt 115t e eGSR S, GG BBt (e
interfering sources.

89. The method of claim 82, wherein the prioritizing further includes
2 assigning priorities to the data transmissions based in part on the
computed channel metrics.

- 90. The method of claim 89, wherein the prioritizing further includes
2 upgrading priority of a particular data transmission based at least in part
on delays experienced by the data transmission.

91. The method of claim 89, wherein the assigning the data
2 transmissions to respective available channels is achieved base in part on the
assigned priorities of the data transmissions and the computed channel metrics.

92. The method of claim 91, wherein successively lower priority data
2 transmissions are assigned to the available channels, starting with the highest
priority data transmission.

93. The method of claim 91, wherein successively smaller load data
2 transmissions are assigned to the available channels, starting with the highest
load data transmission.

94. The method of claim 80, further comprising:



23 JUL20UL WO 01/ 76098 PCT/ USCOL/ 09325 88 84. The nethod of claim 82, UL
wherein the cumul ative throughput is 2 determ ned based on realiz bﬁ é lo%n
act ual dat a{i&t@% 85. The nethod of claim83, wherein the cunulatiyv

t hr oughput (et ermined as a sliding average of reali zaBFyué'r'”‘QéﬁJal
data rates over a particular tine interval. 86. The nmethod of claim 82,
wherein the channel netrics relate to outage 2 probabilities. 87. The

nmet hod of cl aim 82, wherein the channel ri cs rel ate to 2 expected

achi evabl g carrier-to-iLnferference- tus noi Eff/t tr The net hod of
cl ai m 82, “wher ei n"FARCRGRT HHEPFE PE PG OF SRprecdaty aBPn“S'flci’IPﬁéP erence
const r ai nt mat ri cadjusting tansuet pbwienlerdiefarthe oar pe chee datamansmisidrer i ng

sour ces. é&ﬁ ﬁﬁﬂqqeggmg{i%}eg}qg&ﬂ\g@erei n the prioritizing further

i ncl udes 2 aSSI gni ng prrori data transm ssions based in part on
the conputed channel metrics. 90. The method of claim89, wherein the

prioritizing furt SHHES of ARG i
transm ssion base ‘Pg‘gst | r??part @d g ﬁm%g{e &%%EQOQ%E#‘%%%(&Q
transni ss#fonOn&er H‘Fﬁé Haasxmssm%arwe@)u basad emaneasyr aﬁg emexraata 2

transm ssi ongté FERSoABRIoNR cr\tabiefhia tehiamnebionk.s achi eved base in part on
the assigned priorities of the data transm ssions and the conputed channel

metrics. 92. The method of claim91, wherein successively lower priority
data 2 transm ss%@nEhanethss bf daint 80, fimthevaithptibimgchannel s, starting with

e, ot aheat | Pr! OLkb PedliAE RS Nom 3% RO o Bl the

avai | abl e chamthel s, starting with the highest |oad data transm ssion.

The nethog of cl aj %Bl&attQ%tewm%gﬁfﬁﬂﬂaﬁdﬁa%ﬂns%qgﬁoﬂ\@a%duﬁggﬁ1n
PCT/ US01/ 09325 89 rrea urlcﬂ per nce of one or nore

transni ssi onRart 59‘1‘41%%‘30 HHRIVeevel s for the one or nore
data transm ssions 4 based on the rreasured performance. 95. The net hod of

{ranem <51 ons. ar o ha v PEANELEERBYR s Rifrdin Rl abelGrung SatnhelRs 071

2 approxunately equalize data rates for the data transmissions.

98. The method of claim 97, wherein the equalized data rates are
2 achieved by assigning two or more channels to data transmissions transmitted
at lower data rates.

- 99. A method for providing data transmissions on a plurality of
2 channels to a plurality of receiver units in a communications system, the
method comprising:
4 computing channel metrics for the plurality of channels for each receiver
unit;
6 prioritizing the data transmissions;
assigning data transmissions to the plurality of channels based on
8 priorities of the data transmissions and the computed channel metrics, wherein
the assigning includes
10 selecting a data transmission having a highest priority,
' assigning the selected data transmission to a channel having a
12 least favorable channel metrics but meeting requirements, and
successively assigning remaining data transmissions, in order of
14 decreasing priorities, to available channels; and
transmitting on the assigned channels to the plurality of receiver units.

100. The method of claim 99, further comprising;:



rate (FER) of the one or nore data transm ssions. 96. The net hod oﬁ SCJUE{umm
80, further conprising: 2 estimating required transmt power for a

parti cul ar %(ﬁntﬁﬁﬁnsm ssion; and 4 adjusting a data rate q,fcﬁll;%m% 5
particul ar data transm ssion based at least in part on the estinate
required transmt power. 97. The nethod of claim 80, wherein the assigning
is achieved to 2 approximately equalize %%ta rates for the data

transm ssions. 98. The nethod of claim 97,”“wherein the equal i zed data rates

are 2 achi ved by t

are 2 achigved DY G3BlEnL IR e RS EhEREl gy S Bl AR Yo
transm ssi onsn‘l@neéavmr%ﬂﬂglqhayndfmeu’l@hannel s to a plurali ty of receiver
units in a communications system the nethod corrprl sing: 4 conputing
channel netrics for_the pluraljty of channels f each receiyer unit; 6
prioritizing the dilla themehady §1m&9§ Rerein the wpgma: it to the

plhurallty 91(‘1 Cﬂannﬁillécd@%s@daﬁrtr&ﬁisﬁbhtha&&g)ﬂﬁ sdph@rﬂltygnsmlgsl olns and
t he conput ed channe tri ein Ni cliudes sel ecting
a data transnissi oif I‘FFE} &?frm\%ﬁé .%Vﬁﬁa&ségﬁﬁaﬁghﬁ R& &dN8¢t ed data
transm ssi én favosalib ahaehel mastrieg; and 12 I east favorabl e channel netrics but

Meeting requirements %qg}gsﬂ{%%g%gie\ﬁeclié/taa“sﬁmsﬁ]g? t§ fR %%%%?ﬁ\%g}% if the

transm ssions, in OI’ creasl ng prior I €S,

channel s; éndchmnkmettncmgssmatedewa@sﬁhg iselgciedaahasnel sanetedapprabe thap e

receiver unitganh@dmelfigs ARbAAGLDith ihleBripinallddtighed chammel sing: 23 JUL
200k WO 01/ 76098 PCT/ USQO /09325 90 2 upgradi ng oite or nore data

transm ssions to avail abl e channels having nore favorable channel netrics.
101. The method of 162 ah mhéiB0d fehpreiidirid@atdperaeiisgonaeh ugdarality €l ecting a

data trans i on a .prioQri.t el ecti.ng.a chapn froma
list of av %lﬁné‘ Esnaigrﬁ’]ﬂ‘lgaﬂwg%}eﬁﬁel ewts%ha?gmtgm:%h%rﬁaﬁyﬁg ’rﬁE‘Fri cs; and
reassi gni ng timtlsce:lemnpdlsd@a transm ssion to the selected channel if the
6 channel trics asinkat SR ﬁ]r rabl e
t han the gﬁannel metri @ssoct& Ek%‘%ﬁﬁ%&ggcf)rl g:a dlﬁgl gned c gnnel
wherein eback—off factors 1den tify reduction from peak transmit power level’
6 for the respective channels;

assigning the data transmissions to the plurality of channels;

8 determining required transmit power levels for the data transmissions;
adjusting the plurality of back-off factors in accordance with the
10 determined required transmit power levels; and
- transmitting the data transmissions on the plurality of channels in
12 accordance with the plurality of adjusted back-off factors.

103. The method of claim 102, wherein the adjusting the plurality of
2  back-off factors is performed prior to the transmitting.

104. The method of claim 102, further comprising:
2 measuring performance of one or more data transmissions; and
adjusting transmit power levels for the one or more data transmissions
4 based on the measured performance.

105. The method of claim 102, wherein the assigning the data
2 transmissions to the plurality of channels is performed based in part on

priorities of the data transmissions.

106. The method of claim 102, further éomprising;



102. A method for providing data transmissions on a plurality of 273 JUlL 200t
channels to a plurality of receiver units in a conmunications system the

nmet hod cor’rwd i,;ag‘js 4 defining a plurality of back-off fact olycsnilgor /05{]2%
h educ i on

plurality of-channels, wherein the back-off factors identify

frompeak transmt power level 6 for the respective channels; assigning
the data transm ssions to the plurality Oré channels; 8 determ ning required
transmt power |levels for the data trans ]ssions; adjusting the plurality

power evdls: andorRHaREERRARRGReM s to} e daREELINAGR: badd fiffagt i 0t
channel s i n pag cactherpharalidy wf back-n# fpriorsiandy of adj usted back-off factors.
00 0T FELT o AR B e AR v

back- of f tors_is perforne e transmtting:
clai m 102, fisRentormeshbased;inparbondhe compyteshbehasnehmelies one or nore data

transm ssions; and adjusting transmt power |evels for the one or nore
data transm ssion based o e, ur e erformance. 105. The met hod of
cl ai m 102, wher ei ip';{'ﬁ@"ea’g? ﬂéa?ﬁg‘iggté“g‘egrcgmﬂ%%g?ons to the plurality
of channePs is pepfiotitieihgwheathta trapariissions, pndorities of the data

transm ssions. 106, The od of ¢l aj f I i $LNg; L
2P(1 WD 01/ 76098 Boer R %g%g’ggﬁltﬁﬁ%%?n%%ﬁ?%%ﬁ‘%ﬁﬁéﬁgﬁgﬁﬁiﬁ & %lr%alﬁ heésudat a
t ransm ss#onis pexfetnest baseddn pamt op priorirestdf¢éhedakadiransmissiopack- of f factors,
and 4 wherein the assigning the data transm ssions to the plurality of

channels is perfornmed based in_ part _an tgg conput ed %?%;qrjal metrics. 107.
The method of cl ai®f 183 methedef dapdPy swheremn prigritissiof the datat ne dat a

t ransm sspongan&neksiie relafe thacagsdge)d. t he data transm ssions to the
plurality of channels 4 is perfornmed based in part on priorities of the

data transm ssions. 108. The nethod of claim 107, wherein priorities of the
data 2 transm ssi@hsThehetlsod of datrnd@dbivherfainh pribdBies ofieherdataod of claim

107, whersgin LOEJ.L ] %qhﬁg' o realizable
or actual §cutr¥u a‘?‘?&?”?%?%&%h&gﬁﬁaﬁ%@&&#ﬁm 0 bg?égirgh%hﬁg , Wherein data
transm ssions having higher 2 priorities are considered earlier in the
assi gni ng. 110. The method of claim 107, wherein data transmissions having higher

2 priorities are considered earlier in the assigning.

111. The method of dlaim 107, further comprising;
2 upgrading priority of a particular data transmission based on one or
- more parameters.

112. The method of claim 102, wherein the back-off factors are defined
2 in accordance with one or more one or more characteristics of the
communications system.

113. A transmitter unit in a communications system comprising:
2 a systemn data processor operative to receive and partition an input data
stream into a plurality of channel data streams and to process the plurality of
4 channel data streams;
one or more modulators coupled to the system data processor and
6 operative to receive and modulate the plurality of processed channel data
streams to generate one or more modulated signals comprising a plurality of
8 data transmissions to be transmitted on a plurality of channels to a plurality of
receiver units, wherein each channel is associated with a respective back-off
10 factor, ranging from zero to one, that identifies a reduction from peak transmit
power level; and



111. The nethod of claim 107, further conprising; 2 upgrading pri ogigtTﬁ“%ma
particul ar data transm ssion based on one or nore paraneters. 112. e

net hod of okeicimdwe, wherein the back-off factors are defi nedraRei®szs
accordance with one or nore one or nore characteristics of the

conmmuni cations system 113. A transmtter unit in a comunications system
conprising: 2 a systemdata processor opeggtive to receive and partition an
i nput data streaminto a plurality of channel data streans and to process

the plurality of ohedltanor! artehAastagsed to Bieoné ofiicte fodblatars andoupl ed to
I
t

th t dat 4 .and , 6 ' t ' d, nodul ate th
ol ur al 1ty of (RRBREC B eCHXAAGE g ans Bine? moreanedubled HBRE o e

nodul at ed signals conprising a plurality of 8 data transm ssions to be

transmtted on a ghurai.i : I ' f | jts,

wher ei n each chanﬁ%ﬁ' ??eta%g%%}lgtp ggﬂ%ﬁé%@%%ﬁﬁ%%@%%&%%&ﬁ%@r?ggcyt or,

rangi ng f rdmthephunalitpabcharmels argataterminedbased oot Hhchiaraeterisation pmnsmni t

power |evel; lggﬁngﬁtﬂy&%%ﬁ%&g%%%_ 92 PCT/USQL1/ 09325 12 one or nore
e

ant ennas coupl o the one or nore rodul ators and operative to receive
and transmt the one or nore nodul ated signals. 114. The transmtter unit

of claim 113, whergsnTheerdtaekittef inftaficim 118, whertiretheldiedrirhyreof channel s
are determ ned 8 d on (1 .chgractﬁri Zai%ér?ﬂ or aIl adi r&g of,.t.he

communi catd orfBodyiefers gRarativio FRpTaReR erhogrnal Sequenry dvson e r e n ¢ he
one or nore rBultipdedingdOFDM) nwehdatiore t o i npl enent ort hogonal frequency

division nmultiplexing (OFDM nodul ation. 116. A transmitter unit in a
communi cations system conprising: 2 a resource allocation processor
operative to receillé. dafrangroitieriungt in 2 comEnumichldors I¥stere conmyising: dat a
transm ssipns to g fakokiallbcon BEGeY&Sr dPtrhive fb MEHRRI dhth H@ﬁﬂ&ﬂcg' RGhskeuse
schene identifjes a Bartl ligl ar reuse pattern, %’E initial allocation of
avai | abl e sySCBERELRQ spégi,oraﬂqfa&r FLOBH L %@E}%P FREEFES WS syst em
dat a pr ocessarvheeitptieddfimedreusesdimeidentidiestal pattipulag @S patten, apmitdal ve
to receive a LtiLpon. | | ' ... channel
data streans ;?1?(%1{ é# %‘2%%2’ lé %gslg%f‘&?%@f:t%g’%?ﬁcéngéﬁ%é %Pg'lé#gr@_sé ér%g?r%er?h
accordanceb wi t h t laesystem deth pracessozscoupied ttotherresmrrceplecatisaupracesser endpl ed
to the systerg il Ploretsive an@Phrtition an input data stream into a plurality of
8 channel data streams and to process the plurality of channel data streams in
accordance with the defined reuse scheme;
10 one or more modulators coupled to the system data processor and
- operative to receive and modulate the plurality of processed channel data
12 streams to generate one or more modulated signals comprising the plurality of
data transmissions to be transmitted on a plurality of channels to a plurality of
14 receiver units; and
one or more antennas coupled to the one or more modulators and
16 operative to receive and transmit the one or more modulated signals.

117. The transmitter unit of claim 116, wherein the resource allocation
2 processor is further operative to
evaluate performance of the communications system;

4 determine whether the evaluated system performance is within
particular thresholds, and
6 if the evaluated system performance is not within the particular

thresholds, redefine the reuse scheme.

118. A transmitter unit in a communications system comprising:



operative to receive and nodul ate the plurality of processed channdid 780
12 streans to generate one or nore nodul ated signals conprising the
plurality g"t Eﬁ transm ssions to be transmtted on a plur Ii% of
channel s t %.0.124% ality of 14 receiver units; and one or nl[’)(?Ié(U %f"é’mas
coupled to the one or nore nodul ators and 16 operative to receive and

transmt the one or nore nodul ated signals. 117. The transmtter unit of
claim 116, wherein the resource allocati o 2 processor is further

ti t | uat f f th icati y St 4 det '
whet her tRe eval Ui ER S5 IRABERRIPREREE OPE Al HOTeCHYF TN 1 Of hr eshol ds,

and 6 if thepznaahatetsetd beysedrfop scHeashdbrgrdatadravemissibhs;n t he parti cul ar

Commn cat ons. syt PEERCAE PRG.ASEE Rt she KB AEGHUR drotslef nd,
93 2 a resouppwalive temedebre rbpadition apinpui datatstreaptinity e plurdlityof set  of
paranet er g t&ﬁgl‘&% %]tféran%q}ﬁ?%ﬂ bﬁ%e@é‘ﬂ?e %Hﬁlﬁﬁ?c«zggﬁggﬁé gaﬂ sieedfidhdat a

' aliy

1
processor coup to the resource ocatl'on pr an operative to
recei ve and #&Prdancgivih th%?,lcﬁt sab?tgp%&amﬁmr meherainghgplusalipy of ceannednnel
data st reanﬁdﬂ@%ﬂfeﬁﬁé}ﬁ?‘iﬁyﬂﬁﬁdﬁﬁﬂd é\ésii%'r)’ecpfoﬁ by 8p&tariel SRR iR

S

accordance wth.the first. set of. para ers, wherein the plurality of
channel 8 \(Ij\%'f’ghgt HB PLjo&t ioéﬁﬁ?@gstﬁmssi gned to a plurality of
channel s 1based atond emstore magzhulatars cpupled tol the sgbtenhdatigiracedsoeand; 10 one

or nore nodu . t - Dr tive to
recei ve and @Jgﬁg?g?%gﬁ& %Jl{r)%ﬂbt%)}ﬁ %‘% tglrg]ggg{sagle og%gﬁ‘?]eg%ecgata 8é reans in
accor dand@ witréams weagsatidanse with paegemd setsof pargomaierstte generage onepe more
modul at ed S'ﬂi&@h?at@&@ilﬁdaﬁ_ (Elﬁngriﬁiﬂ#@hldr&ih%f ofah’ t4RPGiSAs ABe O be 14
transmttgd on the p a{ét f C el s to alolu]é_allfty of receiver units,
wherei n 1fheiTapsgittedsen P%’é?léﬁle?fzfa@npﬁlﬂ' toeRIaliy ofgeceiyerupits, wheredy s
for the pl urgileiseyond Setadf patameedrs indndeoa eepsf bavkeofffienrdsr fauplueaityo t he
one or e o ul atg‘[s gnd 18 operative to receive' and transmt the one or
mor e noddPat ¥ POfsr 879119, A transnitter unit in a comunications system
conprising: 2 a systemolebantepmasesspledopdhatingertrporemeduiatarscanghrtiti on
an i nput qgat : | i?arﬂ:iﬁ%ﬁl‘. BYAN0Yj &BTs,  Process
1? @P%?{‘gﬁ% Heqegf ata str e%ﬁrﬁsﬁhgaor?gﬂom%wgbﬂét@dg '

the pluralit ann

119. A transmitter unit in a communications system comprising;:

3]

a system data processor operative to
receive and partition an input data stream into a plurality of

- 4 channel data streams,
process the plurality of channel data streams, and
6 assign the processed channel data streams to a plurality of
channels;
8 one or more modulators coupled to the system data processor and
operative to
10 receive and modulate the plurality of processed channel data
streams to generate one or more modulated signals comprising a
12 plurality of data transmissions to be transmitted on the plurality of
channels,
14 determine transmit power levels for the plurality of data
transmissions based at least in part on power constraints on the plurality
16 of channels, and
adjust power levels associated with the plurality of channels in
18 accordance with the determined transmit power levels; and

one or more antennas coupled to the one or more modulators and
20 operative to receive and transmit the one or more modulated signals.



6 assign the processed channel data streans to a plurality of cha sl {sj\;@
one or nore nodul ators coupled to the system data processor and 2)7; a’ t

to 10 receiyg @Aghgodul ate the plurality of processed channg)- Fo33k r eans
to generate ore-or nore nodul ated signals conprising a 12 plura ty of data
transm ssions to be transmtted on the plurality of channels, 14 determ ne
transmt power levels for the plurality 0[3 data transm ssions based at

| east in part on power constraints on the i‘)l urality 16 of channels, and
adj ust power |levels associated with the plurality of channels in 18
accordance W th theodef esdeiviedutif RS EOhnRANEHidrd Vs?sﬁam@ﬂﬂtg? - nore

ant ennas %oupl ed to the one or nore nodul ators_an 20 o g\]ﬂé(g to receive
and transmt the JFE YrMRE: antePOaT QPerd Féﬂé?%ew“-?o%e?ﬁfmﬁt"i‘o et 76098
PCTI UsA 1093%5gr9a45ﬂt&ﬁhaﬁtelbeeﬁlg\eaerawd and tramsaotrsdbiycat i ons system
conprisin 2 one or rmr ntenn ive.to.r | e nor

nodul at edgi signal s that %%Hgﬁ'g C@&%&“ﬁﬂ&‘{‘ E’M&Gc’gﬁ}hﬁm&d&ta
partitioning an i rgeamit a stream into a plurality of channel data

streans, pr ocessi ng t

to gener at%e one or o ﬁ%ﬂdﬂm gnaﬁnﬂéﬁﬁn%ﬂ&srlxlrll O]C %1 y 0 data

transmi ssions to He mﬁﬁpﬂ?@é meregnedulaied signalks C@mm@nga wealitgdifust i ng
pover |eveds of tt&tﬂ'ﬁé&@hﬁﬁﬁoﬁtﬁﬁ@mﬁgxﬁﬂﬁaa&h@m&r of BhAGeE, da@ce with
a set of back-off factors associ at e? \A'LS(Q raI}(r of channel's,

wher ei n each back-of f fH4UYIHE BBWET 16V€ ' d tﬁtﬁ%‘%ﬁémsil?nﬂ‘ansmt

pO\(/jver | evdd ; one (HccﬁﬁizﬁtcdmﬂduIséﬂ@?t&ck&bfbf&tbrts@sﬁdt@tﬁd@vﬁht]l‘i@ hn'ah
an 14 operative e t re.nn
lanai's 1o gener T EnBEE YT ErER St AR ricebl BB a R b lR E%ata

processorlZoupl ed transohi¢ powerdeveior e denodul at ors and operative to receive

and process the o iﬁm SRS gﬁﬁ&,ﬁ%g 8
out put data. 23 J%’%ﬂ%@f@dg&%%tasec or torg{ceresm ngltn%n9 na %

transmittéd fAPSAIEYE %%WﬁtW%Pé ylate the;prie or more modulated signals to
generate one or more demodulate symbol streams; and

16 a data processor coupled to the one or more demodulators and operative
to receive and process the one or more demodulate symbol streams to generate
18 output data.



receiving entity, the method conprising: selecting a transmt chan;ﬁ f”bm
at least two transmt channels associated with the transmtting e tjy/
wherein each of the at |least two transmt channels has an associ at ed
back-of f factor and transmt power, an® wherein the transmt power for each
of the at least two transmt channels is based on the back-off factor for
the transmt channel, and wherein the selecting is based on the back-off
factor ofl2l.he Aswiethoddar progassing a élaaame|beatmsmﬁte%tfrcrreéstfanswranatewwetae

associ at Wit h ecel Vi J1ty; and assigning the selected transmt
channel ?%e{vrx]ﬁeg?ne |d\iﬁ%lg{h\é%{&|gp§%lh 2. The nethod of claim 121 wherein each

of the at | easéleétig 4 fraR&1H ¢haahel froeh at leastwe siansmit thanaeldiakdoeiatsd with dguency
than the remai nder of the at |least. two transmt ch&nnel s, 123. The rget hod
of cl ai mireDsSMiffng entiy.cabereiss each ©F dhe ploleast tagransmithapnelp has an assoriate

transm t ﬁ)gﬂ(éﬁisrt; é?cstﬁp %g?ﬁ%ittﬂoﬁﬁﬁegﬁegﬁﬂ tﬁehfad'sﬁﬂﬁio%? ForQacth BEttRlat l@gSt two

transmt C e net aim 121 tfdrther conprising
t ransmi t two gransmie eliinnels is based pn Itlealsack-affifactor forghe ramsheihetaingelaandawbiériner ent

frequency than the renpi nder, of at ast, t trapsmt .channels. 125,
The ot hetF SICHpBisHaEE0F ﬂﬁ%&‘?“’bﬁﬁﬁﬂ”%% i SelpeirL mrmyihghannglnd onas Jeags

| east tWQpe hit@RAThdsobiRRARGSthatec@ivihgd éftftPihdt | B sl ot than the remai nder of
the at least two transmit channels. 126. The nmet hod of claim 121 wherein

the at |east osngring thetsaleeted tnapsmi ehanmehtortheneasivinggntityed | i nk margi n, and
wherein the selecting is based on which of the at least two transmt
channels has a lowest link margin that equals or exceeds the m ni num

required12bi NKheBmehed of2daimi e 1 nwhdteid eichcofaie dt2kasshvoetrandntie chairelyt ed
transmt channel has a_ | owest |ink rra[‘ggn that equal s or exceeds a

r equi r ed cpirespondrtgi & differset freaurngy tthan Woe remaindsrngl din at Jeash twojimnsmit gg
128. Thecﬂg{nlgﬁd of claim 126 wherein the selecting conprises upgradi ng the
receiving entity to a transmt channel having link margin that is higher
than lowest link margin that equals or exceeds a required link margin
associated with the receiyvin ntjty. 129. - The nethaod of claim 121 wherein
the at | 443t de mehed SEEBorirYabinEanh of it e P dEram L PaeS S0,
The met hednShirkh al Mfelentifiedt &ﬁmhefrema@ér PR A Ndabt (et ParG RNV SRSs. @
evel . T

priority 131. e nethod of claim 121 wherein the at |east one
attribute conprises an outage probability. 132. The method of claim 121

ot Se- pl 2% niBe rarnbar cBybl (21 EneneBne i RebPibing on S bt feathe
sel ect i NGwb Stradndmith@lanhas a8 0 Bifferdtt FRRMEAdY than the remainder of the at least two

transmit channels.

125. The method of claim 121 further comprising transmitting each of the at least two
transmit channels at a different time slot than the remainder of the at least two transmit

channels.

126. The method of claim 121 wherein the at least one attribute comprises a minimum
required link margin, and wherein the selecting is based on which of the at least two
transmit channels has a lowest link margin that equals or exceeds the minimum required

link margin.

127. The method of claim 126 wherein the selected transmit channel has a lowest link

margin that equals or exceeds a required link margin associated with the receiving entity.



that a second transmtting entity will transmt on a particular trangnjtuuﬂm
channel at the sane tine as the transmtting entity. 134. The netho of‘
claim121 ftirther conprising transmtting the at |least two transmt
channels by the transmtting entity, a®%&l wherein the selecting is ftirther
based on a probability that the transmtting would corrupt transm ssions
fromanother different transmtting entity. 135. The nethod of claim 121
further ddfprTaemeetgstiof ¢laign { e wherdinthstselsadnmeqmprisgs aperadiog thhecadingod of
claim13 i.n i r I

at tri but 830 Grbf RBRH s¥aB R g HEAT AR b To b iR Shorg Bl |
first reeghald ﬁgexeéédstayre@ﬁlredainld B&gin dseeristed with theretivinggndtyt i ti es, each
havi ng the associated at |east one attribute, the 23 JUL 2004 97 net hod
further conprising prioritizing the at | east two active receiving entities
based on 1941 1 hétfisd oPAGinf 151 Wikidi ik 1cabl'Snd BiAMAe Bfm @es%ﬁxmmerel n
each of the at as Wo active receiving entities 1s sequentiall

assi gned réquired datafreteent one of the at least two transmt channels |n an
order determined by the prioritizing. 139. The nethod of claim 137 wherein
each of the at least two active receiving entities is sequentially

assi gned 15§ a '[(ﬁbflfléﬁ&ﬂnof EMOT2 1t Pherdin ﬂl@a&‘itleés%né ARABULE (coRIpAREREA PribAtyan
order determined by the prioritizing, and wherein the at l'east two
transmt lolhnnel s are assigned in order of increasing back-off factor.

140. The nethod of claim 121 further conprising adjusting the back-off
factor of at I|east one transmt channel of the at |least two transmt
channel s.13141 ThéhRetHBd BOdlph 1D 1aihRrdMOthehe @iNond gtritdlite! $6mphsdssanbaiiggt on an
estimated required transmt power |evel for the at |east one transmt
channel . prebebilithe net hod of claim 140 wherein the adjusting is based on a
carrier-to-noise-plus- interference level for the at |least one transmt
channel . 143. The method of claim 140 wherein the adjusting is based on
frame erngp. r gthe righod bEclaimh 12 & adicredmn ehet at dersthonie athibutetomyirdstés aTagiarto-hod of
cl ai m 140 wherei n!’emhe adiﬁ’( LI ng i s based on an outage probability for the
at | east NGHe-PIUSIALHCIENCH KYR 145. The method of clai m 140 wherein the

adj usting conprises adjusting at |east one back-off factor to zero. 146.
An apparatus conprising a resource allocation processor configured to
process d33si gihalméethodef ctaimsiAlt whd*eierhmsalecm@srﬁurthcmbpseﬁtﬂnt%lpmbaiahty
receiving entit sel.ecti ng transmt chann rom. a5t L0
transnit zi‘rﬁ‘?%‘%@b% 6’&“35&8 ‘P’N tr4sMit, O & RRLIE ﬁblrﬁns\?"?ﬁt Zaélgﬁe gge

time as the transmitting entity.

134. The method of claim 121 further comprising transmitting the at least two transmit
channels by the transmitting entity, and wherein the selecting is further based on a
probability that the transmitting would corrupt transmissions from another different

transmitting entity.
135. The method of claim 121 further comprising updating the at least one attribute.

136. The method of claim 135 wherein the updating comprises measuring the at least

one attribute.

137. The method of claim 121 wherein the receiving entity is a first receiving entity of

at least two active receiving entities, each having the associated at least one attribute, the



entity, wherein each of the at |l east two transmt channels has an 3 UL 200
associ at ed back-off factor and transmt power, and wherein the tran%n‘iJ[
power for each of the at least two transmt channels is based on the
back-of f factor, and wherein the selec®7ng is based on the back-off factor
of the selected transmt channel and on at |east one attribute associ ated
with the receiving entity and_ assi n|n the selected transmt channel to

t he receimathny @yther gomprasmg Aﬁoatp@aggb BBEHIP SPIYE repeiNig sniities Bpsed9mng a
transm t | east two transmt channels associated with the
transnltpfﬁglégﬁ {eéaakﬁg?eln each of the at least two transmt channels

has an associ at ed back off factor and transmt power, and wherein the
transmt power_for | east t transmt channel.s. is sed o
e back 1581 e Sesthadbet SR 19 EHBRen Cioh o & 150 A BT T SPRGSS g 1 s
based on g&ﬁtu galﬂ %@JlgﬁQQBQardlﬁfemhhﬁneS@f tﬁgta?ﬁaittrt@ﬂstfﬂnﬁmlt(‘cﬂlﬁrm inddiCor@éy at

| east one at F socl at ed the receiving entity; and nmeans for
assi gni ngeltehmnsébpctheephdrrtangnt channel to the receiving entity. 148. A
conput er usabl e nedi um havi ng conput er readabl e program code enbodying a
nmet hod for processing a signal to be transmitted froma transnmtting entity
to a recebyl Nhe AMthdd/ of $1BEn 187 RAEretPEARhi oTitRWat 1884 804 héttveretdiBNg Entitieshannel
fromat |east two transmt channels associated with the transmtti ng
entity, wheaquentialyaissighed:inea differeahione ofibe at leasiivp t@namﬁahgnn?&%lna% order

povor 1 oPetsieg pY e A Png AR MR e R o SROSLTIL AR shSiER™ ¢

back- of f id aflepsf iIhofeadiRe bidkasts Mctorchannel , and wherein the sel ecting is
based on the back-off factor of the selected transmt channel and on at

| east one attribute associated with the receiving entity; and assigning
the sele dt | 1410 - or
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on a secdradsthiprwer fevélfor the at lehgtronke transmit thangel. t r ansnit power |evel is
different from the second transmt power |evel. 150. The nethod of claim
149 further conprising adjusting the first back-off factor. 151. The net hod
of clai m}30 wWhengéthod bEclami V50 WhereirSthe agREtIANisdaselsér Aedreidr-toenjeiba-plis-
transmt power level for the first signal. 152. The nethod of claim 150
wher ei n vm@dyﬁp@%bvﬂgbﬁ%wph@eﬂoaﬁUanm%%me@ﬁ t 0- noi se-pl us- interference
| evel at which the first receiving entity receives the first signal on the
first time domain nultiplexed channel.

143. The method of claim 140 wherein the adjusting is based on frame error rate for the

at least one transmit channel.

144. The method of claim 140 wherein the adjusting is based on an outage probability

for the at least one transmit channel.

145. The method of claim 140 wherein the adjusting comprises adjusting at least one

back-off factor to zero.

146. An apparatus comprising a resource allocation processor configured to process a
signal to be transmitted from a transmitting entity to a receiving entity by selecting a

transmit channel from at least two transmit channels associated with the transmitting
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time domain multiplexed channel. 155. The nmethod of claim 150 wherein
the adjusting conprises adjusting the first transmt power |evel to zero.
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the first transmt power level is different fromthe second transmt power

| evel .

147.  An apparatus comprising:

means for selecting a transmit channel from at least two transmit channels
associated with the transmitting entity, wherein each of the at least two transmit channels
has an associated back-off factor and transmit power, and wherein the transmit power for
each of the at least two transmit channels is based on the back-off factor for the transmit
channel, and wherein the selecting is based on the back-off factor of the selected transmit
channel and on at least one attribute associated with the receiving entity; and

means for assigning the selected transmit channel to the receiving entity.

148. A computer usable medium having computer readable program code embodying a
method for processing a signal to be transmitted from a transmitting entity to a receiving
entity, the method comprising;:

selecting a transmit channel from at least two transmit channels associated with the
transmitting entity, wherein each of the at least two transmit channels has an associated
back-off factor and transmit power, and wherein the transmit power for each of the at least
two transmit channels is based on the back-off factor for the transmit channel, and wherein
the selecting is based on the back-off factor of the selected transmit channel and on at least
one attribute associated with the receiving entity; and

assigning the selected transmit channel to the receiving entity.

149. A method for transmitting a downlink signal, the method comprising:

transmitting a first signal from a transmitting entity to a first receiving entity on a
first time division multiplexed channel at a first transmit power level based on a first back-
off factor; and

transmitting a second signal from the transmitting entity to a second receiving

entity on a second time division multiplexed channel at a second transmit power level
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based on a second back-off factor, wherein the first transmit power level is different from

the second transmit power level.

150. The method of claim 149 further comprising adjusting the first back-off factor.

151. The method of claim 150 wherein the adjusting is based on an estimated required

transmit power level for the first signal.

152. The method of claim 150 wherein the adjusting is based on a carrier-to-noise-plus-
interference level at which the first receiving entity receives the first signal on the first

time domain multiplexed channel,
153. The method of claim 150 wherein the adjusting is based on frame error rate of the
first signal as received through the first time domain multiplexed channel at the first

receiving entity.

154. The method of claim 150 wherein the adjusting is based on an outage probability

for the first time domain multiplexed channel.

155. The method of claim 150 wherein the adjusting comprises adjusting the first

transmit power level to zero.

156. An apparatus comprising:

a resource allocation processor configured to provide a first back-off factor to a
first transmitter and a second back-off factor to a second transmitter, wherein the first
back-off factor is different from the second back-off factor; and

a transmitter configured to transmit a first signal on a first time division
multiplexed channel at a first transmit power level based on the first back-off factor and to
transmit a second signal on a second time division multiplexed channel at a second
transmit power level based on the second back-off factor, wherein the first transmit power

level is different from the second transmit power level.



