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(57) ABSTRACT 

A method of allocating bandwidth is provided which 
involves for each sector of a plurality of sectors in a cell, 
using a respective subset of a total bandwidth; wherein for 
any two adjacent sectors, the respective subsets only par 
tially overlap. A scheduling method is provided which 
involves for each sector, scheduling users for transmission 
on the respective subset of the total bandwidth by: for a 
given transrnitter, allocating a respective fraction of capacity 
associated with the available bandwidth to each of at least 
two users selected from a plurality of users by performing an 
optimization for a selected scheduler design, the optimiza 
tion selecting the at least two users and the optimization 
deterrnining for each user the respective fraction of capacity; 
generating and transmitting a signal in which each of the at 
least two users has the respective fraction of capacity. 
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SYSTEMS AND METHODS FOR CHANNEL 
ALLOCATION FOR FORWARD-LINK 

MULTI-USER SYSTEMS 

RELATED APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/386,477 ?led Jun. 7, 2002. 

FIELD OF THE INVENTION 

[0002] The invention relates to systems and methods for 
channel allocation for forWard-link multi-user systems. 

BACKGROUND OF THE INVENTION 

[0003] Orthogonal frequency division multiplexing 
(OFDM) [1] is a special case of multi-carrier transmission, 
Where a single data-stream is transmitted over a number of 
loWer rate sub-carriers. One of the main reasons for using 
OFDM in recent Wireless communication developments is to 
increase the robustness against frequency selective fading or 
narroWband interference. On the doWnlink, OFDM tech 
niques can provide very high-speed doWnlink packet access 
by means of a high-speed doWnlink shared channel based on 
adaptive modulation and coding (AMC) HoWever, 
OFDM requires high signal-to-noise ratio (SNR) in order to 
provide high-speed packet data transmission. 

[0004] High-speed doWnlink packet access (HSDPA) [2] 
and lxEV-DV systems [3] based on CDMA techniques have 
been used to transmit data information. With these schemes, 
the serving base-station (BS) allocates an active channel (N 
PN Walsh codes) to a particular served mobile. Such sys 
tems, hoWever, do not consider the optimum allocation of 
Walsh codes for multiple users in each slot. 

[0005] In the neXt deployment phase of current cellular 
systems, such as HSDPA and lxEV-DV, the frequency 
assignment is based on the reuse-1, Where each sector in 
each cell utiliZes the entire frequency band. This may result 
in loW SNRs for many users, due to the interference from 
other cells. An OFDM system requires high SNRs to support 
high-speed data rate transmission. 

[0006] The frequency reuse-1 scheme is illustrated dia 
gramatically in FIG. 1 Where a cell generally indicated by 
10 has three sectors 12, 14 and 16. All three of these sectors 
are operating on the same frequency band “F”. 

SUMMARY OF THE INVENTION 

[0007] According to one broad aspect, the invention pro 
vides a method of allocating bandWidth comprising: for each 
sector of a plurality of sectors in a cell, using a respective 
subset of a total bandWidth; Wherein for any tWo adjacent 
sectors, the respective subsets only partially overlap. 

[0008] In some embodiments, the method comprises: for 
each cell, sub-dividing the total frequency bandWidth into a 
plurality of ?xed sub-bands; for each sector, allocating the 
respective subset to be at least tWo of the ?Xed sub-bands. 

[0009] In some embodiments, the ?Xed sub-bands are 
equal in siZe. 

[0010] In some embodiments, the method further com 
prises: in each sector, transmitting a respective user trans 
mission on each of the sub-bands. 
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[0011] In some embodiments, the method further com 
prises: for pairs of sectors that face each other of different 
cells, allocating respective subsets Which only partially 
overlap. 

[0012] In some embodiments, tWo thirds of the total 
frequency bandWidth is allocated to each of the three sectors 
such that each sector shares one third of the total frequency 
bandWidth With each adjacent sector. 

[0013] In some embodiments, the method further com 
prises: for each sector, scheduling users for transmission on 
the respective subset of the total bandWidth by: for a given 
transmitter, allocating a respective fraction of capacity asso 
ciated With the available bandWidth to each of at least tWo 
users selected from a plurality of users by performing an 
optimiZation for a selected scheduler design, the optimiZa 
tion selecting the at least tWo users and the optimiZation 
determining for each user the respective fraction of capacity; 
generating and transmitting a signal in Which each of the at 
least tWo users has the respective fraction of capacity. 

[0014] In some embodiments, the optimiZation is per 
formed every transmission interval, and the optimiZation 
maXimiZes sector throughput. 

[0015] In some embodiments, the scheduler design is 
selected from a group comprising: proportional fairness, 
proportional fairness for FTP traf?c, adaptive scheduler, 
adaptive scheduler for video service. 

[0016] In some embodiments, the optimiZation performs a 
maXimiZation of proportional factors relative to user trans 
mission rate and average user throughput, While keeping a 
total frequency bandWidth constant. 

[0017] In some embodiments, the method further com 
prises in performing the optimiZation, using an uncon 
strained optimiZation obtained by using a Lagrangian of a 
constrained optimiZation. 

[0018] In some embodiments, the optimiZation comprises: 
for each pair of users indicated by k0 and k1 associating 
respective Fi0 and Fu, and respective bandWidths of 

F- F 

WZO‘O) and Wild); 

[0019] determining a transmission rate for each selected 
user in each slot to be R and Rkl, When using the available 
frequency bandWidth W, and With sub-bandWidths of 

F- F 

wliotol and Wild), 

[0020] determining transmission rates 

F- F 

R2010) and R261) 
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[0021] according to 

(Fig) 

R2?) 2 Rko ' wlyi/ 

(F11) 

= W2. 

[0022] and performing optimization Which maximizes 
sector throughput, applied to tWo users per sector or gener 
aliZed to N users per sector, Where N>=3. 

[0023] In some embodiments, the optimization is formu 
lated as follows: 

Subject to: Wig-0) + WK”) = W, k0 # k1 

[0024] Where Tk is an average user throughput for user k 
over a long period of time and 0t and [3 are indices used to 
control the fairness for scheduling, applied for tWo users, or 
generaliZed to schedule N users in the transmission interval, 
Where N>=3. 

[0025] In some embodiments, the method further com 
prises using a Lagrangian of the optimiZation to obtain the 
folloWing unconstrained optimiZation formula: 

. FW 

Where W230) = W, 

1 

[mp5 - (Rtl r F 
(TM - (1%)” ’ 

[0026] In some embodiments, the method further com 
prises: in each sector, transmitting an OFDM signal using 
the respective subset of the total OFDM bandWidth. 

[0027] In some embodiments, in each sector, transmitting 
an OFDM signal using the respective subset of the total 
OFDM bandWidth comprises: generating the OFDM signal 
from content of at least tWo users. 

[0028] In some embodiments, in each sector generating 
the OFDM signal from content of at least tWo users com 
prises: mapping symbols from each user into a time domain 
representation; converting the time domain representation 
into the OFDM signal. 

[0029] In some embodiments, mapping symbols from 
each user into a time domain representation comprises 
interleaving. 
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[0030] In some embodiments, the method further com 
prises: for each sector, performing an optimiZation to iden 
tify the at least tWo users, and to determine for each user a 
respective number of symbols to be mapped into said time 
domain representation. 

[0031] According to another broad aspect, the invention 
provides a method of scheduling users for transmission on 
an available bandWidth comprising: for a given transmitter, 
allocating a respective fraction of capacity associated With 
the available bandWidth to each of at least tWo users selected 
from a plurality of users by performing an optimiZation for 
a selected scheduler design, the optimiZation selecting the at 
least tWo users and the optimiZation determining for each 
user the respective fraction of capacity; generating and 
transmitting a signal in Which each of the at least tWo users 
has the respective fraction of capacity. 

[0032] In some embodiments, the optimiZation is per 
formed every transmission interval, and the optimiZation 
maXimiZes sector throughput. 

[0033] In some embodiments, the scheduler design is 
selected from a group comprising: proportional fairness, 
proportional fairness for FTP traf?c, adaptive scheduler, 
adaptive scheduler for video service. 

[0034] In some embodiments, the optimiZation performs a 
maXimiZation of proportional factors relative to user trans 
mission rate and average user throughput, While keeping a 
total frequency bandWidth constant. 

[0035] In some embodiments, the method further com 
prises in performing the optimiZation, using an uncon 
strained optimiZation obtained by using a Lagrangian of a 
constrained optimiZation. 

[0036] In some embodiments, the signal is an OFDM 
signal, the method further comprising generating the OFDM 
signal from content of at least tWo users by mapping With 
interleaving symbols from each user into a time domain 
representation and converting the time domain representa 
tion into the OFDM signal. 

[0037] In some embodiments, for each sector, the optimi 
Zation determines for each of the selected users a respective 
number of symbols to be mapped into the time domain 
representation, the respective number of symbols compris 
ing said respective fraction of capacity. 

[0038] In some embodiments, the optimiZation performs a 
maXimiZation of proportional factors relative to user trans 
mission rate and average user throughput, While keeping a 
total frequency bandWidth constant. 

[0039] In some embodiments, the optimiZation comprises: 
for each pair of users indicated by k0 and k1 With respective 
sub-bandWidths of Wk0 and Wkl, determining a transmission 
rate for each user in each slot to be Rk0 and Rkl, When using 
the available frequency bandWidth W, and With sub-band 
Widths of Wk0 and Wkl, according to 
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[0040] and performing optimization Which maximizes 
sector throughput. 

[0041] In some embodiments, the method is generalized to 
schedule N users per sector, Where N>=3. 

[0042] In some embodiments, the method further com 
prises: receiving a channel quality indication from each user 
being considered for scheduling; for each permutation of 
tWo users, calculating transmission rates according to adap 
tive modulation and coding as a function of the channel 
quality indications and using the calculated transmission 
rates in the optimiZation. 

[0043] In some embodiments, the channel quality indica 
tions comprise SNR (signal-to-noise ratio) values. 

[0044] In some embodiments, the optimiZation is formu 
lated as folloWs: 

Subject to: Wio + Wkl = W, k0 # k1 

[0045] Where Tk is an average user throughput for user k 
over a long period of time and 0t and [3 are the indices used 
to control the fairness for scheduling. 

[0046] In some embodiments, the method is generaliZed to 
schedule N users in the transmission interval, Where N>=3. 

[0047] In some embodiments, the method further com 
prises using a Lagrangian of the above optimiZation to 
obtain the folloWing unconstrained optimiZation formula: 

Where Wko : W, 

koikl. 

[0048] In some embodiments, the method is generaliZed to 
schedule N users in the transmission interval, Where N>=3. 

[0049] In some embodiments, the method further com 
prises allocating bandWidth by: for each sector of a plurality 
of sectors in a cell, using a respective subset of a total 
bandWidth; Wherein for any tWo adjacent sectors, the respec 
tive subsets only partially overlap. 

[0050] In some embodiments, said signal is a CDMA 
signal, the method further comprising generating the CDMA 
signal from content of at least tWo users by modulating 
content of each user to a respective subset of a set of 
orthogonal codes. 

[0051] In some embodiments, for each sector, the optimi 
Zation determines for each of the at least tWo users a 
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respective number of orthogonal codes in the respective 
subset, the respective number of orthogonal codes compris 
ing said respective fraction of capacity. 

[0052] In some embodiments, the optimiZation performs a 
maXimiZation of proportional factors relative to user trans 
mission rate and average user throughput, While keeping the 
total frequency bandWidth constant. 

[0053] In some embodiments, tWo users indicated by k0 
and k1 are to be selected to transmit data With a number of 
Walsh codes 

Ni? and Nif’, 

[0054] respectively and at transmission rate for each R 
and Rk1 respectively When using all N available codes, 
Whereby the transmission rates 

Rig) and RiLl) 

[0055] With Walsh codes 

Ni? and Nif’ 

[0056] can be obtained 

Rig’ = Ri0 - %?) 

RiLl) = Ril - 

[0057] In some embodiments, the method is generaliZed to 
schedule M users each scheduling period. 

[0058] In some embodiments, proportional fairness as a 
user scheduler is employed, and the optimiZation maXimiZes 
a proportional factor relative to user transmission rate and 
average user throughput, While keeping the total number of 
orthogonal codes constant. 

[0059] In some embodiments, the optimiZation is be for 
mulated as folloWs: 

Max (Rk. My)” + (Rh Wm” 

[0060] Where Tk is an average user throughput for user k, 
and 0t and [3 are the indices used to control the fairness for 
scheduling. 
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[0061] In some embodiments, the method further com 
prises using a Lagrangian of the optimization to obtain the 
following unconstrained optimization formula: 

(n1 )5 - (1%)” 

koikl. 

[0062] In some embodiments, the orthogonal codes are 
Walsh codes. 

[0063] In other broad aspects of the invention, an appa 
ratus is provided Which implements any one of the above 
summariZed methods. In some implementations the appara 
tus is implemented as part of a base station, antenna sub 
system, Node-B, or multi-sector transmitter to name a feW 
examples. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0064] Preferred embodiments of the invention Will noW 
be described With reference to the attached draWings in 
Which: 

[0065] FIG. 1 is an eXample of a cell shoWing conven 
tional frequency reuse-1; 

[0066] FIG. 2A is a cell shoWing frequency reuse-3 in 
accordance With an embodiment of the invention; 

[0067] FIG. 2B is a block diagram of a system imple 
menting the cell of FIG. 2A; 

[0068] FIG. 2C is a ?oWchart of a method of scheduling 
Which can be employed by the base station of FIG. 2B; 

[0069] FIG. 3 shoWs hoW multiple cells in accordance 
With FIG. 2 can be combined to provide a coverage strategy; 

[0070] FIG. 4 shoWs a cell in Which frequency reuse-3 is 
employed, but unequal bandWidths are allocated to different 
users in a given sector; 

[0071] FIG. 5A illustrates an eXample of unequal band 
Width assigned to tWo users in a sector; 

[0072] FIG. 5B is a block diagram of a system imple 
menting the assignment of bandWidth in accordance With 
FIG. 5A; 

[0073] FIG. 6A is an eXample of optimum frequency 
allocation for OFDM systems, in accordance With an 
embodiment of the invention; 

[0074] FIG. 6B is a block diagram of a Wireless transmit 
ter implementing the optimum frequency allocation for 
OFDM systems in accordance With FIG. 6A; 
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[0075] FIG. 6C is a block diagram shoWing further details 
of the OFDM transmitter of FIG. 6B and the bit selector of 
6B; 
[0076] FIG. 7A is an eXample of Walsh code allocation for 
a CDMA system in accordance With an embodiment of the 

invention; 
[0077] FIG. 7B is block diagram of a system implement 
ing the Walsh code allocation scheme for a CDMA system 
in accordance With FIG. 7A; and 

[0078] FIGS. 8 through 11 provide simulation results. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0079] Frequency Reuse 

[0080] An embodiment of the invention provides a fre 
quency reuse-3 technique, to limit the interference and to 
increase the SNR. In a given cell, it is assumed that the 
bandWidth available is “F”, and this has been divided into 
three sub-bands F1,F2,F3 each of Which occupy a third of 
the available bandWidth F. HoWever, each sector is only 
alloWed to use tWo of the sub-bands, and for each pair of 
adjacent sectors (Within the same cell or betWeen cells) there 
Will alWays be at least one sub-band assigned to each sector 
Which is not common betWeen the pair. 

[0081] An eXample of frequency reuse-3 is shoWn in FIG. 
2A. Here, a cell generally indicated by 20 has three sectors 
22,24,26. Sector 22 is operating With frequencies F2 and F3. 
Sector 24 operates With frequencies F1 and F3. Sector 26 
operates With frequencies F1 and F2. It can be seen that With 
this particular frequency assignment, adjacent sectors each 
have one(more generally at least one) frequency or sub-band 
in common and one (more generally at least one) frequency 
or sub-band Which is not in common. Other numbers of 
sectors and/or sub-bands per cell may be employed. 

[0082] FIG. 2B is a very basic block diagram of a trans 
mitter, such as a base station, adapted to implement the 
frequency reuse-3 plan discussed above. In this eXample, 
there are three sector transmitters, namely sector one trans 
mitter 200, sector tWo transmitter 202 and sector three 
transmitter 204. Each transmitter is connected to respective 
sector antenna 206,208,210. Sector one transmitter 200 
operates using frequencies F1,F3. Sector tWo transmitter 202 
operates With frequencies F1,F2. Sector three transmitter 
204 operates With frequencies F2,F3. User scheduling func 
tion 221 is shoWn. This is responsible for performing the 
above discussed optimiZation process to determine Which 
users are to be scheduled and on Which frequency for each 
sector. It is to be understood that different numbers of sectors 
and different numbers of frequency sub-bands could be 
employed. 
[0083] An eXample deployment of a number of cells With 
frequency assignments as shoWn in FIG. 2A is shoWn in 
FIG. 3. Here, each cell has sectors With sub-bands assigned 
in accordance With the above-described eXample. Further 
more, the cells are arranged such that the sectors of adjacent 
cells also include at least one sub-band assigned to the 
sectors Which is not common betWeen the pair. For eXample, 
cells 40 and 42 have sectors 44 and 46 Which are adjacent. 
These sectors share sub-band F2, but sector 44 also includes 
sub-band F1 Which is not in common With sub-band F3 of 
sector 46. 
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[0084] In some embodiments, each sub-band is assigned 
to a given user’s transmission during each scheduling 
period. Preferably, active users are assigned based on the 
maximum received average CIR (Geometry) With consider 
ation given to the—best cell, best sector, and best frequency 
sub-band. For example, assume there are N users in each 
sector of FIG. 3 (in Which there are 57 sectors), resulting in 
N*57 users in the entire system. In some embodiments, the 
users to be scheduled are selected based on not only the 
geometry from 57-sectors but also from the different fre 
quency bands. This achieves both space and frequency 
diversities. Preferably, the selection is implemented very 
sloWly and is referred to beloW as sloW hand-off. 

[0085] FIG. 2C is a very simple ?oWchart for an example 
scheduling method. In this example, at step 2C-1 the geom 
etry is determined for all users in the sector and for each 
sub-band allocated to the sector. Next, at step 2C-2, for each 
sector and sub-band, the user With the best geometry is 
selected such that no user is scheduled tWice. While the 
?gure assumes that the user geometry is employed for 
scheduling, it is to be understood that other performance 
parameters could alternatively be employed. 

[0086] In another embodiment of the invention, a band 
Width is de?ned for each sector Which overlaps similar to 
that of the embodiment of FIG. 2A. Thus, one sector has a 
bandWidth F1+F3, another sector has a bandWidth F1+F2, 
and another sector has a bandWidth F2+F3. HoWever, in this 
embodiment individual users are not assigned equal amounts 
of bandWidth. Rather, subsets, potentially unequal, of the 
assigned bandWidth in a given sector are assigned to users 
using an optimiZation process. The manner by Which this 
type of cell layout is used is illustrated in FIG. 4. In FIG. 
4, the 2/3 F assigned to each sector are different, and may 
involve the above described F1,F2,F3 allocation for 
example. 

[0087] With frequency reuse-3, tWo active users in each 
sector are scheduled slot by slot, to transmit the data signal, 
and each user occupies the frequency bandWidth Fl-k, Where 
i and k indicate the sector number and the active user 
number, respectively, and i=0,1,2 and k=0,1. The frequency 
bandWidth assigned to each user is controllable. For 
example this might depend on the reported SNR. The control 
Would be subject to the constraint that 

Equation 1 

[0088] FIG. 4 shoWs a cell 50 With three sectors 52, 54 
and 56. TWo users are assigned to sector 52 With frequencies 
F10 and F11 respectively. Similarly, tWo users are assigned to 
sector 54 With sub-bands F00 and F01 respectively. Finally, 
for sector 56 tWo users are assigned With sub-bands F20 and 
F21 respectively. While the actual values for each F]-k can 
change from slot to slot, the sum of the assigned bandWidth 
in a given sector occupies a constant bandWidth. Further 
more, the bandWidth Will share a portion of the bandWidth 
With adjacent sectors, but Will also include a portion Which 
is not in common. 

[0089] The above-described embodiments have assumed 
that the entire frequency band F has been divided into three 
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sub-bands of Which tWo are assigned to each sector. This 
alloWs the scheduling of tWo active users per sector per slot. 
This can be extended to accommodate more users per slot if 
the entire frequency band F is divided into more sub 
frequency bands. For example, if k=0,1,2, . . . , K-l, the 
number of active users could be K. 

[0090] Active User Determination Based on SloW Handoff 

[0091] In HSDPA and lxEV-DV system, each mobile has 
to determine its serving BS based on the received long-term 
average pilot poWer corresponding to path loss and shad 
oWing. That is, the mobile picks up a BS, Which provides a 
strongest received poWer among all sectors. HoWever, With 
respect to the active user determination With frequency 
reuse-3, as shoWn in FIG. 1, the additional frequency 
selection should be taken into account. That is, the mobile 
has to determine not only the best BS among all sectors, but 
also the best frequency allocation. This provides frequency 
diversity betWeen the carriers due to the different long-term 
average interference in different frequency bands. 

[0092] Optimum Frequency Allocation Scheme 

[0093] Another embodiment of the invention provides a 
method of selecting users to be scheduled during a given slot 
and selecting the transmission bandWidth to be assigned for 
each user during the slot. 

[0094] For the purpose of description, the embodiment 
Will be described With respect to one sector Within Which 
tWo active users are to be scheduled. The optimum fre 
quency allocation in other sectors can be performed using 
the same procedure. Also, the number of active users can be 
extended to more, if the entire frequency band F is divided 
into a larger number of frequency sub-bands. 

[0095] It is assumed that pairs of users in the serving 
sector are indicated by k0 and k1 are to be individually 
selected to transmit the data in frequency band Fi0 and Fm, 
With respective bandWidths of 

[0096] It is further assumed that the transmission rate for 
each selected user in each slot is Rk0 and Rkl, When using the 
entire frequency bandWidth W. 

[0097] This is illustrated in FIG. 5A Where a total fre 
quency bandWidth, W is indicated at 70 and this is divided 
into tWo bandWidths 72, 74 Which are assigned to user k0 and 
k1 respectively. 
[0098] With sub-bandWidths of 

Wgm)mw Md?” 

[0099] the transmission rates 

F- F 

R2010) and R261) 
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[0101] For proportional fairness user scheduling, the fol 
lowing optimization can be made. The optimization per 
forms the maximization of proportional factors relative to 
user transmission rate and average user throughput, While 
keeping the total frequency bandwidth constant. This opti 
mization can be formulated as folloWs: 

(Rko -W,£F"0))a (Rkl .Wkwmf Equation 4 
3X i i 

wkroFt-mywkrl?-nykoykl Ti; Tfl 

W250), WIIFH) : W, Equation 5 
subject to: 0 1 

k0 ¢ k1 

[0102] Where Tk is the average user throughput over a long 
period of time (for example, in lxEV-DV, it is over 1.5 
seconds), and 0t and [3 are the indices used to control the 
fairness for scheduling. Note that the ratio of RkOVTkl3 is used 
to determine an active user based on the conventional 
proportional fairness scheduling. 

[0103] By using the Lagrangian of the above constrained 
optimization [4], the folloWing unconstrained optimization 
formula is obtained: 

(Rko .wligimf (Rkl .W,((lFi1))a Equation 6 
M i + i 

kojf T’8 T’8 
/<0 /<1 

Where 

WW0) : F_W Equation 7 
k0 1 + r’ 

WIEFH) : 1 Equation 8 
1 l + F a 

1 . 

_ (Tk0)’8-(Rk1)” 551 k i k Equanon 9 

_ (TM-(mow ’ ° 1' 

[0104] This optimization for user scheduling is updated 
slot by slot. Different scheduling mechanisms can be chosen. 
For example, instead of proportional fairness, the adaptive 
scheduler used for video service could be employed 

[0105] FIG. 5B is a block diagram of a transmitter adapted 
to implement the above discussed optimization process. 
ShoWn is a sector transmitter 502 and optimization process 
500. An input to the optimization process 500 is any 
parameters required for the process, such as or and [3 in the 
above discussed example. These could be hard coded into 
the system. Another input to the process are the above 
discussed user speci?c values Tk and Rk Which are main 
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tained, for example in memory 504. The output of the 
optimization process 500 consists of values k0, W and k1, 
Wkl. These values are used by the sector transmitter 504 to 
obtain the appropriate amount of transmit data from each 
user and to generate the appropriate transmit signal for 
transmission over transmit antenna 506. 

[0106] Implementation of Optimum Frequency Allocation 
for OFDM System 

[0107] Another embodiment of the invention provides a 
method of optimum frequency allocation for OFDM systems 
Which is very similar to the above described optimization 
method. This OFDM embodiment can be employed for both 
conventional frequency reuse-1 frequency assignment to 
split frequency allocation betWeen tWo or more users in a 
sector. Alternatively, if frequency reuse-3 is employed, the 
OFDM embodiment still splits the assigned sector band 
Width betWeen the tWo or more users. 

[0108] This is shoWn by Way of example in FIG. 6 Where 
the data bits (more generally symbols) for user kO are 
generally indicated by 80 and the data bits for user k1 are 
generally indicated by 82. Depending upon the fraction of 
bandWidth assigned to each user, the number of bits (sym 
bols) each user Will be alloWed to transmit Will be different. 
The users bits (symbols) are mapped in the time domain to 
sequence 84. After OFDM modulation, these bits (symbols) 
are mapped to OFDM symbol 86. It can be seen that for the 
OFDM embodiment, the frequency bandWidth assigned for 
a given sector Will not necessarily be divided into contigu 
ous blocks to be used by each user. Rather, each sector Will 
have a respective band Which may or may not overlap 
partially or completely With the band used by adjacent 
sectors and the users selected to transmit on the band of that 
sector Will have their data spread throughout the band. 

[0109] For this embodiment, each receiver needs to knoW 
Where to look for its data and this can be achieved With a 
forWard signalling channel. For example, in one embodi 
ment, as long as the receiver knoWs the ratio of data 
information for tWo users, it can extract its oWn bits from the 
OFMD symbols. For example, if We have N bits With the 
ratio of 1/3 for tWo users, the bit locations for the tWo users 
might be bits ‘X’ for the ?rst user and bits ‘Y’ for the second 
user de?ned as folloWs: XYYYXYYYXYYY . . . . Of 

course, if this Were to be variably de?ned, a forWard 
signaling channel Would be required to indicate this ratio. 

[0110] On the up-link, each mobile reports the received 
SNR to its serving base-station (BS) slot by slot With a 
certain delay (for example, tWo slot delay). For each per 
mutation of tWo users, the BS determines the transmission 
rate and modulation (called adaptive modulation and coding 
(AMC)) based on the reported CIR. The resulting transmis 
sion rate is used in equation 9 to determine 1“, and in 
equations 7 and 8 to determine the optimum frequency 
bandWidths. After this has been done for all pairs of users, 
the tWo active users, are selected by choosing the largest 
value obtained from equation 6. 

[0111] If there are N users for scheduling, N(N—1) times 
calculations must be conducted, from Which the largest ones 
are selected to be active users. 

[0112] In the BS transmitter, the data signal generated 
from the tWo active users is modulated by OFDM sub 














