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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 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 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. 
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SYSTEMS AND METHODS FOR CHANNEL 
ALLOCATION FOR FORWARD-LINK 

MULTI-USER SYSTEMS 

RELATED APPLICATION 

0001) This application claims the benefit of U.S. Provi 
sional Application No. 60/386,477 filed 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 

0.003 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) 2). 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 1xEV-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 
PNWalsh 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 1xEV-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 fixed Sub-bands, for each Sector, allocating the 
respective subset to be at least two of the fixed sub-bands. 
0009. In some embodiments, the fixed 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 traffic, 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 ko and k associating 
respective Fo and F, and respective bandwidths of 

F. F. wo and wit'; 

0019 determining a transmission rate for each selected 
user in each slot to be RandR, when using the available 
frequency bandwidth W, and with Sub-bandwidths of 

F. wo F. 
and will, 

0020 determining transmission rates 
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0021 according to 

(Fio) 
Rio' = R. W, k0 0 W 

(F) 
Rii) = R. W. 
k W 

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: 

F) y(x F; )(X 

Max (Rio wo') -- (R Wii) 
f5 f5 wo' wifi) Ti, Ti, k0 kok 1 

0024 where T is an average user throughput for user k 
over a long period of time and C. and B are indices used to 
control the fairness for Scheduling, applied for two users, or 
generalized to Schedule N users in the transmission interval, 
where Ne=3. 

0025. In some embodiments, the method further com 
prises using a Lagrangian of the optimization to obtain the 
following unconstrained optimization formula: 

kok Ti, T 
TW 

where wo = 1 . F. 

W(t) = , 1 + T 

ko + k1. 

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 traffic, 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 ko and k with respective 
Sub-bandwidths of W, and W, determining a transmission 
rate for each user in each slot to be R, and R, when using 
the available frequency bandwidth W, and with sub-band 
widths of W, and W, according to 

W. 
Rio = Rio W. 

W. 
R = R w 
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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: 

Max (R. W.)" -- (R. W.) 
W., W., knk 5 5 ko. "k. kok 1 Ti, TE, 

Subject to: W. + W = W, ko + k, 

0045 where T is an average user throughput for user k 
over a long period of time and C. and B 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: 

M's W.) -- (R- W. t k0.k1 Ti, Ti, 
TW 

where W = 1 F. 

W = W 
k1 - 1 T. 

(T. f. (R) lo-I 
(T. f. (R) 

ko + k1. 

0.048. 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 ko 
and k are to be Selected to transmit data with a number of 
Walsh codes 

NE and N, 

0054) respectively and at transmission rate for each R, 
and R respectively when using all N available codes, 
whereby the transmission rates 

R; and R' 

0.055 with Walsh codes 

NE and N: 

0056 can be obtained 

R = R. '. 

R = R. N. 

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: 

(Rio N.Y.R. N.F.)" 
(E.) (L) 5 5 N,N'-ko-k1 Ti, Ti, 

subject to: N: -- N: = N, ko + k, 

0060 where T is an average user throughput for user k, 
and C. and B 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: 

(L)YC (L)YC (Rio N, ) (R N., ) 
Max - + - kok Ti, Ti, 
where 

cDN NS = ko 1 - d. 
N (L) N = 

(T. f. (R) lo-I 
(T. f. (R) 

ko + k1. 

0.062. In some embodiments, the orthogonal codes are 
Walsh codes. 

0.063. 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 

0.064 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, 
0.066 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 flowchart 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; 

0.073 FIG. 6A is an example of optimum frequency 
allocation for OFDM systems, in accordance with an 
embodiment of the invention; 

0.074 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 

0.076 FIG. 7A is an example of Walsh code allocation for 
a CDMA system in accordance with an embodiment of the 
invention; 
0.077 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 

007.9 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 F1F3. 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 flowchart 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 
figure assumes that the user geometry is employed for 
Scheduling, it is to be understood that other performance 
parameters could alternatively be employed. 

0.086. In another embodiment of the invention, a band 
width is defined 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. 

0.087 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 F, 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 a F = Fio + F , i = 0,1,2 

0088 FIG. 4 shows a cell 50 with three sectors 52, 54 
and 56. Two users are assigned to sector 52 with frequencies 
Fo and F respectively. Similarly, two users are assigned to 
sector 54 with sub-bands Foo and F respectively. Finally, 
for Sector 56 two users are assigned with Sub-bands F and 
F respectively. While the actual values for each F 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-1, the 
number of active users could be K. 

0090 Active User Determination Based on Slow Handoff 
0091. In HSDPA and 1xEV-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 ko and k are to be individually 
Selected to transmit the data in frequency band Fo and F, 
with respective bandwidths of 

F. F. Wo and WE'. 

0096. It is further assumed that the transmission rate for 
each selected user in each slot is R and R, 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 ko and 
ki respectively. 

0098. With sub-bandwidths of 

F. F. wo and wful, 

0099 the transmission rates 
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0100 are given by 

(Fio) Equation 2 
Rio) = R. W., quation 

O O W 

(F) wful Equation 3 
ii - R, . R = R. W 

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: 

F)(x F; ) (& M (Rio W. io) (R W. it) Equation 4 
aX -- - - - - - - - - - 

(Fio) (Fi) Tf Tf 
w",w," kok k0 k 

(F) (F) 
Subject to: wo Wil = W, Equation 5 

ko + k1 

0102 where T is the average user throughput over a long 
period of time (for example, in 1xEV-DV, it is over 1.5 
Seconds), and C. and f are the indices used to control the 
fairness for scheduling. Note that the ratio of R/T 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: 

(Rio wo') (R. Wii) Equation 6 
M -- 
Ya Tf Tf k0 k 

where 

wfio) TW Equation 7 
k0 1 + 

Wii) W Equation 8 
k 1 + T 

(T)?. (R) c- ko Ek Equation 9 
|Ty (R) * * 

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 5). 
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 C. and B in the 
above discussed example. These could be hard coded into 
the System. Another input to the proceSS are the above 
discussed user Specific values T and R which are main 
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tained, for example in memory 504. The output of the 
optimization process 500 consists of values ko, W., and k, 
W. 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 k 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 first user and bits 'Y' for the second 
user defined as follows: XYYYXYYYXYYY . . . . Of 
course, if this were to be variably defined, 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 T, 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 
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carriers, resulting in an OFDM symbol as shown in FIG. 6. 
Note that the following relationship has to be maintained 

No Wo 
N. T. W. 

Equation 10 

0113 where N, and N are the number of bits for user ko 
and k transmitted. It is noted that for the OFDM embodi 
ment, the entire frequency band is shared by the users, So it 
is more proper to not refer to frequency bands Fo and F for 
this embodiment. All of the above equations are the same, 
except these frequency band references can be removed. 

0114 FIG. 6B is a block diagram of an OFDM base 
System employing optimization as provided by an embodi 
ment of the invention. Shown here again is optimization 
process 600 which performs optimization as a function of 
input values T, R indicated generally at 606. However, in 
this case the values R are determined by obtaining SNR 
readings 604 (or other Suitable quality measures) for each 
mobile Station, and then for each mobile Station determining 
a rate to be employed based on adaptive coding and modu 
lation, as indicated generally at 602. With the rates thus 
determined, the optimization process 600 proceeds to gen 
erate values N., ko, and N. k. These values are fed to a 
bit selector (more generally symbol selector) function 608 
which is responsible for obtaining the required number of 
bits from the selected users. It is to be understood that there 
would be many methods of implementing this, but it simply 
amounts to obtaining N bits from user ko and obtaining N. 
bits for user k. These bits are fed to an OFDM transmitter 
610 which generates an OFDM signal and transmits this on 
antenna 612. Further details of the bit selection and OFDM 
transmission are provided in FIG. 6C. Here, the bit selector 
608 is shown to have the above discussed input 601 output 
by the optimization process 600, and also has the user input 
data streams 609. The appropriately selected bits, generally 
indicated at 611 are fed to the OFDM transmitter 610. These 
bits are combined and interleaved by multiplexer 620 and 
interleaver 622 and fed to an IFFT function 624 which 
generates the Signal for transmission over antenna 612. 

0115) In the mobile receiver side, demodulation is per 
formed with the entire OFDM symbol. Each active user 
discards the other user's data bits and picks up its own data 
bits by applying the inverse mapping indicated in FIG. 6A. 

0116. Optimum PN Code Allocation for CDMA 

0117. Another embodiment of the invention provides a 
method of PN code allocation for CDMA systems. An 
example of PNWalsh code allocation in a given sector with 
two active users is illustrated in FIG. 7. 

0118. It is assumed that two users indicated by ko and k, 
are selected to transmit the data with the number of Walsh 
codes 

NE and N, 
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0119) respectively. We further assume that the transmis 
sion rate for each selected user is RandR when using all 
codes N, whereby the transmission rates 

R, and R' 

0120 with Walsh codes 

NE and N: 

0121 can be obtained 

(L) RS = R N. Equation 11 
k0 ko N 

(L) 
R. = R. NE Equation 12 

1 N 

0122) If we consider the proportional fairness model for 
user Scheduling, the following optimization can be made. 
The optimization performs the maximization of the propor 
tional factor relative to user transmission rate and average 
user throughput, while keeping the total number of Walsh 
codes constant. This optimization can be formulated as 
follows: 

Equation 13 

Equation 14 

0123 where T is the average user throughput, and C. and 
B are the indices used to control the fairness for Scheduling. 
Note that the ratio of R/T is used to determine an active 
user based on the conventional proportional fairneSS Sched 
uling. 
0.124. By using the Lagrangian of the above constrained 
optimization 4), the following unconstrained optimization 
formula is obtained: 

E.)Y& E.)Y& M (Rio . N.) (R . N.) Equation 15 
aX - - -- 

kok Ti, Ti, 
where 

N = bN Equation 16 
ko 1 - d. 

NS) = N Equation 17 
k1 1 - d. 

-- 
or-l 

, ko F k1. 
d E. f. (R y Equation 18 

(T. f. (R) 
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0.125. This optimization for userscheduler is updated slot 
by slot. The same process is followed as was described 
previously for the OFDM embodiment. 
0.126 FIG. 7B is a block diagram of a system in which 
the Walsh code Selection is employed. Here, again the 
optimization proceSS is indicated generally at 702 and this 
generates an output 703 consisting of an identification of 
two users and a corresponding number of Walsh codes for 
each user. These values are input to the bit selector 704 
which Selects the bits from the user input Streams and passes 
these to a CDMA transmitter 708 which generates the 
CDMA signal using the appropriate number of Walsh codes 
for each user. The output is then transmitted on transmit 
antenna 710. As before, the input to the optimization process 
in this case consists of values T, and R, generally indicated 
at 706. 

0127. Other Applications Based on Lagrangian Optimi 
Zation 

0128. The schedulers discussed in the previous sections 
are based on proportional fairness. Other forms of Schedul 
erS can be chosen. For example, we may employ the 
adaptive Scheduler used for video Service 5. Some appli 
cations using the Lagrangian optimization could be FTP 
traffic Service with proportional fairneSS Scheduler, or real 
time video Service using an adaptive Scheduler 5 consid 
ering the transmission rate and packet delay. With different 
Schedulers, however, equations like Equation 6 and Equa 
tion 9, and Equation 15 and Equation 18 would need to be 
modified accordingly. 
0129. Some very specific examples have been given 
above of block diagrams of transmitters adapted to imple 
ment various methods. It is to be understood that each of 
these block diagrams are simplified in the Sense that a real 
implementation would typically include many functions not 
shown. These functions are not shown Since they are not 
essential to the invention. It is further to be understood that 
while the block diagrams Show a Specific interconnectivity 
of functional blocks, these functional blocks could be imple 
mented using any combination of hardware, Software, firm 
ware, etc. and the physical interconnections between the two 
might be different than specifically shown. Additional func 
tions may also change the interconnections. 
0130 Performance Studies 
0131 Simulation Assumption 
0132) The simulation assumptions are mainly based on 
1xEV-DV as discussed in 3). Besides, the additional 
assumptions for Our Simulation are listed in Table 1. 

TABLE 1. 

Simulation assumptions. 

Number of users 2O 
Control factor C. O.8 
Control factor B 1.O 
Traffic Service Full Buffer FTP 

0.133 Simulation Results for Frequency Reuse 
0134) The simulation results presented provide the aver 
age CIR (Geometry) results to back up the first approach of 
frequency reuse for OFDM systems. 
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0135) To investigate the performance using frequency 
reuse-1 and reuse-3, the System level Simulation results are 
expressed in terms of the System “geometry”. The geometry 
is a measurement which corresponds to the long-term aver 
age CIR received by each mobile. 

0.136 FIG. 8 shows the geometry as a function of dis 
tance between the mobile and base-station for frequency 
reuse-1 and reuse-3, and FIG. 9 shows the cumulative 
density function (CDF) of the geometry for frequency 
reuse-1 and reuse-3. It can be seen from FIG. 8 that the 
geometry achieved by frequency reuse-3 is much higher 
then that achieved by frequency reuse-1 due to a lower 
interference from other cells. From FIG. 9, in addition, it 
can be seen that the geometry gain achieved by frequency 
reuse-3 over frequency reuse-1 is about. 

0137) Simulation Results for Optimum Walsh Code Allo 
cation 

0.138 Simulation results were obtained for the optimum 
Walsh code allocation based on the Lagrangian optimization 
approach in terms of user throughput and residual frame 
error rate (FER). 
0.139 FIG. 10 shows the user throughput as a function of 
geometry with and without Lagrangian optimization. Sev 
eral observations can be made. For both results with or 
without the optimum allocation, when the geometry 
increases, the user throughput increases as well. In addition, 
there are Some diverging tendencies for the Same geometry 
of users. This is because users with different channel models 
have different user throughput, Some is higher and Some is 
lower even with the same geometry. Lagrangian optimiza 
tion algorithm achieves about 7% cell throughput gain as 
opposed to the regular proportional fairneSS Scheduler. 

0140 FIG. 11 shows the residual FER as a function of 
geometry with and without Lagrangian optimization. Sev 
eral observations can be made. The results, with or without 
the optimum allocation, indicate that the residual FER 
behave differently. One method shows a higher FER val 
luethan the other. This is because different channel models 
use different velocity for the mobile, resulting in difference 
results even with the Same geometry. If the Velocity is 
higher, the MCS decision will be inaccurate resulting in a 
higher FER even with three retransmissions (maximum 
transmission). The Lagrangian optimization approach can 
reduce the average residual FER by half as compared to the 
regular proportional fairness Scheduler. 

0141 Performance Summary for Optimum Walsh Code 
Allocation 

0142. The simulation results relative to average sector 
throughput and average residual FER are listed in Table 2. 

TABLE 2 

Cell throughput and residual FER with and without 
Lagrangian Optimization. 

Proportional Lagrangian 
Fairness Optimization Gain 

Av. Sector 777.46 830.23 6.9% 
Throughput (kbps) (kbps) 
Av. Residual 2.58-eO2 113-eO2 2.3x 
FER 



US 2003/0227889 A1 

0143 References 
0144) 1 Richard Van Nee and Ramjee Prasad, OFDM 
for Wireless Multimedia Communication, Artech 
House Boston-London, 2000. 

0145 23rd Generation Partnership Project; Techni 
cal Specification Group Radio Access Network; Physi 
cal layer aspects of UTRA High Speed Downlink 
Packet Access (Release 4), 3GPP TR 25.848, V4.0.0, 
March 2001. 

0146 (3) 1xEV-DV Evaluation Methodology–Ad 
dendum (V6), Jul. 25, 2001. 

0147 4 David G. Luenberger, Linear and Nonlinear 
Programming, Addison-Wesley Publishing Company, 
Inc., Second Edition, 1984. 

0.148 5 J. Wu and W. Tong, A data streaming service 
using adaptive transmission Scheduling, Nortel Net 
works Patent, 14809RO, August 2001. 

0149 Numerous modifications and variations of the 
present invention are possible in light of the above teach 
ings. It is therefore to be understood that within the scope of 
the appended claims, the invention may be practised other 
wise than as Specifically described herein. 

1. 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. 
2. A method according to claim 1 comprising: 
for each cell, Sub-dividing the total frequency bandwidth 

into a plurality of fixed sub-bands; 
for each Sector, allocating the respective Subset to be at 

least two of the fixed Sub-bands. 
3. A method according to claim 1 wherein the fixed 

Sub-bands are equal in size. 
4. A method according to claim 1 further comprising: 
in each Sector, transmitting a respective user transmission 
on each of the Sub-bands. 

5. A method according to claim 1 further comprising: 
for pairs of Sectors that face each other of different cells, 

allocating respective Subsets which only partially over 
lap. 

6. A method according to claim 1 for application in three 
Sector cells, wherein 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. 

7. A method according to claim 1 further comprising: 
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 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; 
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generating and transmitting a signal in which each of 
the at least two users has the respective fraction of 
capacity. 

8. A method according to claim 7 wherein the optimiza 
tion is performed every transmission interval, and the opti 
mization maximizes Sector throughput. 

9. A method according to claim 7 wherein the scheduler 
design is Selected from a group comprising: 

proportional fairness, proportional fairness for FTP traffic, 
adaptive Scheduler, adaptive Scheduler for Video Ser 
vice. 

10. A method according to claim 7 wherein the optimi 
Zation performs a maximization of proportional factors 
relative to user transmission rate and average user through 
put, while keeping a total frequency bandwidth constant. 

11. A method according to claim 7 further comprising in 
performing the optimization, using an unconstrained opti 
mization obtained by using a Lagrangian of a constrained 
optimization. 

12. A method according to claim 7 wherein the optimi 
Zation comprises: 

for each pair of users indicated by ko and k associating 
respective Fo and F, and respective bandwidths of 

F. F. wo and wit'; 

determining a transmission rate for each Selected user in 
each slot to be R and R, when using the available 
frequency bandwidth W, and with Sub-bandwidths of 

F. F. Wo' and Wii', 

determining transmission rates 

(Fo) (F) R and R. 

according to 

(Fo) 
Rio) = R . W, 
k0 k0 W 

(F) 
Rit' = R. . W., 
k k W 

performing optimization which maximizes Sector 
throughput, applied to two users per Sector or general 
ized to N users per sector, where N>=3. 

13. A method according to claim 12 wherein the optimi 
zation is formulated as follows: 
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F) y(x F; )(X (Rio wo') (R Wii) 
F Max — — + - Subject to : (F) (F) wo wil ko-k1 Ti, TE, 

F. F. wo'+ Wii = W, 
ko + k1 

where T is an average user throughput for user k over a long 
period of time and C. and B are indices used to control the 
fairneSS for Scheduling, applied for two users, or generalized 
to Schedule N users in the transmission interval, where 
Ne=3. 

14. A method according to claim 13 further comprising 
using a Lagrangian of the optimization to obtain the follow 
ing unconstrained optimization formula: 

(F) 0 (F) (Rio w: ) (R W, it ) (Fo) TW Max -- where W.' = , 
k0.k1 Ti, Ti, 1 + T 

f3 a lar TW (T). (R) a-l WE' = , T = , ko + k). 
1 1 + T (T. f. (R) 

15. A method according to claim 1 further comprising: 
in each Sector, transmitting an OFDM Signal using the 

respective subset of the total OFDM bandwidth. 
16. A method according to claim 15 wherein 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 
USCS. 

17. A method according to claim 16 wherein in each 
Sector generating the OFDM signal from content of at least 
two users comprises: 

mapping Symbols from each user into a time domain 
representation; 

converting the time domain representation into the OFDM 
Signal. 

18. A method according to claim 17 wherein mapping 
Symbols from each user into a time domain representation 
comprises interleaving. 

19. A method according to claim 17 further comprising: 
for each Sector, performing an optimization to identify the 

at least two users, and to determine for each user a 
respective number of Symbols to be mapped into Said 
time domain representation. 

20. 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. 
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21. A method according to claim 20 wherein the optimi 
Zation is performed every transmission interval, and the 
optimization maximizes Sector throughput. 

22. A method according to claim 20 wherein the scheduler 
design is Selected from a group comprising: 

proportional fairness, proportional fairness for FTP traffic, 
adaptive Scheduler, adaptive Scheduler for Video Ser 
vice. 

23. A method according to claim 20 wherein the optimi 
Zation performs a maximization of proportional factors 
relative to user transmission rate and average user through 
put, while keeping a total frequency bandwidth constant. 

24. A method according to claim 23 further comprising in 
performing the optimization, using an unconstrained opti 
mization obtained by using a Lagrangian of a constrained 
optimization. 

25. A method according to claim 20 wherein 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 bits from each user into a time 
domain representation and converting the time domain rep 
resentation into the OFDM signal. 

26. A method according to claim 25 wherein for each 
Sector, the optimization determines for each of the Selected 
users a respective number of Symbols to be mapped into the 
time domain representation, the respective number of Sym 
bols comprising Said respective fraction of capacity. 

27. A method according to claim 25 wherein the optimi 
Zation performs a maximization of proportional factors 
relative to user transmission rate and average user through 
put, while keeping a total frequency bandwidth constant. 

28. A method according to claim 25 wherein the optimi 
Zation comprises: 

for each pair of users indicated by ko and k with respec 
tive sub-bandwidths of W, and W, determining a 
transmission rate for each user in each slot to be R, and 
R, when using the available frequency bandwidth W, 
and with sub-bandwidths of W, and W, the transmis 
Sion rates R and R are given by 

Ro = Reo w; 

performing optimization which maximizes Sector 
throughput. 

29. A method according to claim 28 generalized to Sched 
ule N users per sector, where N>=3. 

30. A method according to claim 28 further comprising: 
receiving a channel quality indication from each user 

being considered for Scheduling, 
for each permutation of two users, calculating transmis 

Sion rates according to adaptive modulation and coding 
as a function of the channel quality indications and 
using the calculated transmission rates in the optimi 
Zation 

31. A method according to claim 30 wherein the channel 
quality indications comprise SNR (Signal-to-noise ratio) 
values. 

32. A method according to claim 28 wherein the optimi 
zation is formulated as follows: 
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Max (R. W.)" -- (R. W.) 
Wko. Wilko.k1 Ti, Ti, 

subject to: 

W+ W = W, 
ko + k1 

where T is an average user throughput for user k over a long 
period of time and C. and B are the indices used to control the 
fairneSS for Scheduling. 

33. A method according to claim 32 generalized to Sched 
ule N users in the transmission interval, where N>=3. 

34. A method according to claim 32 further comprising 
using a Lagrangian of the optimization to obtain the follow 
ing unconstrained optimization formula: 

(R. W.) (R. W.) TW Max Sko 'ko -- k1 ki where W = , 
kok Ti, Ti, 1 + T 

f3 a lar W (T). (R) a-l 
W = , T = , ko # ki. 1 + T (T) (R) 

35. A method according to claim 32 generalized to Sched 
ule N users in the transmission interval, where N>=3. 

36. A method according to claim 20 further comprising 
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 respective 
Subsets only partially overlap. 

37. A method according to claim 20 wherein 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. 

38. A method according to claim 37 wherein for each 
Sector, the optimization determines for each of the at least 
two users a respective number of orthogonal codes in the 
respective Subset, the respective number of orthogonal codes 
comprising Said respective fraction of capacity. 

39. A method according to claim 38 wherein the optimi 
Zation performs a maximization of proportional factors 
relative to user transmission rate and average user through 
put, while keeping the total frequency bandwidth constant. 

40. A method according to claim 38 wherein two users 
indicated by ko and k are to be Selected to transmit data with 
a number of Walsh codes 

N, and N, 

respectively and at transmission rate for each R, and R. 
respectively when using all Navailable codes, whereby the 
transmission rates 
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R and R' 

with orthogonal codes 

(L) (L) N, and N: 

can be obtained 

(L) 

R = R. Yo ko = \ko N 
(L) 

R = R..." k = k1 N 

41. A method according to claim 40 generalized to Sched 
ule M users each Scheduling period. 

42. A method according to claim 40 wherein proportional 
fairneSS as a user Scheduler is employed, and the optimiza 
tion maximizes a proportional factor relative to user trans 
mission rate and average user throughput, while keeping the 
total number of orthogonal codes constant. 

43. A method according to claim 42 wherein the optimi 
zation is be formulated as follows: 

(L)Yo (Rio N, ) 
L. Max — -- f3 

N,N'-kok, Ti, TE, 
subject to: 

NS+ N = N, ko + k, 

where T is an average user throughput for userk, and C. and 
B are the indices used to control the fairness for Scheduling. 
44. A method according to claim 43 further comprising 

using a Lagrangian of the optimization of claim 40 to obtain 
the following unconstrained optimization formula: 

Max 
kok (e. NG)" (R, N.Y. 

cDN (L)- NS = 
N (L)- 

N = 1 + d 
-- 

d = (T. f. (R) lo-I 
(T. f. (R) 

k + k1. 

45. A method according to claim 37 wherein the orthogo 
nal codes are Walsh codes. 

46. An apparatus comprising: 

a respective transmitter and antenna for each Sector of a 
plurality of Sectors in a cell, each transmitter using a 
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respective subset of a total bandwidth, wherein for any 
two adjacent Sectors, the respective Subsets only par 
tially overlap. 

47. A apparatus according to claim 46 wherein each 
transmitter is adapted to transmitting a respective user 
transmission on each of the Sub-bands. 

48. An apparatus according to claim 46 further compris 
ing an optimization process adapted to 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 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. 

49. An apparatus according to claim 48 wherein the 
optimization process uses an unconstrained optimization 
obtained by using a Lagrangian of a constrained optimiza 
tion. 

50. An apparatus according to claim 46 wherein each 
transmitter comprises a respective OFDM transmitter 
adapted to generate a respective OFDM signal using the 
respective subset of the total bandwidth. 

51. An apparatus according to claim 50 wherein each 
OFDM signal is generated from content of at least two users. 

52. An apparatus according to claim 50 further compris 
Ing: 

a symbol selector for selecting symbols for each of the at 
least two users, 

an interleaver for mapping the bits from the at least two 
users to a time domain representation; 

an IFFT function for converting the time domain repre 
sentation into the OFDM signal. 

53. An apparatus according to claim 50 further compris 
ing an optimizer for performing an optimization in each 
Sector to identify the at least two users, and for each user a 
respective fraction of Symbols to be mapped into Said time 
domain representation. 
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54. An apparatus comprising: 
an optimizer adapted to Scheduling users for transmission 

on a respective available bandwidth for each antenna 
by for a given transmitter, allocating a respective 
fraction of capacity associated with the available band 
width 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; 

Signal generation circuitry for generating a signal in 
which each of the at least two users have the respective 
fraction of capacity; 

a transmitter for transmitting the Signal. 
55. An apparatus according to claim 54 wherein Said 

Signal is an OFDM signal, Said Signal generation circuitry 
comprises a Symbol Selector for Selecting Symbols for each 
user and mapping them to a time domain representation, and 
an IFFT function for mapping the time domain representa 
tion into a frequency domain representation. 

56. An apparatus according to claim 54 forming part of a 
multi-Sector transmitting apparatus in which for each Sector 
of the multi-Sector transmitting apparatus a respective Subset 
of a total bandwidth is used, wherein for any two adjacent 
Sectors, the respective Subsets only partially overlap. 

57. An apparatus according to claim 54 wherein Said 
Signal is a CDMA Signal, the apparatus comprising: 

a plurality of Walsh code spreaders adapted to perform 
Walsh code spreading with a respective Walsh code of 
a set of Walsh codes, wherein the CDMA signal is 
generated from content of at least two users by modul 
lating content of each user with a respective Subset of 
the set of Walsh codes. 

58. An apparatus according to claim 57 the optimizer 
determines for each of the at least two users a respective 
number of orthogonal codes in the respective Subset, the 
respective number of Orthogonal codes comprising Said 
respective fraction of capacity. 

k k k k k 


