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Abstract 
 

This paper aims to find a suitable solution to joint allocation of sub-channel and transmit 
power for multiple users in an IEEE 802.16e OFDMA/TDD cellular system. We propose the 
FASA (Fairness insured Aggressive Sub-channel Allocation) algorithm, which is a dynamic 
channel allocation algorithm that considers all of the users' channel state information 
conditionally in order to maximize throughput while taking into account fairness. A dynamic 
power allocation algorithm, i.e., an improved CHC algorithm, is also proposed in combination 
with the FASA algorithm. It collects the extra downlink transmit power and re-allocates it to 
other potential users. Simulation results show that the joint allocation scheme with the 
improved CHC power allocation algorithm provides an additional increase of sector 
throughput while simultaneously enhancing fairness. Four frames of time delay for CQI 
feedback and scheduling are considered. Furthermore, by addressing the difference between 
uplink and downlink scheduling in an IEEE 802.16e OFDMA TDD system, we can employ 
the uplink channel information directly via channel sounding, resulting in more accurate 
uplink dynamic resource allocation. 
 
 
Keywords: 802.16e, OFDMA/TDD, sub-channel allocation, transmit power allocation, 
channel sounding 
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1. Introduction 

OFDMA is recognized as one of the most promising multiple access techniques in future 
wireless communication systems [1]. Recently, a number of algorithms have been developed 
for channel allocation in OFDMA systems. While most of these algorithms focus on a 
single-cell scenario [2][3][4], a few studies have dealt with multi-cell OFDMA systems [5], 
[6]. The resource allocation algorithms proposed in [5] and [6], however, are only for 
throughput maximization, i.e., they assign resources unfairly by allocating more resources to 
users with good channel conditions, while the algorithms proposed in [3], [4], and [7] mainly 
consider fairness when allocating resources. In this paper, we propose FASA, which is a 
dynamic sub-channel allocation algorithm. We also propose a dynamic transmit power 
allocation algorithm, which is an improved version of CHC, for OFDMA systems. The 
proposed approach schedules the traffic of each user taking into account fairness, while 
maximizing the total system throughput. 

The remainder of this paper is organized as follows. In section 2, the proposed FASA 
algorithm, which is a sub-channel allocation algorithm for an OFDMA system, is introduced. 
In section 3, the transmit power allocation algorithm, i.e., an improved CHC algorithm, is 
proposed. In section 4, the difference between uplink and downlink scheduling is addressed, 
and the uplink channel information is employed directly via channel sounding in the uplink of 
an IEEE 802.16e OFDMA/TDD cellular system. In section 5, the performance of the proposed 
algorithms is validated for the given simulation parameters and environments. Finally, 
conclusions are presented in section 6. 

2. Proposed Downlink Sub-channel Allocation : FASA (Fairness Insured 
Aggressive Sub-channel Allocation) Algorithm 

The proposed FASA algorithm consists of the following two stages.  

1. User selection taking into account fairness among users via the GPF (General Proportional 
Fair) metric [3], [7].  
2. Sub-channel allocation taking into account all of the users' channel state information 
conditionally via the ASA (Aggressive Sub-channel Allocation) algorithm [8], [9].  

The following basic assumptions for the proposed FASA algorithm have been employed.  

1. To avoid intra-cell interference, each sub-channel is allocated only to a single user.  
2. There may be multiple sub-channels that have the same level of maximum channel gain, due 

to the quantized level of feedback channel state information. 
3. A feedback path is assumed to report each user`s CQI and the actual downlink received data 

rate to the base station. 

The proposed FASA algorithm can be implemented via the following four steps:  

In the first step, the base station determines a user to be scheduled considering fairness 
based on the GPF metric [3], [7]. 
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where ( )kR t  is the instantaneous data rate of user k . ( 1)kT t −  is the data rate served until time 
( 2)t −  and ( 1)kR t −  is the actual received data rate of user k  at time ( 1)t − . Here, cT  denotes 
the response time of the low-pass filter, which is set to 1,000 frames in this paper taking into 
account mobility. 

In the second step, the base station searches sub-channel *n , which allows the maximum 
data rate to the selected user FASAk , among sub-channels that have not been allocated to other 
users. 

,
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* arg max( ),
FASAk n

n N
n r

= −
=                                                    (3) 

where ,FASAk nr  is the data rate of user FASAk  that is allowed in the thn  sub-channel. Here, *n  may 
denote multiple sub-channel indexes that allow the same maximum data rate to the user FASAk . 

In the third step, the base station evaluates the supportable data rates on sub-channel *n  for 
other users, and then calculates the sum of data rates *nR  of all of the users except user FASAk  on 
the sub-channel *n . 
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where * ( )nq k  is the number of bits in each data symbol that are allocated to the sub-channel 
*n  of the thk  user, and T  is the OFDM symbol duration. 
In the last step, the base station determines the sub-channel index to be allocated to the 

selected user taking into account the data rate *nR  as follows. If the sub-channel *
optn  supports 

minimum data rates to other users (i.e., *
*arg min( )opt nn R= ), sub-channel *

optn  is allocated to the 
selected user FASAk .  

Therefore, fairness is insured by the GPF algorithm and system throughput is 
simultaneously maximized by exploiting the channel state information of the selected user 

FASAk  and that of other users in the case of multiple instances of the same maximum level of 
channel state information. This procedure is applied to all of the users in the system. The 
1-dimensional search procedure of the FASA algorithm to find the optimum sub-channel 
index for a selected user is much simpler than the 2-dimensional search procedure of the RCG 
(Rate Craving Greedy) algorithm [4]. In addition, loss of the system throughput induced by the 
FASA algorithm is negligible compared to the case of the RCG algorithm. The overall 
procedure of the proposed FASA algorithm is described in Fig. 1. 

In Fig. 2, an example of the procedure for sub-channel allocation is illustrated for the case 
of the FASA algorithm. The example assumes that the total number of users is four, the total 
number of sub-channels is eight, and all of the users’ required data rates are equal, where rows 
and columns indicate sub-channels and users, respectively. The data rate is given in the box for 
user jk  on the sub-channel in . 
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Fig. 1. Procedure of the proposed FASA algorithm 

 

 
Fig. 2. Illustration of the FASA algorithm 

 

In the first step, the base station determines a user to be scheduled considering fairness 
based on the GPF metric. Such a user is selected as FASAk  = 1k for scheduling. After the first 
step, the base station searches for a sub-channel that provides the maximum data rate to the 
selected user FASAk among sub-channels that have not been allocated. In Fig. 2, sub-channel 4n  

provides the maximum data rate for 1k , and thus 4n  is allocated to user 1k , 3n  is allocated to 
2k , 2n  is allocated to 3k , and 8n  is allocated to 4k , consecutively. The base station then gives 

the highest scheduling priority to user 3k , because this user’s GPF metric becomes maximal. 
In this case, both 5n  and 7n  support the same data rate of three.  

3 5 3 7, ,= 3.k n k nr r =                                                           (5) 

However, the base station selects 7n  for user 3k  based on (6). 
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where 5nR  and 7nR  are the sum of the data rates of all of the users except user 3k  on 
sub-channels 5n  and 7n , respectively. That is, the sub-channel that gives the minimum 
contribution to the data rate of other users is selected by the base station. In the case of the 
conventional sub-channel allocation algorithm [4], 5n  is allocated to 3k , because scheduling 
in this case is processed according to the order of sub-channel number. 

3. Proposed Downlink Transmit Power Allocation : Improved CHC 
Algorithm 

In this section, an improved CHC algorithm is proposed for transmit power allocation in the 
downlink. The algorithm of [10] is an improvement over its predecessor where it allows 
sophisticated power allocation.  

After sub-channel allocation, the base station initiates the transmit power allocation by 
allocating equal transmit power to all of the sub-channels using the EBP (Equal Band Power) 
algorithm [11], and calculates the CINR of each user in order to determine the corresponding 
MCS (Modulation and Coding Scheme) level. The improved CHC algorithm is then executed. 
It consists of the following three steps.  

In the first step, the base station classifies all of the users into the following three groups. 

1. The first user group ( 1Groupk ) : Users who satisfy the minimum required data rate ,minreqR  
according to the current MCS level. 

1 ,min .
Groupk reqR R≥                                                           (7) 

2. The second user group ( 2Groupk ) : Users who do not satisfy the minimum required data rate 

,minreqR  according to the current MCS level. 

2 ,min .
Groupk reqR R<                                                           (8) 

3. The third user group ( 3Groupk ): Users who have a smaller CINR value than that of the lowest 
MCS level _ 0MCS . 

3 _ 0.
Groupk MCSCINR CINR<                                                  (9) 

In the second step, the base station collects extra power that is above the level of the transmit 
power in order to maintain the users’ current MCS level. It is collected from the users of the 
first and the second group. For example, if the received CINR of user k, kCINR , is larger than 
the target CINR of the ( 1)thm −  MCS level and smaller than that of the thm  MCS level, the 
MCS level of user k becomes ( 1)m − . 

1
.

m mMCS k MCSCINR CINR CINR
−
< <                                            (10)  
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Therefore, the base station collects extra power ExtraPower  of user k that is above the level of 
the transmit power in order to maintain the target CINR of the ( 1)thm −  MCS level, as in (11). 

1
( ),

mExtra k MCSPower Power Power
−

= −                                      (11) 

where kPower  is the power allocated to user k, and 
1mMCSPower
−

 is the minimum required power 
to satisfy the ( 1)thm −  MCS level. 
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Fig. 3. Procedure of the proposed improved CHC algorithm 

 
In the third step, the base station reallocates the collected extra power to the users in the 

second group. To maximize the system throughput, the base station preferentially allocates the 
extra power to the second group user k  who has the highest MCS level. 

 2
* arg max(   ),k

k Group
k MCS

∈
=                                               (12) 

where kMCS  is the MCS level of user k in the second group. The base station then calculates 
the required power *Power  to boost to the next higher MCS level, and allocates the power to 
the selected user *k . 
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The overall procedure of the proposed improved CHC algorithm is illustrated in Fig. 3. 
Based on the discussion presented in sections 2 and 3, throughput is maximized taking into 

account fairness, and power efficiency is simultaneously improved in the downlink of an IEEE 
802.16e OFDMA/TDD cellular system. 

4. Uplink Sub-channel Allocation via Channel Sounding 
Channel sounding in the uplink enables the BS to measure uplink channel response and utilize 
resources effectively [12]. Resource management in an IEEE 802.16e OFDMA/TDD cellular 
system should consider the following differences between the uplink and downlink. 

1) There is no reference symbol to measure the channel condition in the uplink, which is the 
preamble in the downlink. 

2) Symbols in the downlink suffer interference from neighbor base stations but also suffer 
interference from neighboring users in the uplink, resulting in variation of the channel 
condition between the downlink and uplink, as shown in Fig. 4. 
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Fig. 4. Difference in channel condition between the downlink and uplink 

 
That is, we cannot utilize CQI (Channel Quality Indicator) information for uplink 

scheduling; instead we obtain the uplink channel information via uplink channel sounding [12]. 
This allows more accurate uplink dynamic resource allocation. Fig. 5 shows the frame 
structure, which contains a symbol for channel sounding in the uplink of an IEEE 802.16e 
OFDMA/TDD cellular system. 
 

 
Fig. 5. The frame structure supporting uplink dynamic resource allocation via channel sounding 
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5. Performance Validation 
In this section, performance improvements by the proposed dynamic sub-channel and transmit 
power allocation algorithms are demonstrated via simulations using the parameters given in 
Table 1, 2, and 3.  

The fundamental OFDM link level simulation parameters are shown in Table 1 [12]. There 
are 24 sub-channels in the total frequency-domain resource structure. A sub-channel consists 
of four bins, and a bin consists of nine sub-carriers. Among the sub-carriers, one pilot 
sub-carrier serves as a reference for channel estimation. 

Table 1. OFDM link level parameters 

OFDM Parameter Value 

Carrier Frequency 2.3 GHz 
Effective Bandwidth           8.75 MHz 
Sampling Frequency 10 MHz 

Sampling Period 100 nsec 

FFT & Used Sub-carrier 1024 / 864 

Data & Pilot Sub-carrier 768 / 96 
Sub-carrier Spacing 9.765625 kHz 

Effective Symbol Duration 102.4 us 
OFDM Symbol Duration 115.2 us 

Frame Duration 5 ms 

Symbols / Frame 42 
Nr. of Symbols (DL : UL) 27 : 15 

Sub-channels / Symbol 24 

Sub-carriers / Sub-band 36 

 
Table 2 shows that the required CINR values to guarantee a PER (Packet Error Ratio) of 1% 

for each MCS level are obtained via a link level simulation employing the parameters listed in 
Table 1. The fundamental OFDM system level simulation parameters are given in Table 3 
[13][14][15]. Besides, four frames of time delay for CQI feedback and scheduling are 
considered in this paper. 

 
Table 2. MCS table to guarantee a PER of 1% 

Link Modulation 
Order Coding Rate Target CINR 

DL 

QPSK 

1/12 - 5.17 
1/8 - 3.17 
1/4 - 0.17 
1/2 2.83 
2/3 4.39 

16 QAM 
1/2 7.43 
2/3 9.89 

64 QAM 
1/2 12.82 
2/3 15.29 

UL 
QPSK 1/2 2.83 

2/3 4.39 
16 QAM 1/2 7.43 
64 QAM 1/2 12.82 
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Table 3. System level simulation parameters 

Item Sub-Item Parameter Value 

Link 
Modeling 

BS 

Tx power 43.0 dBm 

Max EIRP 55 dBm 

Antenna Gain 15 dBi 

Antenna Height 30 m 

Cable Loss 3 dB 

Thermal Noise -174.0 dBm/Hz 

Noise Figure 3 dB 

MS 

Tx Power 23.0 dBm 

Antenna Gain 0.0 dBi 

Antenna Height 1.5 m 
Thermal Noise -174.0 dBm/Hz 
Noise Figure 5.0 dB 

Channel 
Model 

Path Loss ITU-R M.1225 Veh. 

Log-normal Shadowing Std. Dev. 10 dB 

Fading Channel ITU-R M.1225 Ped-A 3 km/h 
Nr. of Cells 19 

Cell Configuration Hexagonal 
Cell Radius 1 km 

Nr. of Users / Sector 12 
UE Position Uniform 

Resource Loading 100 % 

 

 
Fig. 6. 2-tier hexagonal cellular configuration 

 

Fig. 6 depicts a 2-tier hexagonal multi-cell configuration. Each hexagonal cell consists of 
three sectors and the hexagonal cell in the center serves as a target cell to evaluate the 
performance of the proposed sub-channel allocation algorithm with the proposed transmit 
power allocation algorithm. Active users are generated in all of the 19 cells. We assume a 
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frequency reuse factor of one; that is, each sector shares the total frequency-domain resources 
[16][17]. 

Fig. 7 shows the average downlink sector throughput employing four scheduling algorithms 
of sub-channel allocation only. That is, the proposed transmit power allocation algorithm has 
not been applied. The simulation results show that the proposed FASA algorithm yields 82 %, 
193 %, and 4.9 % more sector throughput than the conventional Round Robin, RCG, and GPF 
algorithms, respectively. This gain is due to extensive use of the multi-user diversity gain 
considering all of the users’ channel state information conditionally. In particular, we observe 
that the throughput of the RCG algorithm is quite small. This is due to the fact that we did not 
assume the system has infinite bandwidth to satisfy all of the users` data rates as in the original 
RCG algorithm. 
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Fig. 7. Average downlink sector throughput employing four scheduling algorithms of sub-channel 
allocation only 

 
Fig. 8 shows the downlink throughputs per user, employing the above four scheduling 

algorithms of sub-channel allocation only, which are summarized in Table 4. Taking into 
account fairness among users, the proposed FASA algorithm distributes the sub-channel more 
fairly to the users than the GPF algorithm. We define the FM (Fairness Measure) as follows. 

2
, e ,

1
( )

FM ,

K

k R q k Acq
k

R R

K
=

−
=
∑

                                                (14) 

where k is the user index, and , ek R qR  and ,k AcqR  are the minimum required data rate and 
acquired data rate of each user, respectively. 

 
Table 4. Average throughput per user and fairness measure 

Algorithm Average Throughput / User (kbps) FM 

Round-robin 198.8 89.5 

RCG 119.7 46.2 

GPF 336.1 118.2 
FASA 342.3 117.9 
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The FM value of the proposed FASA algorithm is worse than that of the conventional 

round-robin and RCG algorithms, respectively. However, the fairness of the FASA algorithm 
can be improved by combining it with the proposed power allocation algorithm.  Notably, the 
fairness of the RCG algorithm is outstanding, but the throughput per user is smaller than that 
of the proposed FASA algorithm.  

By applying the joint allocation of the sub-channel and power, as proposed in this paper, the 
sector throughput and user throughput are obtained, as presented in Fig. 9 and 10. As a result 
of joint allocation with the improved CHC algorithm in Fig. 9, the sector throughput is 
increased by more than 25% compared to the case of sub-channel allocation only. In Fig. 10, 
users obtain more throughput than the threshold (256 kbps) via application of the joint 
allocation algorithm. The throughput per user and the fairness measure of the proposed joint 
allocation algorithm are summarized in Table 5. The FM value of the FASA algorithm, which 
is jointly operated with the proposed improved CHC algorithm, is better than that in the case of 
sub-channel allocation only. The improvement arises from efficient use of extra downlink 
transmit power and spectral diversity gain. 
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Fig. 10. Downlink throughput per user via the proposed joint allocation algorithm 
 

Table 5. Throughput per user and fairness measure of the proposed joint allocation algorithm 

Algorithm Average Throughput / User (kbps) FM 

GPF w. ICHC 419.9 75.61 

FASA w. ICHC 439.6 72.50 

GPF 336.1 118.2 

FASA 342.3  117.9 

 
Fig. 11 shows the average uplink sector throughput in the case where channel sounding is 

employed. By applying CQI measured from the downlink, the sector throughput of the GPF 
and FASA algorithms increases by more than 16.3% and 22.7%, respectively, compared to the 
case of the round-robin. In the case of employing the uplink channel information directly via 
channel sounding, the GPF and FASA algorithm yields 25.4% and 31.8% improved sector 
throughput, respectively, relative to the round-robin. Thus, the efficiency of resource 
allocation in the uplink of IEEE 802.16e OFDMA/TDD is improved by adopting channel 
sounding information from the uplink. 
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Fig. 11. Average uplink sector throughput employing channel sounding 
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6. Conclusions 
This paper solves the problem of joint optimization of sub-channel and power allocation for 
multiple users in an IEEE 802.16e OFDMA/TDD cellular system, taking into account the 
practical latency for CQI feedback and scheduling. FASA, a sub-channel allocation algorithm, 
maximizes the system throughput by exploiting the channel state information of the selected 
user and that of other users in the case of multiple instances of the same maximum level of 
channel state information. The benefit of FASA, compared to RR, RCG, and GPF, stems from 
extensive use of the multi-user diversity gain considering all of the users’ channel state 
information conditionally. Joint allocation with an improved CHC power allocation algorithm 
provides an additional increase of sector throughput while simultaneously enhancing fairness. 
The improvement originates from the efficient use of extra downlink transmit power and 
spectral diversity gain. By addressing the difference between the uplink and downlink 
scheduling in an IEEE 802.16e OFDMA TDD system, we can employ the uplink channel 
information directly via channel sounding, resulting in more accurate uplink dynamic resource 
allocation.  
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