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Abstract-Wireless LAN and many other wireless communi-
cation systems have applied OFDM to mitigate multipath. 
Considering that the requirement of random access may 
reduce performance due to contentions, in this paper we 
show that OFDM techniques can assist random access con-
tention resolution. A method is proposed with both OFDM-
based physical layer signal processing and MAC layer 
packet scheduling. It is based on the separation of collided 
packets in OFDM, which is assisted by the scheduling proto-
cols in the MAC layer. It provides a new way to improve the 
performance of random access in OFDM-based systems 
such as wireless LAN. Contentions can be completely re-
solved, which improves throughput. QoS may also be sup-
ported in random access networks.  
 

I. INTRODUCTION 

 
Telecommunications industry is facing the task of im-
proving system efficiency and at the same time satisfying 
QoS. They are usually conflict requirements, especially 
for wireless communications. Making communication 
system intelligent or smart may be an effective way to-
ward the objective. 
 
Orthogonal frequency division multiplexing (OFDM) is a 
promising transmission scheme because of its multipath 
elimination property. It has been successfully applied in 
my practical systems such as digital video/audio broad-
cast, IEEE 802.11a wireless LAN [4] [5], HiperLAN/2 [6]. 
It has also been proposed for IEEE 802.16 wireless MAN 
[3]  and the future 4G cellular systems. OFDM is effec-
tive for simplifying data transmission in multipath fading 
environment [6]. However, there is little research in how 
to utilize OFDM in random access contention resolution, 
although random access protocols are widely exploited in 
the above mentioned systems. 
 
In practical OFDM systems, each user may be assigned a 
deterministic portion of the channel, either in time slots 
(e.g., HiperLAN/2) or in subcarriers (e.g., IEEE802.16 
WMAN). The assignment is generally performed via ran-
dom access. For example, reservation-based TDMA, a 
variation of ALOHA protocol, is used in HiperLAN/2 [6]. 
This scheme is desirable for stream traffics such as voice 
and video because it can guarantee the required QoS, or 
packet priority.  
 

However, deterministic channel assignment is not effi-
cient enough to accommodate bursty traffics, e.g., data 
communications. In such systems, random access is pre-
ferred. For example, the IEEE 802.11 WLAN applies a 
variation of CSMA protocols for each data packet to con-
tend for channel access [4]. Although random access has 
high efficiency when the traffic is light, its performance 
degrades severely in heavy traffics because of packet col-
lisions. What makes things more severe in IEEE 802.11 
WLAN is the lack of feedback acknowledgement (ACK) 
schemes. Packet collisions not only reduce throughput, 
but also make the QoS a difficult problem.    As a matter 
of fact, there is some argument that HiperLAN/2 may 
outperform IEEE 802.11 WLAN for QoS traffics [6]. 
However, even for the former, contention is still a prob-
lem. 
 
It is critical to develop efficient random access schemes to 
improve system performance. Specifically, it becomes 
important to develop contention resolution techniques for 
random access networks. In fact, many protocols have 
been proposed to resolve contentions [1], e.g., slotted 
ALOHA, CSMA, reservation-based protocols, etc. Unfor-
tunately, contentions can not be completely resolved in 
these traditional protocols. Some more recent approaches 
are to apply signal processing techniques to resolve colli-
sions [10] [2]. However, first, those algorithms may be 
computationally too complex, and may suffer from ill-
conditioned channels. Second, and more importantly, QoS 
can not be guaranteed because collided packets with vari-
ous priorities have to be resolved together with same pri-
ority.   
 
In OFDM systems, traditional ALOHA or CSMA proto-
cols are usually directly applied. The property of OFDM 
signals is not applied for contention resolution. In this 
paper, we propose a new method to resolve random ac-
cess contentions in OFDM systems. The special property 
of OFDM transmission is utilized to separate collided 
packets with signal processing techniques implemented in 
the physical layer. When assisted by the packet schedul-
ing capability of the MAC layer, the difficult signal sepa-
ration problem becomes much simpler, robust and com-
putationally efficient.  The MAC layer protocol can also 
take advantage of the information obtained from the 
physical layer. With this approach, OFDM symbols can 



be distributed to multiple users without data packet colli-
sions. Through packet scheduling, it is also convenient to 
guarantee QoS for each user. 
 
The new approach is in fact a joint physical layer and 
MAC layer design method, where the physical layer uses 
the MAC layer information to performance packet detec-
tion and separation, whereas the MAC layer utilizes the 
information from the physical layer to schedule data 
packet transmissions. Traditionally, the random access 
and scheduling are performed in the MAC layer only. In 
case of access contentions, their performance degrades. 
The new method can exploit packet collisions to both 
improve efficiency and preserve priority. 
 
The organization of this paper is as follows. In Section II, 
an OFDM wireless system model is set up. In Section III, 
collision resolution is studied. Then in Section IV, the 
new method is developed. Simulations are shown in Sec-
tion V. Some conclusions are presented in Section VI. 
  

Ⅱ. PROBLEM FORMULATION 

 
A. Wireless network structures 
 
The wireless network considered in this paper has a cen-
tral controller and multiple unknown mobile users. The 
central controller can be simply a mobile user, i.e., any 
mobile user can become the central controller when 
needed. The required task of the central controller is to 
schedule random access, although it can also be used to 
relay data packets from the transmitter to the receiver. 
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Fig. 1. Wireless network structures. 

 
Two structures are shown in Fig. 1. The structure shown 
in Fig. 1 (a) is similar to an infrastructure system with 
base stations or access points, e.g., wireless LAN, where 
all users communicate with the central controller only. 
Another network structure is shown in Fig. 1 (b), where 
peer-to-peer communication is supported, i.e., each user 
can communicate directly with all other users. In order to 
assist random access, one of the users, the user 0 as 
shown, behaves as a central controller to determine the 
access priority or slot synchronization. An example is the 
ad hoc wireless network structure specified in the Blue-
tooth Specifications [9]. This structure does not require 
complex and thus expensive central controllers. In addi-
tion, it is more ready to support ad hoc networks with 
dynamic topology. 
 

In both structures, the number of mobile users may be 
known or unknown. Slot synchronization can be main-
tained by the central controller. Since the users may be 
unknown even to the central controller, packet collision 
may happen. Therefore, the objective of the proposed 
method is to schedule transmission so as to either avoid or 
resolve data packet collisions.  
 
The data flow in the proposed system consists of access 
request packets (AP) and data packets (DP), as shown in 
Fig. 2. The APs are used for the users to request channel 
access from the central controller and for the central con-
troller to assign the access priority. The DPs are the in-
formation that mobile users transmit to others.  Each AP 
or DP contains multiple OFDM symbols. Fig. 2 (a) shows 
AP and DP with different OFDM symbols. In Fig. 2 (b) 
some OFDM symbols are shared by both AP and DP. 
Some subcarriers are used by AP, whereas others are used 
by DP.  Because in wireless systems AP is usually much 
shorter than DP, throughput may not be severely degraded 
by the overhead of AP. 
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Fig. 2. Access request packets and data packets. 
 
The general procedure of the packet transmission is 
briefly described in the following. When the central con-
troller senses that the channel is free, it broadcasts to all 
users a beacon (short message) asking for access request. 
Then every active user who holds data packets for trans-
mission sends an AP to the central controller. In OFDM 
systems, the APs can be transmitted with independent 
OFDM symbols, or with several subcarriers of the OFDM 
symbols. Clearly, collision happens if there is more than 
one active user. From the received (possibly) collided 
signal, the central controller detects all the active users 
and assigns them the access priority, i.e., informs them to 
transmit DPs. Therefore, the selected users can transmit 
DPs without collision. In OFDMA systems such as 
WMAN, the central controller can also arrange the occu-
pation of subcarriers for each user. This procedure is re-
peated whenever there are some users hold data packets 
for transmission. 
 

F−1S/P P/S

j(n)b
j(n)s

Cyclic
add

 
(a) 

P/S

j(n)
j(n)b

S/P F
Cyclic
delete

r
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Fig. 3. OFDM system. (a) Transmitter. (b) Receiver. 



 
B.  OFDM transmitter and receiver 
 
The baseband OFDM transmission system is shown in 
Fig. 3. Assume that there is no packet collision, i.e., only 
the signal of the user j  is transmitted and received. The 

transmitted symbol is )(nbj . Since the entire OFDM 

symbol is used, we construct a symbol vector with dimen-
sion N  
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The symbol vector is first inverse-FFT transformed 
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where F  is the discrete Fourier transformation matrix 

whose thnm ),(  element is mnje π2  for 10 −≤≤ Nm  and 

10 −≤≤ Nn . Then we add cyclic redundancy to the vec-
tor )(nju  to obtain 
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where 1,,0),,( −= cj Liinu L  is the )1( +i th entry in the 

vector )(nju   in (2). The transmitted signal )(ns j  is 

simply the elements in the vector )(~ nju . 

 
For the receivers, the received sample )(nrj  is 
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where the FIR channel of the user j  is with length hL  

and coefficients )(lh j , and )(nw  is assumed AWGN. 

Note that ch LL ≤−1 . Without loss of generality, we can 

omit the delay jd , i.e., the mobile users can be synchro-

nized according to the central controller, which is widely 
applied in practice. Then we construct the received sam-
ple vector as 
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Note that we periodically skip cL  samples during the 

construction of )(njr . With delay 0=jd , from (4) and 

the Fourier transformation, we obtain 
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where TNnNvnNvn )](,),1([)( −−= Lv  is the Fourier 

transformed noise which is still AWGN, and  

H .
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Then the transmitted symbol can be estimated from (6) by 

                      ),()(ˆ 1 nnb jjj xH−=                           (8) 

where for simplification we assume that the diagonal ma-
trix jH  is non-singular and is known. In practice, it can 

be estimated and those null entries can be avoided. )(ˆ nbj  

is an estimation of the transmitted symbol )(nbj  in noisy 

environment. 
 

Ⅲ. CHENNEL ACCESS REQUEST AND DETECTION 

 
A.  Request for Channel Access 
 
Each user has to request for channel access in a conten-
tion manner. In TDMA systems, the request is performed 
in some random access control channel. In IEEE 802.11 
wireless LAN or other random access networks, the re-
quest may be performed whenever the user holds data 
packet for transmission. We let each active user j  trans-

mit as AP a unique code 
1,,0],)(,),1([ −== JjMcc jjj LLc ,         (9) 

where the code length is M , and there are at most J  
codes or users. Then if the user j  has a data packet for 

transmission, it transmits the code jc  to the central con-

troller to request for channel access. So do all other active 
users.  
 
There are various ways that the codes or APs can be 
transmitted with the OFDM transmission. First, they can 
be transmitted in one of the subcarriers in the OFDM 
symbols, as shown in Fig. 2 (b). Hence each AP will be 
across M  OFDM symbols. Second, if there are more null 
subcarriers, then the APs can be transmitted on them. 
Third, the central controller may designate some slots 
specifically for APs, where a series of entire OFDM sym-
bols are occupied by APs, as shown in Fig. 2 (a) .  
 
B.  Access request detection within one subcarrier 
 
First, we consider the case where all APs are transmitted 
within one subcarrier. Without loss of generality, we as-
sume that the first subcarrier is used. Note that the central 
controller can determine adaptively the subcarrier to 
avoid those with low SNR. We also assume a synchro-
nized transmission. 
 
From (6), the baseband signal received at the central con-
troller after FFT processing is  
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where the indication function 1=jA  for active users and 

0=jA  if the user j  is not active. The received samples 

relative to all the AP code coefficients are 
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where the noise vector is 
TMNvNvN ])1()1([)(~ −−= Lv .      

 
Define a MJ ×  code matrix  
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which contains all the AP codes. Then as long as JM ≥ , 
we can find codes such that the matrix JC  is full row 

rank. Therefore, there exist J  vectors jg , 

1,,0 −= Jj L , such that 

1,,0, −== JjjjJ LegC .                  (13) 

where je  is a unit vector with value 1 on the j th entry 

and zeros elsewhere. 
 
Then, in order to detect whether a user k  is active or not, 
we can use the vector kg  as a detector, whose output is 

k
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kkk
T
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Therefore, we can find a proper threshold value kθ  such 

that the decisions can be made according to 
If kkz θ<|| ,  then the user k  is not active. 

If kkz θ>|| ,   then the user k  is active.     

Hence we can detect whether each user k  is requesting 
for channel access or not. 
 
The threshold value can be obtained from the noise vari-
ance and the magnitude of )0(kH . In OFDM system, it is 

usually a feasible task to estimate them. Then the detec-
tion procedure becomes a standard symbol detection 
problem [8]. 
 
C.  Access request detection using more subcarriers 
 
If more or all subcarriers are available, the central con-
troller can ask the users to transmit APs with more sub-
carriers. The detection in each subcarrier can be per-
formed similarly as in Section III.B. Then decisions can 
be made according to those detection results. This way, 
the access request detection becomes more robust with 
less number of OFDM symbols. 

 
Ⅳ. SCHEDULE RANDOM ACCESS OF OFDM SYSTEMS  

 
A. Detection algorithm and scheduling protocol 
 
As described in Section II.A, first, the central controller 
asks the active users to transmit APs. Then, from the re-
ceived collided signal, it can detect each active user ac-
cording to the signal processing techniques described in 
Section III.B. After that, it can schedule the active users 
to transmit data packets. 
 
Because contentions are known before data packet trans-
mission, the central controller can schedule transmission 
according to their priorities or QoS. Users with higher 
priorities can be asked to transmit earlier. Hence QoS 
becomes feasible in random access OFDM systems. 
 
The proposed method for scheduling random access of 
OFDM systems includes an algorithm for detecting active 
users, which is implemented in the physical layer, and a 
MAC protocol for scheduling the access request packets 
and data packets. 
 
The method is robust thanks to the application of OFDM. 
The detection is performed without the negative effect of 
multipath channels since subcarriers with high noise can 
be avoided. Most importantly, the codes can be orthogo-

nal to each other, i.e., ij
T
ji δ=cc . The orthogonality can 

be preserved for detection; hence multiple access interfer-
ence can be completely eliminated from the decision met-
rics.  
 
The computational complexity is as low as )(MO  for 

each user, where M is the code or AP length which can 
be short because of the equivalent flat channel. Hence the 
new method is computationally efficient. 
 
B. Performance 
 
The detection error depends only on the received signal to 
noise ratio (SNR). Sine SNR is practically available, we 
can choose the optimal decision threshold kθ  . In this 

case, the decision error rate (DER) can be optimal.  
 
The system throughput and delay depend on the DER and 
the overhead caused by the APs. There is no loss due to 
packet collisions because all collisions of AP can be re-
solved and utilized, and there is no collision among DP. 
In wireless systems such as IEEE 802.11a WLAN, data 
packets are usually long. Because the APs can be very 
short, the overhead is small. In addition, since DER can 
be made sufficiently small, we can obtain quite high 
throughput. The packet delay can also be small because 
there is no data packet collision. 
 
The detection error either keeps some active users from 
data transmission or brings some empty data slots unoc-
cupied. The first one does not decrease system throughput 



because it produces neither data packet collision nor 
empty slots. Instead, it only increases the delay of the 
affected data packets. The second one, however, may 
reduce throughput because it brings empty slots. There-
fore, in order to reduce the loss in throughput, we can 
increase the detection threshold, which increases the error 
rate of the first type. 
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Fig. 4. Performance of the access request detection algorithm.  
 

V.  SIMULATIONS 

 
We use M = 50, N = 10, J = 5 and Poisson distribution for 
the number of data packets.  DER as a function of SNR is 
shown in Fig. 4, which shows that detection error rate can 
be sufficiently small. 
 
We also compared the new method with slotted ALOHA. 
From Fig. 5 and Fig. 6, it is clearly seen that the new 
method can achieve much higher throughput with rela-
tively small delays.  
 

Ⅵ.  CONCLUSIONS 

 
In this paper, we have developed a new joint layer design 
method to improve the performance of random channel 
access in OFDM systems such as IEEE 802.11 WLAN. 
Taking advantage of the special property of OFDM sig-
nals, we can use physical layer signal processing tech-
niques and MAC layer scheduling protocol to completely 
resolve contentions. Besides high throughput, it has an-
other advantage, i.e., supporting QoS scheduling, which 
will be investigated in the future. 
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Fig. 5. Performance of the random access protocol: throughput.  
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Fig. 5. Performance of the random access protocol: delay. 
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