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Abstract— In this paper, we propose an opportunistic feedback 
protocol with adaptive modulation. The proposed feedback 
protocol is divided into two stages. During first stage, the 
proposed scheme uses feedback collision information in order to 
find the signal-to-noise ratio region where the user with the best 
channel quality belongs to. In second stage, based on random 
access protocol, the users in that signal-to-noise ratio region 
compete to send a feedback message. We analyze and evaluate 
the proposed feedback protocol in terms of the average 
transmission capacity and the outage probability. Simulation 
results show that the proposed scheme lowers the outage 
probability. Thus, it achieves the high average transmission 
capacity with limited feedback information.  
Keywords—Opportunistic feedback, multiuser diversity, random 
access, scheduling outage, fading channel 

I. INTRODUCTION 
An opportunistic scheduling using multiuser diversity 

improves the performance of wireless networks by adaptively 
scheduling users according to the channel state of the users. 
The opportunistic scheduler serves the user with the best 
channel quality at a given time assuming independent fading 
channels over different users.  In order to exploit multiuser 
diversity gain, a base station receives the channel state 
information from each user. However, a full feedback protocol 
which allocates dedicated feedback channels to all the users 
requires significant feedback resources. Moreover, the 
feedback overload also increases as the number of users 
increase. Various approaches have been studied to reduce the 
feedback overload [1]-[6]. In a simple threshold based scheme, 
only user with signal-to-noise ratio (SNR) higher than a given 
threshold feed back their channel state information (CSI) [1]. 
Moreover, each user had a dedicated resource for sending its 
feedback information. Since the feedback load is time varying, 
a base station has to reserve the bandwidth of the feedback 
channel transmitting the feedback messages against the worst 
case. With a fixed number of feedback slots, a random access 
based feedback protocol is proposed [5]. Active users transmit 
a feedback message with some probability if their channel 
state is above a threshold. The threshold and random access 
probability are jointly designed to maximize the average sum 
rate of all users [6]. However, if more than two users transmit 
a feedback message, a collision occurs. It causes the 
scheduling outage which means that the base station receives 
no feedback information from users. Thus, the protocol 

degrades systems performance. Moreover, the protocol does 
not always select the user with a highest channel metric. 

In this paper, we propose a contention based feedback 
protocol for multiuser diversity systems while minimizing the 
throughput penalty due to reduced feedback load. The 
proposed protocol reduces feedback overhead of users’ CSI 
required for opportunistic scheduling and this protocol 
maximize the average sum rate. The idea is to select the best 
channel quality user with fixed slot and to avoid collision. To 
reduce feedback requirements, the proposed protocol employs 
a contention channel with a fixed number of feedback mini-
slots to carry feedback for each user. Users send a feedback 
message in the appropriate feedback mini-slot if their channel 
quality meets a predetermined condition.  

II. SYSTEM MODEL 

A. Channel Model 
We consider a multiuser network in a single-cell. There are 

N users and a base station (BS). We assume that there is a 
scheduler in the BS where communicates with multiple users 
over independent fading channels. The wireless channel 
model is a flat Rayleigh fading model with the probability 
density function (pdf) given by ( ) 1 exp( )

ir i i if r r r r= − . The 

signal-to-noise ratio of SS i, denoted by ( )ir t , has an average 
value ir .  

B. Scheduling  
For every frame, users feed back their CSI. On the basis of 

feedback information from users, the BS determines which 
user is to be scheduled at the next time frame. The maximum 
throughput scheduling selects the user *i  as follows: 
   
 * arg max ( )ii

i r t=  (1) 

C. Feedback and Adaptive Modulation  Model 
A time slot is divided into a feedback period followed by 

data transmission, where the feedback period consists of two 
stages, and divided to a number of mini-slots. In every mini- 
slot, each user belonging to the predetermined threshold 
boundaries associated with the mini-slot sends a feedback to 
the scheduler. Otherwise, the user does not send a feedback 
and keeps silent over the mini-slot.  
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Figure 1.  Frame structure of the proposed feedback protocol. 

For a rate adaptation, the channel SNR range is divided into 
K disjoint fading regions, where each region is associated 
with the each adaptive modulation scheme. The divided SNR 
regions are defined by the SNR thresholds 0= 0η  < 1η <  
< Kη = ∞. For the kth adaptive modulation scheme, the 
boundaries SNR threshold 1kη − < ( )ir t < kη  is used, where 1kη −  
is the lower threshold for kth adaptive modulation scheme and 

kη  is the upper threshold for kth adaptive modulation scheme. 

III. THE PROPOSED SCHEME 

A. Proposed Feedback Protocol 
In order to exploit multiuser diversity gain, we propose a 

random access based feedback protocol. The proposed scheme 
consists of two stages: adaptive modulation level search stage 
and random access stage. In the adaptive modulation level 
search stage, each user independently measures its SNR and 
sends a feedback if the channel state is higher than the 
predetermined feedback threshold. We assume that users are 
able to detect a feedback collision. If only a single user sends 
a feedback, the user is chosen for the data transmission. Each 
user set the first threshold as the lower threshold of (K/2+1)th 

adaptive modulation level. If no feedback is detected, then the 
users autonomously lower the threshold down to the SNR 
threshold for the next modulation level setting the second 
threshold as the lower threshold of (K/4+1)th adaptive 
modulation level and if collision occurred, then the users 
autonomously raise the threshold up to the SNR threshold as 
the lower threshold of (K/2+K/4+1)th adaptive modulation 
level for the next modulation level like the binary search 
algorithm and then repeat the same procedure in the first stage 
mini-slots. On the other hand, if mini-slot is in the last mini- 
slot in the first stage, then the users proceed to the second 
stage where a random access based feedback occurs. 
Regardless of the number of adaptive modulation level that 
the best channel quality user belongs to in the system, the first 
stage ends at 2log K mini-slot and the scheduler in the BS can 

adopt the highest modulation level that the best channel 
quality user belongs to. The proposed scheme can be briefly 
summarized by  
� Find the adaptive modulation level that the user with 

highest channel quality belongs to. 
� If a collision is detected from that adaptive modulation 

level, then the user in the adaptive modulation level SNR 
region participate the second stage with random access 
feedback protocol. 
The purpose of the first stage (adaptive modulation level 

search stage) is to identify the modulation level, or 
equivalently the SNR region, for the user with the strongest 
signal quality. Since multiple users can potentially correspond 

to this SNR region, the second stage (random access stage) 
follows to find a single qualified user among them by a 
contention based on a random access feedback protocol. 

B. Adaptive Modulation Level Search Stage 
In the first stage, also called as the adaptive modulation level 

search stage, we aim to find the SNR region for the best user 
in the system. Assuming the SNR thresholds in the adaptive 
modulation are known to both the scheduler and the users, in 
the first mini-slot each user sets the SNR threshold as 2Kη  for 

initial feedback threshold. For each user, if its channel state is 
higher than the threshold, a feedback is transmitted. If no 
feedback is detected, then each user lowers the feedback 
threshold to the SNR threshold 4Kη in the next mini-slot. On 

the other hand, if a feedback collision is detected, then the 
users autonomously raise the threshold up to the SNR 
threshold as 2 4K Kη +  for the next modulation level. For 

example, when K=8 and the SNR region for the best user in 
the system is the 3rd adaptive modulation level ( 2η , 3η ). The 

threshold changes from the 4th modulation level threshold 

4η to the 2nd modulation level threshold 2η  and to the 3rd 

modulation level threshold 3η . 

C. Random Access Stage 
Once a collision is detected in the last mini-slot of the first 

stage during the adaptive modulation level search stage, then 
the objective for the second stage is to find one of those users 
who belong to the SNR region ( 1kη − , kη ). Therefore, the 

feedback threshold found in the first stage, denoted by 1kη −  is 

the SNR region for the best user in the kth adaptive modulation 
level, does not change during the second stage. The approach 
of the second stage is described as follows. The other users 
who did not send a feedback, i.e., the user does not belong the 
SNR region for the kth adaptive modulation level can simply 
go idle until the next scheduling opportunity comes. The users 
who belong to the adaptive modulation level will have an 
opportunity for sending a feedback in the second stage next 
mini-slots after adaptive modulation level search stage, while 
the members in the other K−1 groups keep silent. The users 
who belong to the adaptive modulation level contend to send a 
feedback message based on a random access feedback 
protocol. Each user in the group sends a message according to 
the access probability p. If a single feedback is found, then the 
whole procedure ends. If no feedback is detected, then BS 
randomly select among users. When a single feedback is 
detected at any point of time during the first or second stage, 
the user who sent the feedback is selected and the whole 
procedure ends.  

IV. PERFORMANCE ANALYSIS  
In this section, we analyze the transmission capacities of 

users in the proposed scheme. Let 0η , 1η , , Kη denote the 
threshold value in the adaptive modulation level. Since the 
wireless fading channel is the Rayleigh fading model, the 
probability density function (pdf) of the SNR value for user i 
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is described as follows: ( ) 1 exp( )
ir i if r r r r= − , 0r ≥ for all 

i=1,2, , N. Then, the probability that user i is in the kth 

adaptive modulation level, denoted by  

  
1

1
, ( ) exp expk

i
k

k k
k i r

i i
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η
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In addition, the probability that the user belongs to equal to 

or below the kth adaptive modulation level upper threshold is 
given by 

   , 1 expk k
k i
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For the analysis of transmission capacity of user i, we tag 
user i and all the others are called untagged users. Given that 
all user have normalized SNR values less than the kth adaptive 
modulation level upper threshold kη , the conditional pdf 
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We are now ready to analyze the transmission capacity of 
user i. In the proposed scheme, the transmission capacity of 
user i is denoted by iC  and given by  
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Note that successp is the probability that user i successfully 

sends feedback denoted by 1(1 ) knsuccess
kp p p −= ⋅ − , where kn  

is number of users in the kth adaptive modulation level given 
that all user have normalized SNR values less than the kth 
adaptive modulation level upper threshold kη . The average of 
the number of kn is denoted by 

1
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From the equation (5), the first term is the transmission 
capacity that there are more than two users in the adaptive 
modulation level that best channel quality user belong to.  The 

term ( ) 1

, ,
k

N

k i k i
ηπ π

−
⋅ is related to the first stage that the user i is 

in the kth adaptive modulation level and the channel quality of 
others are lower than kth adaptive modulation level upper 
threshold kη .  

TABLE 1. RELATIONSHIP AMONG SNR THRESHOLDS, ADAPTIVE 
MODULATION LEVELS 

Adaptive 
Modulation 

Level 

SNR threshold (dB) 

1kη −  kη  

1 0 1.34 

2 1.34 2.88 

3 2.88 4.70 

4 4.70 6.93 

5 6.93 9.81 

6 9.81 13.86 

7 13.86 20.79 

8 20.79 ∞ 
For user i to proceed to the second stage, the adaptive 

modulation level which user i belongs to is the SNR region for 
the best user in the adaptive modulation level. In the second 
stage, the users in the SNR region for the best user send 
feedback message according to the access probability p. In 
this paper, we set to p to maximize the transmission capacity. 
When p=1 kn , the collision probability that more than two 

user send feedback concurrently is minimized. The second 
term of the equation (5) is the transmission that user i is the 
only user belong to the adaptive modulation level. In the 
second stage, the user in kth adaptive modulation level 
contends based on random access based feedback.   

V. NUMERICAL RESULTS  
The performance of the proposed scheme is compared with 

that of the scheme in [2]. In our simulation all users will 
experience i.i.d. Rayleigh fading with a ir =10dB. The 
proposed scheme changes the threshold for the adaptive 
modulation for the best user in the first stage whenever 
feedback collision occurs to narrow down the SNR range such 
that only a single user can reside within the range. In [2], each 
user sends a feedback message if their scheduling metric is 
greater than the predetermined threshold. We set the threshold 
as 12dB for the scheme in [2]. As shown in Table 1, the 
number of the adaptive modulation level is K=8. The data rate 
of user i is calculated according to Shannon’s capacity 
theorem. 

First, we simulate the average transmission capacity of the 
various schemes. We generate 5,000 time slot for the 
simulation.  Fig. 2 depicts the resulting average transmission 
capacity as the number of users’ increases. We compare the 
proposed scheme with the full feedback protocol and the static 
splitting scheme in [2]. As shown in Fig. 2, the average 
transmission capacity increases as the number of user 
increases.  Although the proposed scheme achieves the lower 
average transmission capacity than the full feedback protocol 
that needs full CSI from all users, it achieves the larger 
average transmission capacity than the static splitting scheme 
in [2]. This is because the proposed scheme lowers a 
scheduling outage probability.  
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Figure 2.  Average transmission capacity versus number of users 
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Figure 3.  Outage probability versus number of users 

The outage probability is the probability that the channel 
state of the users in the system is lower than the predetermined 
threshold. Thus, the scheduler has no CSI to utilize a radio 
resource. Since a collision occurs that makes the scheduling 
outage if two or more users send the feedback information, the 
scheduling outage probability is increased in the random 
access based approach.   

However, since the proposed scheme firstly find the adaptive 
modulation level that the best channel quality user belong to 
and secondly find one user among user in the group 
corresponding to that adaptive modulation level, it lowers the 
outage probability. As shown in Fig. 2, the outage probability 
of the proposed scheme is lower than the static splitting 
scheme in [2]. 

VI. CONCLUSIONS 
We proposed a random access based feedback protocol. We 

propose an opportunistic feedback protocol with adaptive 
modulation. The proposed feedback protocol is divided into 
two stages. During first stage, the proposed scheme uses user 
feedback collision information in order to find the SNR region 
in the adaptive modulation to which the best user belongs. In 
second stage, based on random access protocol, the users in 
the class compete to send a feedback message. An analytical 
model is developed for evaluating the proposed feedback 
protocol in terms of the average transmission capacity and the 
collision rate. The proposed feedback protocol achieves an 
asymptotic sum-rate capacity with a minimal amount of 
feedback information 
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