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Abstract— Spectrum under-utilization calls for the open and
dynamic spectrum access mechanism, which allows the unli-
censed user equipped with cognitive radios to opportunistically
sense and access the spectrum that not occupied by primary
users. In practice due to the hardware limitations, each cog-
nitive radio user may be only able to sense a portion of the
interested wide span spectrum. Hence, a hardware-constrained
cognitive MAC to conduct efficient and intelligent spectrum sense
decision is desired. In this paper, we formulate the cognitive
radio spectrum sensing problem under time-varying channels
as an adversarial bandit problem without any assumption of
the channel statistics. A fully distributed strategy is proposed to
address the fundamental tradeoff between spectrum exploration
and spectrum exploitation during the sensing periods. Simulation
results demonstrate that significant performance gain can be
achieved by the proposed algorithm when the channels are time-
varying on small time-scales. A coordination scheme for the
multi-user case is also presented and the effectiveness is also
demonstrated by the simulation results.

I. INTRODUCTION

Motivated by the bandwidth scarcity and under-utilization
of the spectrum, Cognitive Radios (CRs) [1], [2], which
are capable of accessing the spectrum opportunistically, are
under intensive research recently. In a CR network, CR users
periodically sense the spectrum and identify the spectrum
opportunities to communicate among themselves without in-
terfering with the primary (licensed) users. Challenges arise
with such dynamic means of sensing and accessing spectrum,
especially for identifying the availability of time-varying chan-
nels1, which in turn imposes design issues to the medium
access control (MAC) layer. This work aims at designing effi-
cient distributed cognitive sensing strategies for time-varying
channels. Namely, we design a distributed strategy for each
cognitive user to decide which channel(s) it should probe such
that the most favorable channel(s) can be obtained, and avoid
the interference from the primary users.

In this paper, cognitive users are assumed to operate syn-
chronously in a time-slotted system. At the beginning of each
time slot, they need to choose a candidate channel set with
the best expected throughput to sense and access. In general,
wireless channels are time-varying [11] and in many cases the
statistics of the channels are not known as a priori knowledge.
Furthermore, the behaviors of the primary users may not be

1In this paper, spectrum and channel are used interchangeably whenever
there is no confusion.

known to the cognitive users or may not be predictable. Hence,
it is assumed in this paper that the channels are time-varying
on small time-scales and the cognitive users have no prior
knowledge of the statistics of the channels as well as the
behaviors of the primary users.

This problem becomes even more challenging in ad hoc
networks where there are no centralized infrastructure to
coordinate the sensing strategies among adjacent cognitive
users. Furthermore, practical CRs have sensing constraints due
to hardware limitations. The spectrum opportunities of interest
may span a wide range of bandwidth, however, during each
sensing action, a cognitive user can only scan a small portion
of the spectrum.

Under the above constraints, the goal of the cognitive
sensing strategy is to distributely choose which channel(s) each
cognitive user should probe at the beginning of each time
slot in order to optimize the returned throughput. It should
be noted that the sensing decision can be enhanced by taking
into account the observation history from the previous channel
sensing outcomes, i.e., through seeking the fundamental trade-
off between exploitation and exploration. Exploitation refers
to the immediate benefit resulting from accessing the channel
with the best estimated reward; whereas exploration is the
process by which the cognitive users tend to probe more
channels to discover better channel opportunities. Moreover,
the competition among different cognitive users over the same
channel should be incorporated in the sensing decision when
multiple cognitive users present in the adjacent neighborhood.

Several cognitive MAC protocols have been proposed in the
literature to address the spectrum sensing issues in cognitive
radio networks. Decentralized Cognitive MAC (DC-MAC) in
[3] is the first work that assumes the partial sensing ability
of cognitive radio in a spectrum management system and
studies a joint sensing and transmission decision. However,
the influence of sensing overhead for multi-channel sensing
is not considered in this work. In [4], hardware-constrained
cognitive MAC, HC-MAC is proposed to conduct efficient
spectrum sensing and accessing decision by formulating it
as an optimal stopping rule problem. The tradeoff between
overhead for sensing action and expected throughput is ana-
lyzed by assuming the joint channel distributed is known by
cognitive users. Collaborative channel spectrum-sensing policy
is proposed in [5] for the detection of spectrum opportunities.
However, spectrum band is assumed to be ON/OFF binary
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channel model without considering the difference of channel
condition to cognitive users. In [10], a distributed channel
sensing and access policy base on multi-armed bandit problem
is presented for cognitive users to opportunistically exploit
the available channels under statistical assumption on the
channels.

Comparing to the existing approaches, a more realistic
scenario and thus a more challenging problem is considered
in this paper where it is assumed that the channels are time-
varying on small time-scales and the cognitive users have no
prior knowledge of the statistics of the channels. An efficient
cognitive sensing strategy is formulated as a adversarial bandit
problem. The spectrum sensing scheme for single cognitive
user case is presented first and then extended to multi-user
scenario with considerations of coordination among peer cog-
nitive radio users. In this work, we assume the cognitive radio
users are not aware of any prior knowledge of the statistics of
the channels. Simulation results demonstrate that the proposed
schemes provide significant gain (up to 40%) over the existing
approaches under fast time-varying channels. And comparable
performance can be obtained even under slow time-varying or
stationary channels.

This paper is organized as follows: In Section II, the system
model is given. The proposed sensing algorithm for a single
cognitive user is presented in Section III. In Section IV, the
coordination algorithm for the two-user case is described.
Simulation results and analysis are given in Section V. Section
VI contains concluding remarks.

II. SYSTEM MODEL

We consider a wireless cognitive radio ad hoc network
consisting of J communication pairs. Both transmitter and
receiver are indexed by J := {1, 2, ..., J}. The entire spectrum
is appropriately divided into N independent channels N :=
{1, 2...N} each with bandwidth B. Throughout this work,
we assume that the coherent time is larger than time slot
duration TS and the bandwidth of each channel (B) is greater
than the coherence bandwidth, thus the channel is quasi-static
and remains invariant during each time slot. The cognitive
users operate in a synchronous time-slotted fashion. Each
cognitive user explores the spectrum opportunities through
channel sensing and reservation on a common control channel.
In this work, we use i to index channel, t refers to the time slot
and j denotes the index of cognitive user. In each time slot,
the emerging cognitive users first choose a candidate chanel
set to sense for the spectrum opportunities and then reserve
the best one for data transmission. Due to hardware limitation,
we assume cognitive user can only sense K channel each time
where K < N .

For cognitive user j in time slot t, we define Xj(t) =
{X1,j(t),X2,j(t), ...XN,j(t)}, j ∈ J , t � 1 as channel state
random variables. Aj(t) is defined as the action taken by
cognitive user j at time slot t, where Aj(t) ⊂ N , j ∈ J ,
and |Aj(t)| = Ω where Ω is the number of channels that will
be sensed at time slot t by cognitive user j. The signal to
noise ratio (SNR) observed by cognitive user j at time slot t

is defined as xj(t) = {x1,j(t), x2,j(t), ...xN,j(t)}, j ∈ J , t �
1, xi,j(t) ∈ R

+. The channel state observation indicates the
channel quality which determines the corresponding reward
R(xi,j(t)). If primary user is detected, the observation xi,j(t)
will be zero. The obtained reward R(xi,j(t)) in terms of
channel state xi,j(t) can be expressed as

R(xi,j(t)) = B · log2 (1 + xi,j(t)) . (1)

In addition, if multiple cognitive users choose the same
channel i to sense and access at the same time slot t, the
collected reward by these cognitive users will be zero. In
finite time horizon T , we define πj as the policy adopted
by cognitive user j for spectrum opportunity exploration. We
have

πj = {Aj(1),Aj(2), ...,Aj(T )}, j ∈ J . (2)

The aim is to find an optimal policy π∗
j for cognitive user j

to maximize the expected reward during the time horizon T

Vπ∗
j
(Xj , T ) = max Eπj

[∑
T

∑
N

R(xAj(t))

]
. (3)

where xAj(t) is denoted as the observation of channel state
Xj(t) by taking action Aj(t) of cognitive radio user j at time
slot t, and R(XAj(t)) is the corresponding collected reward.
If channel i is not chosen by action Aj(t), observation of
Xi,j(t) is zero, i.e. xi.j(t) = 0. From (3), it can be observed
that the optimal policy π∗

j depends on the channel condition
observed from Xj(t). This problem is a paradigmatic example
of the trade-off between exploration and exploitation. When
the cognitive user exclusively sense the channel(s) that it thinks
best (exploitation), the cognitive user may fail to discover
other channels may actually have better reward. On the other
hand, if the cognitive user spends too much time trying out all
the channels and gathering statistic information (exploration),
the cognitive user may fail to access the best channels often
enough to obtain a higher return. If the distribution of Xj(t)
is deterministic, the optimal solution is trivial by choosing the
channel with maximal expected value and the problem can
be solved by the standard dynamic programming procedure.
Furthermore, if the distribution of random variable Xj(t) is
fixed but unknown, authors in [10] and [8] have proved that the
regret over time horizon T , for T → ∞, can approach as small
as O(ln(T )). The regret is defined as the performance loss
entailed by policy πj compared with the idealistic case where
the exact channel state value of Xj(t) is known, in which case
the optimal strategy for the cognitive user is always to choose
channel(s) with the largest rewards. The regret is defined as:

L = G∗ − Vπ∗
j
(Xj , T ) (4)

where G∗ is the optimal collected reward when the best
channel is always selected by the cognitive user at each time
slot with gene-aided system. The second term of (4) represents
the expected payoff under the current strategy.

It has been proved that this bound is optimal in the sense that
there does not exist a strategy with a better asymptotic perfor-
mance. However, fixed treatment of the channel state Xj(t)
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may not be adequate to model the primary traffic and channel
conditions in cognitive radio ad hoc networks. Therefore, in
this work we make no statistical assumptions about Xj(t)
associated with each channel. We assume that each channel is
initially assigned an arbitrary and unknown sequence of ob-
served state xi,j(t) with corresponding throughput R(xi,j(t)).
At the beginning of each time slot, the cognitive radio user
need to make a decision of choosing the candidate channel set
for sensing in order to maximize the collected througput.

III. SINGLE USER CHANNEL PROBE ALGORITHM

In this section, we present spectrum sensing scheme for
single cognitive radio user case. We assume each cognitive
user selects the candidate channel set with the best expected
throughput and conducts channel sense thereafter individually.
Without loss of generality, we assume K = 1 in this work. The
objective of each cognitive user is to maximize the collected
reward (throughput) based on the history of channel selections
and observations. The historical information pattern obtained
through previous channel sensing is given as

Ψ(t) = {xAj(1),xAj(2), ...,xAj(t−1),xAj(t)}, t ≥ 1 (5)

For a certain policy πj in finite time horizon T , the expected
reward the cognitive user can obtain based on the historical
observation Ψ(t) is expressed as

Vπj
(xj) = Eπj

[∑
T

∑
N

R(xAj(t))

]

=
∑
T

∑
N

R(xAj(t))p{πj = i|Ψ(t)} (6)

where p{πj = i|Ψ(t)} is the probability that cognitive user
j choose channel i to sense at time slot t based on historical
information pattern Ψ(t) under the policy πj . And for the
entire channel set N , we have∑

N
p{πj = i|Ψ(t)} = 1 (7)

This single cognitive radio user channel sensing problem
under time-varying channels can be formulated as a adver-
sarial bandit problem [7], a variant of the bandit problem
in which no statistical assumptions are made about expected
reward. Different from the deterministic bandit problem which
can compute the exact expected payoffs that will be received
before making the decision, adversarial bandit problem tries
to strike a balance between exploration and exploitation in
order to improve the returned reward instead of optimizing
the expected reward.

Based on the adversarial bandit problem definition, cogni-
tive spectrum sensing problem can be formulated as follows.
To decide the candidate channel for sensing, each cognitive
user need to pre-determine p{πj} associated with each chan-
nel based on the observation history Ψ(t) to maximize the
returned reward Vπj

(xj). For single user spectrum sensing

decision rule, p{πj = i|Ψ(t)} is defined as

p{πj = i|Ψ(t)} = q · ωi,j(t)∑N
i=1 ωi,j(t)

+ (1 − q) · 1
N

P{πj |Ψ(t)} =
∏
i∈N

p{πj = i|Ψ(t)} (8)

where P{πj |Ψ(t)} is the channel selection probability dis-
tribution. ωi,j(t) is denoted as the knowledg of channel i
cognitive user j obtained from the observation history Ψ(t).
And q is the weight factor for balancing spectrum exploration
and exploitation. It can be noticed that distribution p{πj} is
a mixture of the uniform distribution and a distribution which
assigns to each action a probability mass exponential in the
estimated cumulative reward for that action. Intuitively, mixing
in the uniform distribution is to make sure that the algorithm
tries out all N channels and gets good estimates of the reward
for each one. Otherwise, the CR user might miss a good
channel because the initial reward it observed is low and the
better reward that may occur later will not be observed because
the channel is less likely to be selected. At the beginning of
sensing stage, the action of exploration should be preferred
to that of exploitation due to the lack of the knowledge of
channels. However, with the increase of the obtained channel
knowledge Ψ(t) exploitation should outweight exploration in
order to gain better returned rewards. Therefore, the weight
factors of exploration and exploitation should evolve with the
increase of time slots. Thus, the proposed algorithm proposed
in this work proceeds in epochs, where each epoch consists
of a sequence of time slots (TS). In each epoch, the weight
factors keep stationary. When the weight factors evolve to new
values, the algorithm enters the next epoch. The threshold for
the evolution of the weight factor will be defined later. We use
r = 0, 1, 2... to index epochs. To maintain the implementation
simplicity and tractable complexity of the proposed algorithm,
the weight factor evolution rule of the presented algorithm is
given as

γr = αr, 0 < α < 1 (9)

We define γr = 1 − q. It can be noted that if α = 0, the
algorithm is a random selection scheme that cognitive user
treats every channel equally for probing decision in each time
slot. From the definition of γr, it is apparent that γr is the
tuning parameter to balance the exploitation and exploration
for the channel probe decisions. At the initial phase of the
algorithm, since cognitive users have no enough knowledge of
channels, preference will be given to exploration by increase
the weight of γr. With the increase of the epochs, γr will
evolve to smaller values which means cognitive users will tend
to make their decision based on historical channel observation
information Ψ(t), i.e exploitation.

Each cognitive user make the channel selection decision
Aj(t) based on the probability distribution P{πj |Ψ(t)} =
{p1,j(t), p2,j(t), ...pN,j(t)} which means the probability that
cognitive user j chooses channel i for sensing and acess
is determined by pi,j(t). Larger pi,j(t) will result in bigger
chance that the channel i will be chosen by cognitive user
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TABLE I

PROPOSED SINGLE USER ALGORITHM

Algorithm:
Initialization: Ĝi(1) = 0 for i = 1, ..., N at time slot t = 1
Initialization: ωi(1) = 1 for i = 1, ...N at time slot t = 1
Repeat for r = 0, 1, 2...

1. Set gr according to (12)
2. Set γr = αr

3. While maxi Ĝi(t) ≤ grdo:

(a). Set pi(t) = (1 − γr)
ωi(t)∑N

i=1 ωi(t)
+

γr

N
for i = 1, ...N

(b). Take action A(t) according to p1(t), p2(t)..., pN (t)
(c). Collect reward R(xA(t)) for i ∈ N
(d). For i = 1, ...N set

R̂i(t) =
R(xi(t))

pi(t)
if i ∈ A(t) and 0 for i /∈ A(t)

ωi(t + 1) = ωi(t) · exp(γr · R̂i(t)

N
)

(e). Ĝi(t + 1) = Ĝi(t) +

N∑
i=1

R̂i(t) for i = 1, ...N

(f). t := t + 1
4. Otherwise, enter the next epoch r := r + 1

j. Given the channel selection action Aj(t) and observation
xAj(t), the update algorithm of ωi,j(t) is given as

ωi,j(t + 1) = ωi(t) · exp(γr · R̂i(t)
N

) for t > 1

R̂i,j(t) =
R(xi,j(t))

pi,j(t)
(10)

At the first time slot, ωi(1) = 1 for i = 1, 2, ...N since
no knowledge of the channels is available. For action Ai(t)
in time slot t, the presented algorithm sets the estimated
reward R̂i(t) to R(xi(t))/pi(t). Dividing the observed gain
by the probability that the channel was chosen compensates
the reward of the channel that are unlikely to be chosen. This
choice of estimated rewards guarantees that their expectations
are equal to the actual rewards for each channel, that is,

E[R̂i(t)|Aj(1),Aj(2), ...Aj(t − 1)] = R(xi(t)). (11)

where the expectation is taken with respect to the action of
Aj(t) at trial t given the actions Aj(1),Aj(1), ...,Aj(1) in
the previous t − 1 trials.

For each epoch r, the algorithm needs to set a reward bound
gr to tune the parameter γr at the beginning of the epoch. In
this work, we adopt the definition of gr in [7] which is given
as

gr =
N · ln N

(e − 1)
4r. (12)

gr is the expected reward which acts as the performance
threshold for epoch r. The proposed algorithm for the single
user channel probe problem is illustrated in Table I (For
simplicity, we drop user index j in the algorithm).

In Table I, the estimation of the reward Ĝi(t) for channel i

is unbiased in the sense that

E[Ĝi(t + 1)] = E

[
t∑

s=1

R̂(xi(s))

]
=

t∑
s=1

R(xi(t)). (13)

Using this estimation, the proposed algorithm can detect when
the actual gain goes beyond gr. When it happens, the proposed
algorithm enters the next epoch and resets the tuning parameter
γr and gr with a larger bound on the maximal gain.

Lemma 1: The proposed algorithm yields the expected re-
gret of O(

√
G∗) uniformly over T , i.e. E[L(Xj ;πj)] ∼

O(
√

G∗)
Proof: Lemma 1 can be directly derived from theorem

(3.1) and (4.1) in [7].
Since

√
G∗ is usually difficult to estimate, a loose bound

for the expected regret is given in Lemma 2. To estimate the
upper bound of the returned reward over time horizon T , we
define the maximal reward can be obtained by cognitive user
at each time slot as R̃ which corresponds to the best channel
quality cognitive user can expect

R̃ = R(max{xi(t)}), t ∈ T, i ∈ N (14)

Thus,
∑T

t=1 R(XA(t)) ≤ G∗ ≤ T · Ω · R̃.
Lemma 2: The proposed algorithm yields the expected re-

gret of O(
√

T · Ω · R̃) uniformly over T , i.e. E[L(Xj ;πj)] ∼
O(

√
T · Ω · R̃) which is always loose than O(

√
G∗)

Proof: From (14) and Lemma 1, R̃ is the maximal
collected reward for cognitive user to choose any channel at
any time slot t, which is always larger or equal to the actual
channel reward R(xi(t)). Thus during the finite horizon time
T , the normalized collected reward is

∑
T R(XA(t)) ≤ G∗ ≤

T · Ω · R̃, which leads to the conclusion.

IV. MULTI-USER COOPERATIVE CHANNEL PROBE

SCHEME

In this section, we consider the scenario that multiple cogni-
tive users present in adjacent area. If multiple cognitive users
make channel probe decision independently at the beginning of
each time slot, they may choose same channel(s) to sense and
access at the same time slot. When such collision happens,
cognitive users who made same decision will not be able
to obtain any throughput (we assume the channel can not
be shared among cognitive users in this work). Therefore,
a cooperative channel probe scheme is desired in multi-user
environment, especially when the multiple cognitive users
possess similar spectrum perception.

In this work, we assume a common control channel is
available where the cognitive users collaborate with each
other as described later. In order to avoid possible collision
among peer cognitive users, cognitive users start a reservation
phase before the beginning of sensing period in each time
slot. In the reservation period, cognitive users will start to
broadcast their action and the corresponding channel knowl-
edge {Aj(t), ωi,j(t)} in a reservation package on the common
control channel. The peer cognitive users who have made the
same channel selection decision will compare the received
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TABLE II

MULTI-USER CHANNEL PROBE SCHEME

Algorithm:
...
...
While maxi Ĝi,j(t) ≤ gr do:

(a). Set pi,j(t) = (1 − γr)
ωi,j(t)∑N

i=1 ωi,j(t)
+

γr

N
for i = 1, ...N

(b). Take action Aj(t) according to p1,j(t), ...pN,j(t), for i ∈ N
(c). Broadcast {Aj(t), ωi,j(t)} on common control channel
(d). Listen on the common control channel for {Aj(t), ωk,j(t)}k �= i
(e). For the same selection from peer cognitive users

If received ωk,j(t) > ωi,j(t), then N = N −Aj(t), go to step (b)
Otherwise, go to step (d)

(f). Enter the spectrum sensing and access phase
(g). Collect reward R(xA(t)) for i ∈ N

...

...
Otherwise, enter the next epoch r := r + 1

ωk,j(t), k 
= i with its own ωi,j(t). If the peer cognitive
user has better estimated channel reward, it will broadcast
its own action and the corresponding channel knowledge
{Aj(t), ωi,j(t)} on the common control channel, otherwise it
will restrain from current decision and re-select the candidate
channel based on P{πj |Ψ(t)}. Therefore, before cognitive
users switch to the selected channel for sensing and access, all
of them have broadcasted their decision and are aware of the
decisions from their neighbor cognitive users. Note that there
may be multiple transmissions from different cognitive users
in the reservation phase, and the contention can be resolved
by using the backoff mechanism as in the conventional IEEE
802.11 DCF mode.

The channel probe algorithm in multi-user scenario is
illustrated in Table II. In Table II, only the difference between
single user probe algorithm and multi-user probe algorithm is
highlighted due to the page limitations.

V. SIMULATION RESULTS

In this section, we evaluate performance of the proposed
channel probe algorithm under different channel conditions.
We compared the performance of the proposed algorithm
with three other schemes, including UCB algorithm presented
in [10], random selection scheme, and optimal upper bound
obtained through gene-aided system which can be taken as
the optimal upper bound. Moreover, the performance of the
cooperative sensing scheme in multi-user scenario is also eval-
uated, the performance gain compared with non-cooperative
approach is demonstrated.

In Figure 1 and Figure 2, we show the accumulated returns
of the four algorithms over 5000 time slots for doppler shift
equal to 10Hz and 110Hz, respectively. The corresponding sys-
tem parameters adopted for these two figures are summarized
in Table III. It can be noted from Figure 2 which is the fast
fading scenario (fm = 110Hz), the proposed algorithm has
almost 40% performance gain over the algorithm proposed in
[10] due to the fast adaptation of the proposed algorithm to

TABLE III

UNITS OF SYSTEM PARAMETERS

Symbols Description Value
fm Doppler shift 110Hz / 10 Hz
στ rms delay spread 10−7s
N Number of channels 128
B Bandwidth of each channel 10KHz
fS Symbol rate 106 symbol/s
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Fig. 1. Performance Comparison, Doppler Shift=10Hz

the varying channels which results from the evolving factor
γr. And when the doppler shift is large, the algorithm in [10]
performs no much better than the random selection due to the
fact that the sensing decision of the algorithm in [10] is largely
determined by the observation history (exploitation) instead
of seeking the balance of exploration and exploitation. As
shown in Figure 1, the proposed algorithm still has comparable
performance with the UCB in [10] in the slow fading scenario
(fm = 10Hz) even though the performance gain is not as
significant as in the fast fading scenario. Moreover, random
selection always performs worst which is taken as lower bound
in the simulation, since the cognitive user treats each channel
equally without any consideration of the observation history.
Compared with the optimal upper bound which is obtained
through gene-aided system, the proposed scheme still has some
performance loss, which is the inevitable cost for distributed
learning.

In Figure 3, we show a window for the collected reward
over time slots. We can see that the optimal selection scheme
and UCB algorithm in [10] have a big performance gap and
the proposed algorithm always outperforms UCB algorithms.
The propose algorithm tries to track the channel changes
by striking a balance between exploration and exploitation,
while occasionally collapses due to the cost of the exploration
learning.

In Figure 4, we show the performance evaluation of the
multi-user cooperative algorithm in two user case. Compared
with the non-cooperative case in which two users will not
exchange the selection information on the common channel,
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Fig. 2. Performance Comparison, Doppler Shift=110Hz
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the proposed cooperative multi-user algorithm has better per-
formance. This is because with the limited information shared
between two users, possible collision will be avoided and the
cognitive user with better estimated channel reward will obtain
the candidate channel for sensing and access. We also show a
window for the rewards over time.

VI. CONCLUSION

In this paper, we propose a fully distributive cognitive radio
spectrum sensing algorithm under time varying channels. The
single-user algorithm is formulated as an adversarial bandit
problem, where the sensing and access decision is made
through seeking a balance between exploration and exploita-
tion. The multi-user cooperative scheme is also proposed to
address the possible collision that may occurred among peer
cognitive users through the exchange the channel selection
information on common control channel. From the simula-
tion results, the proposed single-user scheme has significant
performance gain under fast fading channels compared with
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Fig. 4. Performance Evaluation between Single User Algorithm and Two
User Cooperative Algorithm

the existing algorithms. And the effectiveness of multi-user
cooperative scheme is also demonstrated in the simulation. A
large scale simulation experiment for the multi-user case will
be carried out soon.
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