
Online Channel Allocation for Full-Duplex

Device-to-Device Communications
Gilsoo Lee†, Walid Saad†, Mehdi Bennis‡, Abolfazl Mehbodniya§, and Fumiyuki Adachi§

† Wireless@VT, Bradley Department of Electrical and Computer Engineering, Virginia Tech, Blacksburg, VA, USA,
Emails: {gilsoolee,walids}@vt.edu.

‡ Centre for Wireless Communications, University of Oulu, Finland, Email: bennis@ee.oulu.fi.
§ Dept. of Communication Engineering, Graduate School of Engineering, Tohoku University, Sendai, Japan,

Emails: mehbod@mobile.ecei.tohoku.ac.jp,adachi@ecei.tohoku.ac.jp.

Abstract—Full-duplex device-to-device (D2D) communications
over cellular networks is a promising solution for maximizing
wireless spectral efficiency. However, in practice, due to the
unpredictable arrival of D2D users, the base station (BS) must
smartly allocate suitable channels to arriving D2D pairs. In this
paper, the problem of dynamic channel allocation is studied
for full-duplex D2D networks. In particular, the goal of the
proposed approach is to maximize the system sum-rate under
complete uncertainty on the arrival process of D2D users. To
solve this problem, a novel approach based on an online weighted
bipartite matching is proposed. To find the desired solution of
the channel allocation problem, a greedy online algorithm is
developed to enable the BS to decide on the channel assignment
for each D2D pair, without knowing any prior information
on future D2D arrivals. For an illustrative case study, upper
and lower bounds on the competitive ratio that compares the
performance of the proposed online algorithm to that of an
offline algorithm are derived. Simulation results show that the
proposed online algorithm can achieve a near-optimal sum-rate
with an optimality gap that is no higher than 8.3% compared
to the offline, optimal solution that has complete knowledge of
the system.

I. INTRODUCTION

To cope with emerging mobile data traffic, device-to-device

(D2D) communication has been proposed as a key technology

for improving wireless capacity and coverage [1]. D2D over

cellular networks allows wireless users to directly communi-

cate with each other without using the cellular infrastructure

thus reducing power consumption and improving data rates

[2]. As D2D user pairs are typically within a short distance of

one another, one can exploit the potential of full-duplex D2D

communications to further improve the system performance.

However, to reap the benefits of full-duplex D2D communica-

tions, one must address a number of challenges ranging from

interference management to network modeling and resource

allocation [3]–[8].

In D2D communications, D2D users coexist with cellular

users and share their resources. Such resource sharing, if not

properly managed, can lead to harmful mutual interference.

Thus, a careful interference management scheme is required

under the coordination of a base station (BS) [3]. To mitigate
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interference and enhance spectral efficiency, the works in [4]–

[6] study several resource allocation strategies. For instance,

the authors in [4] propose a resource allocation scheme

to maximize the network throughput with quality-of-service

(QoS) constraints. The authors in [5] propose a channel

assignment algorithm based on dynamic programming. Then,

a suboptimal clustering algorithm is proposed to form groups

of users over a bipartite graph, and, then, a queueing-based

algorithm is used to determine channel assignments for clus-

ters. In [6], the authors develop a game-theoretic model to

address the problem of D2D sum-rate maximization under

QoS constraints.

Furthermore, the authors in [7] and [8] study spectrum

resource sharing for full-duplex radios and D2D communica-

tions. The work in [7] investigates the problem of maximizing

user connectivity by proposing a two-stage approach. In the

first stage, a bipartite matching problem is used to assign half-

duplex users to the channels of a full-duplex BS, and, then the

remaining users are offloaded to the unlicensed bands by using

D2D mode. In [8], the authors study the system performance

when full-duplex or half-duplex D2D users share the cellular

channels to maximize the system throughput.

In all of these existing D2D and full-duplex communication

resource management works [3]–[8], it is generally assumed

that information on the D2D users such as the total number

and locations of the D2D users is completely known. However,

in practice, D2D communication can be spontaneously initi-

ated by users that dynamically join and leave the network and,

as such, the presence of a D2D link can be uncertain. Indeed,

it is challenging for the network to know when and where a

D2D pair will be available. This is particularly important in

dense networks in which users can join and leave at a high

rate. Thus, there exists an inherent uncertainty stemming from

the unknown locations or number of D2D users. Further, most

of the existing works [4]–[6] on channel assignment problems

typically assume half-duplex communications for D2D users.

In contrast, the use of in-band full-duplex D2D users which

can transmit and receive information simultaneouly over the

same channel can significantly improve D2D performance, if

properly deployed. Consequently, unlike the existing literature

[4]–[6] which assumes full information knowledge for half-

duplex D2D, our goal is to assign, using an online approach,

the best channel for each full-duplex D2D users under uncer-



Fig. 1: System model of the underlaid D2D network in the

cellular system.

tainty.

The main contribution of this paper is to develop a novel

framework for online channel allocation in full-duplex D2D

networks. This framework allows the network to dynamically

allocate the most suitable channel to newly arriving D2D

users in the presence of uncertainty on the arrival order of

D2D pairs. In particular, we formulate an online optimization

problem whose objective is to maximize the sum data rate of

all D2D users by properly assigning channels. To solve this

problem, we propose novel approach based on the tools of

online weighted bipartite matching. We solve the proposed

online matching problem using a practical greedy algorithm

that enables each D2D pair to smartly share the channels

that are already used by cellular users without any prior

information on future D2D arrivals and their locations. For

an illustrative case study, we derive upper and lower bounds

on the competitive ratio to compare the performance of the

proposed online algorithm to that of an offline algorithm.

Simulation results show that the proposed online algorithm

can maximize the sum data rate of the D2D network and

achieve a performance that is near-optimal compared to an

offline solution that has full information on D2D arrivals.

The rest of this paper is organized as follows. In Section II,

the system model is presented. In Section III, we formulate the

proposed online problem. Section IV presents our proposed

online solution. Simulation results are analyzed in Section V

while conclusions are drawn in Section VI.

II. SYSTEM MODEL

Consider a cellular network in which cellular users share

resources with an underlaid, full-duplex D2D network. As

shown in Fig. 1, 𝑀 cellular users are present within the

coverage area of a single BS. Each cellular user 𝑚 ∈ ℳ ≜

{1, ⋅ ⋅ ⋅ ,𝑀} uses a channel of bandwidth 𝐵. We consider an

OFDMA system in which the total number of channels in the

system is equal to 𝑀 . Since each channel is allocated to each

user, we use the same index 𝑚 for cellular user and the user’s

channel. We assume that the cellular network is fully loaded

[4] such that all 𝑀 cellular users occupy the 𝑀 orthogonal

channels without leaving any spare spectrum. Without loss

of generality, we consider that this spectrum sharing occurs

during the uplink of cellular transmissions. Under this single-

cell OFDMA model, cellular users will not interfere with

each other. Moreover, the BS and non-D2D cellular users are

assumed to operate in half-duplex mode as typically done in

the literature [8].

In our network, 𝑀 cellular users coexist with 𝐼 D2D pairs.

The pairing of D2D users is assumed to be pre-determined.

The total number of the D2D users is 2𝐼 . Each pair of

D2D, 𝑖 ∈ ℐ ≜ {1, ⋅ ⋅ ⋅ , 𝐼}, consists of two users denoted

by 2𝑖 − 1 and 2𝑖, respectively. While the cellular users use

half-duplex communications, all D2D users exploit full-duplex

communications [8]. Since the D2D-paired UEs can transmit

and receive information over the same channel, if properly

optimized, full-duplex communication can increase the data

rate of the D2D network. In our model, given their proximity,

the D2D users can use a lower transmit power than the cellular

users to mitigate the interference to other cellular users and

D2D pairs.
First, we define the uplink data rate of a cellular user

𝑚 where a cellular user and D2D pair 𝑖 share channel 𝑚.

The transmit powers of a cellular user and a D2D user are,

respectively, denoted by 𝑃𝐶 and 𝑃𝐷. In the uplink of cellular

user 𝑚, the BS experiences interference over channel 𝑚 due

to the transmission of the D2D pair that is sharing channel

𝑚. Therefore, when cellular user 𝑚 transmits information to

the BS, the signal-to-interference-plus-noise ratio (SINR) over

channel 𝑚 at the BS will be:

Γ𝐶
𝑖 (𝑚) =

𝑔𝑚𝑃𝐶

𝐵𝑁0 +
∑

𝑘={2𝑖−1,2𝑖} 𝑔𝑘𝑃
𝐷
, (1)

where 𝑁0 is the noise spectral density, 𝑔𝑚 = 𝛽𝑑−𝛼
𝑚 is the

channel gain with 𝑑𝑚 being the distance between cellular user

𝑚 and the BS, and 𝑔𝑘 = 𝛽𝑑−𝛼
𝑘 is the channel gain between

D2D user 𝑘 and the BS with 𝑑𝑘 being the distance between

them. 𝛼 and 𝛽 are, respectively, the path loss exponent

and path loss constant. We assume perfect channel state

information is available. Also, a time-invariant block fading

channel is considered. Then, the uplink data rate of a cellular

user 𝑚 will be:

𝑅𝐶
𝑖 (𝑚) = 𝐵log2(1 + Γ𝐶

𝑖 (𝑚)). (2)

Thus, if the received signal power from the D2D users

increases, the cellular user experiences a higher co-channel

interference during the uplink. To effectively share the cellular

channels, the D2D users must ensure that the cellular users’

QoS does not go below a certain threshold. When assigning

the channels for D2D users, the data rate of existing cellular

users must be maintained at a minimum threshold 𝛾𝐶 so that

the QoS is guaranteed. To share a channel 𝑚 with a D2D pair

𝑖, the data rate of the cellular user has to be greater than the

threshold 𝛾𝐶 such that 𝑅𝐶
𝑖 (𝑚) ≥ 𝛾𝐶 . We define a variable

𝜔𝑖,𝑚 to indicate whether a D2D pair 𝑖 can be assigned to a

channel 𝑚 as follows:

𝜔𝑖,𝑚 =

{

1, if D2D pair 𝑖 is admissible to channel 𝑚,

0, otherwise.
(3)

To measure the performance of the D2D network, we define

the data rate of D2D pair 𝑖. When two D2D-paired users 𝑘 =



2𝑖 − 1 and 𝑘′ = 2𝑖 share a channel 𝑚 with cellular user 𝑚,

the SINR of a D2D link from user 𝑘 to 𝑘′ will be:

Γ𝑘→𝑘′(𝑚) =
𝑔𝑘,𝑘′𝑃𝐷

𝐵𝑁0 + 𝑔𝑚,𝑘′𝑃𝐶 + 𝑔0𝑔𝑘′,𝑘′𝑃𝐷
, (4)

where 𝑔𝑘,𝑘′ = 𝛽𝑑−𝛼
𝑘,𝑘′ is the channel gain with 𝑑𝑘,𝑘′ being the

distance between D2D users 𝑘 and 𝑘′, 𝑔𝑚,𝑘 = 𝛽𝑑−𝛼
𝑚,𝑘 is the

channel gain between D2D user 𝑘 and the cellular user 𝑚
with 𝑑𝑚,𝑘 being the distance between them, 𝑔0 is the self-

interference cancellation at the analog components, and 𝑔𝑘′,𝑘′

shows the self interference. Similarly, we define Γ𝑘′→𝑘(𝑚) as

the SINR of a D2D link from user 𝑘′ to 𝑘. Due to channel

reciprocity, we assume that 𝑔𝑘,𝑘′ equals to 𝑔𝑘′,𝑘. Then, the

data rate in D2D mode will be given by:

𝑅𝐷
𝑖 (𝑚) =𝐵

(

log2(1+Γ𝑘→𝑘′(𝑚))+log2(1+Γ𝑘′→𝑘(𝑚))
)

. (5)

The sum data rate of the uplink of users 𝑘 and 𝑘′ captures

the data rate of the D2D pair 𝑖 due to the full-duplex

communications. In (5), we observe that the uplink of a

cellular user will create interference at the corresponding D2D

thus affecting its data rate.

III. PROBLEM FORMULATION

Given the defined system model, our goal is to analyze the

optimal channel assignment problem for D2D users. In the

D2D network, D2D links can be created in a dynamic manner

as users join and leave the network. As such, the BS is unable

to know a priori whether new D2D pairs will be formed in

the network or not. Moreover, since the total number of D2D

pairs as well as the location of each such pair are unknown and

highly unpredictable, optimizing channel assignment becomes

quite challenging. Under such uncertainty, assigning channels

to existing D2D pairs must also account for potential arrival

of new D2D pairs. In fact, even if a given channel allocation

can improve the performance of an existing D2D pair, it may

have a detrimental effect on an incoming pair. To cope with

the uncertainty of D2D arrivals while considering the data

rate of current and future D2D pairs, we introduce an online

optimization scheme that can handle channel assignment

under uncertainty.

First, we formulate the following online channel assignment

problem whose goal is to maximize the sum data rate of all

D2D users:

max
𝒙

𝐼
∑

𝑖=1

𝑀
∑

𝑚=1

𝑥𝑖,𝑚𝑅𝐷
𝑖 (𝑚), (6)

s.t.

𝑀
∑

𝑚=1

𝑥𝑖,𝑚 ≤ 1, ∀𝑖 ∈ ℐ, (7)

𝐼
∑

𝑖=1

𝑥𝑖,𝑚 ≤ 1, ∀𝑚 ∈ ℳ, (8)

𝑅𝐶
𝑖 (𝑚) ≥ 𝛾𝐶 , (9)

where 𝒙 is a vector whose elements 𝑥𝑖,𝑎, ∀𝑖 ∈ ℐ,𝑚 ∈ ℳ,

indicate the channel assignment. In (6), the objective function

is the sum of data rate of all current D2D users. We determine

the channel assignment 𝒙 so that the sum data rate is maxi-

mized. To guarantee the QoS of cellular users, if 𝜔𝑖,𝑚 = 0,

then 𝑥𝑖,𝑚 = 0.

In (6), while the number of channels and information about

cellular users are known, we assume that D2D pairs arrive

in an online and arbitrary manner. This implies that the

information about each D2D pair is collected sequentially.

For example, a couple of non-D2D users can be paired

spontaneously to initiate a D2D link. Similarly, D2D-paired

users that were idle can suddenly re-initiate a D2D link. Both

such cases show that the BS is unable to know any information

on future D2D pairs. Therefore, in our problem, the arrival

order is represented by an index 𝑖. At each arrival event, the

arrival order 𝑖 increases by one. Also, index 𝑖 can be seen

as the time order of arrival. Thus, the first arriving D2D pair

is indexed by 𝑖 = 1, and similarly, the D2D pair that arrives

at order 𝑛 has index 𝑖 = 𝑛. The number of D2D pairs is

unpredictable, and, thus, 𝐼 is an unknown value. When D2D

pair 𝑖 = 𝑛 arrives, we know the information of only the

D2D pairs 𝑖 ≤ 𝑛. Under such incomplete information, finding

the optimal solution of (6) is challenging and, as such, one

has to seek an online, sub-optimal solution that is robust to

uncertainty.

When a D2D pair appears in the network, we must assign

it one of the cellular channels. Since each channel has a

limited capacity, the channel allocated to a given D2D pair

may be re-allocated to another, incoming D2D pair if this

newly arriving pair can yield a higher rate. The first constraint

of problem (6) shows that one or no channel can be assigned

to the D2D pair 𝑖. This also implies that, if a D2D pair 𝑖
does not acquire a channel, then this pair cannot communicate.

The second constraint indicates the a cellular user’s channel

𝑚 can be shared with at most one D2D pair. Note that, if

the number of D2D pairs 𝐼 is greater than the number of

channels 𝑀 , the proposed solution can still be applied as

follows. When the first 𝑀 D2D pairs are assigned to 𝑀
channels, the next 𝐾 arriving D2D pairs can be assigned by

considering the interference from not only cellular users but

also newly arriving D2D users. In this case, constraint (7) can

be substituted by
∑𝑀

𝑚=1 𝑥𝑖,𝑚 ≤ ⌈𝐼/𝑀⌉.

The dual of problem (6) will be:

min
𝝁,𝝀

𝑀
∑

𝑚=1

𝜇𝑚 +

𝐼
∑

𝑖=1

𝜆𝑖, (10)

s.t. 𝜇𝑚 + 𝜆𝑖 ≥ 𝑅𝐷
𝑖 (𝑚), ∀𝑚 ∈ ℳ, ∀𝑖 ∈ ℐ, (11)

𝜇𝑚 ≥ 0, 𝜆𝑖 ≥ 0, ∀𝑚 ∈ ℳ, ∀𝑖 ∈ ℐ, (12)

𝑅𝐶
𝑖 (𝑚) ≥ 𝛾𝐶 , (13)

where vectors 𝝁 and 𝝀 consist of elements 𝜇𝑚, ∀𝑚ℳ, and

𝜆𝑖, ∀𝑖 ∈ ℐ, respectively. In (10), the dual solutions are 𝝁

and 𝝀. We use an online algorithm to solve (6) and (10) to

optimize the channel assignment in Section IV.



Fig. 2: Illustration of constructing a weighted bipartite graph.

IV. ONLINE CHANNEL ASSIGNMENT: WEIGHTED

BIPARTITE MATCHING APPROACH

A. Construction of a Weighted Bipartite Graph

To represent the online problem on a graph, we build a

weighted bipartite graph 𝐺 = (𝒰 ,𝒱, ℰ) in which the cellular

channels are denoted by the vertex set 𝒰 , the D2D users are

captured by the vertex set 𝒱 , and the achievable data rates

of each D2D pair are represented by the set of edges ℰ . For

example, in Fig. 2, a total of 𝑀 channels are shown as vertices

in the upper half, and the D2D pairs are shown in the lower

half. Also, the edges show the data rate of D2D pair 𝑖 using

channel 𝑚, i.e., 𝑅𝐷
𝑖 (𝑚). If 𝜔𝑖,𝑚 = 0, the two vertices 𝑖 and

𝑚 are not connected. Every edge indicates that a matching

between D2D pair 𝑖 and channel 𝑚 is possible. Note that

the D2D pairs arrive online. Thus, for example, when D2D

pair 1 arrives in Fig. (2), we do not have any information on

any D2D pair 𝑖 ≥ 2. When a D2D arrival event happens, the

related values including 𝜔𝑖,𝑚 and 𝑅𝐷
𝑖 (𝑚), ∀𝑖 ∈ ℐ, ∀𝑚 ∈ ℳ

are calculated, and the graph is updated.

B. Greedy Online Algorithm: Procedure and Analysis

To find the channel assignment vector 𝒙 that maximizes

the sum rate, we propose a greedy online algorithm shown as

Algorithm 1. The BS can use Algorithm 1 to assign channels

to each D2D pairs. To develop the proposed algorithm, we use

the structure of the dual problem (10). Our proposed greedy

algorithm builds on the primal-dual algorithm with greedy

update rule that is introduced in [9].

In Algorithm 1, we first initialize the dual variable 𝜇𝑚 to

0 for all channels 𝑚. When a D2D pair 𝑖 arrives online, we

calculate the gain that is defined by 𝑅𝐷
𝑖 (𝑚) − 𝜇𝑚 for all

channels. After that, the channel 𝑚∗ that has the largest gain

is assigned to the D2D pair 𝑖, and we set 𝑥𝑖,𝑚∗ = 1. If the

gain for each channel is negative, then we do not assign a

channel and leave the D2D pair unassigned. Also, if channel

𝑚∗ has been already assigned to another D2D pair 𝑖old, then

the previous channel assignment of 𝑖old is canceled; thus, we

set 𝑥𝑖old,𝑎′ = 0. Finally, we can have the dual solutions, 𝜆𝑖

and 𝜇𝑚∗. We update 𝜆𝑖 = 𝑅𝐷
𝑖 𝑚∗ − 𝜇𝑚∗ . Here, we set 𝛽𝑚∗

to the value of 𝑅𝐷
𝑖 (𝑚∗). Essentially, for each 𝑖, we find the

solution by increasing 𝜇𝑚 and calculating the corresponding

𝜆𝑖 while 𝜇𝑚 and 𝜆𝑖 should satisfy the constraint (11). The

complexity of Algorithm 1 experienced by a D2D pair at

each time pertains to the process of finding the maximum

value in an array, so the worst-case complexity is 𝒪(𝑀).

Algorithm 1 Online Greedy Algorithm

1 : Initialization: 𝜇𝑚 = 0, ∀𝑚 ∈ {1, ⋅ ⋅ ⋅ ,𝑀}.

2 : Repeat:

3 : If D2D pair 𝑖 arrives then

4 : Find 𝑚∗ = argmax𝑚′∈ℳ′ 𝑅𝐷
𝑖 (𝑚′)− 𝜇𝑚′

s.t. ℳ′ = {𝑚∣𝜔𝑖,𝑚 = 1}.
5 : If 𝑅𝐷

𝑖 (𝑚∗)− 𝜇𝑚∗ ≥ 0 then

6 : Assign the D2D pair 𝑖 to channel 𝑚∗.

7 : If
∑𝑖−1

𝑖′=1 𝑥𝑖′,𝑚∗ = 1, then

8 : Find 𝑖old s.t. 𝑥𝑖old,𝑚∗ = 1,

9 : Update 𝑥𝑖old,𝑚∗ = 0.

10: Update 𝜇𝑚 and 𝜆𝑖.

Since the size of the search space is limited by the number of

channels, Algorithm 1 can be executed in a reasonably short

time. The online algorithm significantly reduce the complexity

compared to the offline, exhaustive search approach which has

a complexity of 𝒪(2𝑀 ).

To illustrate the effect of reassigning a channel, we consider

the case in which a new D2D pair 𝑖new arrives, and the BS

reassigns channel 𝑚 from 𝑖old to 𝑖new. This will only happen

if the data rate of 𝑖new is greater than 𝜇𝑚. It is due to the

fact that 𝜆𝑖new = 𝑅𝐷
𝑖new(𝑚) − 𝜇𝑚 ≥ 0 where 𝜇𝑚 = 𝑅𝐷

𝑖old .

Thus, we have 𝑅𝐷
𝑖new(𝑚) ≥ 𝜇𝑚 = 𝑅𝐷

𝑖old . Consequently, the

proposed algorithm always find the channel assignment that

has incremental, marginal gain; the sum data rate of the D2D

network increases at each D2D arrival event unless the D2D

pair that arrived is assigned to a channel.

While for the general case with 𝑀 D2D users, analytical

results are challenging to derive, we can still gain an insight

on the algorithm performance for a special case with two

channels and two D2D pairs arriving online. For this two

D2D pairs, two channels case, we assume that D2D pair 1

arrives first where D2D pair 1 can be assigned to channel

1 and 2. Then, D2D pair 2 arrives, but it can be assigned

to channel 1 only. This example is illustrated in Fig. 2 if

we account for D2D pair 1 and 2 only. Then, for the given

example, we provide an analysis to measure the benefit of the

proposed online algorithm. For the analysis, we define 𝐴𝐿𝐺
and 𝑂𝑃𝑇 . 𝐴𝐿𝐺 is the value of the objective function when

using the proposed algorithm while 𝑂𝑃𝑇 is the optimal value

of the problem (6) when using an offline solution. The offline

scenario means that we already know all the information

on the total number, the locations, and achievable data rates

of D2D pairs. To measure the performance of the proposed

online algorithm, we compare the ratio between 𝐴𝐿𝐺 and

𝑂𝑃𝑇 . This is known as competitive analysis, and a ratio
𝐴𝐿𝐺
𝑂𝑃𝑇

is called a competitive ratio. A competitive ratio can

be a metric showing how close the performance of an online

algorithm is compared to an offline optimal solution.

For our case study, we derive the upper and lower bounds

on the competitive ratio to compare the performance of

the proposed algorithm compared to the optimal solution as

follows.



Theorem 1. We show that a ratio between 𝑂𝑃𝑇 and 𝐴𝐿𝐺
satisfies 1

2 < 𝐴𝐿𝐺
𝑂𝑃𝑇

< 1 for the given example.

Proof. When D2D pair 1 arrives, D2D pair 1 can be assigned

to channel 1 or 2 where channel 1 and 2 yields different data

rates, 𝑅𝐷
1 (1) and 𝑅𝐷

1 (2), respectively. First, if we consider

𝑅𝐷
1 (1) < 𝑅𝐷

1 (2), then D2D pair 2 is assigned to channel

1, thus having data rate 𝑅𝐷
2 (1). In this case, the channel

assignment by the online algorithm is also optimal. Thus, we

have 𝐴𝐿𝐺 = 𝑂𝑃𝑇 = 𝑅𝐷
1 (2) +𝑅𝐷

2 (1), and 𝐴𝐿𝐺
𝑂𝑃𝑇

= 1.

Next, we consider the other case 𝑅𝐷
1 (1) > 𝑅𝐷

1 (2). Then,

the online algorithm assigns D2D pair 1 to channel 1. After

that, D2D pair 2 arrives where it can use channel 1 only.

However, channel 1 has been assigned to D2D pair 1 due to

𝑅𝐷
1 (1) > 𝑅𝐷

1 (2). If 𝑅𝐷
2 (1) − 𝜇1 = 𝑅𝐷

2 (1) − 𝑅𝐷
1 (1) > 0,

then channel 1 is reassigned to D2D pair 2, and D2D pair 1

loses channel assignment. In this case, the results are 𝐴𝐿𝐺 =
𝑅𝐷

2 (1) and 𝑂𝑃𝑇 = 𝑅𝐷
1 (2)+𝑅𝐷

2 (1). Since 𝑅𝐷
2 (1) > 𝑅𝐷

1 (1)
and 𝑅𝐷

1 (1) > 𝑅𝐷
1 (2), we have inequalities given by 1

2 =
𝑅𝐷

2
(1)

𝑅𝐷

2
(1)+𝑅𝐷

2
(1)

<
𝑅𝐷

2
(1)

𝑅𝐷

2
(1)+𝑅𝐷

1
(1)

<
𝑅𝐷

2
(1)

𝑅𝐷

2
(1)+𝑅𝐷

1
(2)

. Moreover, due

to 𝑅𝐷
1 (1) < 𝑅𝐷

2 (1) < 𝑅𝐷
2 (1)+𝑅𝐷

1 (2), we additionally know
𝑅𝐷

2
(1)

𝑅𝐷

2
(1)+𝑅𝐷

1
(2)

< 1. Therefore, the boundaries of the ratio can

be shown as

1

2
<

𝐴𝐿𝐺

𝑂𝑃𝑇
=

𝑅𝐷
2 (1)

𝑅𝐷
1 (2) +𝑅𝐷

2 (1)
< 1. (14)

Otherwise, channel 1 is still assigned to D2D pair 1, and

D2D pair 2 do not acquire a channel. Then, the result are

𝐴𝐿𝐺 = 𝑅𝐷
1 (1); 𝑂𝑃𝑇 = 𝑅𝐷

1 (1) if 𝑅𝐷
1 (1) > 𝑅𝐷

1 (2)+𝑅𝐷
2 (1),

and otherwise, 𝑂𝑃𝑇 = 𝑅𝐷
1 (2) +𝑅𝐷

2 (1). If 𝑂𝑃𝑇 = 𝐴𝐿𝐺 =
𝑅𝐷

1 (1), then 𝐴𝐿𝐺
𝑂𝑃𝑇

= 1. Thus, we focus on the later case

𝑂𝑃𝑇 = 𝑅𝐷
1 (2) + 𝑅𝐷

2 (1) when 𝑅𝐷
1 (1) < 𝑅𝐷

1 (2) + 𝑅𝐷
2 (1).

In this case, we have two conditions, 𝑅𝐷
1 (1) > 𝑅𝐷

1 (2) and

𝑅𝐷
1 (1) > 𝑅𝐷

2 (1), so the two inequalities result in 2𝑅𝐷
1 (1) >

𝑅𝐷
1 (2) + 𝑅𝐷

2 (1) that is 1
2 <

𝑅𝐷

1
(1)

𝑅𝐷

1
(2)+𝑅𝐷

2
(1)

. Therefore, the

competitive ratio can be bounded a follows:

1

2
<

𝐴𝐿𝐺

𝑂𝑃𝑇
=

𝑅𝐷
1 (1)

𝑅𝐷
1 (2) +𝑅𝐷

2 (1)
< 1. (15)

Hence, in the given example of the online maximization

problem, the value achieved by the online algorithm is at least

a half of the offline optimal value.

For the more general case, we will provide thorough

analysis via simulations in Section V.

V. SIMULATION RESULTS

For our simulations, we consider a single-cell environment

where the cellular users are uniformly distributed within a

50 m × 50 m area. We consider a network with 10 channels

each of which is allocated to a cellular user. Also, the

sequence of D2D users’ arrival follows a uniform distribution.

The bandwidth of each channel is 200 kHz, such that the

total bandwidth of the single cell is 2 MHz. The power

spectral density of the thermal noise is -174 dBm/Hz. We

Fig. 3: The total data rate of the D2D network compared with

optimal, offline algorithm for the different maximum D2D

distances.

Fig. 4: The total data rate of the D2D network for the different

QoS thresholds of cellular users.

set 𝛼 = 2 and 𝛽 = 10−3 to model the channel gain.

Also, at the reference distance of 1 m, the channel gain

is −30 dB [10]. For the D2D users, 𝑔𝑘,𝑘 is set to 0.03,

∀𝑘 ∈ {2𝑖−1, 2𝑖∣∀𝑖 ∈ ℐ} assuming that the circulator provides

15 dB of isolation of self-interference [10], and we assume

that an analog cancellation additionally provides 𝑔0 = −60 dB

of self-interference cancellation. Also, the location of D2D

users are also uniformly distributed, and the distance between

the two paired D2D users are less than the given maximum

D2D distance. All statistical results are averaged over a large

number of simulation runs. For comparison, we use the offline,

optimal algorithm that has complete knowledge of the system.

In Fig. 3, we show the total data rate of the D2D network

as the number of D2D pairs varies for various maximum D2D

distances with 𝛾𝐶 = 1 × 105 bps. From this figure, we can

first see that that the total data rate of our proposed algorithm

achieves a performance that is quite close to the optimal

solution derived using exhaustive search. This demonstrates

the effectiveness of the proposed algorithm. For instance,

Fig. 3 shows that the optimality gap is at most 8.3% at 20 m

of the maximum D2D distance for a system with 10 D2D

pairs.



Fig. 5: The average data rate per user when cellular users use

different transmit power.

In Fig. 4, we show the total data rate of the D2D network

resulting from our proposed approach for different thresholds

𝛾𝐶 . From Fig. 4, we can see that, as the threshold value

decreases, the overall data rate of the D2D network will

increase. This is due to the fact that having a smaller threshold

value will enable a D2D pair to have a larger number of

channel options that can be assigned. This, in turn, prevents

cases in which a D2D pair is not assigned to any channel. This

can be commonly observed at all different D2D distances.

For example, if the threshold 𝛾𝐶 decreases from 2 × 105 to

1 × 105, the system exhibits a performance improvement of

up to 31.4% in the total data rate at 10 D2D pairs and 20 m

of the maximum D2D distance.

In Fig. 5, we show the average data rate of a user with

𝛾𝐶 = 1 × 105 bps and a maximum D2D distance of 10 m,

for two different transmit powers for the cellular users, 24
and 28 dBm. The results show that the D2D and total data

rates increase when a lower transmit power is used by the

cellular users. From Fig. 5, we also observe that the data rate

of a user in the network decreases as the number of D2D

pairs increases. This is due to the fact that an increase in the

number of D2D pairs will naturally increase the interference

on the cellular users. However, if a lower transmit power is

used, then we can mitigate the effect of this interference at the

expense of a lower rate for the cellular users. For instance, at

10 D2D pairs, the case using 24 dBm of transmit power results

in 34.3% higher average data rate for D2D user compared to

one using 28 dBm.

Fig. 6 shows the total number of the non-assigned D2D

pairs for various maximum D2D distances. The proposed

online algorithm results in a lower number of non-assigned

D2D pairs when the maximum D2D distance decreases.

This illustrates that as the distance between two D2D users

becomes closer, the D2D pair may have larger number of

channels where the D2D pair can be assigned. For example,

Fig. 6 shows that decreasing the maximum D2D distance from

20 m to 5 m yields 19.6% reduction in the number of non-

assigned D2D users.

Fig. 6: The number of non-assigned D2D pairs for different

maximum D2D distances.

VI. CONCLUSION

In this paper, we have proposed a novel approach to

optimize the channel assignment for the D2D network as

an underlay of the cellular network. We have formulated the

problem as an online weighted bipartite matching which en-

ables the BS to assign channels to the D2D network effectively

in the presence of uncertainty about D2D arrivals. We have

shown that by using the greedy online algorithm, the suitable

channel can be assigned to each D2D pair without knowing

any prior information on future D2D arrivals. Simulation

results have shown that the proposed online algorithm can

achieve a total sum-rate that is no less than 8.3% below the

optimal, offline solution found via exhaustive search.
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