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Abstract—Neighbour discovery is an important process in
device-to-device (D2D) communications. In cellular networks,
D2D discovery signals are multiplexed with cellular signals
causing in-band emission interference (IEI). IEI degrades D2D
user equipments (DUEs) discovery range and cellular user
equipments (CUEs) throughput. In this paper, a new discovery
method is proposed by applying power control strategy. In this
method, DUEs are arranged into two groups depending on
whether the received power of a reference signal sent from the
based station (BS) to DUEs is larger than a given threshold.
A high received reference signal at a DUE indicates strong IEI
which may be caused by the DUE to the BS. Then, Group-1
contains DUEs which cause low IEI while Group-2 contains
DUEs which cause severe IEI. A new strategy to mitigate
IEI is proposed for Group-2. Firstly, CUEs send scheduling
information in predefined blocks. Secondly, DUEs estimate the
symbols which are orthogonal to CUE. This will assist DUEs
to boost their discovery transmission power, reduce IEI and
improve the discovery performance.

I. INTRODUCTION

Cellular mobile communications has been developing
rapidly [1]-[12]. Device-to-device (D2D) communication is a
promising technology for the next-generation cellular network
[13]. It allows devices in proximity to detect each other and
communicate directly. In D2D communication, an important
process is to discover neighbours [13]. In cellular networks,
the discovery resources are multiplexed with uplink physical
channel causing in-band emission interference (IEI) [14]. IEI
is defined as the interference falling into the non-allocated
resource blocks for all component carriers [15]. This interfer-
ence is caused by the inter-subcarrier transmission due to the
propagation and multipath delay of the discovery signals [16].
It is also caused by the cyclic prefix (CP) mismatch between
the uplink transmission in the cellular and D2D discovery
signal [16]. The IEI further exacerbate when D2D devices are
very close to the base station (BS) as compared to cellular
user equipment (CUE) [14], [17]. In order to alleviate this
problem, power control strategies are proposed in [14]-[18].

Initially, an open-loop power control (OLPC) was intro-
duced to all D2D user equipments (DUEs) in order to control
the IEI impact [14]. This strategy led to unnecessary power
constraint for some DUEs, which reduced the discovery per-
formance. A new discovery channel structure was proposed
in [16], to solve the power control constraints in [14]. This
proposed structure added a scheduling information block
(SIB) at the centre of the discovery channel. The scheduling

information was sent by the CUE to inform DUEs. According
to this information, DUEs decided whether to apply OLPC
in its own discovery signal transmission or not. However,
SIB required a discovery resource block (DRB) for each sub-
frame, making it inefficient in terms of time and frequency
resources, e.g. resource units in long term evolution (LTE)
systems, as the number of DRBs were limited. In [17], a
totally different approach to mitigate IEI was designed. The
discovery period was divided into two groups depending on
whether the received power of a reference signal Prsrp at
a DUE was larger or smaller than a threshold. Generally,
DUEs with Prgsprp smaller than the threshold was at the
cell edge and DUEs with Prsrp larger than the threshold
was around the centre of the cell. Therefore, Group-1 was
allocated to cell edge DUEs, and Group-2 was allocated to
cell centre DUEs. The grouping in this method leads to a
reliable cellular channel in Group-1 for CUEs. However, the
number of CUEs allowed to use a reliable resources were
limited by Group-1. In another study [18], authors identified
the symbols where DUE boost the discovery transmission
power. This strategy estimates the location of orthogonality-
conserved symbols (OCSs). OCSs were defined as the aligned
symbols between DRB and physical resource block (PRB) of
CUE in a specific sub-frame. These symbols did not have IEI.
However, in this method, the DUE only boost the power in
OCSs location and used an OLPC in the rest of symbols.

In order to mitigate IEI caused by D2D discovery while
not impairing the D2D discovery efficiency in terms of the
probability of successful discovery for DUEs, in this paper,
a new D2D discovery method is proposed by taking the
advantage of dividing DUE:s to different groups and adopting
SIB to provide information only for necessary groups to use
OLPC and OCSs. In this method, DUEs are separated into
two groups, based upon whether Prgrp of a DUE is larger
than a threshold. Group-1 DUEs do not affect the cellular
system, while CUEs are only affected by IEI from DUEs in
Group-2. Due to the proximity of DUEs in Group-2 the severe
IEI is caused by Group-2 while Group-1 causes negligible
IEI. We alleviate the IEI impact in Group-2 to make it
more reliable to CUE by utilizing SIB information, and using
OCSs estimation. Therefore, we eliminate using OLPC, which
degrades the discovery performance. We use OLPC if only
the CUE is scheduled to send cellular traffic, and there is no
OCSs between the DUEs and CUEs. Our method significantly
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Fig. 1: D2D discovery channel structure

improves D2D discovery performance as compared to conven-
tional techniques. This proposed method does not affect the
CUEs received signal at the BS. Furthermore, this method
needs less SIB resources than the conventional approach as
proposed in [16], which makes it more efficient in terms of
discovery resources.

This paper is organized as follows. Section II describes
discovery channel resources and IEI impact. Our proposed
discovery method is introduced in Section III. Section IV
illustrates the performance evaluation and simulation results
of our method. Section V finally concludes our study.

II. DISCOVERY CHANNEL RESOURCES AND IEI IMPACT

Fig. 1 depicts the D2D discovery channel structure as
proposed in 3rd Generation Partnership Project (3GPP) stan-
dardization [16]-[18]. As shown in Fig. 1, The discovery
channel is composed of N sub-frames in time domain. DRBs
are frequency multiplexed with cellular PRB. 2Nprp X N
resource blocks are allocated to the CUEs, while Nprpg X N
resource blocks are allocated to the DUEs [16]-[18]. A DUE
transmits discovery signal by its allocated DRB and listens to
the remaining DRBs to discover neighbours. To be compatible
with the existing LTE system, the time duration of a DRB is
one time slot of 0.5 milliseconds. Each DRB consists of 12
subcarriers, each having a bandwidth of 15 kHz.

Fig. 2 shows the IEI impact of DUE discovery signal
to the CUE received signal at the BS. The CUE transmits
the information to the BS. D2D discovery exists between
a DUE transmitter and a receiver. For a DUE transmitter
close to the BS, if the DUE transmit discovery signal with
maximum transmission power, severe IEI is caused. One of
the proposed solutions to reduce the IEI impact is to control
the transmission power of the DUEs.

ITI. PROPOSED BS AIDED DEVICE DISCOVERY METHOD

Fig. 3 describes the discovery channel structure of our
proposed method. The discovery period (DP) is divided into
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Fig. 3: Discovery proposed model

two time groups, Group-1 and Group-2. In Group-2, a DRB
is allocated for each sub-frame in the middle of DP. This
DRB is used as SIB. The proposed algorithm is summarized
as follows:

Step-1: All DUEs need to be authorized by the network
to start the discovery process. DUE sends an authorization
request to the network in order to obtain related information
such as (Cell-ID, announcing policy, etc.). The BS responds
by sending the authorization information to the DUE.
Step-2: DUE calculates the Prgrp as follows

PRSRP = PTx — (PL + Shadowing), (1)

where Pr, is the discovery transmission power of DUE and
PL is the path loss between the BS and the DUE. Shadowing
is assumed to follow log-normal distribution. The DUE then
transmits the discovery request to the BS.

Step-3: After authorization has been done, the BS prepares
discovery response messages to the authorized DUEs. These
messages contain the discovery authorization code, a valid
timer for the discovery, and DRB allocation to the DUE. The
resource allocation of DUEs depends on Prgrp information.
The DP is divided into two groups in time. Group-1 resources
are allocated to DUEs if Prsrp < pre-defined threshold, and
Group-2 resources are allocated to DUEs if Prsrp > pre-
defined threshold. This step encloses the DUEs that cause IEI
in one group. Group-1 presents the DUEs that are likely to
be located far from the BS. Group-2 DUEs are likely to be
located close to the BS as shown in Fig. 3.

Step-4: Each DUE starts the discovery procedure by using
the DRBs that has been assigned to them by the network
(step-3). The DUEs announce the discovery information and



(monitor or listen to) the rest of the DRBs in order to discover
neighbours. The DUEs in Group-1 announce the discovery
information without applying any power control strategy as
they are far from the BS and the IEI impact is negligible.
Meanwhile, the DUEs in Group-2 are subject to a power
control strategy in order to reduce the IEI, as they are closer
to the BS. Group-2 DUEs start checking the SIB information,
which are sent by CUEs. This information contains the
scheduling information and CP configuration of the CUEs
that will help DUEs to decide their discovery transmission
power. DUEs can adjust the transmission power to maximize
the neighbourhood discovery, in case there is a scheduled
CUE. Furthermore, DUEs estimates the OCS locations by
using one of following methods: path loss, round trip delay
(RTD) information, timing advance command of BS, and the
SIB information. The DUEs boost the discovery transmission
power in OCS as these symbols is not affected by IEL
Therefore, Group-2 DUEs only apply OLPC if two conditions
are met: There is a scheduled CUE user, and there is no
orthogonality between CUE and DUE symbols. Otherwise,
the DUE can boost its transmission power to announce its
discovery signal no more than predefined maximum power.
Accordingly, the discovery transmission power of DUE is
calculated as follows: In Group-1 no power control (NPC)
is applied. In Group-2, NPC is applied, where there is no
scheduled CUE. In this scenario, the power transmitted by
the DUE is given by

P = Prax, )

where k is the DRB index of DUE, and P,,,, iS maximum
transmission power.

In Group-2, if CUE is scheduled, the transmission power
of DUE for each symbol is adjusted as

ploy _Jmin {Puax: Pro—rnr + PL®} | if n € OCS

bUEn Y p . if n ¢ OCS’

3)
where n is the DUE symbol index in sub-frame, Pr,_7p, iS
target interference level that the BS receives, and PL®) s
the path loss between the BS and the DUE in k. Finally, the
total discovery transmission power for one sub-frame is given
by

m

W _ 1 (k)
Ppup = Ez Ppugm 4)
n=1
where m is the total number of symbols in one sub-frame.
Step-5: After the DUEs discovery procedures, the discovery
report then is sent to the BS. The BS terminates the discovery
process once the discovery time runs out.

IV. PERFORMANCE EVALUATION AND SIMULATION
RESULTS

In this section, we evaluate the proposed power control
strategy in terms of IEI impact on CUEs and the performance
of DUE discovery. We compare our proposed method with the
conventional strategies as proposed in [16]-[18]. Case-A and

TABLE I: Simulation Parameters

Parameter Value
Cluster radius 250 m
UE dropping Uniform random distribution
Noise power density -174 dBm
Path loss exponent 4
System Bandwidth 10 MHz
NprB 44
Carrier frequency 2GHz
Shadowing standard deviation 7dB
CUE target to BS distance 50 m
DUE to DUE target 3m
RSRP pre-defined threshold [17] -67 dBm

Case-B in Group-2 in this section denote the performance of
our proposed method. Case-A is used if there are scheduled
CUEs defined by SIB. In this case, DUE can maximize
discovery transmission power only in OCS symbols. Case-
B is used if there is no scheduled CUE. In this case, DUE
can maximize transmission power to transmit the discovery
signal. Case-B will also show us the upper bound which can
be achieved when there is no IEIL

A. Evaluation Scenario:

The simulation parameters are set according to 3GPP
standardization. All the parameters are shown in Table-1.
DUEs are uniformly distributed in a radius of 250 meters.
The maximum transmission power is 23 dBm. Small scale
fading is modelled by Rayleigh distribution, while log-normal
and standard path loss is assumed for large scale fading,
respectively [19]. No more than one DRB is allocated to each
DUE. In the next sections, we will study the effect of IEI on
CUE as well as on DUE.

B. Effect on CUE:

The impact of DUE on CUE is evaluated by using signal-
to-interference-plus-noise ratio (SINR) of CUE at the BS. We
assume there is a targeted CUE which transmits a cellular
signal, and is occupying the PRB located directly next to
the DP. The evaluation is based upon worst case scenario.
Therefore, the targeted CUE is located at the edge area of
each group, separately. Further, Nprp DUEs are transmitting
their discovery signal in the same sub-frame as the CUE.
Nprpg is the maximum number of DUEs allowed to discover
neighbours in each sub-frame. The SINR of CUE at the BS
is given by

G) . ’ B ‘
SINRY) CUE ‘CUE,BS 5)
CUE IEIG) + g2 7

where P((J](} p 1s the maximum transmission power of targeted
. 2
CUE, ‘h(c% EB s’ is the channel gain between the targeted

CUE and BS, 5 is PRB index of cellular user, and o2 is the
white Gaussian noise power at the receiver. I E1() in dB for
jth PRB is given by
0w (h=3) o pp(k)
IELp = Z Ppie = Prpr”’ + Hpppps:  (6)
k=1
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Fig. 4: CDF performance comparisons of received cellular
signal SINR at the BS [Grouping (Gr.), Proposed method
(Prop.), Group-1 (Grl), Group-2 (Gr2)]

where P](Jk[} g 1s the discovery transmission power of DUE

as calculated in (2) and (4). chI)J g.ps is the channel gain
between BS and DUE in & . PI(Q;J ) is the power difference
between jth PRB of the target CUE and kth DRB of the

interfering DUE, given by

k—j 0, if in  Group-1
PI(EIj) =\ pl=i)  ip ; @)
rgr s if in - Group-2
and P{%77) is calculated in [20] as
—21dB, if |k—j| =1
 (k—j —26dB, if |k—j]=2
P — ’ : 8
TEL —31dB, if |k—j]=3 ©
—36dB, if |k—j| >3

Fig. 4 shows the cumulative distribution function (CDF)
performance of received cellular signal SIN R at BS. In this
figure, we compare the IEI impact on targeted CUE under
different power control strategies. The required CUE SINR
for successfully signal decoding at the BS is -7.8 dB [21].
From the figure, it can be observed that only two strategies
SIB [16] and Group-2 NPC have decoding level less than -
7.8 dB. The performance in these cases are worst as IEI will
be severe as no power control technique is applied and DUE
operate at maximum power of 23 dBm. From the figure, it
can be observed that OLPC used in Group-2 and our proposed
method in Group-2 have much better performance. In these
cases, the CUE signal can be received reliably at the BS.
Furthermore, from the figure it can be observed that our
proposed method outperforms SIB [16], OLPC [14], and NPC
in terms of IEI impact on targeted CUE. Let us now look into
the impact of IEI on DUE.

C. Effect on DUE:

The impact of CUE on desired DUE is also evaluated by
using STN R as the criterion. We assume there is a targeted
D2D pair (a DUE is in listening mode and the other DUE is
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Fig. 5: CDF performance comparisons of received discovery
signal SINR at the DUE [Grouping (Gr.), Proposed
method (Prop.), Group-1 (Grl), Group-2 (Gr2)]

in transmitting mode). (Nprp — 1) other DUEs are sending
their discovery signal and 2Nprp CUEs are transmitting in
the same sub-frame. The worst case scenario, the CUEs are
located near the DUE receiver. The DUE SINR is given by
(k) ’ B (k) ‘2
DUE " |""'D2D

TEIR 1 o2 ©)

SINRY) . =
where Pjgkl} g is the discovery transmission power of target
DUE in transmitting mode and calculated in (2) and (4).

2
%) | is the channel gain between target D2D pair. TET*)

is the interference due to IEI from the CUEs. Fig. 5 de-

picts CDF of received discovery signal SINR. The DUE
is assumed to successfully receive the discovery signal if the
SINR exceeds a given threshold SIN Rrp, (assumed 8 dB
in simulation) [21]. From the figure, it can be observed that
only SIB [16] and OLPC [14] do not exceed the SIN Ry,
which mean that the DUE receiver will not detect successfully
the discovery signal. The performance in these cases are worst
as OLPC is applied. From the figure, it can be observed that
our proposed method in Group-1, Group-2 (case-A, case-B),
and NPC have much better performance. In this case the DUE
discovery signal can be received reliably at the DUE receiver.
It can be observed that our proposed method outperforms
SIB and OLPC in terms of the discovery signal detection at
the DUE receiver. Even though NPC has same performance
with our proposed method case-B, but achieves much better
performance in the cellular side as illustrated in previous

subsection.
D. Probability of successful discovery at the DUE receiver:

The probability of successful discovery is one of metrics

to evaluate the discovery performance and is given by
P(SINRY) > SINRzy,) (10)

Fig. 6 shows the probability of successful discovery at DUE
receiver when SIB, OLPC, NPC, and our proposed method
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Fig. 6: Probability of successful discovery at the DUE

Group-1 and Group-2 (case-A and case-B) algorithms are
employed. The DUE is assumed to have successfully received
the discovery signal if the SINR exceeds a given threshold
SIN Rrp,. From the figure, it can be observed the probability
of successful discovery under the worst case scenario, is
worst for SIB and OLPC which requires a very low SINR
threshold to successfully discover the discovery signal. The
performance in these cases is the worst as OLPC is applied.
From the figure, it can be observed that NPC, our proposed
method Group-1 and Group-2 (case-A, case-B) have better
performance than SIB and OLPC. Furthermore, the SINR
threshold for these methods is higher than SIB and OLPC.

V. CONCLUSION

This paper proposed a new D2D discovery method, which
mitigated IEI by applying power control strategy. This strat-
egy has the capability to assist DUEs to boost the discov-
ery transmission power, reduce IEI, and improve neighbour
discovery performance. Simulation results showed that our
proposed algorithm is superior in performance to recently
proposed algorithms in this area, such as OLPC, grouping, and
SIB. Using simulation results, we verified that SIN R of D2D
discovery signal and probability of discovery are improved
and SINR of CUE is not affected but slightly improved.
The number of discoveries can also be enhanced with our
method.
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