




a few neighbours will receive the DL packet successfully in
real-time. Therefore, we assume the probability of successful
reception by the neighbour UEs to be unity. In order to
exploit diversity gains to the fullest, the cooperative scheme
allows selection of different user groups for retransmissions,
as illustrated in the “gure, where two different user groups are
selected during the “rst retransmission (stage II-A) and sec-
ond retransmission (stage II-B) respectively. The cooperative
HARQ transmission scheme enables a constructive addition of
the powers of the channel coef“cients from all these individual
links, as enabled by STBC or CDD scheme.

C. UE selection and grouping methods

A set of users is formed based on the D2D distance or
link quality de“ned by average signal-to-noise ratio (SNR)
between the neighbour UEs and the target UE (uT ). A user
set may contain all the users in the cell or a subset of users
from the cell. Once the user setU for the target UE (uT ) is
established, the next step is user selection for retransmission.
For every retransmission, the process of user selection is
triggered. The following three methods are proposed and
evaluated for UE selection.

Let n be the number of neighbour users to target UEuT ,
eligible for retransmission (size of the user group),k be the
actual number of users cooperatively retransmitting andU =
{ u1, u2, . . . , un } be the set of eligible neighbours (user set).
In this evaluation, we selectk in { 1, 2, 3} andn is the number
of users eligible for retransmission. However, determining the
precise number of users (k� ) needed for retransmission is left
for future investigation.

1) Method 1: Random-User Selection: For the sake of
simplicity, here, a user set (n) consists of all active users in the
cell. In order to perform a retransmission via sidelink,k users
are selected randomly from the already created set. Random-
user selection is a simple method taken as a reference,
whereby each UE in the set has an equal chance of being se-
lected for retransmission. In this scheme,k randomly selected
users from all the users in the cell transmit cooperatively.

2) Method 2: Best-User Selection: The target UE selects
the users with the best average D2D channel quality to itself
for retransmission, assuming that each user is aware of the
average channel quality to its neighbours. Average SNR is
considered as a measure to determine the channel quality of
these D2D links. Unlike the random user selection scheme,
this selection method is more systematic.

Here, the set of usersU contains all then users available in
the cell. For every retransmission, thek best users are selected
to transmit cooperatively, hence each retransmission is usually
carried out by the same set of users.

3) Method 3: User-Combination Selection: In this
method, a subset of best users is created based on their
average SNR, from the user setU which contains all users
in the cell. Different combinations are formed from the
preselected subset of best users and for every retransmission,
a unique combination is selected. Due to this distinct user
selection for each retransmission, the identical signal is sent

via multiple independently fading transmission paths in each
retransmission. This scheme allows the use of the diversity
from the best D2D links “rst, while considering additional
diversity sources in the successive retransmissions.

The grouping by user-combination technique is illustrated
as follows: Let m be the preselected subset of best users
from n available users in the cell andk be the number of
users present in each combination transmitting cooperatively.
According to permutation and combination theory, there are a
total of (m!/k !(m Š k)!) possible combinations. For instance,
m = 3 and k = 2 , considering user setU = { u1, u2, u3} ,
the following user combinations(u1, u2), (u1, u3), (u2, u3)
are created. For the “rst retransmission, the best user pair
is selected ((u1, u2)), then using the permutations, a user set
containing the best user combined with others from the set is
selected, and so on, allowing a unique selection for all three
retransmissions.

III. SYSTEM DESIGN

In this study, we evaluate the performance gains of the
cooperative scheme in a realistic environment, considering
different user selection methods in a multi-cell scenario. NS-
3, a discrete-event driven network simulator, has been used
for performance analysis during this work [9] [10] [14].

We consider a multi-cell network topology constituting7
tri-sector sites with an inter-site distance (ISD) of200 m
and each sector being referred to as a cell. The location
of sites is “xed as per hexagonal geometry, with the center
site being at coordinate (0,0) and the placement of21 cells
respectively. We assume a bandwidth of20MHz, consisting of
100 RBs in the time-frequency domain and420 active users
in the multi-cell scenario. The UEs are dropped uniformly
around the21 cells and are attached to the cell with strongest
signal based on the UE position, yielding20 users per cell
on average. The mobility of the UEs/AGVs in our factory
environment is considered at a pedestrian speed of3 km/h.
In this evaluation, multiple independent user constellations
(user drops) are simulated and averaged, to ensure suf“cient
statistics. Other simulation parameters are described in Table
I.

For DL propagation, the Cost-231 Hata path loss model
simulating the urban environment with statistical shadow
fading is applied, while sidelink propagation is modeled by
the 3GPP-Winner II channel model [15] [16], which provides
accurate and realistic channel properties suitable for evaluat-
ing the D2D links [17]. Wireless channels between every D2D
pair are assumed to undergo independent frequency selective
Rayleigh fading.

We apply a channel and QoS-aware scheduler (CQA), a DL
scheduling method which considers the head-of-line (HOL)
delay, the guaranteed bit rate (GBR) and channel quality
over different subbands [18]. The scheduler can be split into
two phases, time domain (TD) and frequency domain (FD)
scheduling, which are jointly applied. In the TD (at each
TTI), users are grouped based on HOL delay as priority in
order to enforce that the FD scheduler considers “rst the
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