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Virtual Cells Operation for 5G V2X Communications
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Abstract
Virtual cell (VC) is an emergent concept in cellular networks that shifts the base-station-centric point of view to a user-centric
one. Instead of traditional base station assignment, VCs contain a number of transmission points (TPs) with an association pattern
that is created for, and moves with, every user in the network. In this paper, we study the VCs for vehicle-to-everything (V2X)
communications, where V2X messages are broadcasted to groups of vehicles. The VC concept is extended to broadcast groups
and form VCs for hotspots (HSs) of vehicles. Hence, the main objective is to serve a maximum number of HSs sharing the same

radio resource, with as less energy as possible, while guaranteeing a certain communication reliability to the served vehicles.

. Introduction
Vehicle-to-everything (V2X) communications is considered é ((€)))
as one of the key enablers for intelligent transport systems ((é))'rpl éTPa
S
(ITS) and connected cars. Among current wireless ﬁﬁ _a 0"392;
technologies, long-term evolution advanced (LTE-A) has HS, Hﬂ
TP
been considered as the main candidate to provide cellular « )) TP (( )) é §,_3_ﬂ
V2X (C-V2X) [1]. In C-V2X, vehicles communicate via TP, == HS,
. . . ﬁ )"E s .((1)
uplink/downlink (UL/DL) through the network infrastructure. 5 é é TP,
HS,
In UL, vehicles can send unicast messages to a V2X _ﬂﬂ
o= HS,

application server through the base stations (BSs).
Fig. 1. VCs with different number of TPs and each VC is

The fifth generation of wireless networks (5G) is expected ) ) o )
serving a HS of vehicles with different size.

to bring many new techniques from which C-V2X will also

benefit. Along with the new opportunities and capabilities Ill. VCs For V2X Hotspots

h ff i hift i ifesting itself fi h
that 5G offers, a paradigm shift is manifesting itself from the HSs of vehicles in close proximity to each other, residing in
BS-centric t -centri h called VCs [1]. . . .

Centnc to a Lser-centric approach catie sl target areas of V2X services, receive multicast V2X messages

Il. Concept of Virtual Cell through the TPs. Each HS could be regarded as a group of

The VC concept is a user-centric radio access design for vehicles traveling relatively close to each other. For example,

future generations of wireless networks, which aims at safety-related warning messages may need to be transmitted

overcoming the limitations of traditional cell construct [2]. In to the vehicles traveling to a hazardous location ahead,

contrast to the conventional BS-centric approach with static whereas a traffic signal priority message could be sent to

cell-topology, VCs are formed by taking the user at the center, ~ another group of vehicles approaching a nearby junction at

and associating several serving TPs located around it. The
associated TPs cooperatively serve their user and their
association is adapted to its movement, creating a cell that
moves with and always surrounds the user. The number of
hard handovers is minimized and cell edge experience is
avoided [2].

VCs can be realized with remote radio heads (RRHSs),
distributed antenna systems (DASs) or BSs that operate in a
cooperative multipoint (CoMP) manner, which is illustrated in
Fig. 1.

*Address correspondence to Prof. KyungHi Chang.
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the same time. Accordingly, VCs are formed by taking HSs of
vehicles at the center of the cell and associating the closest
TPs with each of them, which will then cooperatively multicast
data.

IV. VCs Optimization Stages for 5G V2X Communication

In [3], author proposed three optimization stages, which
are the transmission weight selection, the power control, and
the admission control. Optimizing the transmission weights
to minimize the radiated power, while guaranteeing the

target SINR value to each served vehicle. The power control
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stage of the algorithm controls the transmission powers p of
the VCs and minimize the total radiated virtual power under
the maximum power control of all TPs, and the check that all
vehicles achieve the threshold SINR. The admission control is
introduced to maintain the target SINR threshold and
maximum transmission power for operating V2X services
with feasible PC.

V. Conclusions

In this paper, we present the concept of VCs for 5G V2X
communication. By guaranteeing a certain SINR value to
vehicles, the main goal is to maximize the number of served
HSs of vehicles where they receive the data, and minimize the
total power radiated by the network. Moreover, the VCs
optimization stages for 5G V2X communication (i.e,
transmission weight selection, power control and VC-

admission control) are breifly discussed in this paper.
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