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Abstract—Ambitious targets for aggregate throughput, energy
efficiency and ubiquitous user experience are propelling the advent
of ultra-dense networks. Intercell interference and high energy
consumption in an ultra-dense network are the prime hindering
factors in pursuit of these goals. To address the aforementioned
challenges, in this paper, we propose a novel user-centric network
orchestration solution for Cloud RAN based ultra-dense deployments. In this solution, a cluster (virtual disc) is created around
users depending on their service priority. Within the cluster
radius, only the best remote radio head (RRH) is activated to
serve the user, thereby decreasing interference and saving energy.
We follow a stochastic geometry based approach to quantify
the area spectral efficiency (ASE) and RRH power consumption
models to quantity energy(EE) efficiency of the proposed usercentric Cloud RAN (UCRAN). Through extensive analysis, we
observe that the cluster sizes that yield optimal ASE and EE are
quite different. Subsequently, we propose a game theoretic selforganizing network (GT-SON) framework that can orchestrate
the network between ASE and EE focused operational modes in
real-time in response to changes in network conditions and the
operator’s revenue model, to achieve a Pareto optimal solution. A
bargaining game is modeled to investigate the ASE-EE tradeoff
through adjustment in the exponential efficiency weightage in the
Nash bargaining solution (NBS). Results show that compared to
current non user-centric network design, the proposed solution
offers the flexibility to operate the network at multiple folds higher
ASE or EE along with significant improvement in user experience.
Index Terms—User-centric architectures, Cloud RAN, Poisson
Point Process, Area Spectral Efficiency, Energy Efficiency, Nash
Bargaining Solution

I. I NTRODUCTION
Cell-free user-centric networks are envisioned as enablers
for interference management in ultra-dense 5th generation (5G)
cellular networks. In particular, signal degradation for cell-edge
users that is considered a limiting factor in LTE is addressed
by structural evolution of the 5G networks designed from the
users’ (rather than base stations’) perspective [1]. Operationally,
each served user within a user-centric network is connected to
one or more small cells in the vicinity defined by an elastic
virtual user-centric cell boundary [2][3]. The virtual user-centric
cell size is adaptable with respect to user traffic, channel
environment and quality of service (QoS) requirements.
While the 5G systems target multiple fold increase in data
rate, millisecond level latency and support for up to 500 km/hr
user mobility; all this must be achieved with an improvement
in spectral efficiency and reduced operational costs [4]. One
enabling technology to meet these goals is Cloud-RAN (CRAN) which is based on separating Baseband Units (BBUs)
from the radio access units [5][6]. The BBUs are migrated to

Fig. 1. User-centric C-RAN architecture

the cloud forming a BBU pool for centralized processing and
resource allocation. C-RAN provides the network scalability
for large scale remote radio head (RRH) deployment in dense
networks at lower operational costs.
User-centric virtual cell approach coupled with centralized
baseband processing via C-RAN deployment is an ideal merger
to meet 5G’s ubiquitous user experience targets within realistic
energy and cost constraints. Fig.1 provides a graphical illustration of a User-centric Cloud RAN (UCRAN) network with
virtual user-centric cell boundaries. The RRHs are connected
to the pool of BBUs via flexible front haul. The front haul is
usually an optical fiber where signaling is done using radioover-fiber (RoF) or common public radio interface (CPRI) [6].
Most of the signal processing at baseband level is delegated
to the BBUs. The key idea here is to dynamically select the
best RRH within a circular area (virtual cell) with a pre-defined
radius RCLR around users selected for downlink transmission
during each scheduling interval (used interchangeably with time
slot and TTI). All other RRHs within the circle here after
called cluster are kept OFF thereby minimizing the interference.
The aforementioned UCRAN architecture provides two-fold
benefits: i) on-demand centralized processing at the BBU pools
caters to non-uniform user traffic that subsequently enables
OPEX reduction by as much as 30% [7], ii) user-centric RRH
clustering reduces the number of nearby interfering RRHs
and eliminates cell-edge coverage issues, hence improving
the overall user experience regardless of user location and
movement [8]. The game theoretic self-organizing (GT-SON)
engine in fig.1 enables dynamic adaptation of RCLR in order
to either enhance the overall system throughput or the energy
efficiency (EE). The cluster size selection is dependent upon the

