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Abstract—Existing mobile communication systems are unable
to support ultra high system capacity and high reliability for
the edge users of future 6G systems, which are envisioned to
guarantee the desired quality of experience. Recently, cell-less
radio access networks (RAN) are exploited to boost the system
capacity. Therefore, in this letter we propose a cell-less net-
working approach with an efficient radio resource optimization
mechanism to improve the system capacity of the future 6G
networks. The simulation results illustrate that the proposed
cell-less NG-RAN design provides significant system capacity
improvement over the legacy cellular solutions.

Index Terms—Next-generation radio access network, Cell-less
networking approach, System capacity, Legacy cellular network,
Radio resource management.

I. INTRODUCTION

UTURE networks are heading towards an increasingly

digitized world, where many services will be based on
unlimited connectivity [1]. With an incredible surge of mobile
traffic massive requirements of capacity and stringent quality
of services (QoS) are needed [2], [3]. 6G networks are envi-
sioned to satisfy demanding services. The transition from the
5G requires efficient approaches in the network design that are
able to achieve the required key performance indicators (KPIs)
[4]. These could be managed by a number of technological
features e.g., wider bandwidth, new radio interfaces, antenna
configuration, and different levels of network densification.
The concept of cell-less refers to the network where users can
dynamically communicate with one or any required number
of access points (APs) if necessary. It has been proposed
to overcome the major limitations of cellular networks, e.g.,
network convergence, load balancing, frequent handover, and
interference through the horizontal convergence in celled ar-
chitectures of APs [5]-[7].

In a conventional cellular network architecture, the radio
unit (RU) from a specific service provider is allocating re-
sources by assuming only the local knowledge of the radio
environment and underpinning its users. The internal com-
petition for the resources (i.e., between the RUs from the
same operator) causes the RUs to assign resources in a non-
optimal way. This “competition” is the consequence of the
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cellular network architecture which needs to be shifted towards
the cell-less architecture for the next generation radio access
networks (NG-RAN) of 6G networks. The cell-less concept
can help the network to meet the requirements of 6G use-cases
in several ways, including enhanced capacity, efficient resource
allocation, improved security, etc. These are essential for 6G
use cases requiring high data rates and those where a large
number of devices are connected simultaneously, like smart
cities and industrial automation. The concept of “small-cells”
that have been largely discussed for 4G/5G networks [8], [9] is
now evolving towards networks with many small RUs. For the
cellular network architecture, OFDMA-based mobile wireless
networks have generally studied the user association, phys-
ical resource block allocation, power allocation, sub-carrier
assignment problems either separately or jointly, to maxi-
mize the data rate, throughput, sum rate, spectral efficiency,
and achievable data load of the networks [10]-[13]. These
reference schemes considered resource allocation strategies
for the cellular network architecture without exchanging any
information amongst the users and the RUs of the networks.

However, the inter-cell interference (ICI) effect on the cel-
lular network design can significantly degrade the capacity of
the networks if the interference of the underlying RAN is not
efficiently managed by the scheduler at the RUs. In the cell-
less architecture, the ICI effect of the RAN can be eliminated
through either cooperative scheduling and efficient resource
allocation or joint transmission techniques. By managing the
interference, the system capacity of the networks could be
significantly improved. Several research works have already
proved that the cell-less solution may improve the system
capacity of the networks by simultaneously serving users by
a number of RUs. The work in [14] focuses on maximizing
the weighted sum rate through efficient resource allocation in
multi user cell-less multiple input multiple output (MIMO).
Recently, resource management has made a significant con-
tribution in performance of cell-less networks. However, the
deployment of any practical cell-less scheme needs to consider
the finite capacity of individual RUs. On the other hand, a user-
centric approach can outperform a general cell-free network
where users are served by all RUs [15].

In summary, the main limitations of so-far reviewed works
are as follows: most of them do not specifically address the
impact of efficient resource allocation itself in the baseline
cell-less network compared to the legacy cellular network.
In addition, the effect of user density and environment in
cell-less networks is ignored. Hence, most of them are not
ensuring the applicability of the proposed schemes in different



scales of network size. In this work we propose a cell-less
networking approach along with a radio resource management
(RRM) algorithm that can significantly improve the system
capacity performance over legacy schedulers. The resource
allocation for an UE is performed based on the consideration
of available resources from all other neighboring RUs. The
main contribution of the letter can be listed as follows:

« We propose a cell-less RAN design and an efficient RRM
algorithm for future 6G networks to improve the system
capacity performance.

o We validate the approach of cell-less RAN by considering
the mitigation of the network level interference intro-
duced through the utilization of the same resources of
the underlying RUs.

« We highlight potential benefits of the proposed approach
and its RRM strategies over the legacy cellular RAN
approach where the scheduling algorithm considers the
strongest link for the RU-UE association.

o We also analyze the effect of user density of our proposed
algorithm and compare the performance with legacy sys-
tems in terms of system capacity performance enhance-
ment for a different scale of network setup in several
deployment environments.

II. SYSTEM MODEL AND PROBLEM STATEMENT

We consider a system model that consists of set of RUs de-
finedas, M = {1,...,M}andasetof UEs K = {1,..., K},
respectively, where M and K are the total number of RUs
and single-antenna UEs in the network, accordingly. The Open
RAN architecture - having disaggregated RU, centralized unit
(CU), distributed unit (DU) - is considered. The central RAN
intelligent controller (RIC) is supporting the coordination
of RAN (through our proposed RRM application) and the
network information exchanging and storage.We assume an or-
thogonal frequency division multiple access (OFDMA) based
cell-less networking approach where all the RUs will utilize
the full amount of resources, i.e., the bandwidth available for
the network. N = {1, ..., N} is the set of RBs, where the
assigned RB n to k-th UE is denoted by indicator by, ,, and will
be equal to by ,, = 1 if being allocated, otherwise by, ,, = 0. X
includes binary indicators of any by ,,, for Vk € I, Vn € N.
In the considered cell-less network model, each resource block
(RB) is 180 KHz wide in frequency and one time slot long
for 0.5 millisecond (msec). Moreover, each time slot will be
carrying 7 OFDM symbols and at the frequency domain it will
utilize 12 sub-carriers with 15 KHz subcarrier spacing.

The resources are allocated in a cell-less way which will
be further explained in the next section. Let us assume 7,27 kon
is the signal to interference plus noise ratio (SINR) of user k£
associated to RU m on RB n, which is defined as
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where yi ., = 1 indicates user k associated with RU m,
otherwise Y ,» = 0. X, includes binary indicators of any
Yk,m, for VE € K, Ym € M. hp, . is the channel gain
from RU m to user £ on RB n including the path loss and
shadowing effects, P, ,, is the transmission power of RU m
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on RB n, and o2 is the additive white Gaussian noise power
at each receiver.

The cell-less-enabled RAN controller operates the RRM
application to manage and enhance RAN performance. The
proposed cell-less networking approach would dynamically
adapt to the network condition by targeting the system capacity
optimization as an objective function. The achievable through-
put obtained through Shannon formula ! for a particular RU
m in downlink transmission for user k over RB n is

yk,umm, hm,,k,n|2 > (2)
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The system capacity can be calculated as the aggregation
of all active RUs throughput. Then we propose the following
as

Optimization problem:
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The constraints C1, C2, and C3 indicate the user k will
associate with a particular RU m, allocate with RB n, and
guarantee minimum rate requirements of the users, respec-
tively.

III. PROPOSED RRM SCHEME WITH CELL-LESS RAN

We consider the system capacity optimization problem (OP)
as shown in eq. (3) within the proposed cell-less architec-
ture. To improve the overall system capacity performance,
we need to manage and reuse the entire network resources
while satisfying the minimum quality-of-service (QoS) of the
users. Therefore, the proposed cell-less RRM application will
be avoiding the user service dropping along with enhancing
the system level KPI. The proposed cell-less approach of
networking has an opportunity to access the entire available
resources by users. Moreover, the cell-less RRM application
mitigates the available interference in a cooperative manner
(i.e., considering a set of RU’s conditions and constraints) to
maximize the system capacity of the networks.

In this letter, a network-wide view point of optimizing the
system capacity is realized and we consider the inter RUs
interference due to reuse of the resources within different RUs
in the proposed design. Therefore, we divide the solutions
for the inter RU interference management into two categories.
In the first category, the solution is transmission cooperation
by the interfering RUs while considering joint transmission
as used for cell-free massive MIMO networks in [16] to

'Any other mapping between SINR and throughput can be used as well.
We take this for simplicity.
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Fig. 1: System model with RRM application within cell-less
RAN architecture.

maximize per user spectral efficiency. In the second category,
the solution instead mainly focuses on managing the resources
efficiently. As it is presented in Fig. 1, the system capacity
improvement application would behave based on the resource
allocation opportunities.
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Fig. 2: Flowchart of the modified genetic algorithm (MGA)
for cell-less RRM application.

In the proposed scheme, the connected users will peri-
odically send their channel information feedback. The cor-
responding RUs that receive the feedback from the users
would send a query to the cell-less RAN controller carrying
the available information of the channel condition, e.g., the
reference signal received power (RSRP) of the serving users.
Considering the channel conditions of the underlying RAN
along with the inter RU interference, i.e., the co-channel
interference (CCI), the cell-less RRM application will target
the system capacity KPI. To enhance the system capacity,
the cell-less RRM application would rearrange the resource
allocation through mitigating the CCIL.

The OP in eq. (3) is comprised of RB allocation and user

association which is a non-convex problem. Due to the non-
convex behavior, it is difficult to solve it by traditional convex
optimization algorithm unless the problem is transformed into
a convex problem. As is known, the genetic algorithm (GA)
is a technique that can obtain near-optimal solutions in a
relatively low computation complexity (in the worst case it
is of O(|K||N| NyNx), where N, and Nx indicate number
of generations in GA and number of individuals (i.e., set of
matrix X) per generation, respectively.), while it does not
require the OP to be convex [17]. Hence, we consider the
modified genetic algorithm (MGA) to solve the OP in (3). In
the MGA, the cost function of the OP will be used as the
fitness function to evaluate the solution of allocated resources.
Therefore, the Matrix X of the proposed MGA can be defined
as

X = {Xy , Xb}7 7

where X, and X} are as follows
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A particular matrix X represents a solution for the cell-
less RRM application, where a larger corresponding fitness
function reflects a better solution. A set of solutions will
be initialized through the UE-RU association based on the
strongest links (with the maximum RSRP) and Round Robin
process for UE-RB allocation. Depending on their fitness
functions, some of the solutions will be going through a
four-step MGA process (i.e, selection, crossover, mutation
and modification) to create a next evolved generation of
solutions [18]. The generations will be evolved through re-
arrangement of allocated resources (represented by by, and
Yk, m indicators) to reach the optimized solution for matrix X.
The example flowchart of the implemented MGA is presented
in Fig. 2. Through the interference awareness of the entire cell-
less network, the resource allocation would be dynamically
rearranged. This allocation process would improve the system
capacity and evolve the entire network allocation efficiency,
with a full central information awareness rather than facing
performance degradation due to allocation competition. The
entire competition between users on the allocated bandwidth
would be taken as an opportunity by the proposed cell-less
RRM application to optimize the system capacity. The more
competition, the more space for efficient resource allocation,
and so the more gain for system capacity.

IV. SIMULATION RESULTS AND PERFORMANCE ANALYSIS

Without loss of generality, in our illustrative example,
different scales of the network setups are deployed in dense
urban Micro and indoor environments. The dense urban Micro
environment is configured with a hexagonal topology with 200
m inter-RU distance, 33 dBm maximum transmit power and



0.9[ mii
0.8 iyt
07 i

06Fni

0.4

4RUs, 9UEs
4RUs, 30UEs
4RUs, 90UEs
8RUS, 24UEs
-------- 8RUS, 80UEs
-------- 8RUS, 240UEs
= = = 24RUs, 69UEs
~ = = 24RUs, 230UEs
— — — 24RUs, 690UEs

100 150 200 250 300
System capacity improvement [%]

0.3

0.2

(a) Indoor environment

EN
UE No.~=RU No. x10

UE No.~=RU No. x3x10

04 I
: — = = 24RUs, BIOUES
— = = 24RUs, 230UEs
24RUs, 69UEs
8RUSs, 240UEs
8RUs, 80UES
-------- 8RUs, 24UEs
3RUs, 90UEs
3RUS, 30UEs
3RUs, 9UEs

0 20 40 60 80 100 120 140 160 180
System capacity improvement [%]

031

021

.~=RU No. x3

01

(b) Outdoor environment

Fig. 3: CDF of system capacity improvement.

15 m height for each RU. The indoor environment is formed
with a rectangular topology with 20 m inter-RU distance, with
24 dBm maximum transmit power and 3 m height for each
RU. Moreover, different numbers of RUs are configured in
simulations. A 20 MHz channel bandwidth including 100 RBs
is considered. The rest of the parameters which are used in
this work including channel models are configured aligned
with ITU-R recommendation [19].

A. Analysis of System Capacity Performance

In order to analyze the network performance for differ-
ent user densities, we consider different number of user
configurations, guaranteeing 1 Mbps for each user as the
minimum required throughput. The cumulative distribution
function (CDF) of the system capacity improvement (i.e.,
((Reelless — R—legacy) / Riegacy) % 100, where Ry is the system
capacity of network x (x = {cell-less, legacy}) that can be ob-
tained from eq. (2).) due to the proposed cell-less RAN design
over legacy cellular RAN for indoor and outdoor environments
is illustrated in Fig. 3a and Fig. 3b. The results indicate
that the cell-less networking approach with our proposed
RRM algorithm shows higher system capacity performance
over legacy cellular networks for different network setups in
several simulated environments from [19]. This is because
during the resource allocation phase, the proposed approach
considers the status of all available resources of the underlying
RAN. In contrast, the legacy cellular RAN allocates resources
competitively in a Round Robin manner (in line with the
random RB mutation in MGA) from the RUs providing the
highest RSRP. Due to such competitive allocation the users
are receiving more interference from the neighboring cell and
experience a degraded performance.

It can be observed through simulations that scaling the
number of RUs is impacting the performance of the network
because of users competing in terms of accessing the resources
from the RUs.

B. Performance Behaviour Insight

Based on RB level analysis, which is the reflection of chan-
nel fading conditions, and RU level analysis, which conveys

the level of competition for users, we could analyze the cell-
less network performance gain behavior as follows.

RU level performance analysis: The notable fact is that all
the users are competing to access the resources providing good
channel conditions. The more competition for resources with
higher gain will create the more space to allocate resources
efficiently in order to achieve more network capacity. There-
fore, in general, the more RUs will cause increased resource
reuse possibility. However, this would cause inter RUs user
competition to happen in less share of the entire RUs. Thus, a
lower capacity gain could be obtained as the result of efficient
resource allocation.

RB level performance analysis: In order to analyze the
RB (channel fading) level, we will categorize the RU level
in two categories. The scales with low number of RUs will
provide higher resource reusing efficiency per RU. The more
time-frequency varying channel (i.e., outdoor environment)
will eliminate the more need of competition on high gain
resources. Therefore, significantly it will avoid the gain of
efficient resource allocation from taking competition as an
opportunity. While in the setups with higher number of RUs,
as the resource reusing efficiency per RU is already low,
so there will be no much difference between the frequency
selective fading channels (coherence bandwidth of the channel
is smaller than the bandwidth of the signal) and flat fading
channels (coherence bandwidth of the channel is larger than
the bandwidth of the signal).

UE level performance analysis: At the end, moving toward
the user level performance comparison, we will create two cat-
egories of channel fading in RB level. In the flat fading channel
conditions, particularly, for the indoor environments with less
time-frequency varying channel, there will be more resources
providing good channel conditions. In such cases, there might
not be too much benefit from user competitions in resource
allocations. However, the higher performance gain could be
obtained through competition for accessing a major number of
these resources. Consequently, more resources being allocated
per user, which means the lower number of users could be
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associated per RU, will provide more impact of benefiting by
using the efficient resource allocation. Therefore, the higher
achievable capacity gain will be provided. In the case of
frequency selective channels, for outdoor environments, as
there are lower numbers of radio resources providing good
channel conditions within the entire bandwidth, the behavior
would be opposite. The more number of the users will give the
more opportunity for allocation of resources providing good
channel conditions. Therefore, more users could benefit from
efficient resource allocation for frequency selective fading
environments. As a result, the higher system capacity gain
would be achieved from the cell-less network serving more
number of users.

The summary of the performance behavior insight is shown
in Fig. 4. Understanding this behavior which is proved in
Fig. 3a and Fig. 3b, makes the implementation strategy for
the cell-less network clear. It is observed from the outdoor
environment in Fig. 3b that the more number of users per RU
would let the system achieve higher system capacity due to
the higher gain through the resource allocation algorithm at
the cell-less RAN controller. As can be seen from the Fig. 3b,
there is an optimal number of served users per RU which in
our setup is around 10 times the number of RUs at around
more than 80% of simulations. Therefore, increasing the ratio
of number of serving users to RU more than such optimal scale
will lower the per-user performance gain. It is due to the fact
that each user would not have sufficient resources for effective
gain from competition to improve the system capacity. In
these special circumstances, we can only satisfy allocating a
number of resources for minimum throughput requirements of
the user. However, from the indoor environment simulation
in Fig. 3a, it is observed that the lower user density setup
provides more gain in system capacity considering the effect
of channel fading.

V. CONCLUSION

In this letter, we propose a cell-less networking approach for
capacity improvement of NG-RAN in future 6G networks. We
highlight the potential benefits of our proposed design through
several numerical simulations. The simulation results clearly
indicate that we are achieving significant system capacity
performance improvement by shifting legacy cellular RAN
design paradigm towards the proposed cell-less RAN design.

In this work, we only investigate the behavior of our proposed
cell-less RAN design to maximize the system capacity of the
networks. Future work will investigate the behavior of cell-
less networking approaches to optimize the above-mentioned
KPIs such as e.g., energy efficiency, reliability, and latency.
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