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Abstract—Network slicing is a key capability of 5G networks 
that facilitates the provision of multi-tenancy by allocating 
different slices to the tenants that share a certain infrastructure 
according to specific Service Level Agreements (SLAs). In this 
context, this paper focuses on radio admission control as the 
function that controls the amount of radio resources assigned to 
the different tenants in a 5G radio access network. Specifically, a 
novel approach is proposed that includes profit-related metrics in 
the decision-making process, accounting for the additional extra 
incomes that can be obtained by sporadically granting additional 
capacity beyond the SLA level and for the penalties incurred due 
to potential SLA breaches. The proposed approach is evaluated 
by means of simulations to assess its benefits in terms of achieved 
profit and throughput.  

Keywords—Multi-tenancy; RAN Slicing; Radio Admission 
Control; 5G New Radio. 

I. INTRODUCTION 

Network slicing is a key capability of 5G systems that 
allows for a single network to simultaneously support a wide 
range of application scenarios (e.g. automotive, utilities, smart 
cities, high-tech manufacturing) and business models that 
exhibit a high variety of requirements on network 
functionalities and expected performance [1]. It allows 
operators to compose and manage multiple dedicated logical 
networks with specific functionality running on top of a 
common infrastructure. Each one of these logical networks is 
referred to as network slice, and can be tailored to provide a 
particular system behaviour to best support specific 
service/applications domains. The realization of a network 
slice requires specific features and resources both in the 5G 
Core network part and in the New Generation Radio Access 
Network (NG-RAN) part, referred to as RAN slice. The 
realization of RAN slices is particularly challenging because it 
has to address how the pool of radio resources available to one 
gNB (i.e., a NG RAN node) can be configured and operated to 
simultaneously deliver multiple and diverse behaviours [2]. 

Network slicing capability facilitates the provision of 
multi-tenant networks in which a tenant (i.e. an organization 
or business entity that provides services to a group of 
subscribers) consumes the network slice services with the 
necessary resources and isolation (with regard to the operation 
of other concurrent slices) to meet the service performance 
requirements agreed between network operator and tenant.  

In a multi-tenant network, the Service Level Agreement 
(SLA) is the contract between the operator acting as 
infrastructure provider and each tenant that guarantees specific 
levels of performance and reliability at certain cost [3]. The 
SLA records a common understanding about the service 
and/or service behavior offered by the infrastructure provider, 
together with the measurable target values characterizing the 
level of the offered service (e.g. aggregated guaranteed bit rate 
that the provider commits to assure to each tenant) as well as 
related cost considerations (e.g. penalties for SLA breaching) 
[4]. SLAs are essential elements to drive the management of 
multi-tenant networks, as it has been considered in the 
literature in different contexts, including mobile networks [5], 
Software as a Service [6] or Database as a Service [7]. 

Consistently with the type of performance guarantees and 
cost considerations established in the SLAs, the network 
should include the appropriate resource management functions 
for configuring and operating the network slice associated 
with each tenant to fulfil the SLA. A particularly challenging 
scenario arises when tenants offer services that require a 
Guaranteed Bit Rate (GBR). In this respect, this paper focuses 
on multi-tenant NG-RAN scenarios where provisions for 
support of this type of services are part of the SLAs. Under 
such scenario, this paper proposes a novel Radio Admission 
Control (RAC) function to control the assignment of radio 
resources for GBR services to the different RAN slices that 
directly includes in the decision-making process profit-related 
metrics as derived from the SLA. In order to efficiently utilise 
the available radio resources and considering that the actual 
traffic demand required by a tenant in a certain area will be 
subject to variations with respect to the SLA, the main novelty 
of the proposed RAC is that it accounts for the additional extra 
incomes that can be obtained by the infrastructure provider 
when sporadically granting additional capacity to a tenant 
above its agreed SLA level and for the penalties incurred due 
to potential SLA breaches.  

Different works in the literature have proposed solutions for 
managing the split of the available radio resources among 
different RAN slices in multi-tenant contexts. This split can be 
performed at different levels with the support of different 
Radio Resource Management (RRM) functions [8]. While most 
of the works have focused on the Packet Scheduling (PS) 
problem to determine the amount of resources available to each 
RAN slice [9]-[12], some works have also considered RAC for 
RAN slicing. In [13] a multi-tenant admission control for 
cellular networks was proposed while in [14] the Network 
Virtualisation Substrate concept of [11][12] was used in 
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conjunction with a tenant-specific admission control. Similarly, 
[15] proposed a joint admission control and network slicing 
approach through a heuristic algorithm that integrates spectrum 
allocation, admission control and spatial multiplexing. In turn, 
the 5G Network Slice Broker of [5] was further developed in 
[16] incorporating traffic forecasting and admission control for 
slice instantiation requests. Nevertheless, none of these 
previous references incorporates business-related 
considerations in the RAN slicing process, which constitutes 
the main novelty of the approach presented here. 

The rest of the paper is organized as follows. Section II 
presents the considered system model and defines the business 
model-related metrics. The proposed RAC algorithm is 
presented in Section III. Then, the proposed approach is 
evaluated through system-level simulations in Section IV. 
Finally, conclusions are outlined in Section V.         

II. SYSTEM AND BUSINESS MODEL 

Let us assume a 5G NR cell with a total of N Physical 
Resource Blocks (PRB), each one with bandwidth B that 
depends on the considered 5G NR numerology (see [17] for 
details). The cell is operated by an infrastructure provider that 
configures it to serve Q different slices. Each slice is associated 
with a different tenant and, therefore, the terms slice and tenant 
will be used interchangeably throughout this paper. 

It is assumed that tenant q provides a total of Sq GBR 
services numbered as s=1,..,Sq through its associated slice. 
Therefore, following the Quality of Service (QoS) model of 
[1], the requirements of service s of tenant q are specified in 
terms of the Guaranteed Flow Bit Rate (GFBR) to be provided 
to the QoS flows of this service, denoted as GFBRq,s.  

The SLA between the infrastructure provider and each 
tenant is assumed to follow a mixed flat-rate and pay-per-use 
model in which the infrastructure provider gets a flat rate cost 
from tenant q for ensuring a contractual aggregate GFBR, 
denoted as SLAq, to be guaranteed for the aggregate of all QoS 
flows of the tenant in the cell. In addition, the pay-per-use 
component of this model assumes a number of extra incomes 
or penalties for the infrastructure provider when there is traffic 
that exceeds the contractual aggregate or when SLA breaches 
occur, as specified in the following:   

• The infrastructure provider gets extra incomes if, 
sporadically, it can grant excess capacity above the 
guaranteed SLAq value to tenant q. Specifically, each time 
that a new QoS flow establishment request of a tenant is 
admitted and this involves exceeding the value of SLAq for 
that tenant, the infrastructure provider gets an extra income 
of ΔIq,s units (where s is the requested service of tenant q) if 
the QoS level of this flow is successfully provisioned. 

• In case of SLA breaches, the infrastructure provider incurs 
a penalty with the corresponding tenant. This can happen in 
two different situations: 

o Each time that a new QoS flow establishment request is 
rejected for a tenant although the total requested 
capacity of this tenant is below its SLAq, the 
infrastructure provider incurs a penalty of ΔCq,s units 
(where s is the requested service of tenant q). 

o When congestion occurs (i.e. there are not sufficient 
PRBs to ensure the GFBR value of the admitted QoS 
flows), the infrastructure provider incurs a penalty. This 
penalty is ΔDq,s units per each QoS flow of service s of 
tenant q that has not received its GFBR value during at 
least 1% of the QoS flow lifetime. 

At the NG-RAN, each QoS flow is mapped to a Data Radio 
Bearer (DRB) that enables the data transfer through the radio 
interface between the User Equipment (UE) and the gNB 
according to the expected QoS. Without loss of generality, a 
one-to-one mapping between QoS flows and DRBs is assumed 
in this paper.  

Whenever a new GBR QoS flow is established for a given 
service, the RAC function is triggered to determine if the DRB 
associated to this new QoS flow can be admitted or not. In 
general terms, the RAC decision should take into account the 
SLA of the different slices and the number of QoS flows that 
have been already admitted in the cell for each slice. In this 
context, the RAC algorithm proposed in this paper intends to 
maximize the profit of the infrastructure provider as per the 
pay-per-use component of the SLA model explained above. In 
particular, the algorithm considers the average profit P 
obtained by the infrastructure provider during a certain time 
window T as a result of the different extra incomes and 
penalties, which is given by: 
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This expression combines the following measurements 
performed during time window T: xq,s(T) is the number of QoS 
flows of service s and tenant q that have been admitted 
exceeding the SLA of this tenant and whose GFBR has been 
successfully provided. rq,s(T) is the number of QoS flows of 
service s and tenant q that have been rejected although the 
requested capacity of this tenant is below the SLA level. dq,s(T) 
is the number of admitted QoS flows of service s and tenant q 
that have experienced congestion during time window T. It is 
worth mentioning that the profit P in (1) does not consider 
explicitly the incomes from the fixed flat rate cost, since they 
can be regarded as just a constant additional term that will not 
be impacted by the decisions of the RAC. 

III. FORMULATION OF THE PROFIT BASED RADIO ADMISSION 

CONTROL ALGORITHM 

This section presents the proposed RAC algorithm that 
intends to maximize the profit obtained by the infrastructure 
provider. For this purpose, let us assume that, at a certain time, 
there is a new QoS flow establishment request for service s of 
tenant q. At this time, the number of already admitted QoS 
flows in the cell for each service and tenant is given by vector 

( )11,1 1, ,1 ,,..., ,..., ,...,
QS Q Q Sn n n n=x where nq,s is the number of 

admitted QoS flows of service s of tenant q. In turn, the 
aggregate bit rate demand for all the services that have been 
already admitted for tenant q is given by: 

 ( ) , ,
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s

R q n GFBR
=

=x  (2) 

Let us also denote as ( )1,1 , ,,..., 1,...,
Qq s Q Sn n n+ = +x the 



vector with the number of admitted QoS flows in case that the 
RAC admits the new QoS flow of service s of tenant q.  

The RAC decision logic is based on comparing the 
estimated profit variation if the request is accepted, with the 
estimated profit variation if the request is rejected. To this end, 
the following possible situations are analysed: 

Case 1: The new request is SLA compliant (i.e., R(q,x+)≤SLAq) 

In this case, the acceptance of the request would be the 
expected behaviour, although it does not bring any extra 
income, since the total demand of slice q including the new 
request R(q,x+) does not exceed the SLA level. Indeed, if the 
new request is rejected, an SLA breach occurs and the 
infrastructure provider incurs a penalty ΔCq,s and, thus, a profit 
reduction of ΔRr=ΔCq,s. 

 However, there is also a risk of profit reduction in case of 
accepting the new request that has to be necessarily accounted. 
Specifically, in the eventuality that congestion appears after 
accepting the new request, there will be a penalty of ΔDq’s’ for 
each admitted QoS flow of any service s’ and tenant q’. 
Therefore, the estimated profit reduction if the request is 
accepted is given by: 
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where Pcong(x+) is the estimation of the congestion probability 
when the number of admitted QoS flows is x+. The 
computation of the probability is detailed in the Appendix and 
depends on the propagation conditions existing in the cell that 
impact on the spectral efficiency achievable by the different 
UEs that transmit/receive the data of the QoS flows. 

Based on these considerations, the new QoS flow can be 
admitted if the estimated profit reduction under acceptance ΔRa 
is lower or equal than the estimated reduction under rejection 
ΔRr, i.e. if the following condition holds: 
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Case 2: The new request is not SLA compliant (i.e., 
R(q,x+)>SLAq) 

In this case, if the request is accepted, the profit will be 
increased with the extra income ΔIq,s as long as no congestion 
occurs. However, if congestion occurs, the profit will be 
reduced in ΔDq’,s’ for each admitted QoS flow of any service s’ 
of tenant q’. Therefore, the estimated profit increase if the 
request is accepted depends on the congestion probability 
Pcong(x+) as: 
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Instead, if the request is rejected, the profit will not be 
affected because the new request does not fulfil the SLA, so 
ΔPr=0. Correspondingly, the new QoS flow can be admitted if 
ΔPa>ΔPr, i.e. if the following condition holds: 
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Based on the above considerations, Fig. 1 presents the flow 

diagram of the overall RAC process.  
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Fig. 1 Flow diagram of the Radio Admission Control process 

IV. PERFORMANCE EVALUATION 

A. Scenario description 

The performance of the proposed approach has been 
evaluated in a scenario composed by one gNB with one 
omnidirectional cell that includes N=51 PRBs with bandwidth 
B=360 kHz, which corresponds to a subcarrier spacing Δf=30 
kHz according to the numerologies defined in [17]. Table I 
summarizes the considered simulation parameters. 

TABLE I.  SIMULATION PARAMETERS

Parameter Value 
Cell radius 115m 

Path loss and shadowing model Urban micro-cell model with 
hexagonal layout (see details in [18]) 

Shadowing standard deviation 3 dB in Line Of Sight (LOS) and 4 dB 
in Non Line Of Sight (NLOS)  [18] 

Base station antenna gain 5 dB 
Frequency 3.6 GHz 
Transmitted power per PRB 24 dBm 
Number of PRBs (N) 51 
UE noise figure 9 dB 
Link-level model to map 
Signal to Interference and 
Noise Ratio and bit rate 

Model in section A.1 of [19] with 
maximum spectral efficiency 8.8 
b/s/Hz. 

Session generation rate (λq,s) 
λ1,1: from 8.33·10-4  to 0.1 sessions/s 
λ2,1: from 4.17·10-3  to 0.5 sessions/s 

Average session duration (Tq,s) 120 s 
Offered load per tenant 
(λq,s·GFBRq,s·Tq,s) 

From 1 Mb/s to 120 Mb/s 

Simulation duration (T) 100000 s 

The cell has been configured to support Q=2 tenants each 
one associated with a different slice. Tenant q=1, denoted as 
T1, provides a service of high definition video to its subscribers 
with GFBR1,1= 10 Mb/s. In turn, tenant q=2, denoted as T2, 
provides a video service of standard quality with GFBR2,1= 2 
Mb/s. The SLAs are established in terms of an aggregate bit 
rate SLA1=60 Mb/s for tenant 1 and SLA2=40 Mb/s for tenant 2. 
These values are defined under the consideration that, based on 
the characteristics of the scenario, the planned average capacity 
of the cell is estimated to be around C=100 Mb/s. It is assumed 
that the sessions of both services are generated following a 
Poisson distribution process with exponentially distributed 
session duration and that each session involves one QoS flow. 
As indicated in Table I, the value of the session generation rate 
is varied in different simulations to consider different offered 



load levels. Only traffic in the downlink direction is 
considered. 

The profit is measured assuming the extra income of ΔIq,s is 
proportional to the guaranteed bit rate GFBRq,s and the average 
session duration Tq,s of the service with an income of 0.1 units/s 
per guaranteed Mb/s. Correspondingly, ΔIq,s=0.1·GFBRq,s·Tq,s, 
which yields ΔI1,1=120 units and ΔI2,1=24 units. The values of 
ΔCq,s and ΔDq,s are varied to consider different types of SLAs. 

B. Assessment in terms of profit and throughput 

 Fig. 2 plots the 3D representation of the obtained profit 
with the proposed RAC approach as a function of the offered 
load of each tenant. The profit result is averaged along the 
whole simulation time and measured in profit units per second. 
Fig. 2 includes three different configurations of the ΔCq,s and 
ΔDq,s values representing different parametrisations of the 
SLA. Fig. 2a represents the case ΔCq,s=ΔDq,s=10 units, in 
which the SLA establishes a lower value of the penalties than 
the extra incomes, ΔIq,s. In turn, Fig. 2b considers the case in 
which the penalties ΔCq,s=ΔDq,s=100 units are similar to the 
extra income. Finally, Fig. 2c assumes ΔCq,s=ΔDq,s=200 units, 
where the penalties are higher than the extra incomes. 

It is observed in Fig. 2 that, when the offered load of both 
tenants is much lower than their contractual aggregate bit rates 
(SLA1=60 Mb/s and SLA2=40 Mb/s respectively), the profit is 
close to 0 in all the three configurations. Then, focusing on the 
configuration of Fig. 2a, it is observed that, as the load 
increases up to the contractual aggregates and beyond, there is 
an increasing trend of the profit. This increasing trend is more 

noticeable for the cases when the offered load of one tenant is 
much lower than its contractual agreement SLAq value while at 
the same time the offered load of the other tenant is higher than 
SLAq. For example, when the offered load of T1 is 20 Mb/s (i.e. 
one third of its SLA) and that of T2 is 80 Mb/s (i.e. twice its 
SLA) the obtained profit is about 7.5 units/s, and it increases 
further when the unbalance between offered load and SLA is 
higher, e.g. up to 10 units/s for an offered load of 1 Mb/s for T1 
and 120 Mb/s for T2. This last effect is also observed in the 
configurations of Figs. 2b and 2c, where it can be clearly seen 
that the highest profits are achieved for a high offered load of 
one tenant and a low offered load of the other tenant. However, 
as a difference from Fig. 2a, in both figures Fig. 2b and 2c it is 
also noticed that, when the load of both tenants increases 
beyond their SLAq values the profit starts to exhibit a 
decreasing trend due to the higher penalties in case of SLA 
breaches. These higher penalties make, on the one hand, that 
the admittance of requests above the SLAq value becomes less 
beneficial from the infrastructure provider’s perspective and, 
on the other hand, that the profit experiences higher reductions 
in case of SLA breaches. As a result of this decreasing trend, 
the profit in Fig. 2b ranges from -0.8 units/s when the offered 
load of both tenants is 120 Mb/s up to 10 units/s when the 
offered loads of T1 and T2 are 1 Mb/s and 120 Mb/s, 
respectively. In turn, due to the higher penalty of Fig. 2c the 
profit ranges in this case from -7.2 up to 9.8 units/s.  

Fig. 3 depicts the total throughput in the cell as a function 
of the offered load of each tenant and considering the same 
three configurations as in Fig. 2. It is observed that the 
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Fig. 2 Average profit for different values of the penalties in the SLA (a) ΔCq,s=ΔDq,s=10, (b) ΔCq,s=ΔDq,s=100, (c)  ΔCq,s=ΔDq,s=200
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Fig. 3 Total throughput for different values of the penalties in the SLA (a) ΔCq,s=ΔDq,s=10, (b) ΔCq,s=ΔDq,s=100, (c)  ΔCq,s=ΔDq,s=200
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throughput increases with the offered load of the two tenants 
and it tends to stabilize at the value of about 100 Mb/s in 
accordance with the planned capacity of the cell. It is also 
remarkable that, when the offered load of one tenants is below 
its SLAq value and the offered load of the other tenant is above 
its SLAq the cell is also able to reach a throughput very close to 
the planned capacity of 100 Mb/s, reflecting that the proposed 
profit-based RAC allows giving to the high demanding tenant 
the unused capacity of the other tenant. This trend is more 
noticeable for the configurations of Fig. 3a and Fig. 3b, in 
which the penalty values are lower, than for the configuration 
in Fig. 3c. Overall, Figs. 2 and 3 reflect that the proposed RAC 
approach can achieve a good utilization of the available 
resources while at the same time providing some additional 
profit to the infrastructure provider.  

C. Comparison against reference strategies 

To further assess the behaviour of the proposed profit-based 
RAC, a comparison is performed against the two reference 
RAC strategies described in the following: 

• Reference #1: This RAC strategy decides on the admission 
or rejection of a new QoS flow of the q-th tenant based on 
the agreed SLAq of this tenant and considers a strict slicing 
mechanism that does not allow deviations exceeding this 
value. Therefore, a new QoS flow of the s-th service of the 
q-th tenant is admitted if condition R(q,x)+GFBRq,s≤SLAq is 
fulfilled. Otherwise, the QoS flow is rejected. 

• Reference #2: This strategy considers a non slice-aware 
RAC that makes decisions based only on the planned 
capacity C of the cell. Then, a new QoS flow of the s-th 
service of the q-th tenant is admitted if the following 
condition is fulfilled:  

 ( ) ,
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Q

q s
q

R q GFBR C
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Fig. 4 depicts the total aggregate throughput in the cell as a 
function of the offered load of each tenant for the two reference 
strategies #1 (Fig. 4a) and #2 (Fig. 4b). For the reference 
strategy #1 it is observed in Fig. 4 that, when the load of one of 
the tenants is low, the total obtained throughput exhibits 
substantially lower values than the profit-based strategy (see 
Fig. 3). The reason is that reference strategy 1 does not allow 
the unused capacity left by one tenant to be exploited by the 
other tenant, thus resulting in worse resource utilization. This 
effect is somehow compensated by reference strategy #2 (see 
Fig. 4b), which allows increasing the throughput in the regions 
where the offered load of one tenant is low. However, by 
comparing Fig. 4b with Fig. 3 it is also observed that the profit-
based approach allows achieving a slightly higher throughput 
than the reference strategy #2. The reason in this case is that 
the profit-based approach does not consider the planned 
capacity as a strict limit in the admission but, instead, it 
considers a more flexible approach based on estimating the 
actual congestion probability of the cell. 

To better quantify the throughput improvements achieved 
by the proposed approach, Figs. 5 and 6 compare the obtained 
throughput with the reference strategies and with the profit-
based approach configured with ΔCq,s=ΔDq,s=100 as a function 
of the offered load of T1. The offered load of T2 is 20 Mb/s in 
Fig. 5, i.e. below the SLA2 value, and 80 Mb/s in Fig. 6, i.e. 

above the SLA2 value. It is observed in Fig. 5 that, for low 
loads of T1, and given that the load of T2 is also low, the total 
throughput is similar in all the cases. However, when the 
offered load of T1 increases beyond the SLA1 value of 60 Mb/s, 
the throughput obtained by the profit-based approach becomes 
higher than the throughput achieved by the other techniques. 
Specifically, there is an increase of about 28% with respect to 
reference 1 and about 8% with respect to reference 2. 
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Fig. 4 Total throughput obtained with the reference RAC strategies (a) 
Reference 1, (b) Reference 2. 
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Fig. 5 Comparison in terms of total throughput achieved by the different 
strategies in the case that the offered load of T2 is 20 Mb/s. 
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Fig. 6 Comparison in terms of total throughput achieved by the different 
strategies in the case that the offered load of T2 is 80 Mb/s. 

The behaviour in Fig. 6 is similar than that of Fig. 5, with 
the exception that, for low loads of T1, the throughput of both 
the profit-based and the reference 2 technique exhibit almost 
twice the throughput of reference 1. This is due to the fact that 
reference 1 technique does not allow that T2 uses the capacity 
left by T1. In turn, for high loads of T1 the throughput obtained 
by the profit-based approach is about 10% and 7.5% higher 
than that of references 1 and 2, respectively.  

V. CONCLUSIONS 

This paper has proposed a flexible RAC algorithm to 
handle GBR traffic demands in multi-tenant radio access 
networks according to profit-related metrics directly derived 
from the SLA provisions. Remarkably, the decision-making 
accounts for the additional extra incomes that can be obtained 



by the infrastructure provider when sporadically granting 
additional capacity to a tenant above its agreed SLA level and 
for the penalties incurred due to potential SLA breaches. Based 
on this, the admission control conditions have been formulated 
considering the estimated profit variations associated to the 
acceptance or rejection of a new QoS flow.  

The algorithm has been evaluated by means of simulations, 
revealing the potential profit improvements that can be 
obtained through the proposed approach depending on the 
existing traffic mixes and the values of extra income and 
penalty terms that define the profit function. Specifically, 
results in a scenario with two tenants have shown that the profit 
is about 7.5 units/s for traffic mixes in which the offered load 
of one tenant is one third of its SLA while the offered load of 
the other tenant is twice its SLA, increasing this level to about 
10 units/s when the unbalance between offered load and SLA 
becomes higher. In turn, when the penalty costs due to SLA 
breaches increase, the profit is reduced, being this particularly 
relevant for traffic mixes in which the offered load of both 
tenants is much higher than their SLAs. Besides, results have 
also revealed the throughput improvements that can be 
obtained with respect to two reference strategies.  

Based on the considered developments in this paper, future 
work includes the optimisation of the decision making process 
exploiting analytical methods. 

APPENDIX: ESTIMATION OF THE CONGESTION PROBABILITY 

Congestion will occur whenever the number of required 
PRBs to satisfy the GFBR requirements of the all admitted 
GBR QoS flows, denoted as KTOT, is higher than the number of 
available PRBs in the cell N. This can occur stochastically 
depending on the variations in the propagation conditions 
associated to the positions of the different UEs and the 
presence of shadowing losses. These effects will impact on the 
spectral efficiency achieved by each UE and therefore on the 
number of required PRBs.  

Specifically, the number of required PRBs by one QoS 
flow with requirement GFBR is K=GFBR/R where R is the bit 
rate per PRB, related with the actual spectral efficiency S as 
R=S·B, and it is a random variable that depends on the 
propagation conditions experienced by the UE of the QoS flow. 
Then, the proposed methodology considers that, based on 
measurements collected from the different UEs, e.g. in terms of 
the wideband Channel Quality Indicator (CQI) distribution 
[20], it is possible to derive the probability density function 
(pdf) of the random variable Y=1/R, denoted as fY(y). 
Correspondingly, the pdf of the number of required PRBs K by 
one QoS flow with GFBR is: 

 ( ) 1
K Y

k
f k f

GFBR GFBR
 =  
 

 (8) 

Then, assuming that, at a certain time, the number of 
admitted QoS flows of each service is vector 

( )11,1 1, ,1 ,,..., ,..., ,...,
QS Q Q Sn n n n=x and that each QoS flow 

experiences independent propagation conditions, the aggregate 
number of required PRBs by all the QoS flows, KTOT, is another 
random variable whose pdf is obtained by the convolution of 
(8) as many times as the number of QoS flows:  
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The congestion probability is thus given by: 

 ( ) ( ) ( )Pr
TOTcong TOT KN

P K N f k dk
∞

= > =  xx x  (10) 
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