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Abstract— With the advent of increase in demand for best Quality of Services (QoS) in the field of telecommunication, 
especially with the oncoming trend of connected devices in Internet of Things (IoT) world and heavy data traffic with 5G 
mobile communications, operators are forced to deal with a big task of maintaining QoS for their subscribers. Hence there is 
a compelling need to bring in more sophisticated approaches toward satisfying end-users. More importantly, when it comes 
to influencers, operators nowadays are progressively focusing on providing guaranteed QoS for a segment of high-valued 
customers. Yet with the current mode of architecture pertaining to Operational and Business Support Solutions (OSS/BSS) 
infrastructure, there is a necessity to bring in an innovative approach to solve this problem. In case of simply scaling up their 
network components, their operational expenses are expected to shoot through the roof. In this paper, a novel approach is 
proposed to address this problem by incorporating a new network element into the existing architecture in combination with 
machine learning techniques; that would continually monitor the behavioral pattern of interested parties (influencers in this 
case). Using the learned methodology, the immediate serving element shall be asked to cater asynchronously in providing 
the end-users with state-of-the-art QoS (by decoupling charging interrogations toward BSS) and optimizing signaling costs 
incurred between network elements at an operator’s infrastructure in parallel. 
 
Index Terms— Guaranteed QoS, Signaling efficiency, Communication Optimizer, Machine Learning. 
 
I. INTRODUCTION 
Optimization problems occur in a variety of areas 
concerning with telecommunications. Some problems 
have become classical examples of application for 
techniques in operations research. Other opportunities 
for applications in telecommunications arise 
frequently, given the dynamic nature of the field. 
[1]In this paper, problems with relevance to 
communication optimization, involving reduction in 
signaling costs between various network elements 
present in an operator’s infrastructure are discussed, 
with emphasis for guaranteed QoS to high-value 
customers. 
Ubiquitous communication, where mobile users move 
freely almost anywhere and communicate with 
anyone, anytime with any device using the best 
service available demands a rapid progress in 
telecommunication 
technologies. Statistics across the globe suggest that 
the trend is expected to follow exponentially with a 
large number of connected devices owing to the 
boom in IoT sector. Hence the systems in OSS/BSS 
must work seamlessly across customer, device, and 
product and production lifecycles. They must work 
together to become predictive and even preemptive in 
delivering offers to customers when they want them 
and how they want them. They must easily and 
efficiently provide access to all data across the digital 
enterprise, in real time, and to all parties inside and 
out. 
 
II. WHY QOS IS SO IMPORTANT? 
 
Quality of Service (QoS) in the field of 
telecommunications can be defined as a set of 
specific requirements provided by a network to users, 

which are necessary in order to achieve the required 
functionality of an application (service). 
The users specify their performance requirements in 
form of Quality of Service parameters such as delay 
or packet loss, and the network commits its 
bandwidth, making use of different QoS schemes to 
satisfy the request. Each service model has its own 
QoS parameters. [2] 
The quality of service becomes a key differentiator in 
the business market. Its parameters and measures are 
necessary to provide an indication of how well a 
service or product is, and therefore, be an important 
point when selecting services offered by different 
vendors (or service providers). 
If service features or price are similar, quality 
becomes the differentiator for users, as well as, 
service providers can make use of quality to have an 
image of a “respected” provider. [2]. Challenging 
situations that cause QoS to degrade can be 
summarized as follows: 

1. The first one is congestion, which is caused by 
traffic overflow. 

2. Delays, caused by networking equipment low 
performance in large loads, as well as caused 
by distance or retransmission of lost packets. 

3. Shared communication channels, where 
collision and large delays become common. 

4. Limited bandwidth networks with poor 
capacity management. 

 
III. WHAT’S WITH THE SIGNALING? 
 
There has been increase in concerns with respect to 
the investments involved in provisioning devices and 
components forming the operator's network. 
According to a recent survey, apart from setting up 
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terminal equipment’s and switching, the access 
network and bandwidth constitutes for about one-half 
of the total operator investment costs. Operators are 
striving hard to minimize the cost incurred for the 
same by strategically placing them for efficient and 
optimal usage. In a bounded geographic location, the 
operators usually place a number of network 
resources including but not limited to Charging 
System, access, gateway and other core-network 
components based on a scheme (usually by 
segmenting the subscribers) that aims to minimize the 
bandwidth across them. The long distance services 
including cables, radio-links and transit exchanges 
form an integral part of the operators' operating 
expense. 
It is important to notice that farther the distance 
travelled for every interrogation from the end-users' 
terminal, greater the bandwidth and hence higher the 
operating expense becomes for the operator. It is also 
to be noted that on a worst-case scenario, the latency 
gets piled up at every visiting terminal, ending up 
dissatisfying the subscribers. So the operators are 
looking for a definite need of minimizing the OPEX 
cost and at the same time provide optimal services to 
the subscribers with acceptable latencies. 
 
IV. TECHNOLOGIES 
 
Having discussed about the severity of problem that 
the service providers most likely have to face in near 
future, it is now time to understand the mechanisms 
and related technologies that serves as a skeleton for 
proposed solution. 
 
1. Operational Support Systems (OSS) 
OSS [3] is a layer of computer systems used by 
telecommunications service providers to manage their 
networks (e.g., telephone networks). They support 
management functions such as network inventory, 
service provisioning, network configuration and fault 
management. As the traditional voice telephone 
systems converges with packet-oriented Internet 
traffic (including VoIP), broadband applications such 
as teleconferencing and DSL, more sophisticated 
systems like OSS[4] are needed for activities like 
ordering and tracking network components (including 
IP addresses), usage and traffic patterns. 
 
2. Business Support Systems (BSS) 
BSS [8] is a layer of components that a 
telecommunications service provider (or telco) uses 
to run its business operations towards customers. 
Together with operations support systems (OSS), 
they are used to support various end-to-end 
telecommunication services (e.g., telephone services). 
BSS and OSS have their own data and service 
responsibilities. BSS deals with the taking of orders, 
payment issues, revenues, etc. It further supports 
processes: product management, order management, 
revenue management and customer management. 

3. Radio and Access Network (RAN) 
RAN [6] is part of a mobile telecommunication 
system, implementing radio access technology. 
Conceptually, it resides between devices such as a 
mobile phone, a computer, or any remotely controlled 
machine and provides connection with its Core 
Network (CN). The Radio Network Controller (or 
RNC) is a governing element in the UMTS radio 
access network (UTRAN) and is responsible for 
controlling the Node-Bs that are connected to it. The 
RNC carries out radio resource management, some of 
the mobility management functions and is the point 
where encryption is done before user data is sent to 
and from the mobile. 
Communication Service Providers (CSPs) have a 
choice of multiple RAN [5] equipment vendors who 
address a range of business and operational needs. 
Modern networks have a combination of RAN 
products for many wireless technologies including 
Global System for Mobile Communication (GSM), 
General Packet Radio Service (GPRS), Code 
Division Multiple Access (CDMA), Universal Mobile 
Telecommunication System (UMTS), High Speed 
Packet Access (HSPA) and Long Term Evolution 
(LTE). 
 
4. IP Gateway 
In a mobile network, a major function of the Packet 
Data Network Gateway (P-GW) [7] is to allocate IP 
addresses to the user equipment during default bearer 
setup. The user equipment can still connect to 
multiple packet networks through multiple P-GWs, 
and also to older, non-3GPP-compliant IP networks. 
In the Long Term Evolution (LTE) architecture for 
the Evolved Packet Core (EPC), the P-GW acts as an 
anchor for user plane mobility. User traffic can be 
filtered at the P-GW for quality-of-service (QoS) 
differentiation among multiple packet flows. The P-
GW collects charging information and forwards these 
Charging Data Records (CDRs) for processing. 
 
5. Charging System 
Online charging system (OCS) [9] is a system 
allowing a communications service provider to 
charge their customers, in real time, based on service 
usage. 
Event based charging - Event based charging function 
(EBCF) is used to charge events based on their 
occurrence rather than their duration or volume used 
in the event. Typical events are SMS, MMS, purchase 
of content (application, game, music, video on 
demand, etc.). 
Session based charging - The session based charging 
function (SBCF) is responsible for online charging of 
network / user sessions, e.g. voice calls, IP CAN 
bearers, IP CAN session or IMS sessions. 
Account and balance management - The account 
balance management function (ABMF) is the location 
of the subscriber’s account balance within the OCS. 
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6. Machine Learning Algorithm 
It is a type of artificial intelligence (AI) [10] that 
provides computers with the ability to learn without 
being explicitly programmed. Machine learning 
focuses on the development of computer programs 
that can teach themselves to grow and change when 
exposed to new data. It searches through data to look 
for patterns. Further, it uses that data to detect 
patterns in data and adjust program actions 
accordingly. 
Machine learning algorithms are often categorized as 
being supervised or unsupervised. Supervised 
algorithms can apply what has been learned in the 
past to new data. Unsupervised algorithms can draw 
inferences from datasets. 
Facebook's News Feed uses machine learning to 
personalize each member's feed. If a member 
frequently stops scrolling in order to read or "like" a 
particular friend's posts, the News Feed will start to 
show more of that friend's activity earlier in the feed. 
Behind the scenes, the software is simply using 
statistical analysis and predictive analytics to identify 
patterns in the user's data and use to patterns to 
populate the News Feed. Should the member no 
longer stop to read, like or comment on the friend's 
posts, then that new data will be included in the data 
set and the News Feed will adjust accordingly. 
 
V. EXISTING ARCHITECTURE 
 
During every service request, OSS provides the 
necessary support for operations relating to 
connection between originating and terminating 
nodes while BSS is meant for taking care of the 
charging and billing for that particular service. 
 

 
Figure 1. Existing architecture 

BSS possess the intelligence in charging the user 
based on their usage, balance accounts, promotions 
and offers as illustrated in Figure 1. 
Radio and Access Network keeps track of end-users 
and performs authentication algorithms using 
encryption keys. Once the subscriber is authorized, IP 
Gateway provides access to necessary service. 
Charging System that has access to the subscriber 
database, records every usage of a user that aids them 
in charging. Since OSS does not have the intelligence 
to charge a user, every service request has to reach 
BSS to let the end-user gain access to service (data, 
voice, etc.). It takes appreciable time to get as far as 
charging system for every interrogation 
synchronously. Instead OSS can be provided with the 
intelligence of charging (at least a particular set of 
users) by making the synchronous path between OSS 
and BSS asynchronous, to increase the speed of 
enabling the service for each request. 

 

 
Figure 2. Proposed architecture 

 
VI. PROPOSED SOLUTION 
 
Communication Optimizer uses an efficient machine 
language algorithm, is introduced to monitor the user 
behavior using the information in subscriber database 
and generate a behavioral pattern for each user. Based 
on these patterns, it generates a 2D-matrix containing 
entailed information of a user and transmits to OSS 
network elements (Radio and Access network, IP 
Gateway in this case), indicating that it can endorse 
service for the specified users until specified 
threshold without traversing till BSS. Communication 
optimizer also takes care of updating the 2D-matrix 
table based on the usage of service and balance in 
user account. The same is illustrated in Figure 2. A 
sample 2D-matrix contains the following 
information: 
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1. Subscriber ID 
 
2. Threshold of units of service that can be enabled 
 
3. Conditions on when and where to provide service 
The conditions are based on either time or location or 
both. Thus the overhead in time taken to reach BSS 
for every service request shall be disjoined to provide 
faster access to service. Also the frequent 
interrogations toward the BSS elements shall be 
avoided resulting in lesser signaling transmission 
cost. 
 
1. Scenario 1: Time-period based 
An influential user consumes data service 
approximately of bandwidth 2GB (constituting of 
various terminal equipment in an IoT world), most of 
the mornings between 9:00AM – 9:30AM. This 
pattern in the behavior is captured by Communication 
Optimizer through machine-learning methodologies. 
Based on the identified pattern, Communication 
Optimizer uses the user information from the 
subscriber database and generates the 2D-matrix. In 
this case, the matrix will comprise of Subscriber ID, 
2GB (optimal threshold of data used in a regular 
pattern) and 9:00AM – 9:30AM (time period during 
which data have to be enabled without reaching 
BSS).OSS then grants 2GB of data to that particular 
user every morning between 9:00 - 9:30AM. An 
instance of such 2D-matrix will be as represented in 
Table 1. 
 

Table 1. Time-period based 2D-matrix 

 
 
2. Scenario 2: Location based 
Another similar user consumes data service 
approximately at a bandwidth range of 1.5GB 
(constituting of various terminal equipment in a 5G 
driven network data world), while at a particular 
location, say office located at Grand Palace. 

 
Table 2. Location based 2D-matrix 

 

This pattern of behavior is again discerned by 
Communication Optimizer. Based on the identified 
pattern, Communication Optimizer uses the user 
information from the subscriber database and 
generates the 2D-matrix.Unlike the previous case, the 
matrix will comprise of Subscriber ID, 1.5GB 
(optimal threshold of data used in a regular pattern) 
and Grand Palace (location at which data have to be 
enabled without reaching BSS).OSS then grants 
1.5GB of data every time the user is at that particular 
location. An instance of such 2D-matrix will be as 
represented in Table 2. 
 
3. Scenario 3: Time and Location based 
Another user now consumes data service 
approximately of bandwidth 3GB (constituting of 
various terminal equipment in an all-perfect world), 
most of the mornings between 9:00AM – 9:30AM at 
a specific location, say Lumphini Park. This pattern 
in the behavior is captured by Communication 
Optimizer through machine-learning methodologies. 
Based on the identified pattern, Communication 
Optimizer uses the user information from the 
subscriber database and generates the 2D-matrix. 
In this case, the matrix will comprise of Subscriber 
ID, 3GB (optimal threshold of data used in a regular 
pattern) and 9:00AM – 9:30AM at Lumphini Park 
(time-period and location during which data have to 
be enabled without reaching BSS).OSS then grants 
3GB of data to that particular user every morning 
between 9:00 - 9:30AM visiting Lumphini Park. An 
instance of such 2D-matrix will be as represented in 
Table 3. 
 

Table 3. Time-period and location based 2D-matrix 

 
 
VII. EVALUATION METHODOLOGY 
 
Let’s assume Bob’s data usage behavior as follows: 
1. Bob is a moderate data user who is always 
connected to the Internet. 
2. He has background apps like Email, Facebook and 
WhatsApp that are constantly generating background 
data. 
3. He often watches Videos from Facebook, YouTube 
and WhatsApp. 
Based on the above behavioral pattern, let’s derive a 
probable traffic model: 

 Average data (Uplink/Downlink) usage of 
Bob is: 0.5 MB per second. 

 Assumed quota reservation size at Charging 
System: 2 MB. 

 Assuming Diameter Gy as the Charging 
protocol, generated interrogations/second: 
0.25 (i.e one interrogation every 4 seconds). 
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 Assuming the usage is for about 1/3rd of a 
day (8 hours): 

 Number of interrogations / second = 8 * 
3600 * 0.25 = 7200. 

 Assuming 1 Multiple Service Credit Control 
(MSCC) with no Re-Authorizations, as per 
lab observations: 
• Average Gy-Update request size toward 

BSS: 1000 bytes. 
• Average Gy-Update response size 

toward BSS: 600 bytes. 
 So the charging interrogations of one 

subscriber with one MSCC all the way 
across OSS in reaching the BSS network 
elements could amount to a bandwidth 
consumption of: 

 7200 * (1000 + 600) / 1024 / 1024 = 11 MB 
/ day / subscriber. 
If a more futuristic case could be taken with 
increase in mobile broadband usage with 5 
MSCC and one charging interrogation every 
200ms, then the same bandwidth 
consumption per subscriber could go as high 
as: 
Interrogations / second = 8 * 3600 * 5 = 
144,000 

 And the corresponding bandwidth 
consumption would amount to: 
144,000 * (1400+900) / 1024 / 1024 = 316 
MB / day / subscriber. 

 The problem is more visible in large 
operator’s network having number of 
circles/sites in a country. If an operator has 1 
million subscribers in his national at any 
given point in time, the bandwidth 
utilization can be as high as: 
1,000,000 * 316 / 1024 = ~308,268 GB / day 

 If an assumption is made as 10 cents is the 
price paid by an operator to his ISP per GB 
of data transfer, then the cost of data 
transfer: 
308,268 * 10 / 100 = $30,827 / day 

 
This also means that there must be a gateway that will 
need to be dimensioned for handling 144,000 
transactions in a day per subscriber which also adds 
up to the cost that operators need to incur. This cost 
ultimately falls on the end user’s tariffs. 
With the interface made asynchronous as per the 
proposed solution, there will be a substantial decrease 
in the cost incurred. Assuming that 5 charging 
interrogations per subscriber are cached at IP 

Gateway and sent together as a single Diameter 
request toward the BSS, the total amount spent on 
transmission is reduced significantly. 

 Actual cost with existing architecture = 
$30,827 / day 

 Actual cost after proposed solution = 30,827 
/ 5 = $6165 / day 

 Total profit = 30,827 – 6165 = $24,662 / day 
 
CONCLUSION 
 
The newly proposed approach will not only optimize 
the signaling between network elements in an 
operator’s infrastructure, but also provide means to 
cater a segment of subscribers with guaranteed QoS. 
The advantages it brings out can be harnessed 
significantly upon technical realization. Some of the 
stand-out benefits include; reduction in operational 
costs (per transmission), end-user satisfaction, high 
throughput to subscribers which in turn leads to lesser 
churn-rate amongst influencers. As the advancement 
in machine-learning techniques progress, the same 
can be adopted to bring in high efficiency to the 
solution. Higher the precision of predictive analysis 
involved, greater the profit gained by the operator. 
Further studies involve unification of OSS/BSS layer 
as a whole and furnishing intelligence to every 
network element in order to make decisions on their 
own. 
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