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Abstract:   The limitations of 2G and 3G networks were 
suppressed by development of Long Term Evolution and 
System Architecture Evolution (LTE/SAE) proposed by 
3GPP. But in spite of its high data rate and simplified 
architecture; LTE architecture which is only packet switched 
network fails to provide voice services, which has given 
highest priority and are main source of revenue for the 
network operators. To overcome this limitation various 
solutions were provided like Circuit Switched Fall Back 
(CSFB), Voice over LTE Generic Access (VoLGA), Third 
party solution, VoLTE and SRVCC. In this paper we 
investigate the various options and compare the two popular: 
Voice over LTE (VoLTE) and CSFB, in context to their call 
setup time and throughput. 
 

Index Terms—  LTE/SAE, VoLTE, SRVCC, IMS, CSFB, 
VoLGA 
 

I. INTRODUCTION 
 

 Voice calls in Indian society are kept on highest priority, 
where the networks carry over tens of billions of minutes [1] 
of voice traffic every day. All this years, 2G and 3G networks 
were used for voice and data services, where voice calls were 
provided through circuit switched (CS) domain and data 
service through packet switched (PS) domain. With 
continuous innovations and the need for high speed and 
bandwidth resulted in development of LTE/SAE proposed by 
3GPP.  

The main goal of LTE is to provide a high data rate, 
low latency and packet optimized radio access technology 
supporting flexible bandwidth. At the same time its network 
architecture has been designed with the goal to support 
packet-switched traffic with seamless mobility and great QoS. 

The LTE network called Evolved Packet System 
(EPS) is an end-to-end (E2E) all IP network; EPS is divided 
into two parts: i. LTE part which deals with the technology 
related to the radio access network (E-UTRAN) and ii. EPC 
part which deals with the technology related to the core 
network. An E2E all IP network means that all traffic flows 
i.e. from a UE all the way to a PDN which connects to a 

service entity and are transferred based on IP protocol within 
the EPS. 

 

 
Figure 1: LTE System Architecture 
 
 

The LTE/SAE Architecture has only PS domain with 
high data rates of 100Mbps (downlink) and 50Mbps (uplink). 
But with only PS domain the number of voice calls has 
reduced which gives the maximum revenue and ensures 
continuity of legacy networks (2/3G). To carry a voice call on 
LTE/SAE in absence of CS domain various solutions were 
proposed like CSFB, VoLGA, VoLTE etc. 
 

In this paper we present these solutions and investigate 
their pros and cons and compare this two based on its call 
setup time and throughput. 

 

II. CIRCUIT SWITCHED FALLBACK (CSFB)  
The CSFB is widely used solution of providing voice 

services in LTE using the existing GSM/UMTS architecture. 
It is basically a handover given from LTE to legacy networks 
2/3G-i.e. CS domain provided to the users even if VoIP 
services are not being directly provided over LTE. Consider a 
mobile terminal camping on LTE, receives a mobile 
terminating call from existing CS domain via EPC. On 
receiving paging message, the mobile terminal recognises that 
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the call is from CS based network and therefore switches to 
3G.  

The CSFB has a function to notify the UE of CS domain 
call request and combined mobility management function 
between CS domain and EPC.  

In CS Fallback no new network elements need to be 
added and also upgrade to existing network. The SGs interface 
based on Gs interface provides combined mobility 
management between 3G-CS and EPC to enable the transfer 
from CS domain to LTE domain [3].  

This option introduces slightly delay while falling back to 
GSM/UMTS network. These delays are, respectively, 4.7s and 
2.84s [1] for mobile originating call and terminating call. 

 
Figure 2: CS Fallback Network Architecture 

 

 
Figure 3: Overview of CS Fallback 
 

The benefit of using the CSFB is that the operators 
can use their existing 2/3G infrastructure to provide voice call. 
However, the delay will be significantly increase in the call 
setup procedure affecting the user experience and this for each 
and every time the user make a voice call. Furthermore, the PS 
QoS will be decreased since the UE will perform a handover 
from LTE to 2/3G.  
 
III. VOICE OVER LTE GENERIC ACCESS (VoLGA)  

 
The VoLGA service resembles the 3GPP Generic Access 

Network (GAN). It provides voice services for LTE access by 
using existing GSM/UMTS voice core networks. It introduces 
new entity named VoLGA Access Network Controller 
(VANC) which is a mix between an IP based node and a base 
station controller node from the LTE and GSM/UMTS point 
of view respectively. The major advantage of VoLGA is that it 
offers voice services with LTE access using existing 2/3G 
core network.it proposes to deliver the same stable and 
reliable CS service used in 2/3G network and excellent 
handovers between 2/3G and LTE without disruption. Data 
and voice services are provided simultaneously in VoLGA 
without introducing any call setup delay as mobile terminal is 
always located in LTE domain. 

 
Figure 4: VoLGA Architecture 
 

However, VoLGA standards are not been accepted 
by 3GPP. It also introduces extra network elements like 
VANC, AAA server and security gateway which increases the 
complexity of architecture. VoLGA also needs modification of 
mobile and has no support to provide roaming services. 

 
IV. THIRD PARTY SOFTWARE (VoIP)  

The third party solution is the easiest solution which 
uses software like Skype, WhatsApp or Viber providing voice 
services over IP through LTE domain. It needs no change in 
the network which makes this solution least expensive among 
others. However, it requires a full coverage of the LTE since 
the solution relies on the PS domain. Furthermore, no QoS is 
guaranteed and calls generated from a legacy phone with CS 
are not supported. 

 
V. VOICE OVER LTE (VoLTE)  

After all the temporary solution we have a permanent 
solution for voice calls in LTE, which is VoLTE. VoLTE is an 
extension of LTE architecture with addition of IMS nodes 
required for voice services, where the voice packets are sent 
on IP. To make voice calls, LTE networks need to have an 
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IMS without which it is not possible to make calls to any 
PSTN or CS.  

IMS is an architecture which provides integration of 
multimedia and data services such as voice, video, instant 
messaging all over IP. IMS initiates call sessions based on SIP 
Protocol.  

For VoLTE access is made by SAE 
(eUTRAN+EPC), while voice services lies in IMS and data 
services in LTE. The main components of IMS contributing in 
a voice call in VoLTE are Call State Control Function (CSCF) 
and Home Subscriber Subsystem (HSS). 

 
Figure 5: VoLTE Architecture  

 
Figure 6.: IMS Architecture 
 

VoLTE being an all IP network reduces the call 
latency and gives HD quality voice service.it has an excellent 
ability to handover voice and data simultaneously because 
both voice and data are handled on single PS domain. 
However the mobile operators require large investment for the 
IMS core components. IMS is a cost effective solution and 
generates high revenue. 

 

VI.  SINGLE RADIO VOICE CALL CONTINUITY 
(SRVCC)  

SRVCC is an interim solution of handing over 
VoLTE calls to 2/3G networks. It is a handover process of a 
voice call previously started in LTE. When an LTE user has 
an active voice session in IMS and is moving to areas without 
LTE coverage, but with legacy 2G/3G coverage; a call transfer 
takes place between the networks to give a seamless voice 

session. The main advantage is that the call will not drop, will 
only get transferred to CS domain i.e. to legacy network. The 
challenge with SRVCC is to perform the handover while the 
UE is connected to only a single radio at any given moment.  

 
Figure 7: VOLTE call Flow 
 

VII. COMPARISON  
 

Although all the solutions have their own advantages 
and disadvantages, deploying any solution depends on the 
operators, current infrastructure and its future plans. CSFB 
does not require any additional network elements and only 
needs to upgrade MSCs that serves the LTE network area 
while ensuring that the LTE network overlaps the 
GSM/UMTS network area. While implementation of VoLGA 
is much more complicated as new network elements (VANC, 
AAA server and security gateway) need to be added and it 
requires lot planning and integration.  

VoLTE is a permanent solution deployed recently. 
While it requires heavy investment for a whole new 
architecture (IMS) along with LTE, it seems the best solution 
for operators without any existing legacy networks. SRVCC is 
another solution which gives direct handover where there is no 
LTE coverage.  

The third party solution can be used by anyone 
anywhere having PS enabled mobile terminal and a good 
coverage. The success rate and the retain ability of a call made 
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by any of the above solution must match and exceed the level 
provided by CS connections. The key performance indicators 
in the radio network are setup success rate, handover success 
rate and call completion success rate. Network optimization 
also aims at reducing the required bandwidth for voice and 
maximizing the capacity [6].  

 
Figure 8: IMS call flow Log 
 

Therefore to have a good understanding of a better 
solution we have compared CSFB and VoLTE with respect to 
their call setup time and throughput. The call setup time is 
calculated in different scenarios and throughput is measured 
for both with increasing number of users. As shown in the call 
setup time graph, we have compared VoLTE & CSFB .The 
call setup time for CSFB to CSFB is maximum i.e. 2.25 ms 
and it is least for VoLTE to VoLTE call i.e. 0.75 ms.  

The next graph is about the throughput provided by 
CSFB & VoLTE. 
 

 
Figure 9: Comparison of call Set-up time 
 
VIII. CONCLUSION  

LTE being only PS domain, providing voice calls on 
LTE was a challenging task and a necessity for operators by 
which significant amount of revenue is generated. Hence 
many propositions were studied that are presented in this 
paper. The least expensive of all solution is the third party 
software solution like Viber with no change in any network 
entity, but there is no QoS guaranteed. Operators having 
legacy networks can easily deploy CSFB with certain changes 
in MSCs. VoLGA can be the best option for operators pre-

installed with GAN architecture and can install VANC 
element. Operators planning to deploy IMS can easily deploy 
VoLTE and SRVCC. 

 

 
Figure 10: Throughput of  CSFB and VoLTE 
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