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Introduction
Voice over LTE, or VoLTE, continues to develop into one of the more popular 4G-based technologies. More 

and more mobile operators continue to make the investments in LTE infrastructures and the IP Multimedia 

Subsystem, or IMS, cores necessary to support this and future technologies that support all IP-based mobile 

services. But for this infant technology to continue on its predicted growth trajectory, both 4G and VoLTE-

based implementations must continue to live up to the expectations of both the operator and its customer, 

the mobile subscriber. On this front, the numerous challenges operators face in constructing a network that is 

compliant with IP-based technology can present a formidable undertaking. 

One of these challenges is the shift from 3G and circuit-switched networks to all-IP data packet networks, as 

well as the introduction of mashed-up services, including the combinations of voice, video, instant messaging, 

large-file-transfer, and location-based services.

Introducing new, high-quality applications has created an entirely new challenge around how to charge for 

these services in a way that will benefit both the operator and the subscriber. All-IP-based services now fit in 

the realm of policy development, with operators needing to create plans for charging customers for VoLTE calls 

made from a specific location and possibly including traditional duration-based billing for voice. And with the 

introduction of multiple network elements for LTE and IMS-based services, there is now the added complication 

of gathering call and data details, including locations from multiple sources. 

This guide will explore the added complexities for implementing and supporting both charging and clearing 

services for VoLTE roaming over an LTE network. 
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VoLTE: A Critical Step in the Evolution of All-IP Networking 
The continued adoption of smart devices has continued to pull many subscribers from voice services to data-

hungry mobile apps. This is a natural transition as the mobile community, namely younger users, is drawn to 

more apps that focus on short videos, photos, and time-limited messages. As the following data illustrates, 

there is a continued, although slight, decline in voice service revenues.

Global voice service revenues from 2010 to 2015 (in billion U.S. dollars)
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Operators looking to regain some traction in the area of voice, reduce costs over time, and create a more positive 

user experience for the subscriber will seek out the new opportunities that VoLTE promises, including, in general, 

improved standards. The implementation of IMS core infrastructure provides the structure to combine multiple 

Rich Communication Services (RCS) into a single service, including HD voice and video, instant messaging, 

and location-based services. As a result, VoLTE provides an advantage in the number of options it can offer 

subscribers in relation to 3G.

VoLTE also offers operators the ability to combat the offerings of over-the-top (OTT) providers. VoLTE allows 

operators to include killer apps and features typically offered by OTTs in operators’ own basic suite of services. 

This enables an opportunity to recapture the revenues that would otherwise be lost to data packages.
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Specifically, here are a few of VoLTE’s key benefits:

 ■ High-definition (HD) quality voice is built into the VoLTE standard.

 ■ VoLTE runs as a data service, and it guarantees super-fast call setup times. OTTs have to rely on the varying 

quality of the internet to offer voice services. They can’t control the quality of service.

 ■ Operators can ensure a higher level of quality of service by utilizing the ability to prioritize packets over the 

network. This gives voice a higher prioritization than, for example, SMS or other data packets.

Ultimately, operators will utilize VoLTE to generate revenues and develop increased product monetization 

through service differentiation and efficient use of spectrum, as well as to realize the compelling cost savings 

through network consolidation.  

At the end of 2016, the 
GSMA calculated that 
82 operators in 43 
countries had launched 
VoLTE and ViLTE.

Moving subscribers to these services is 

even more of a reality for these operators 

with the growing selection of “capable” 

devices available at over 430

up to 146 operators 

are investing in 

VoLTE-related 

activities

Source GSA
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The Challenges of Charging and Clearing for LTE Voice Calls
Before delving into the challenges of clearing and charging for VoLTE calls, we should understand that at a 

very high level there are obvious differences between traditional voice calls made over the mobile network and 

voice calls made over the IP-based LTE network. Traditionally, voice calls, using circuit-switched networks, were 

based on locations of the called parties along with the minutes of use. With VoLTE, the voice calls are converted 

to packets sent entirely over a packet-based network and are therefore data based on KBs and MBs. The key 

challenge involves distinguishing between voice and data for packets running across the network so that 

subscribers can be billed according to voice usage or data usage. 

One of the main differences with voice over the LTE network is that both voice and data are  considered data-

centric. What this means is that from the mobile operator’s perspective, the voice call is really seen as data, 

while from the subscriber’s point of view, the call is seen as a traditional phone call. As a result, the operator 

needs to be able to bill the service accordingly. Accordingly, one way is to zero-rate the “data” portion of the 

VoLTE call, which would basically not charge the subscriber data for the voice call, but rather charge the call as it 

would a normal voice call. And, as was mentioned earlier, this can be based on location and minutes of use. 

Moreover, a billing system for VoLTE also needs to take into consideration that a couple of services can be used 

simultaneously while making a voice call over LTE. This could include support for a voice call while another 

data application is being used, such as if a video call were made using video over LTE, or ViLTE. In this case, the 

operator may choose to charge the video as data, as would be typical when streaming video services. 

To control all of this from a policy standpoint, operators need to implement a policy and charging control (PCC) 

element to their infrastructure. The PCC is necessary to not only offer innovative services, packaging, and pricing, 

but also to establish some semblance between the subscriber, services offered, and how the service is being 

used, while also offering additional controls to help mitigate network capacity and quality of services.

VoLTE Charging and Clearing Explained
With the evolution toward all-IP networks and the reintroduction of technologies like IP Multimedia 

Subsystem, or IMS, there come a considerable amount of challenges. With the flattening of the architecture 

for voice calls with an all-IP network and IMS architecture when setting up a VoLTE roaming service, operators 

must decide between implementing one of the following models:

 ■ An S8 home-routed (S8HR) model, which is all part of the bearer path. 

 ■ A Local breakout (LBO) model, either a home-routed or visited routed model via the visited public mobile 

network (VPMN).

On the billing side, there are questions around the Transferred Account Procedures (TAP) records used for 

wholesale and retail billing. 
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In the following section, we’ll further explore these two models and delineate the advantages and challenges 

for each. But first, let’s take a brief look at TAP’s evolution and also some foundational context around 

charging and clearing with VoLTE.

Evolution of TAP Events
Traditional circuit-switched TAP call detail records in 2G and 3G that constitute the Mobile Originating Call 

(MOC) for voice and SMS-MO and the Mobile Terminating Call (MTC), also for voice, and SMS-MT will continue 

to exist as support for both 3G networks and devices. They will continue to hold a significant presence in 

mobile through 2020 and beyond, and they have gained company with GPRS TAP records that live in the data 

bearer stream ranging from 2G to LTE traffic. This is the bridge in the evolution to the next generation. 

With the move to 4G and VoLTE there are new TAP records to introduce. These include the Mobile Session, or 

MSESS, which is now used for voice traffic over LTE, but will in time be used for services that include ViLTE and 

other future services. In addition, the Messaging Event is only used for SMS traffic over LTE.  

One note on this is that it’s assumed if the visited operator is using the MSESS and MSG records, it is because 

the operator is supporting LBO. These would most likely not be volume-based charging events. Volume-

based charging is assumed in the S8HR model, where the operator is using the GPRS record only, but may 

differentiate charging based upon the quality-of-service class identifier (QCI) values associated with the 

specific bearers.

VoLTE Principles 
Before to moving into the finer details of charging and clearing within a VoLTE network, we should break down 

some of the foundational principles of VoLTE: 

 ■ Within the realm of VoLTE, a single call must be represented in a single MSESS. Both 3G and 4G data can 

support partial records or partial GPRS records. With VoLTE, there are no partial records, so calls need to be 

billed within one mobile session.

 ■ VoLTE traffic is not allowed to be represented in the circuit-switched MOC and MTC events on the TAP record, 

and circuit-switched voice calls and SMS are not allowed in the MSESS and MSG events on TAP.

 ■ The assumption of S8HR is that there will be volume-based wholesale charging, based on the fact that 

operators cannot segment the voice traffic and remove the bearer traffic associated with the signaling and 

voice portion without using an identifier. As a result, there is a need to differentiate charges based off of 

the QCI. The QCI values can determine if traffic is all IMS-driven. For example, with an Access Point Name 

(APN) dedicated to IMS traffic, this would allow for segmentation of this traffic over an IPX network and the 

subsequent monitoring of that traffic in order to determine which traffic can be billed at a different rate per KB. 

An example would be a VoLTE call billed at a different rate than video or other data.
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Signaling can also be separated from the payload traffic, and determinations can be made to bill or not bill 

on the signaling. This can be done by identifying the usage volume with a QCI value of “5” or signaling. If the 

decision is made not to bill the signaling, this potentially opens up a security problem with SMS leakage (spam 

or fraud) because the SMS services are not being billed since these messages are sent over SIP rather than the 

traditional voice service. GSMA PRD, BA.27, recommends charging for signaling to prevent misuse of free SMS, 

spam and fraud.

VoLTE Support in TAP
With LTE, different types of billing accounting records are available, including bearer accounting records, 

TAP billing records, and IMS accounting records. It is important to be able to identify all possible sources for 

call detail records (CDRs) in both the home public mobile network (HPMN) and visited public mobile network 

(VPMN), and identify how retail billing and wholesale charging can be accomplished. It is also important to 

define how online charging and offline charging interfaces will be used for all scenarios. As far as LTE support 

for TAP records, this is already defined in the GSMA standards for TAP from version 3.12 onward.

Technical and Process Changes for Charging in VoLTE
No single network element will contain all charging elements. These details in particular are important to note:

 ■ Correlation of data from SGSN/S-GW/P-CSCF – During the SIP call establishment or message transaction, 

IMS nodes generate an IMS correlation ID for each and every event.

 ■ CDRs via common charging ID – IMS correlation IDs are included in the CDR for each VoLTE call.

 ■ Charging ID available from P-CSCF to identify each unique call – This is for dedicated bearer establishment 

for VoLTE calls, PCSCF, and PGW exchange ICID and GCID through PCRF Rx/Gx messages.

 ■ Roaming charging only for service and not for service and bearer – PGW can use the APN to enable or disable 

reporting of VoLTE charging information.

 ■ S8HR – All VoLTE traffic is charged as data. Differentiated charging is possible based on the QCI values of 

individual bearers on the IMS APN.

 ■ LBO – P-GW can disable charging for VoLTE data traffic by disabling charging for the IMS APN. Charging 

information for VoLTE call and messaging events is reported by VPMN IMS entities, such as P-CSCF, ATCF, 

TRF and IBCF.

VoLTE Home-Routed (S8HR) and Local Breakout (LBO) Billing 
Models Explained
The two architectures for VoLTE roaming both have their advantages and challenges, and within the realm 

of charging and clearing, there are distinct benefits and drawbacks to each. Prior to delving further into the 

specifics of each model, let’s quickly refresh our understanding of both architectures. 
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Within the S8HR model, VoLTE calls are served by the visited network provider as an LTE data roaming 

session, similar to how internet traffic is handled utilizing the visited networks evolved packet core (EPC) 

network. The interface designation between the served network and home network is called S8, hence the 

terminology S8HR.   

The home network within S8HR contains the IMS core network, while the visited or served network does not. 

Both networks have a relationship to support LTE data roaming, and this same network is used to support 

VoLTE services for the roamer. The connection for the roamer is tunneled back to the home network from the 

visited network through IPX.

For the LBO VoLTE roaming method, call control and bearer components are served by the visited network 

provider’s call and process servers designated for IMS, also known as an IMS core. The voice bearer could be 

handled by the visited market network or home market network, which are typically negotiated between the 

two parties. Both the serving network and the home network have an evolved packet core IMS deployed, and 

the interface designation between the server and home is called the IMS Roaming NNI or network-to-network 

interface. This means that both the visited network and home networks can communicate with each other 

via IMS. These are connected by IPX that has support for Diameter signaling, and additional IMS controls for 

interoperability factors between S8HR and LBO, VoLTE-to-Wi-Fi handover, special routing, white and black 

listing, and call quality. 

In the following section, each model will be explored from both the retail and wholesale perspective, including 

which CDRs are needed to generate the billing records. 

VoLTE (S8HR) HR Architecture
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Advantages

 ■ S-GW is the main source for charging information.

 ■ Basic bearer data volume charging is enabled.

 ■ No technical complexity is introduced where handovers are not involved.

 ■ In the case of handover and the single radio call continuity (SVRCC), S8HR can potentially produce three 

different records: signaling bearer, voice bearer, and traditional bearer. 

 ■ QCI mechanism is used to identify VoLTE calls.

 ■ This is volume-based.

 ■ TAP charging capabilities are already present.

 ■ Capital and operating expenditures are low for wholesale billing.

Challenges

 ■ There is a nongranular mechanism to charge and identify single VoLTE calls.

 ■ How does this affect traditional rate plans? With respect to subscribers, they may understand a voice call in 

terms of minutes of use, but are unclear as to how much data that is equivalent to.

 ■ There is no service awareness for services used on the VPMN side.

 ■ The bill is based on the QCI, but no determination of service that was provided.

 ■ Aggregation and charging for VoLTE handover scenarios with 3G and 4G are complex.

 ■ Duration-based charging for VoLTE will be complicated.

 ■ Correlation of charging information between VPMN and HPMN is difficult.

How to Identify QCI Values
Quality-of-service class identifier (QCI) parameters generally target a specific service type based on delay and 

packet loss requirements, such as voice, video, or IMS signaling. For VoLTE calls, the bearer is associated with a 

QCI value, as shown in the table below.

With the S8HR model, the QCI can be identified with QCI 5 being the signaling bearer and QCI 1 and 2 being 

the voice media and video media values, respectively. What would these values look like from the view of a TAP 

record? As can be seen in the table below, the QCI values are mapped to TAP values.  

QCI Values TAP Values

Value QCI Priority Description CTL2 Value Record Type APN

1 2 Conversational Voice 21 GPRS IMS

2 4 Conversational Video (Live Streaming) 22 GPRS IMS

5 1 IMS Signaling (Voice, Video, SMS) 25 GPRS IMS
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Accounting Flow S8HR
In the S8HR scenario, the bearer traffic is tunneled back to the home network from the visited network’s serving 

gateway to the packet gateway in the home network. 

 ■ Signaling and media are anchored in the home network.

 ■ No IMS accounting records are sent or exchanged from the visited network to the home network.

 ■ Records are generated in and available to the home network.

 ■ IMS accounting records are not available on the visited network.

 ■ The visited network only has visibility into bearer accounting information.

 ■ Quality of service, bearer usage and QCI details are needed to bill these records.

 ■ TAP billing records are sent to the data clearing house for bearer data usage (i.e., GPRS records).

 ■ There is no change from the GPRS settlement process. However, the VPMN may decide to differentiate 

charging based on QCI values.
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Advantages

 ■ There is more visibility into the control and media plane aspects of a call or video session because it takes 

place with IMS.

 ■ Traffic is broken out locally.

 ■ Full support for lawful intercept and emergency call handling is provided.

 ■ Single Radio Voice Call Continuity (SRVCC) supports continuity of a voice call when moving between LTE and 

legacy circuit-switched networks.

 ■ The visited network has visibility of the call information using its IMS records. TAP records can be created to 

reflect MOUs utilizing an MSESS record for a voice call. This makes it possible to use TAP for retail billing.

Challenges

 ■ There is more complexity implementing and supporting VoLTE roaming.

 ■ Interoperability problems must be resolved between IMS cores.

 ■ This can also depend on the vendors supplying the IMS core where there can be variations in the 

interpretations of the standards creating interoperability issues. 

 ■ It requires multiple feeds from many network elements for both visited and home operators.

 ■ Operators may choose to implement home routing for data, but local breakout for voice, adding complexity. 

 ■ The TAP 3.12 MSESS and MSG records need to be supported by both roaming partners.  

LBO Roaming Scenarios
Within the local breakout model there are two scenarios that need to be defined, VPMN-routed and HPMN-

routed scenarios. 

In the VPMN-routed scenario, the visited network routes all the traffic for the call, similar to circuit-switched 

calls. The TAP event would be the MSESS, and that data would be available to the network event off the TRF 

Network CDR.

TAP Event Network Source

MSESS CDR TRF Network CDR

Conversely, with the HPMN-routed scenario, the VPMN has no visibility into the final destination of the call 

routing. It sees the initial call destination off the P-CSCF, so it uses the P-CSCF to generate the CDR. This is not 

ideal since there is no insight into the final destination.

TAP Event Network Source

MSESS CDR P-CSCF Network CDR
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LTE Accounting Flow LBO with IMS Services
In the LBO scenario with IMS services, the visited network creates CDRs from the S-CSCF. These CDRs do not 

contain all of the information required to create a TAP 3.12 mobile session or messaging event record for the 

service usage, so another CDR must also be sent to the offline charging system from the P-CSCF. As a result, 

operators must correlate the core data network CDRs with the IMS CDRs to create TAP records that can then be 

forwarded to the clearing house. 

The bearer accounting records can be optionally sent from the visited to the home network. The IMS records are 

generated by the visited P-CSCF and the home S-CSCF and the Diameter interfaces into the offline and online 

charging systems for retail and wholesale billing services. 
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Wrapping Up VoLTE Charging and Clearing
The continued adoption of LTE as well as the evolution toward all-IP-based networks brings many opportunities 

for mobile operators, but it also brings challenges as well. 

The TAP process whose versions have supported charging and billing through the past several mobile 

generations has evolved to support VoLTE roaming as well. However, LTE and VoLTE introduce multiple network 

models that have to be considered, including S8HR and LBO. 

It’s important for operators to understand what model they will choose. Factors to consider include the 

following:  

 ■ Does S8HR or LBO fit their network and objectives better? 

 ■ If LBO is better, is it VPMN home-routed, HPMN-routed or a hybrid? 

 ■ What are their roaming partners supporting and how do they coordinate with these partners to successfully 

interoperate and roll out VoLTE services? 

Currently, S8HR seems to be one of the more predominant models being rolled out  There have been successful 

commercial VoLTE roaming agreements established through this setup, but LBO is also gaining in interest, 

potentially driving the need for a hybrid model. Consequently, it’s important to work with financial and network 

teams to work out the supported models, as well as the infrastructure elements that need to be in place. 

In addition, it’s important to identify where the CDRs being derived from are, and determine how the scenario 

impacts both the wholesale and retail billing systems. This includes the billing models supporting the MOU 

model, a volume-based model, or a QCI value model.

All these considerations need to be evaluated to ensure a successful working relationship and a long-term 

strategy for the implementation and support of VoLTE services.
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