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3.3 [bookmark: _Toc38472376]Voice Support
The voice services provided over Public Land Mobile Network (PLMN) are featured with global interoperability and accessibility across different mobile networks radiating signals using different radio technologies, different fixed networks, employing either IP based packet switch technology or circuit switched technology. Subscribers enjoy unified user interfaces/habits to make call from the terminal devices and obtain the similar user experience worldwide. 
Apparently, the voice service is still the most important service/application provided by MNO to attract subscribers. The voice service possesses a special role in 5G network deployment. Providing satisfied voice service in 5G era is critical to 5G targeted network strategy.
Such worldwide usable voice services over one single subscription is achieved not only because the interconnected telecommunication infrastructures, well established technical standards and well-coordinated roaming agreements among MNOs, but also highly rely on multimode-multiband terminal devices which play extremely important role to enable the global interoperated voice services. 
For 5G MMMB devices, depending on the RAT/CN technology the device standby and the infrastructure capability, there would be different voice solutions for the device. At a very high-level, these voice solutions can be divided into two groups.
· Make a voice call over the RAT/CN the MMMB device initially standby.
· Voice over 2G (GSM) 
· Voice over 3G (TD-SCDMA, WCDMA, CDMA2000) 
· VoLTE over 4G (LTE)
· VoNR over 5G (NR)
· Make a voice with fallback/handover to another RAT/CN other than it initially standby. 
· CS Fallback 
· EPS Fallback 
In the following sub-sections, the possible voice solutions for a MMMB device are described in groups according to the RAT technology the MMMB device initial standby.
3.3.1 [bookmark: _Toc38472377][bookmark: _Ref40361978]2G / 3G Voice Technology Support
5G MMMB devices are capable of supporting several types of RAT/CN technologies. 
While network deployment across the world are not in the same pace, in some region there might only the 2G/3G network infrastructure. Thus, 5G NR capable devices would need to rely on 2G/3G networks to get mobile services in these specific regions.
Over 2G/3G, voice is provided in a way of circuit switched voice call (CS Call). Voices frame from the device are routed to MSC and switched/transmitted to the peer via previously set up path as illustrated example in Figure 1.
[image: ]
[bookmark: _Ref40356089]Figure 1 3GPP Release 99 Circuit Switched Voice (CS example)
There are two main 2G RAT-technologies, one is GSM and the other is IS-95/cdma 1x. For 3G, there are three main RAT-technologies TD-SCDMA, WCDMA and CDMA 2000 HRPD. Except for CDMA2000 HRPD, all other 2G/3G RATs support to make the circuit switch (CS) voice call directly. For CDMA 2000 HRPD, usually the device works in hybrid mode, which standby both in cdma 1x and HRPD, and the CS voice call is made over cdma 1x. 
3.3.2 [bookmark: _Toc38472378][bookmark: _Ref40366581][bookmark: _Ref40446436][bookmark: _Ref41312925][bookmark: _Ref41312983]4G VOICE TECHNOLOGY SUPPORT (CSFB, VOLTE, SRVCC).
4G is designed as an all-IP network. IMS sub-system is standardized for providing the IP based voice services over 4G. 
Depend on IMS sub-system readiness, the optimization of 4G EUTRA/LTE for supporting voice, as well as the additional 4G network features to support voice service, a 5G capable MMMB device which standby on 4G network can adopt following solutions to get voice service. 
VoLTE
The Voice over LTE scheme was designed as standardized solution for transferring voice packets over EPC/LTE network. It is based on the IP Multimedia Subsystem (IMS) network which adopt SIP/SDP to set up the call and RTP/RTCP to transfer the voice stream, where the voice service  being delivered as data flows within the radio and EPS data bearer.
The aim for VoLTE is to utilize the low latency and QoS features available within LTE to ensure that the voice service offers an improvement over the standards available on the 2G and 3G networks. Introduction of HD voice and video codecs can significantly improve call quality. VoLTE would offer certain advantages over other schemes, such as:
1)	Flexible design due to all IP implementation.
2)	Call setup time of VoLTE will be shortened if it is well optimized.
3)	HD voice and video codecs, if adopted, can improve call/voice quality .
CSFB
CSFB was introduced in 3GPP Rel-8 (TS 23.272) to allow a 4G standby device to return to CS domain for voice services. CSFB specifies the method a UE switches its radio from EUTRAN to other RAT (e.g. GERAN/UTRAN/1xRTT access) that can support CS domain services. With CSFB, the device camps on LTE/EPC and is served by LTE/EPC for data services and when a voice call is triggered, it will fall back to the CS domain and set up the call.
[image: ]
Figure 2  4G CSFB Modes Transition.
CSFB mechanism has little implication on device side, particularly hardware wise, and leads to lower power consumption when compared to some other schemes. However, the call set-up time may be longer than expected in certain cases.
SRVCC
SRVCC offers voice service when the device moves out of the LTE coverage area. Whenever the VoIP subscriber moves out of LTE coverage, SRVCC ensures smooth handoff of voice from the LTE to the CS network, keeping minimum impact on users.
[image: ]
Figure 3   SRVCC network architecture
With SRVCC approach, the SRVCC-capable UE’s engaged in a voice call determines that it is moving away from LTE coverage, it notifies the LTE network. The LTE network determines that the voice call needs to be moved to the legacy circuit domain. It notifies the MSC server of the need to switch the voice call from the packet to the circuit domain and initiates a handover of the LTE voice bearer to the circuit network. The MSC server establishes a bearer path for the mobile in the legacy network and notifies the IMS core that the mobile’s call leg is moving from the packet to the circuit domain. The circuit-packet function in the IMS core then performs the necessary inter-working functions. When the mobile arrives on-channel in the legacy network, it switches its internal voice processing from VoIP to legacy-circuit voice, and the call continues.
3.3.3 [bookmark: _Toc38472379]5G Voice Technology Support (EPS Fallback, VoNR)
3GPP introduced several network deployment options when start to standardize new radio technology (NR) for 5G, some with a couple of variants which the 3GPP then expanded on when adopting the proposal as part of Release 15. These options provide some kind of flexibility for RAN and CN to evolve separately when MNO migrates their network from 4G to 5G.
Some of the migration options maintain much of the Evolved Packet Core (EPC) infrastructure, allowing to preserve existing IMS core and continue packet voice using VoLTE. And some others enables SBA based 5GC, which can work with legacy IMS with some necessary updates or updates the old IMS interfaces allowing the implementation of core components into the 5G Service Based Architecture (SBA) as studied in 3GPP TR 23.794 and related normative work in 3GPP. Depending on the different network deployment options, there are different voice solutions. This white paper talks about option 3 and option 2.
For option 3, network works in NSA mode with eNB as the master node, UE always camps on LTE and the voice solution is the same as LTE MMMB terminals, aka CSFB or VoLTE/SRVCC that discussed in 3.3.2. For network deployment option 2, there are two solutions available, aka VoNR and EPS fallback.
VoNR
VoNR means to make the voice call over NR-5GC-IMS. As illustrated in Figure 5, the voice packets are carried by 5G NR and 5GC, then go to the IMS subsystem. 
[bookmark: _Ref40443928][image: ]
Figure 5  VoNR High-level Architecture
To deploy VoNR, the IMS network need some upgrades, such as adding access type and location information parameters to pertaining interfaces Rx, Sh and etc., or might in future to be updated to eIMS to enable SBI based interfaces for Cx, Rx and etc, thus the IMS sub-system can employ all 5GC functions for voice services. 
Network deployment is step by step, NR coverage could not be as good as LTE at the early stage VoNR, inter-system handover from NR to LTE will benefit user experience during network transit from NR to LTE. 
EPS Fallback VoLTE
EPS fallback means a 5GC connected device fallback to LTE to rely on VoLTE for voice call. With EPS fallback, UE makes the voice call on ETRAN-EPC-IMS as showed in Figure 4. When a voice call is expected on a 5G SA UE, the UE will make a VoLTE call over EUTRAN-EPC, aka “fallback” to LTE, using VoLTE for voice call. It can be used when VoNR is not ready.
[image: ]
[bookmark: _Ref40467984]Figure 4  EPS Fallback Architecture
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