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Introduction

In order to support various deployment scenarios for obtaining IMS voice service, the UE and NG-RAN may support the EPS Fallback mechanism. Voice based on EPS Fallback plays an important role during the early stages of the 5G deployment if VoNR is not supported yet. When the UE is served by the 5G System, the UE has one or more ongoing PDU Sessions each including one or more QoS Flows, and the serving AMF has sent an indication toward the UE during the Registration procedure that IMS voice over PS session is supported, besides the UE has registered in the IMS, EPS fallback may be triggered when MO or MT IMS voice session occurs.

In this contribution, we will discuss the issues of IMS voice based on EPS Fallback, such as latency, and potential solutions on the issues.

Discussion

General Issues in EPS Fallback Procedure

Figure1 describes the EPS fallback procedure for IMS voice. The IMS SIP signaling, NAS and RRC signallings are involved. The main steps of the EPS Fallback procedure include service request and RRC setup, QoS flow for voice establishment, measurement and measurement report, handover to EPS or redirection, TAU procedure. 
We will analyze the specific voice based on EPS fallback procedure from the calling party perspective. 

Firstly, the UE which camps on NG-RAN in the 5GS initiates an IMS voice session establishment and it sends INVITE to MT-UE via IMS server to initiate a session for voice service. It will firstly perform service request and RRC setup procedure. And the network will initiate PDU Session modification to set up QoS flow for voice reaches the NG-RAN, then the NG-RAN decides to trigger fallback to EPS, taking into account UE capabilities, indication from AMF that “Redirection for EPS fallback for voice is possible”, network configuration and radio conditions. 

In order to find a suitable cell to initiate the voice process for the UE, the NG-RAN may send the measurement configuration information to UE, then the UE performs inter-RAT measurement on the E-UTRAN and reports the measurement results.  If the NG-RAN has obtained the measurement results of E-UTRAN frequency, the NG-RAN will perform redirection or handover the UE to an E-UTRAN cell. On the contrary, if the NG-RAN doesn’t get the measurement results from the UE within a certain time, the NG-RAN may blindly redirect the UE to an E-UTRAN frequency. When the UE successfully moves to an E-UTRAN cell, it will perform TAU procedure. The EPS fallback is finished when the UE completes TAU. 

Nextly the UE will wait for response from called party, and the voice link is successfully established when it receives the SIP signalling 180 ringing from the called UE, and the conversation can start.
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Fig1: illustration of IMS voice based on EPS Fallback latency

We will count the latency of the IMS voice setup from the calling perspective, which starts from the calling (i.e. RRC connection Setup for sending the SIP signalling INVITE), and ends when finishing the voice link setup (i.e. receiving the 180 ringing/200 ok signaling). It is expected that the voice setup of IMS voice based on EPS Fallback needs a few hundred milliseconds, However, we observed it was around 2s to 4s in the real network. Some enhancement solutions to reduce the call latency of EPS Fallback are in urgent need since the call setup latency highly impacts the user experience while the latency is unbearable for voice process. 

We further analyze the latency for each sub-procedure in EPS Fallback. Table1 describes the latency of each period in figure1.

Table1: latency of voice setup from the calling party perspective
	Step1
	Latency 
	Note

	T1
	~200ms
	UE is in RRC_INDLE or RRC_INACTIVE, the RRC setup procedure brings latency.

	T2
	~400ms 

~800ms

…
	Assuming NW configures measurement gap with mgrp=80ms and mgl=6ms for E-UTRAN inter-RAT measurements. It takes around 400ms to get the measurement result for one E-UTRAN frequency. Hence, it needs at least 400ms for UE to generate and send the measurement report for B1 event. If NW configures several frequencies, UE possibly needs more rounds of measurements to figure out the frequency which meets B1 event, which means, in the worst case, UE can’t send a B1-event measurement report in a certain time window.

	T3
	~300ms for handover procedure+TAU

~1300ms for redirection procedure+TAU
	Handover and TAU procedure needs ~300ms
Redirection and TAU procedure needs ~1300ms. During RRC Release with Redirection procedure, UE enters RRC_IDLE after RRCRelease, then UE performs cell selection, RRC Connection Setup and security related procedures (e.g. authentication, security mode activation).

It takes additional 1 second for redirection procedure comparing with handover procedure.

	T4
	~1s when caller and callee perform EPS fallback in parallel

~2s when caller and callee perform EPS fallback in series
	The caller UE waits for the 180 ringing signaling, which means the resource is successfully reserved on callee UE. 

Note: Performance of EPS fallback in series for caller and callee  means that paging for MT  is sent after T3.


Observation 1: There are three main aspects to impact the latency of EPS fallback 

Measurement configuration and report, i.e., radio quality and Number of LTE frequency

EPS fallback methods, i.e. handover or redirection, 

Performance of EPS fallback in parallel or in series for caller and callee.

We observed that NW usually configures EPS Fallback with handover to minimize the call latency. However, we also observed in the real network, if UE cannot provide the measurement report in a certain time as figure2 shows, NW may choose to perform blind redirection procedure, i.e blindly indicate an E-UTRA frequency to UE, which may not be suitable, resulting in longer delay.
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Fig2: illustration of EPS Fallback based on redirection

According to figure2, for EPS fallback based on redirection, when RRC Release with Redirection procedure is triggered, UE enters RRC_IDLE after RRCRelease, then UE performs cell selection, RRC Connection Setup and security related procedures (e.g. authentication, security mode activation). Finally, it takes additional 1 second for redirection procedure comparing with handover procedure.
Therefore, it’s of high importance for UE to report the measurement results in time. As analyzed in Table 1, the latency of the measurement reporting for E-UTRA frequencies can be one or more 400ms. For example, NW configures 4 E-UTRA frequencies for B1 event. In the worst case, UE may trigger the B1 measurement report more than 1 second later if the first two or three tried E-UTRA frequencies cannot meet the B1 event criteria. 

Observation 2: The LTE frequency measurement configuration is only done after RRC connection setup, UE may not report measurement results in time due to radio quality and Number of LTE frequency, which leads to blind redirection procedure and results in longer delay.
Potential Enhancement on EPS Fallback

It can be observed that the measurement for EPS fallback takes much time, and it’s expected that RAN2 could find some solutions to reduce the latency due to the blind redirection. Besides, based on aforementioned discussion, to minimize the calling latency, one critical problem is how to provide measurement results in time to assist NW to perform EPS fallback based on handover procedure. As a potential enhancement, UE may accelerate E-UTRA measurements in case of starting voice service.

There are some open issues regarding accelerating E-UTRA measurements in case of starting voice service: 

Issue1: Identify the starting of voice service

In case of MO voice, it’s easy for UE to identify the starting of voice service through high layer indication, such as the establish cause “mo-voice” for RRC establishment.

In case of MT voice, we may utilize the paging cause of paging message.  As we know, a new paging cause is introduced for voice service, which allows the UE to identify the reason for paging without requiring RRC connection establishment, was concluded to be supported in SA2 as follows [2]:
	The UE and the network may support Paging Cause Indication for Voice Service feature.

The network that supports Paging Cause Indication for Voice Service feature shall provide a Voice Service Indication for IMS voice service in the Paging message, only if the UE indicates the Paging Cause Indication for Voice Service feature is supported to the network.

For a UE in RRC-Inactive, the NG-RAN should provide the Voice Service Indication in the RAN Paging message only when there is Paging Cause Indication for Voice Service indication in the UE context and detects the downlink data which triggers the RAN Paging message is related to voice service based on the Paging Policy Indicator, in the header of the received downlink data.


The paging cause can be enhanced to be more broadly applicable, that is, the UE can identify the paging is for voice upon it receives paging. 

Observation 3: The paging cause allows the UE in MUSIM mode to identify the voice service for paging without requiring RRC connection establishment.

Issue2: Early Measurement Configuration for EPS Fallback

In the LTE Rel-15 euCA WI, the feature of IDLE mode measurement, which is aimed to fast Scell set-up has already been specified. And in the RAN#81 meeting [3], a WID on MR-DC has been approved and one objective is to support early and fast reporting of measurements information availability from neighbour and serving cells to reduce delay setting up MR-DC and/or CA. It has been agreed that UE in RRC_IDLE and RRC_INACTIVE mode can perform measurement, and the NR early measurements can be configured in both NR RRCRelease message and NR system information.

Observation 4: UE is supported to perform early measurement in MR-DC for fast Scell set up.

Issue3:  The Capability for simultaneously receiving DL data and performing measurement
There are two type UEs, one RX capability or Two RX capability e.g., EN-DC capability UE.  For Two RX capability UE, Measurement of LTE can be parallel with NR RRC connection without measurement Gap. 
For one RX capability UE, the E-UTRAN frequency and a measurement gap which is used for EPS Fallback can be configured together in SIB, the UE which doesn’t have the dual reception capability can also start the early measurement when it identifies a voice service will be initiated, and after the RRC connection, it can continue to perform E-UTRAN measurement using the above early configurations.

Proposal 1:  To reduce the latency of voice call setup during EPS fallback, RAN2 to discuss how to enable UE to report the measurement result on potential LTE frequencies quickly, e.g.  via early EPS fallback measurement.
Conclusion

In this paper, we discuss the latency of EPS Fallback. Based on the discussion, we have the following observations and proposals:

Observation 1: There are three main aspects to impact the latency of EPS fallback 

Measurement configuration and report, i.e., radio quality and Number of LTE frequency

EPS fallback methods, i.e. handover or redirection, 

Performance of EPS fallback in parallel or in series for caller and callee.

Observation 2: The LTE frequency measurement configuration is only done after RRC connection setup, UE may not report measurement results in time due to radio quality and Number of LTE frequency, which leads to blind redirection procedure and results in longer delay.
Observation 3: The paging cause allows the UE in MUSIM mode to identify the voice service for paging without requiring RRC connection establishment.

Observation 4: UE is supported to perform early measurement in MR-DC for fast Scell set up.

Proposal 1:  To reduce the latency of voice call setup during EPS fallback, RAN2 to discuss how to enable UE to report the measurement result on potential LTE frequencies quickly, e.g.  via early EPS fallback measurement.
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