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1.  Introduction
At CT1#129-e, a WID was proposed in C1-212537 on IMS voice service support and network usability guarantee for UE’s E-UTRA capability disabled scenario in 5GS. The WID was resubmitted at CT1#130-e in C1-213300 and postponed due to lack of consensus. The purpose of this document is to revisit the problem described in the WID and to analyze possible solutions that can be pursued in CT1 without system-level impacts.
2.  Problem statement
The problem scenario which the WID was trying to address is as follows:
Pre-conditions:

· The UE’s usage setting is “voice-centric”
· The network’s configuration is as follows:

· In 5GS, VoNR is not supported, and IMS voice is provided via EPS fallback

· There is no 2G/3G (spectrum has been re-farmed)

· There is no other PLMN available in the area

Problem scenario:
1. The UE attempts to attach in EPS but is in a coverage hole and thus fails to attach 5 times in a row, which triggers the UE to start timer T3402 and disable the E-UTRA capability (see TS 24.301 subclauses 5.5.1.2.6 / 5.5.1.3.6). Since the UE has not yet been able to attach in EPS, the UE has not yet received a specific T3402 value for the registration area and thus uses the default value of 12 min for T3402 (see TS 23.401 subclauses 5.3.6 and 10.2)
2. The UE moves to 5GS, performs registration and indicates that S1 mode is disabled in the REGISTRATION REQUEST message

3. Since the network only supports voice via EPS fallback in 5GS and the UE has indicated that the S1 mode capability is disabled, the network indicates “IMS voice over 3GPP access is not supported” in the REGISTRATION ACCEPT message
4. Since the UE is voice-centric, receiving “IMS voice over 3GPP access is not supported” in the REGISTRATION ACCEPT message triggers the UE to disable the N1 mode capability (see TS 24.501 subclause 4.3.2)
5. The UE attempts to find 2G/3G and cannot find it since it is not available
6. The UE re-enables N1 mode (based on implementation trigger) and camps in 5GS
7. The UE is unable to make any MO call / receive any MT call for as long as T3402 is still running
3.  Possible solutions
As can be seen from the description of the problem scenario in the previous section, the crux of the issue is that when T3402 is started due to a momentary EPS coverage hole (e.g. user is in an underground parking garage), the user will then be without voice service for 12 min even though good EPS coverage may have become available well before the end of the 12 min.

Solutions to mitigate this issue should thus focus on handling of timer T3402. Simpler solutions can consist of using a smaller T3402 value, while more complex solutions can enable early stop of T3402 under certain conditions. 
Additionally, since the issue is specific to a very unique network deployment, it is important that any solution can be enabled/disabled at the UE so that only operators who wish to use the solution enable it at the UE.
Given the considerations above, the following solutions can be identified:

Solution #1:

· Use smaller default T3402 value (to be specified in TS 24.301) based on a UE configuration parameter (‘UseReducedDefaultT3402’) stored in the ME or in the USIM

· Re-enable S1 mode when T3402 expires

Solution #2:

· Use smaller default T3402 value (to be specified in TS 24.301) based on a UE configuration parameter (‘UseReducedDefaultT3402’) stored in the ME or in the USIM the first n times that T3402 is started after power-up

· The (n+1)th time T3402 is started and thereafter, use the normal T3402 default value of 12 min

· Re-enable S1 mode when T3402 expires

Solution #3:

· Enable the network to configure a specific default T3402 value (‘ReducedDefaultT3402’) stored in the ME or in the USIM

· Re-enable S1 mode when T3402 expires

Solution #4:

· Based on a UE configuration parameter (‘EarlyT3402Stop’) stored in the ME or in the USIM, when N1 mode is re-enabled, also re-enable S1 mode and stop T3402
Solution #5:

· Based on a UE configuration parameter (‘EarlyT3402Stop’) stored in the ME or in the USIM:

· Do not disable the E-UTRA capability when T3402 is started

· Stop T3402 if the UE reselects from 5GS to EPS or is handed over/redirected by the network from 5GS to EPS

Solution #6:

· Based on a UE configuration parameter (‘EarlyT3402Stop’) stored in the ME or in the USIM:

· When N1 mode gets re-enabled, also re-enable S1 mode

· Stop T3402 if the UE reselects from 5GS to EPS or is handed over/redirected by the network from 5GS to EPS

Solution #7:

· Based on a UE configuration parameter (‘EarlyT3402Stop’) stored in the ME or in the USIM:

· Do not disable the E-UTRA capability when T3402 is started

· When the UE camps in 5GS  while T3402 is running, de-prioritize E-UTRAN cells for cell reselection until T3402 expires

· Stop T3402 if the UE is handed over/redirected by the network from 5GS to EPS

Solution #8:

· Based on a UE configuration parameter (‘EarlyT3402Stop’) stored in the ME or in the USIM, when T3402 is running and S1 mode is disabled, the AS at the UE periodically checks the quality of E-UTRAN cells. If the cell quality is above a UE implementation threshold for a UE implementation length of time, the UE re-enables S1 mode and stops T3402.
4.  Solutions comparison
The pros and cons of the solutions described in the previous section are as follows:

	Solution #
	Description
	Pros
	Cons

	Solution #1
	Shorter default T3402 value
	Simple
	· The UE will apply shorter default value regardless of EPS coverage

· The UE will still be out of voice service for the duration of T3402

	Solution #2
	Shorter default T3402 value used first n times


	Improves on Solution #1 since, if the UE is truly outside of EPS coverage (as opposed to have been temporarily in a coverage hole), the UE will eventually revert to using the default T3402 value of 12 min
	The UE will still be out of voice service for the duration of T3402

	Solution #3
	Configurable default T3402 value
	Enables custom T3402 value tailored to specific deployment
	· Requires configuring appropriate timer value in the ME or in the USIM
· The UE will apply shorter default value regardless of EPS coverage

· The UE will still be out of voice service for the duration of T3402

	Solution #4
	S1 mode re-enabling and T3402 stop triggered by N1 mode re-enabling
	The UE does not need to wait for T3402 to expire to regain voice service
	EPS coverage might still be bad when T3402 is stopped, in which case EPS fallback may fail

	Solution #5
	No S1 mode disabling.

T3402 stop triggered by reselection, handover or redirection to EPS
	The UE does not need to wait for T3402 to expire to regain voice service
	

	Solution #6
	S1 mode re-enabling triggered by N1 mode re-enabling.

T3402 stop triggered by reselection, handover or redirection to EPS
	The UE does not need to wait for T3402 to expire to regain voice service
	Disabling of S1 mode will cause disabling N1 mode and search for 2G/3G before the UE can go back to 5GS and regain voice service, whereas with Solution #5 the UE does not go through these additional steps before regain voice service

	Solution #7
	E-UTRAN cells are de-prioritized until T3402 expires
T3402 stop triggered by handover or redirection to EPS
	T3402 stop triggered by reselection, handover or redirection to EPS
	Requires the UE to override normal cell reselection rules

	Solution #8
	S1 mode re-enabling and T3402 stop based on E-UTRAN cell quality
	· The UE does not need to wait for T3402 to expire to regain voice service

· The UE re-enables S1 mode and stops T3402 only if the EPS coverage is good enough
	NAS timer is stopped based on AS trigger, which might be considered a layer violation




5.  Proposal
Based on the pros and cons of the solutions described in the previous section, it is proposed to proceed with Solution #5.
Corresponding CRs to TS 24.301 and TS 24.368 are provided in, respectively, C1-214163 and C1-214440.
