3GPP TSG-RAN WG2 Meeting #115-e	R2-2107301
Online, Aug 9th  – 27th, 2021  						 									 
Agenda item:	8.3.3
Source:		Intel Corporation
Title:	NAS and AS procedures and their interaction for aperiodic gap request 
Document for:	Discussion and Decision

Introduction
Email discussions [Post114-e][242][MUSIM] Switching message details  and [Post114-e][243][MUSIM] Gap handling discussed the details of the gap patterns and the associated signalling.  From the company proposals, it seems there is support for two type of gaps – periodic that is used for Paging monitoring, measurements etc. and aperiodic gap that is used for one-off events.  SA2 has also agreed a NAS procedure for network switching (also referred to as “coordinated leaving” during the study phase in TR 23.761 and “connection release” in normative text approved in TS 23.401 / 23.501 / 23.502).  This document discusses the AS procedures, and their relationship and interaction with NAS procedures.  
Discussion

NAS AS procedure interaction
In terms of signalling, there seems to be support for using something like UE Assistance Information in the AS “network switching” procedure for UE to request gaps.  For aperiodic one-off gaps, the UE can request a “gap” to perform a procedure in the other network such as SI reading, TAU / Registration update, busy indication and possibly also “answering calls” (i.e., longer periods of absence).  
SA2 has also defined a NAS procedure for network switching (a.k.a. “leaving” or “connection release” procedure).  This procedure could also be used to allow the UE to execute a procedure in the other network, noting that the NAS procedure for network switching always moves the UE in IDLE state.  Hence there is a bit of overlap in the functionality of these two procedures.  However, there are also some differences that make each procedure more suitable for particular use case.

AS based switching is handled by the gNB and the gNB has the option to keep the UE in CONNECTED, INACTIVE or IDLE.  It may do this based on input from the UE, such as requested gap duration or indication of the procedure that UE intends to perform in the other network, etc.  

The NAS procedure is expected to move the UE to IDLE, which could be suitable for longer periods of absence.  An advantage of the NAS procedure is that Paging Restrictions (where UE can request not to be paged while it is connected in the other network for any traffic other than voice or other than a specific PDU Session) can be supported (currently, there is no system support for using Paging Restrictions for INACTIVE).  Given this advantage, it seems more reasonable to use the NAS procedure for longer periods of absence and move UE to IDLE.   

The AS procedure has the benefit of allowing the UE to be kept in CONNECTED or INACTIVE which allows faster come back with less signalling after completion of the procedure in the other network.

Observation #1: AS procedure is beneficial for shorter duration of absence and UE can be kept in CONNECTED or INACTIVE.  NAS procedure is useful for longer period of absence and allows the use of Paging Restrictions.  

The two procedures, NAS and AS, serve the same objective of allowing the UE to be absent in the current network to perform some procedure in the other network.  When AS procedure is used, there is no reason to also run the NAS procedure.  Similarly, when NAS procedure is used, there is no motivation to also use the AS procedure.   The choice of the procedure, if both are supported by the network, can be left to UE implementation.  

Proposal #1: Both a NAS and an AS procedures can be defined for network switching.  UE invokes one or the other procedure depending on the nature of procedure/gap required and the choice is left to UE implementation.

UE does not come back after gap period
Another issue to address is the network behaviour if the UE does not come back after the requested period.  This could be for a number of reasons e.g. the NAS procedure took longer than expected (NAS timers are quite long).  For INACTIVE and IDLE, it is not an issue as UE and network can continue to keep the UE in this state.  The only consequence will be potential Paging of the UE while it is still active in the other network, but this too could be addressed by the Busy indication.  

If the UE was kept in CONNECTED, this is a bigger issue – the network may not want to continue keeping the UE in CONNECTED for a potentially indefinite or long period.  

Given the current INACTIVE procedures, it is not possible for the network to move the UE to from CONNECTED to INACTIVE autonomously (as the suspend configuration has to be provided in RRC Release message).   

[bookmark: _Hlk79006907]There are several options:
1) [bookmark: _Hlk79006995]Specify that UE has to come back and request another gap before the requested gap period ends
2) UE is moved autonomously to IDLE by the network and the UE after the requested gap period 
 
Option 1 would be difficult if the UE was active in the other network.  Option 3 is a bit more disruptive, but still acceptable.   By both UE and network moving the UE to IDLE, the state mismatch issue can be minimised.  Even if this is not totally synchronised, any potential state mismatch can be handled by network implementations as today.  

Proposal #2: In absence of communication between the UE and the network at the end the gap period, a UE in CONNECTED state moves autonomously to IDLE.

As discussed above, it should be possible for UE to request a certain gap period.  When the UE wants to answer a voice call, the UE may not be aware of the gap period required.  To cater for this, the codepoint for “unknown” gap period should be introduced in the UE Assistance Request.
Proposal #3: Introduce a code point for “unknown” gap period in the UE Assistance Request.   

Signalling for “UE comes back” 
The UE may be finished with the procedure in the other network earlier than the requested gap period.  This could be because the requested gap period was set conservatively and the NAS procedures finished quicker than expected (NAS timers are long and there is fair period of uncertainty on how long they take).   The UE should then be allowed to “come back” to the original network early.
The optimum comeback procedure will depend on the state of the UE.  For CONNECTED state, it could be argued that no early comeback signal needs to be defined as the period is likely to be short.  If the UE is kept connected, it could use the existing AS procedures of Scheduling Request (SR) to indicate it is coming back provided that the UE is in the same cell.  If there is a change of cell, UE has to either perform a re-establishment procedure or go to IDLE.  Since these are already available and it can be re-used and there is no reason to prevent it.  

For INACTIVE, UE can use ResumeRequest.  If the UE is in INACTIVE, it is not essential to indicate a comeback (or even use the concept of a “gap”).  The only potential benefit is if the network was suppressing RAN Paging messages during the “gap period” in INACTIVE.  Here, there is the usual cost analysis of Paging message vs. comeback message.  As the Resume procedure is quite simple and involves very little signalling, it could be applied to indicate to the network that UE has come back.
Proposal #4: For early comeback, a UE in CONNECTED state can use SR (if same cell) or the re-establishment procedure (if different cell) to indicate comeback.  If UE is in INACTIVE, it performs a ResumeRequest procedure on early comeback.

Summary and proposals
This document discussed the AS procedures for aperiodic gap request for MU-SIM UEs and their relationship with corresponding NAS procedure (coordinated leaving).  The following observations and proposals were made.

Observation #1: AS procedure is beneficial for shorter duration of absence and UE can be kept in CONNECTED or INACTIVE.  NAS procedure is useful for longer period of absence and allows the use of Paging Restrictions.  
Proposal #1: Both a NAS and an AS procedures can be defined for network switching.  UE invokes one or the other procedure depending on the nature of procedure/gap required and the choice is left to UE implementation.
Proposal #2: In absence of communication between the UE and the network at the end the gap period, a UE in CONNECTED state moves autonomously to IDLE.
Proposal #3: Introduce a code point for “unknown” gap period in the UE Assistance Request.   
Proposal #4: For early comeback, a UE in CONNECTED state can use SR (if same cell) or the re-establishment procedure (if different cell) to indicate comeback.  If UE is in INACTIVE, it performs a ResumeRequest procedure on early comeback.

