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Introduction
Multi-USIM devices enable use of multiple subscriptions in one device, e.g. more than one USIM and concurrent registration in more than one network. The USIMs are from same or different operator (PLMN).
A Multi-USIM device needs to handle “simultaneous state” situations like: 
· RRC_IDLE/INACTIVE + RRC_IDLE/INACTIVE, e.g. 
· check paging in multiple systems
· receive system information for multiple systems
· perform measurements on multiple systems
· RRC_CONNECTED+ RRC_INACTIVE/IDLE, e.g. 
· voice + paging/SI/measurements
RAN2 WID RP-210316 [1] defines three objectives for the support for Multi-USIM devices in Rel-17. In this contribution the focus is on the objective 2, reported here:
2) Specify mechanism for UE to notify Network A of its switch from Network A (for MUSIM purpose):
0. RAT Concurrency: Network A is NR. Network B can either be LTE or NR.
0. Applicable UE architecture: Single-Rx/Single-Tx, Dual-Rx/Single-Tx
This contribution is focusing on one aspect of the switchover mechanism which allows the UE to change network without leaving the connected state in the current PLMN.
The contribution has been revised to address the open issues from RAN2#116e meeting and some topics not discussed yet.
[bookmark: _Ref178064866]Discussion
[bookmark: _Hlk66863217][bookmark: _Hlk66862907][bookmark: _Hlk52885749]Considering a Multi-USIM UE in RRC_CONNECTED state in PLMN1 and RRC_IDLE or RRC_INACTIVE in PLMN2, the “switchover procedure without leaving RRC_CONNECTED state” is typically required to perform “short” actions in PLMN2 which do not need a connection setup, e.g. listen to paging, SIB acquisition, cell reselection, etc. This requires only short interruptions in PLMN1, to allow the UE to perform the actions in PLMN2. During those interruptions the UE is preferably not scheduled.
[bookmark: _Hlk71031682][bookmark: _Hlk66863068]Switchover procedure without leaving RRC_CONNECTED state can be used to perform “short” actions in PLMN2 which do not need a connection setup. The UE may be kept in RRC_CONNECTED in PLMN1.
[bookmark: _Hlk66863290]
[bookmark: _Hlk71104362]In the previous RAN2 meetings, the following agreements were taken:
Agreement (RAN2#113bis-e)

1	RRC signalling is used for switching procedure without leaving RRC_CONNECTED state in network A for UE temporarily switching to network B as a baseline. FFS on additional need of MAC signalling.

Agreements (RAN2#114e)

1:	RRC signalling for network switching without leaving RRC_Connected state should allow multiple configurations of periodic “gaps” with different parameters (e.g. periodicities and durations). FFS is multiple can be active at the same time. FFS if multiple aperiodic gaps are supported.
4:	UE provides assistance information to the gNB of NW A in Connected state based on the configuration of USIM of NW B for the gNB to determine the necessary switching parameters. Up to network what is the action based on UE assistance information. FFS what assistance information is needed.


Agreements (RAN2#115e)

· Only per UE level scheduling gap is supported in Rel-17 for non-DC. FFS if we support MR-DC.
· The network is allowed to configure at most 3 gap patterns (for any MUSIM purpose).
· Only a single aperiodic gap (for MUSIM) is supported in Rel-17. At most two periodic “gaps” (for MUSIM) and a single aperiodic gap (for MUSIM) is supported in Rel-17. FFS if signalling supports more.
· The SFN and subframe of the PCell of the network A is used in the gap configuration to calculate the gap.
· The switching gap configuration will explicitly provide the gap starting position (e.g. offset value or start SFN and subframe explicitly), gap length and gap repetition period.
· Switching Gaps (of any type) are configured or released by RRC signalling (e.g. RRCReconfiguration message) in Rel-17. FFS if gap can be released autonomously by UE after N repetitions.
· UE is allowed to include assistance information for setup or release of gaps for both 1) periodic gaps and 2) aperiodic gap in one UEAssistanceInformation Msg.
· To report the assistance information, the UE maps the timing info of the Gap on the network B  to the network A and reports the mapped timing info to the network A.
· For the gap assistance information, the Gap start time, Duration of the gap and gap repetition period (for periodic) may be included. FFS is other information is included (e.g. gap purpose).
· Do not support autonomous gaps for MUSIM in Rel-17.


Agreements (RAN2#116e)

- RAN2 will not specify MN-SN coordination of MUSIM gaps with MR-DC in Rel-17.
- RAN2 will not create MAC CE activation of gaps in MUSIM, but if the common gap discussion allows this anyway, RAN2 will not prevent that, either.
1: RAN2 will not work in Rel-17 for the case that Dual-RX/Single-TX UE or Single-RX/Single-TX UE stays in RRC_CONNECTED mode in NW A while performing reception and transmission in NW B (in RRC_ CONNECTED or during RRC setup/resume period).
2: MR-DC is not supported in Rel-17.
- Wait for RAN4 feedback on gap pattern support (can use FFS in RRC for maximum value)
4: RAN2 understands that the intent of aperiodic gap is as follows (no need to specify):
-	If until the end of the aperiodic gap the UE still has not completed activity in NW B, e.g. due to the random access for on-demand SI request, the UE should stop the activity in NW B and switch to NW A. If needed, the UE can request another aperiodic gap in NW A.
- RAN2 does not intend to specify any new signalling in Rel-17 for early return. If legacy signalling allows it, RAN2 does not intend to preclude it.
5: Do not introduce gap purpose for gap related MUSIM assistance information.
6: FFS how UE indicates release of gap pattern.
7: FFS if UE is allowed to update UAI message after the UE performs cell reselection in NW B or after the UE performs handover in NW A.
8: Autonomous release of MUSIM gap by UE after N repetitions is not supported.

This section focuses mainly on the “FFS” from the agreements above and on some aspects related to the gaps configuration.
[bookmark: _Hlk75164542]According to the UE Assistance Information framework, the UE sends the gaps preference to the network using the UEAssistanceInformation message, if configured by the network.
[bookmark: _Hlk76556502]The UE sends the preferred gaps to the gNB using the UEAssistanceInformation message, if configured by the network.
When the network configures the UE, a new prohibit timer, specific for Multi-USIM UEs, should be included to limit the number of UEAssistanceInformation messages used to report gap preferences. This is the same principle as used for any other IE within UEAssistanceInformation message.
The Multi-USIM UE may be configured by the network with a prohibit timer to avoid frequent report of preferred gaps.
Once configured, it has been agreed the UE can request up to 2 periodic and 1 aperiodic gaps.
Based on the reply LS on gap handling for MUSIM from RAN4 group [2], the legacy gap patterns can be re-used for serving cell measurement and neighbor cell measurements (including intra-frequency, inter-frequency and inter-RAT measurements), although a low efficiency is expected in some scenarios.
The legacy gap patterns can be re-used for serving cell measurement and neighbor cell measurements (including intra-frequency, inter-frequency and inter-RAT measurements).
Regarding the paging reception (with/without SSB for AGC), additional gap pattens can be introduced, besides the legacy ones. These new gap patterns will have the same length as legacy pattern, but with longer repetition period, equal to the Network B DRX cycles, that is {320, 640, 1280, 2560} ms.
Additional gap pattens are introduced for the Paging reception (with/without SSB for AGC). These new gap patterns have the same length as legacy pattern, but with longer repetition period, equal to Network B DRX cycles: {320, 640, 1280, 2560} ms.
For MIB/SIB acquisition, the UE can ask for an aperiodic gap with length of 20ms. The value is chosen to minimize the impacts on the ongoing service. This is also in line with the reply received from RAN4.
An aperiodic gap with length of 20ms is used for MIB/SIB acquisition.
Regarding the aperiodic gap, this is sent on need basis. That is, whenever the UE needs to switch to the other PLMN for an aperiodic event, an UEAssistanceInformation message including the aperiodic gap preference is sent (if the new configured prohibit timer allows it). This also implies that the network would not store aperiodic gap information, i.e. not including aperiodic gap preference in UEAssistanceInformation message implies in no preference for an aperiodic gap.
Similarly, if the UE no longer has a preference for periodic gaps, i.e. the UE wants to release one or more gaps pattern, the UE should not include such gap preference in its reported UEAssistanceInformation message. This is also in line with other IEs in UEAssistanceInformation message.
If the UEAssistanceInformation does not include a field for aperiodic or periodic gap preference, it implies no preference for the corresponding field for aperiodic or periodic gap, i.e. the gap is released. 
In this manner, it should be noted that whenever the UE asks for an aperiodic gap, the periodic gaps preference have to be repeated (or included with different preferred fields) in the UEAssistanceInformation message, otherwise the network interprets as they are not needed anymore and may release them.
Whenever the UE asks for an aperiodic gap, the periodic gaps preference (if any) also have to be included in the message, otherwise the network interprets it as the periodic gaps are no longer needed.
From RAN2#116e meeting, the following is FFS:
if UE is allowed to update UAI message after the UE performs cell reselection in NW B or after the UE performs handover in NW A.
The general principle with the gap pattern is that the UE can request a new gap pattern if the old one is not suitable anymore. As proposed in this paper, this behavior should also be bounded by a prohibit timer. Hence, as long as the UE has a new gap pattern preference and the prohibit timer is not running, the UE can send a new UAI message to the network, there is no need to define a specific update of UAI message after UE performs cell reselection.
There is no update of UEAssistanceInformation message including gap preference after performing cell reselection in Network B. 
Regarding the handover case in Network A, since a similar behavior was adopted for other IEs within UAI framework, the UE should be able to send the UEAssistanceInformation after performing handover .
After performing a handover in Network A, the UE is allowed to send an UEAssistanceInformation with the gap pattern request.
Conclusion
[bookmark: _Hlk528836488]In the previous sections we made the following observations:
1. Switchover procedure without leaving RRC_CONNECTED state can be used to perform “short” actions in PLMN2 which do not need a connection setup. The UE may be kept in RRC_CONNECTED in PLMN1.
1. The UE sends the preferred gaps to the gNB using the UEAssistanceInformation message, if configured by the network.
1. Whenever the UE asks for an aperiodic gap, the periodic gaps preference (if any) also have to be included in the message, otherwise the network interprets it as the periodic gaps are no longer needed.

Based on the discussion in the previous sections we propose the following:
1. The Multi-USIM UE may be configured by the network with a prohibit timer to avoid frequent report of preferred gaps.
1. The legacy gap patterns can be re-used for serving cell measurement and neighbor cell measurements (including intra-frequency, inter-frequency and inter-RAT measurements).
1. Additional gap pattens are introduced for the Paging reception (with/without SSB for AGC). These new gap patterns have the same length as legacy pattern, but with longer repetition period, equal to Network B DRX cycles: {320, 640, 1280, 2560} ms.
1. An aperiodic gap with length of 20ms is used for MIB/SIB acquisition.
1. If the UEAssistanceInformation does not include a field for aperiodic or periodic gap preference, it implies no preference for the corresponding field for aperiodic or periodic gap, i.e. the gap is released.
1. There is no update of UEAssistanceInformation message including gap preference after performing cell reselection in Network B.
1. After performing a handover in Network A, the UE is allowed to send an UEAssistanceInformation with the gap pattern request.
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