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Introduction
[bookmark: _GoBack]A new work item about “Support for Multi-SIM devices in Rel-17” has been agreed in RP#86 [1]. The objectives in WID are shown below:
	The detailed objectives of the Work Item are:
1) Specify, if necessary, enhancement(s) to address the collision due to reception of paging when the UE is in IDLE/INACTIVE mode in both the networks associated with respective SIMs [RAN2]
· RAT Concurrency: Network A can be NR. Network B can either be LTE or NR.
· Applicable UE architecture: Single-Rx/Single-Tx.
2) Specify mechanism for UE to notify Network A of its switch from Network A (for MUSIM purpose) [RAN2]:
· RAT Concurrency: Network A is NR. Network B can either be LTE or NR.
· Applicable UE architecture: Single-Rx/Single-Tx, Dual-Rx/Single-Tx
3) Unless SA2 find an alternative solution or decides otherwise , specify mechanism for an incoming page to indicate to the UE whether the service is voLTE/VoNR.[RAN2]
· RAT Concurrency: Network A is either LTE or NR. Network B is either LTE or NR.
· Applicable UE architecture: Single-Rx/Dual-Rx/Single-Tx
UE SIMs may belong to same or different operators. 
USIM can be a physical SIM or eSIM. 
Coordination with relevant WGs, such as SA2, should be considered where relevant. 
Specification change should focus on NR side for objective 1.

NOTE 1:  Single Rx allows MUSIM UE to receive traffic from only one network at one time, Dual Rx allows MUSIM UE to simultaneously receive traffic from two networks. Single Tx allows MUSIM UE to transmit traffic to one network at one time, dual Tx allows MUSIM UE to simultaneously Transmit traffic to two networks. (The terms Single Rx/Tx and Dual Rx/Tx do not refer to a device type. A single UE may, as an example, uses Dual Tx in some cases but Single Tx in other cases)
NOTE 2: Co-ordination between involved operators is not expected.



Many solutions for supporting multi-SIM devices involve NAS procedures. SA2 already had some studies and their proposed solutions are captured in TR 23.761 [2]. In this contribution, we discuss selected solutions for different objectives from RAN perspective.
[bookmark: OLE_LINK110][bookmark: OLE_LINK109]Discussion
Objective 1: Paging Collision
1.1.1 PF/PO calculation
The description in TS 38.304 about how to determine paging frame (PF) and paging occasion (PO) is copied below for reference.
	TS 38.304 (Subclause 7.1)
The PF and PO for paging are determined by the following formulae:
SFN for the PF is determined by:
(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
Index (i_s), indicating the index of the PO is determined by:
i_s = floor (UE_ID/N) mod Ns
The PDCCH monitoring occasions for paging are determined according to pagingSearchSpace as specified in TS 38.213 [4] and firstPDCCH-MonitoringOccasionOfPO if configured as specified in TS 38.331 [3]. When SearchSpaceId = 0 is configured for pagingSearchSpace, the PDCCH monitoring occasions for paging are same as for RMSI as defined in clause 13 in TS 38.213 [4].
When SearchSpaceId = 0 is configured for pagingSearchSpace, Ns is either 1 or 2. For Ns = 1, there is only one PO which starts from the first PDCCH monitoring occasion for paging in the PF. For Ns = 2, PO is either in the first half frame (i_s = 0) or the second half frame (i_s = 1) of the PF.



1.1.2 Potential Solutions
Shifted or additional PO (AS solution)
To avoid PO collision, an intuitive way is to shift the PF/PO of one network by applying an additional offset. We may also keep the original PO, and let the network transmit paging message for MUSIM UE in both the original PO and an additional (shifted) PO. Both methods are at AS level and involve paging formula modification. Modifying paging formula means that each gNB in the tracking area needs to know that there is such a “special UE”, and thus can send its paging message on a shifted or additional PO. This is a quite complicated procedure for the network. Thus, for paging collision avoidance, we suggest not considering AS solutions involving shifted or additional PO.
Proposal 1:	For paging collision avoidance, we do not consider AS solutions involving shifted or additional PO.
Re-assigned 5G-GUTI (NAS solution)
To shift PF/PO without modifying paging formula, UE may use another UE_ID. Since UE_ID = 5G-S-TMSI mod 1024, and 5G-S-TMSI is a part of 5G-GUTI assigned by AMF, changing UE_ID may be done by re-assigning 5G-GUTI. The solution described in [3] (also captured as Solution #20 in TR23.761[2]) proposes that the UE triggers a Mobility Registration Update (MRU) when a collision risk is detected by the UE, which prompts the AMF to assign a new 5G-GUTI to the UE. The procedure is shown in the figure below (Figure 6.20.3-1 in TR 23.761).


Figure 1. MRU trigger upon PO collision risk detection
This solution does not introduce new procedures, and is thus our preferred solution for paging collision avoidance. There are some details to be further studied, for example, whether a specific indication need to be provided by the UE in the Registration Request message or an existing indication can be reused. However, these details should be discussed in other WGs, and we expect no RAN impacts.
Proposal 2:	For paging collision avoidance, we may consider a NAS solution in which UE requests a new 5G-GUTI from the network.
Proposal 3:	The details for re-assigning 5G-GUTI for paging collision avoidance should be discussed in other WGs, and we expect no RAN impacts.
Alternative UE_ID (Cross NAS-AS solution)
[bookmark: _MailEndCompose]Another solution for paging collision avoidance is to use Alternative UE_ID in paging procedure (Solution#15 in TR 23.761 [2]). Here is the summary of this solution:
· UE indicates an “Alternative UE_ID” via NAS signalling (e.g., Registration Request)
· RAN uses the Alternative UE_ID to determine the next PF/PO and pages the UE. 
· RAN does not derive the UE_ID from the IMSI or 5G-S-TMSI.
This is a cross NAS-AS solution. The Alternative UE_ID introduces unnecessary complexity while the benefit is similar to the NAS solution which changes 5G-S-TMSI. Also, the PO formula is somehow changed, i.e., UE_ID is not derived from IMSI/5G-S-TMSI, but from Alternative UE_ID. Therefore, we do not prefer the Alternative UE_ID solution.
Proposal 4:	For paging collision avoidance, we do not consider the solution of introducing an Alternative UE_ID which replaces the UE_ID derived from IMSI/5G-S-TMSI for PF/PO calculation.
1.1.3 UE implementation
Although we are discussing multi-SIM support in Rel-17, multi-SIM devices are already available. Paging collision may actually be resolved with UE implementation. For example, UE with PO collision may monitor POs of the two networks alternately. 
If PO collision can be resolved by UE implantation, and the latency due to reduced potentially reduced paging monitoring is acceptable, the UE may not want to report paging collision. Therefore, we suggest leaving it for UE implementation whether to report paging collision.
Proposal 5:	It is up to UE implementation whether to report paging collision.
Objective 2: Network switching notification
1.1.4 Scenario
When UE is in RRC_CONNECTED in Network A, it also monitors paging in Network B. If UE is paged in Network B and decides to switch there due to important traffic, UE may want to inform Network A. We introduce a coordinated leave procedure for this purpose.
1.1.5 Release request
In current systems, we already have mechanisms that allow UE to suggest network releasing UE. Examples include the release assistance indication (RAI) for NB-IOT, or signalling preferred state in UE assistance information in NR Rel-16. This kind of assistance information is sent by UE when UE expects no data in near future, and the main purpose is power saving.
The purpose of coordinated leave discussed in this contribution is for UE to received data from another network, which is quite different from existing mechanisms, even though the procedures may look similar. With coordinated leave, the information sent from UE to Network A is more like a release request, rather than an “assistance”. That is, when UE sends such a request, it requests Network A to release it.
Proposal 6:	When UE decides to switch from Network A, it sends a release request to Network A.
1.1.6 Duration of absence
Some solutions in TR 23.761 [2] mentioned that the UE should be able to estimate its duration of absence, for example a long or short absence, and inform Network A. We do not think the estimation is reliable. Even with a short absence for service information (Solution#2 in TR23.761 [2]), it is hard to estimate when the UE can obtain the required information (e.g. caller ID), needless to say estimation of the duration of an incoming voice call.
Therefore, we suggest that the UE does not provide any information about estimate duration of absence in the release request.
Proposal 7:	The UE does not provide any information about estimate duration of absence in the release request.
1.1.7 Timer-based release
In RAI or UE preferred state assistance information, the UE can be released or suspended only by RRC release message from the network. This is reasonable since the purpose of RAI is for power saving and the RRC state of UE should still be controlled by the network. 
In multi-SIM scenario, however, the reason of release request is to setup connection in another network, and thus the UE is in a “must go” situation. We suggest that the UE-triggered RRC connection release procedure be controlled by a UE RRC timer, upon expiry of which the UE proceeds with local RRC connection release (the timer value is specified such as to minimize any potential negative impact to user experience) if no response is received from the network. Similarly, at network side, upon receiving the RRC connection release request from the UE, the network may explicitly releases or suspends the RRC connection. The network may instead start an RRC inactive timer, upon expiry of which, local RRC release takes place in the network if the UE has not otherwise resumed the RRC connection.
Proposal 8:	The UE-triggered RRC connection release procedure is controlled by a UE RRC timer, upon expiry of which the UE proceeds with local RRC connection release if no response is received from the network.
The proposed procedure above can be seen as a “coordinated leave” mechanism, illustrated in the figure below.


Figure 2.	Coordinated leave for multi-SIM devices 
Objective 3: Paging indication for VoLTE/VoNR
For MUSIM UEs, a RRC_CONNECTED UE in Network A also monitors paging from Network B. If paged in Network B, UE needs to decide whether to switch to Network B. UE would prefer to do so, for example, if the incoming traffic is for voice services. Our proposal for such indication is to introduce a new Paging Cause for voice service, as described in Solution#1 of TR 23.761 [2]. The new paging cause allows the UE to identify the reason for paging, without requiring a paging response and RRC connection establishment.
Notice that monitoring of paging on network B requires no new mechanism in network A. The UE can exploit existing AS-related gaps when available. If UE decides to switch to network B, it may perform coordinated leave procedure, as described in previous section.
Proposal 9:	Introduce a new paging cause for VoNR/VoLTE.
Conclusion
It is proposed to discuss and decide on the following proposals:
Proposal 1:	For paging collision avoidance, we do not consider AS solutions involving shifted or additional PO.
Proposal 2:	For paging collision avoidance, we may consider a NAS solution in which UE requests a new 5G-GUTI from the network.
Proposal 3:	The details for re-assigning 5G-GUTI for paging collision avoidance should be discussed in other WGs, and we expect no RAN impacts.
Proposal 4:	For paging collision avoidance, we do not consider the solution of introducing an Alternative UE_ID which replaces the UE_ID derived from IMSI/5G-S-TMSI for POF/PO calculation.
Proposal 5:	It is up to UE implementation whether to report paging collision.
Proposal 6:	When UE decides to switch from Network A, it sends a release request to Network A.
Proposal 7:	The UE does not provide any information about estimate duration of absence in the release request.
Proposal 8:	The UE-triggered RRC connection release procedure is controlled by a UE RRC timer, upon expiry of which the UE proceeds with local RRC connection release if no response is received from the network.
Proposal 9:	Introduce a new paging cause for VoNR/VoLTE.
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