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1. Introduction

In RAN#86 meeting, a new WI, i.e support for Multi-SIM devices in Rel-17 is approved. The objective for paging collision is specified in WI [1].

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.
We would like to discuss the general consideration on paging collision issue for multi-SIM in this paper.
2. Discussion on paging collision due to multi-SIM
In the paging collision objective, it indicates it is for Single-Rx/Single-Tx UE. it is not clear whether it is based on UE implementation for multi-SIM UE with dual RX/*-Tx to solve paging collision issue. If so, the DL coverage of paging reception will be downgrade compared with non-multi-SIM UE.
Proposal 1: It is based on UE implementation for multi-SIM UE with dual RX/*-Tx to solve paging collision issue. 
In SA2 LS [2], there are three questions, i.e Q8/9/10 for paging collision from SA2. These questions are discussed in the RAN2 multi-SIM email discussion. 
	Q8: SA2 would like to ask RAN2 whether these approaches are all feasible and effective for paging reception when paging collisions are detected in 5GS and in EPS respectively. 

Q9: SA2 would like to ask RAN2 and RAN3 to take these solutions into consideration and provide feedback including proposals from RAN that SA2 may have not yet considered.

Q10: Some companies in SA2 believe that the RAN plenary decision on “No E-UTRA impact” restriction is only related to layers RRC and below. Other companies in SA2 believe that the restriction also includes no impact to S1_AP and NG_AP. It would be helpful for SA2 to get the correct definition of the WI restriction from RAN WGs.


For multi-SIM UE, the UE will monitor paging on the serving cell A for USIM-A and serving cell B for USIM-B. The UE will monitor the paging only on paging occasion on serving cell and the paging occasion are calculated based on the input parameters including, cell level paging parameters, UE specific parameters and NAS configured parameters.
	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 following parameters are used for the calculation of PF and i_s above:
T: DRX cycle of the UE (T is determined by the shortest of the UE specific DRX value(s), if configured by RRC and/or upper layers, and a default DRX value broadcast in system information. In RRC_IDLE state, if UE specific DRX is not configured by upper layers, the default value is applied).
N: number of total paging frames in T
Ns: number of paging occasions for a PF
PF_offset: offset used for PF determination
UE_ID: 5G-S-TMSI mod 1024


In NR, the Paging transmission are based on beam sweeping. A PO is a set of PDCCH monitoring occasions and where paging DCI can be sent. The starting point of one PO will be decided by the actual SSB transmission and firstPDCCH-MonitoringOccasionOfPO parameter.

Observation: From PO perspective, if one serving cell is NR, the possibility of paging collision is increased due to the increased length of PO.

Only UE can detect the paging collision issue and network cannot do it, so the working assumption is that the UE has capability to detect the paging collision issue.

Proposal 2: a working assumption is proposed that the UE can detect the paging collision issue and then trigger the paging collision resolution.
The PO is calculated based on the inputted parameters and change these parameters may change the PO position in time domain. So, changing the paging related parameters is direct way to solve paging collision issue. SA2 had developed some solutions for paging collision issues. Here we summarised some solutions.
Solution 1: if UE detect paging collision issue, the UE perform the registration procedure to update the 5G GUTI. 
Solution 2: if UE detect paging collision issue, the UE perform the registration procedure to update UE specific DRX.
Solution 3: the paging is delivered in repetition as NR-U did.
Solution 4: if UE detect paging collision issue, the UE inform RAN about the paging collision issue, then RAN update the paging configuration, e.g. firstPDCCH-MonitoringOccasionOfPO parameter to change the PO starting point.
Solution 5: UE provided UE assistance information to AMF to aid the network to change the paging related parameters.

Solution 6: UE provided UE assistance information to RAN to aid the network to change the paging related parameters.

	
	Pros.
	Cons.

	Solution 1
	- like LTE TAU procedure, and the new 5G GUTI is allocated in each registration procedure, so no standard impact. 
	- the paging collision issue may be solved in one time of 5G GUTI update.

	Solution 2
	- no standard impact and it is already supported in spec.
	- the paging collision issue may be solved in one time of 5G GUTI update.

	Solution 3
	- no standard impact and it is already supported in spec.
	- waste the radio resource for paging.

	Solution 4
	
	- impact RAN spec and it may introduce the paging collision to other multi-SIM UEs.

- it may increase the possibility of cell level parameters change in SIB and introduce unnecessary SI update.

	Solution 5
	Similar as solution 1,2, it is with UE assistance information.  
	- impact NAS spec.

	Solution 6
	Similar as solution 4, it is with UE assistance information.  
	- impact RAN spec and it may introduce the paging collision to other multi-SIM UEs.

- it may increase the possibility of cell level parameters change in SIB and introduce unnecessary SI update.


If paging collision issue exists and needs to be solved, above 6 solution are compared. Paging collision is solved by change RAN level paging parameters is not a good idea. Because it may introduce the paging collision issue to other Multi-SIM UE and the change will also introduce unnecessary system information update. The solution 1, 2, 3 works and no standard impact.
Proposal 3: RAN level paging parameters are not changed for paging collision issue and NAS level parameters change can be considered.

Proposal 4: the solution 1 and 2 can be considered for paging collision issue as no standard impact. 
3. Conclusions

Based on the discussion above, we propose:
Proposal 1: It is based on UE implementation for multi-SIM UE with dual RX/*-Tx to solve paging collision issue. RAN2 understand that DL coverage of paging reception will be downgrade, but it is out of scope of the WI.
Proposal 2: a working assumption is proposed that the UE can detect the paging collision issue and then trigger the paging collision resolution.
Proposal 3: RAN level paging parameters are not changed for paging collision issue and NAS level parameters change can be considered.

Proposal 4: the solution 1 and 2 can be considered for paging collision issue as no standard impact. 
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