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Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK5]From the RAN2#113 Electronic meeting, the following agreements were made with respect to the MUSIM Paging Collision Avoidance work item [1]. Please refer to the Appendix Section, which details the different solution options that are referred to in this document.
Agreement

1 Option 2b is the preferred solution to address paging collision for “LTE + LTE”.
2 MUSIM UE determines potential paging collision on two networks and triggers actions on potential paging collision avoidance.
3 It is left to UE implementation as to how it selects one of the two RATs/networks for paging collision avoidance.
4 NAS signalling is baseline for UE reporting paging collision in 5GS side (to be confirmed by SA2).

From [1], the following FFS were also noted

[bookmark: OLE_LINK9][bookmark: OLE_LINK10]1    FFS if we can make the UE behaviour predictable for paging collision avoidance
2	It is FFS whether assistant information is needed for paging collision in 5GS side.

Subsequently, in the last RAN2#113bis Electronic meeting, the following agreements were made with respect to the MUSIM Paging Collision Avoidance work item [6].
Agreements
1: For the EPS PO/PF calculation, include the UE_offset to the UE_ID calculation formula.
2: No additional modification for the EPS eDRX case. 

In this paper, we are providing our views on the need for assistance information while resolving paging collision for the 5GS case.
[bookmark: _Toc242573354]Discussion
From the RAN2 agreements reached so far on this topic, it is evident that the solution proposed for LTE and NR are slightly different from each other, with the EPS+EPS case using a UE_ID derived from IMSI + Offset value, while the 5GS+5GS case would be using a UE_ID derived from 5G-S-TMSI. 
[bookmark: OLE_LINK32][bookmark: OLE_LINK33]Observation 1: There are some inherent differences in the way the PO determination happens in EPS and 5GS, primarily based on the input UE_ID being used.
Observation 2 : The UE_ID used for EPS case is based on a permanent subscription identifier which do not change over time.
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Observation 3 : The UE_ID used for 5GS case is based on a temporary identifier which can potentially be reassigned over time by the Network.
As specified in [3] and [4], the calculation of the Paging Frame (PF) and Paging Occasion (PO) are determined as follows
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.
Where UE_ID is:
	UE_ID: IMSI mod 1024	(in the EPS).
	UE_ID: 5G-S-TMSI mod 1024	(in the 5GS).
The different between EPS and 5GS case is that, the PO determination in EPS case is based on a permanent subscription identified, whereas the PO determination in 5GS case is based on a temporary identifier, which can potentially and will be reassigned over time.
As outlined in [2], the determination of the PO, and eventually the occurrence of the paging collision, is controlled by the last 10 bits of either IMSI and/or 5G-S-TMSI. This is due to the modulo 1024 operation being done on the UE_ID, no matter whether it is EPS or 5GS case. So the MUSIM paging collision problem essentially maps to a problem wherein there has to be uniqueness in this final computed value across two SIM instances.
To resolve the MUSIM paging collision, there is a need to change the UE_ID for either EPS and/or 5GS cases, keeping the requirement to achieve an unique derived value for each SIM instances.
[bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK1]Observation 4 : Irrespective of EPS or 5GS, the MUSIM paging collision avoidance problem finally maps to a requirement to achieve uniqueness of the computed PO index value based on the input values of UE_ID, N and Ns.
As per the RAN2 agreement, UE can choose one RAT at random to attempt to request to resolve the paging collision. In this case, if the UE merely indicates that it is having paging collision and requesting the NW to resolve the paging collision, can potentially not resolve the collision status fully, resulting in the UE having to request for paging collision resolution again. Instead, in the case of both EPS and 5GS, the UE requesting the NW to resolve its paging collision, can provide necessary assistance information which can help the NW to take an informed decision to provide a new paging configuration. 
It can be argued that for example in the case of 5GS, the network can simply reassign a new UE_ID without any assistance information, and that if it results in paging collision, UE can re-request for another paging collision resolution. This implies that there could be cases wherein this paging collision resolution might take a few iterations to complete, which is avoidable if there is some kind of assistance information upfront indicated from UE to NW. 
[bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK36][bookmark: OLE_LINK39]Proposal 1: For the 5GS case, MUSIM UE can provide suitable assistance information to its Network which can help the Network to provide a non-conflicting paging configuration.
Note that given the RAN2#113bis-e agreement to provide an UE_Offset in the UE_ID calculation formula, for the EPS case, it is evident that such an offset value can help to prevent recurring collision configuration. Hence in similar lines an offset can be indicated to help recompute the UE_ID for the 5GS case.
The contents of the assistance information can be further discussed in RAN2. For option 1 (see appendix below), some possible options include 
· The final  re-computed UE_ID value of the colliding SIM instance, after taking into account the conflicting paging configuration on the other SIM instance (camped in EPS or 5GS)
· A UE indicated UE_Offset value requested from AS to NAS, and indicated in NAS signalling to the NW while initiating the 5G-GUTI reassignment procedure. This is in similar lines to what has been agreed for EPS case.
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]Proposal 2: RAN2 to discuss the actual content of the assistance information that can be provided by UE to NW to help resolve 5GS MUSIM paging collision. This can be in line with what has been agreed for EPS case (e.g. UE_Offset based approach), resulting in a preferred UE_ID which would ensure a non-colliding MUSIM paging configuration across the SIM instances.
Conclusion
[bookmark: _Toc242573361]Observation 1: There are some inherent differences in the way the PO determination happens in EPS and 5GS, primarily based on the input UE_ID being used.
Observation 2 : The UE_ID used for EPS case is based on a permanent subscription identifier which do not change over time.
Observation 3 : The UE_ID used for 5GS case is based on a temporary identifier which can potentially be reassigned over time by the Network.
Observation 4 : Irrespective of EPS or 5GS, the MUSIM paging collision avoidance problem finally maps to a requirement to achieve uniqueness of the computed PO index value based on the input values of UE_ID, N and Ns.
Proposal 1: For the 5GS case, MUSIM UE can provide suitable assistance information to its Network which can help the Network to provide a non-conflicting paging configuration.
Proposal 2: RAN2 to discuss the actual content of the assistance information that can be provided by UE to NW to help resolve 5GS MUSIM paging collision. This can be in line with what has been agreed for EPS case (e.g. UE_Offset based approach), resulting in a preferred UE_ID which would ensure a non-colliding MUSIM paging configuration across the SIM instances.
Appendix
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]As part of the incoming LS from SA2 [3] to RAN2, the following options were proposed. The solution options listed below are referenced in the current technical document. 
-	Option 1: UE -requested 5G-GUTI reassignment for one USIM using the Mobility Registration Update. However, it should be noted the 5G-GUTI is systematically reassigned by the network during the Mobility Registration Update procedure (as of Rel-15) requires. Proposed for 5GS only.
-    Option 2: Changes related to the UE_ID (UE Identity Index) that is used for calculation of PF/PO only:
-    Option 2a    Calculation of PF/PO by using an Alternative UE_ID I. The UE ID sent in the paging message is not impacted by this Alternative ID that is only used for PO/PF calculations Proposed for both EPS and 5GS.
-    Option 2b   Calculation of PF/PO by using a UE_ID which is derived from IMSI+offset value. The offset value is negotiated between UE and MME. Proposed for EPS only. 
-    Option 2c   Calculation of PF/PO based on MUSIM Assistance Information which can carry either a paging policy selector in RAN or an Alternative ID (like in the solution above) or a pattern of availability (e.g. specific SFN Slots/ DRX cycles).
-    Option 3 Repeating paging in the RAN on consecutive POs. for MUSIM devices.
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