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1	Introduction
MultiSIM 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 MultiSIM 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-201309 [1] defines three objectives for the support for MultiSIM devices in Rel-17, reported here:
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:
0. RAT Concurrency: Network A can be NR. Network B can either be LTE or NR.
0. Applicable UE architecture: Single-Rx/Single-Tx.
1. Specify mechanism for UE to notify Network A of its switch from Network A (for MUSIM purpose):
1. RAT Concurrency: Network A is NR. Network B can either be LTE or NR.
1. Applicable UE architecture: Single-Rx/Single-Tx, Dual-Rx/Single-Tx
1. 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.
2. RAT Concurrency: Network A is either LTE or NR. Network B is either LTE or NR.
2. Applicable UE architecture: Single-Rx/Dual-Rx/Single-Tx
In this contribution the focus is to the objective 1, highlighting the RAN2 impacts.
[bookmark: _Ref178064866]2	Discussion
​A MultiSIM UE with a single Rx processing unit/chain can receive transmissions from one PLMN at a time. One major issue is the possibility to miss the Paging message sent by a PLMN, if the UE listening to the Paging in the other PLMN, causing performance degradation in terms of paging detection.

This may happen if the Paging Occasions (PO) / Paging Frame (PF) for the different USIMs are overlapping in time domain.
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The figure shows an example of Paging collision: the slots in bold indicates where the Multi-SIM UE is listening to Paging (PLMN1 or PLMN2). If the UE is listening to PLMN1 while the Paging message is sent by PLMN2, the message is missed (red slot). Even though the paging is repeated (after CN timer T3513 expires) the message may be missed again.

According to TS 36.304 [2] and TS 38.304 [3] the formulas for calculating Paging Frame and Paging Occasions are the following:
(System Frame Number) SFN for the PF is determined by:
5G:	(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
LTE:	SFN 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: 5G-S-TMSI mod 1024		(in the 5GS)
UE_ID: IMSI mod 1024			(in the EPS)

The SFN and PO depends on the UE_ID, which can be reassigned (in case of 5GS) over time at the Mobility Registration procedure, and on other parameters configurable on cell level (e.g. T, N, Ns).

Given that the SFN/PO are based on parameters configurable on cell level and that the UE_ID is reassigned under certain conditions (at least in 5GS case), it is expected that the probability of Paging Occasions collision in the two PLMNs is rather low and not systematic.
1. It is expected that the probability of Paging Occasions collision in the two PLMNs is rather low and not systematic.

In the case that a PO collision occurs, the proposed solution described here is based on the usage of an additional offset (here called “UE_offset”) in the SFN and PO calculation formulas.
The formulas for the SFN and PO calculation are updated as the following:
5G:	(SFN + PF_offset) mod T = (T div N)*((UE_ID + UE_offset) mod N)
LTE:	SFN mod T= (T div N)*((UE_ID + UE_offset) mod N)

i_s = floor ((UE_ID + UE_offset) / N) mod Ns
[bookmark: _Hlk47511302]A new offset (“UE_offset”) is added to the current UE_ID value in the existing formulas for SFN and PO calculation.
Alternatively, the UE_ID can be modified directly, which leads to a similar outcome after the modulo N operation:
UE_ID: (5G-S-TMSI + UE_offset) mod 1024		(in the 5GS)
UE_ID: (IMSI + UE_offset) mod 1024			(in the EPS)

Since the new offset is added to the UE_ID, which is a CN identifier, it makes sense that also the offset is a CN-centric parameter to maintain the control in the CN. For this reason, it is proposed the new offset is generated by the CN.
[bookmark: _Hlk47511342]It is proposed the new offset is generated in the CN, since it is “offsetting” the CN-centric UE_ID.

Note: 	The addition of the offset to the existing UE_ID corresponds to having a new UE_ID. So, another possibility would be the CN generates a completely new UE_ID, instead the offset. Even though the result of the SFN/PO calculation is the same, the usage of the offset allows to have a common solution applicable to both 5GS and EPS, since in EPS the UE_ID (based on IMSI) cannot be changed.
1. The usage of the offset allows to apply the same solution to both 5GS and EPS Core Network.

The procedure to assign the new offset is shown in the figure below:
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The solution requires the UE to check if there is a collision for the PO between the two PLMNs.
The check is done at cell change and whenever a new 5G-GUTI is assigned.
If the collision is detected, the UE (in RRC_IDLE or RRC_INACTIVE) sets up the connection to one of the PLMNs and notifies the collision to the CN via NAS signaling (e.g. NAS Mobility Registration/TAU Request).
[bookmark: _Hlk47509749]The CN selects the new offset value (it can be a random value or other means can be used) and provides it to the UE via the NAS Mobility Registration/TAU Accept message.
The UE uses NAS signaling to notify the CN about the PO collision and to receive the UE_offset from the CN. 

[bookmark: _Hlk47523581]In case of 5GS and NR, the CN signals the UE_offset to gNB by performing the UE Context Modification procedure. The gNB  uses the value  for the SFN/PO calculation for RAN Paging when the UE is in RRC_INACTIVE state. 
The gNB receives the UE_offset from the 5GS via the UE Context Modification procedure. This is used for the SFN/PO calculation for RAN Paging when the UE is in RRC_INACTIVE state.

The following figure shows when the UE is paged:
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If the UE is in RRC_IDLE, the CN includes the UE_offset in the NGAP/S1AP Paging, so the gNB/eNB can use it for the SFN/PO calculation.
If the UE is in RRC_INACTIVE, the gNB uses the UE_offset previously received from the CN in the UE Context Modification procedure.
The RRC Paging is sent to the UE according to the updated SFN/PO formulas and received by the UE.
[bookmark: _Hlk45541438][bookmark: _Hlk45714139][bookmark: _Hlk47510863]The gNB/eNB receives the UE_offset in the NGAP/S1AP Paging when the CN pages the UE.
The eNB/gNB uses the UE_offset, received from the CN, to calculate the SFN/PO for the RRC Paging

Conclusion
[bookmark: _Hlk528836488]In the previous sections we made the following observations:
1. It is expected that the probability of Paging Occasions collision in the two PLMNs is rather low and not systematic.
1. The usage of the offset allows to apply the same solution to both 5GS and EPS Core Network

Based on the discussion in the previous sections we propose the following:
1. A new offset (“UE_offset”) is added to the current UE_ID value in the existing formulas for SFN and PO calculation. 
1. It is proposed the new offset is generated in the CN, since it is “offsetting” the CN-centric UE_ID.
1. The UE uses NAS signaling to notify the CN about the PO collision and to receive the UE_offset from the CN.
1. The gNB receives the UE_offset from the 5GS via the UE Context Modification procedure. This is used for the SFN/PO calculation for RAN Paging when the UE is in RRC_INACTIVE state.
1. The gNB/eNB receives the UE_offset in the NGAP/S1AP Paging when the CN pages the UE.
1. The eNB/gNB uses the UE_offset, received from the CN, to calculate the SFN/PO for the RRC Paging.
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