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1. Introduction
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During last meeting, R2#113bis-e the Multi-SIM Paging Collision was discussed based on the SA2 solutions and the following agreements were made [1]: 

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. 

· During the previous meeting, R2#113-E  the following agreements were made: There is support for solution 1 (for 5GS) with something else, either solution 3 or 2b.
· Option 2b is the preferred solution to address paging collision for “LTE + LTE”.
· MUSIM UE determines potential paging collision on two networks and triggers actions on potential paging collision avoidance.
· It is left to UE implementation as to how it selects one of the two RATs/networks for paging collision avoidance.
· FFS if we can make the UE behaviour predictable for paging collision avoidance
· NAS signalling is baseline for UE reporting paging collision in 5GS side (to be confirmed by SA2).
· It is FFS whether assistant information is needed for paging collision in 5GS side.

Thus there is still no decision on solution for 5GC. 
In this contribution, we discuss some aspects related to solutions to avoid paging collisions.  For the paging collisions the LTE UE and the NR UE can be in Idle state or in RRC Inactive state. The selected solution to avoid paging collisions may according the WID affect 36.304, 36.300 for LTE and 38.300, 38.304, 38.306 and 38.331 for NR. The LTE RRC specification, 36.331, is missing in the WID as well as the 36.413 and 38.413 specifications for the S1AP and NGAP interfaces between AS and NAS respectively. 
1. Discussion
In SA2 paging collisions avoidance is still discussed. In case of paging collision one of the paging occasion must be moved so they are not overlapping. 
The Paging Frame (PF) and the Paging Occasion (PO) within that frame is calculated in the UE as well as in the Network. The equations defining the PF/PO are defined in the UE-requirements for idle mode in TS 36.304 for LTE and TS 38.304 in NR.
In 36.304, (section 7.1) the paging frame is calculated by the following equation:
SFN mod T= (T div N)*(UE_ID mod N)
The index i_s defines an offset PO from subframe pattern within the paging frame. It is derived from following calculation:
i_s = floor(UE_ID/N) mod Ns
The UE_ID used in the equations above is derived from the 5G-S-TMSI in case the CN is 5GC and from IMSI in case the Core Network is EPC. The UE_ID is calculated in the UE and in the Network (CN or RAN). The UE_ID is signalled as the parameter UE Identity Index Value between EPC and RAN in the S1AP protocol, defined in TS 36.413, when the MME is sending a paging message to the eNB. The UE_ID (UE Identity Index value) is for 5GC included in the assistance information for UEs in RRC_INACTIVE state in the NGAP protocol for 5GC, TS 38.413. This element is however missing in 38.413 when the AMF is sending a paging message to the gNB.

One proposed solution in SA2 for moving the paging occasion of one of the SIMs is using a changed UE_ID, or an offset to the existing UE_ID. This solution was agreed by RAN2 to include for EPSin 36.304 last RAN2 meeting. 
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SA2 SOLUTION PROPOSALS
The proposed solutions in SA2 are in short the following, see [2]. The networks, in case the SIMs used in a MuSIM device belongs to different operators, do not know the timing of paging to the device from the other network. Therefore the networks needs UE assistance to notify that there is a collision of paging between the networks.
Three solutions for 5GC are discussed in SA2: 
· Solution 1 is re-allocating the 5G-GUTI. This solution creates a new UE_ID and thereby moves the paging of that SIM to another time defined by the new 5G-GUTI. 
· Solution 2a is using a fixed UE_ID, not based on the 5G-GUTI. Then the timing of paging for that SIM is static based on the new UE_ID, and the paging occasion will stay at the same position relative to the SFN. 
· Solution 2b configures an offset to the existing UE_ID, still based on the 5G-GUTI. The paging occasion moves based on the offset added to the UE_ID and then used in the calculation of the PF/PO. For this solution when the 5G-GUTI is reallocated the paging occasion will move relative to the SFN since the UE_ID is still based on the 5G-GUTI.

In all solutions the UE indicates a collision to the network, in all solutions the UE may also indicates how much the paging occasion needs to be moved to avoid paging collisions. 
The solutions can thus when they indicate a new paging timing or UE_ID move the paging occasion to a timing which is good for the UE power consumption. The paging occasions thereby also have a relative timing, so they are non-colliding but close to each other. This will be good for the power consumption since the UE only needs to wake up once for receiving both pagings.
For EPC the timing based on the IMSI is static with reference to the SFN. The last two solutions above 2a and 2b are feasible for EPC and almost identical, the paging occasion is moved relative to the change of the UE_ID. The third solution is not feasible in EPC since the PO/PF is derived for the IMSI and not a temporary ID.
 
Discussion in RAN2
One of the agreements in RAN2 is that the UE can decide in which of the two NWs it shall send the information about paging collision and request to move the paging occasion. It was then commented that it needs to be specified in order for the UE actions to be predictable from the network point of view. Since no networks knows which other networks the UE is connected to, the networks do not have any information about which network is best and whether the other network is LTE or 5G. Therefore any network needs to be prepared to do the change of timing and there is no strong reason to specify the UE selection in detail. 
Observation 1: The Networks connected to the two SIMs do not know each other, these networks need to be prepared to do the actions to avoid paging collision. Based on this the UE has best knowledge of the two connections and can select any of the networks for doing these actions based on UE implementation. A more detailed specification would not help the networks and it will potentially  increase the UE complexity. 
Proposal 1: The UE do select the best or most suitable network for changing the paging occasion based on UE implementation. 
Regarding UE assistance for the paging collision, to be able to optimize the power consumption of the UE, it? should be able to send the UE assistance for the wanted/expected paging timing to the network. If the UE has capability to read both carriers at the same tome (2Rx/1Tx) it may want to have the paging occasions simultaneously from power consumption point of view, if it does not it may want to have them located close in time. Therefore it would be beneficial to use the UE assistance. 
Observation 2: The UE assistance for the paging collision avoidance would give benefits for the UE power consumption. The signaling of the assistance could be on NAS level which can change/include the UE_ID according the agreed paging offset. 
Observation 3: If the UE assistance is sent on NAS layer it may impact the S1AP and NGAP interfaces between RAN and MME and AMF respectively. 
Observation 4: SA2 is waiting for RAN2 response on the status of RAN2 MuSIM work.
Proposal 2: Evaluate whether the UE Assistance signaling best can be implemented in RRC or in NAS. 
The Power Consumption of UEs is always essential, one benefit with changed UE_ID or alternatively an offset to the existing UE_ID, is that the UE can steer the paging occasions to be close to each other. With this possibility the power consumption in a MuSIM device idle mode can be optimized since it may only wake up once every DRX cycle to read paging from both networks.
For same operator or a shared RAN the benefits are even more valid since then both paging occasions and measurements can be coordinated between the SIMs, only needing to monitor one paging occasion.
Observation 5: The solutions with changed UE_ID and with an offset to the existing UE_ID may be used to optimize the UE power consumption. 
Observation 6: The solutions for paging collision avoidance in RRC_IDLE state also works in RRC_INACTIVE state.
Proposal 3: Evaluate the possibility to minimize the MuSIM device power consumption by coordinating the paging occasions using any of the solutions with a changed UE_ID.
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1. Response to SA2 study
In the Reply LS to SA2 in R2-2011241 [3] to SA2 the following response was given related to paging collision. 
From RAN2 point of view, Solution 1, 2a, 2b, and 3 are feasible to solve paging collision issue in 5GS. On their effectiveness, RAN2 will continue to evaluate their pros and cons.
From RAN2 point of view, Solution 4 is still allowed but won’t be specified. From RAN2’s understanding, Solution 2c relies on other solution so it may be evaluated later.
From RAN2’s understanding, Solution 5 only applies to when the UE is in connected state in one network and idle/inactive in another network, while paging collision issue occurs when the UE is not in connected state in either network.
Clarifying "No E-UTRA impact" can be discussed at RAN plenary.

[bookmark: _Hlk67990678]SA2 has one meeting to finalize the MuSIM study. Based on the outstanding questions to RAN2 around the studied solutions send a new reply LS to SA2 now updated with the current agreements and status of the work in RAN2. Since the study in SA2 is almost finished and the rapporteur reported to SA plenary that they still lack information from RAN2, it would be good to share current status.
Proposal 4: Send a new updated response LS to SA2s LS [2] to SA2 and RAN3 with current status in RAN2 related to the outstanding questions/comments in the previous reply LS on MuSIM [3]. It is also proposed to include a proposal for a NAS based UE assistance signaling to avoid the issue of paging collisions. 
1. Conclusion
In this contribution, the following observations and proposals are made:
Observation 1: The Networks connected to the two SIMs do not know each other, these networks need to be prepared to do the actions to avoid paging collision. Based on this the UE has best knowledge of the two connections and can select any of the networks for doing these actions based on UE implementation. A more detailed specification would not help the networks and it will potentially  increase the UE complexity. 
Observation 2: The UE assistance for the paging collision avoidance would give benefits for the UE power consumption. The signaling of the assistance could be on NAS level which can change/include the UE_ID according the agreed paging offset. 
Observation 3: If the UE assistance is sent on NAS layer it may impact the S1AP and NGAP interfaces between RAN and MME and AMF respectively. 
Observation 4: SA2 is waiting for RAN2 response on the status of RAN2 MuSIM work.
Observation 5: The solutions with changed UE_ID and with an offset to the existing UE_ID may be used to optimize the UE power consumption. 
Observation 6: The solutions for paging collision avoidance in RRC_IDLE state also works in RRC_INACTIVE state.

Proposal 1: The UE do select the best or most suitable network for changing the paging occasion based on UE implementation. 
Proposal 2: Evaluate whether the UE Assistance signaling best can be implemented in RRC or in NAS. 
Proposal 3: Evaluate the possibility to minimize the MuSIM device power consumption by coordinating the paging occasions using any of the solutions with a changed UE_ID.
Proposal 4: Send a new updated response LS to SA2s LS [2] to SA2 and RAN3 with current status in RAN2 related to the outstanding questions/comments in the previous reply LS on MuSIM [3]. It is also proposed to include a proposal for a NAS based UE assistance signaling to avoid the issue of paging collisions. 
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