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1. [bookmark: _Ref165266342]Introduction
One of the objectives of the Rel-17 WI Support for Multi-SIM devices for LTE/NR [1] is to study and specify enhancements to address the paging collision across two SIMs, as follows:
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.
There is also an ongoing SA2 Study Item ([2] which includes a very similar objective as “A mechanism for avoidance of paging collisions occurring in the UE between USIM A and USIM B.” and SA2 has already captured some solutions in the Study Item TR [3].
In RAN2#112-e, the solutions proposed by SA2 were discussed as part of the LS response to SA2 and several agreements were made [4]. In this contribution, we further discuss the issue and possible solutions.
2. Discussion 
In cellular networks, the UE in Idle or Inactive mode periodically monitors whether there is a page for Mobile-Terminated (MT) traffic. The time instances where this happens are called Paging Occasions (POs).
For both LTE and NR, POs are calculated based on a UE identifier and cell specific parameters broadcasted in SIB1. The formulae for the calculations are specified in TS 36.304 and TS 38.304 for LTE and NR, respectively. In particular, the following parameters are used:
· (For LTE): DRX cycle length, number of POs in the DRX cycle, and IMSI
· (For NR): DRX cycle length, Number of paging frames in a cycle and number of PO per PF, an offset for the starting point of each PO, 5G-TMSI

We note that the PO is one TTI in LTE but could be longer in NR due to beam sweeping of the paging message and/or multiple monitoring occasions for NR-U. 
Paging collision happens when the POs for both USIMs overlap or very close in time domain. Then the UE may not be able to monitor pages on both links and thus can miss pages. This is the case for example if the UE has only single rx antenna. The objective of this WI is to find mechanisms to prevent or resolve this collision so that missed pages do not happen or are minimized.
	

In the discussion here, per WI scope, we assume that two USIMs will be considered as two separate UEs by the NW and the NW is not aware of the colocation of two USIMs in a single physical device. Therefore, the NW will not able to make any preemptive decisions for these USIMs to prevent paging collision.
Observation 1: Two USIMs are considered as two independent and separate UEs from NW perspective.
RAN2#112-e had a preliminary discussion on this topic and agreed on the following regarding the solution options listed in SA2 LS to RAN2:
From RAN2 point of view, Option 1 , 2a, 2b, and 3 are feasible to solve the paging collision issue in 5GS. Each have different effectiveness (as per analysis during the email discussion). When indicating reply to SA2, indicate both feasibility as well as effectiveness.
Indicate to SA2 that RAN2 continues to further evaluate the pros and cons of options 1, 2a, 2b, 3.
Option 4 is still allowed (but RAN2 will not specify UE implementation). 
Clarifying "No E-UTRA impact" can be done in RANP.
Option 2c can be evaluated later as it doesn't work alone.

In addition, it was agreed that the priority should be on NR:
Enhancement for 5GS should be prioritized since it can handle paging collision issue in both NR+NR and NR+LTE scenarios.

The last agreement was echoed by the updated WID in RP-202895 where it was added that “specification change should focus on NR side and the change on LTE side is only for IDLE mode (i.e. related to EPC enhancement in SA2)”. 
The referred EPC enhancement is the interim conclusion by SA2 for the following solution:
	For paging reception in EPS when the paging collision is detected, the following principles are agreed:
-	Upon the UE detecting paging collisions between two networks, the UE initiates a TAU procedure to the MME of one network, to request an IMSI offset.
-	UE may provide an IMSI offset to MME during TAU procedure.
NOTE: Details on the request e.g. offset range will be defined during the normative phase.
-	The MME returns an IMSI offset to the UE in the TAU Accept.
-	During CN paging delivery, the MME provides to the RAN the UE_ID which is derived based on the IMSI and the IMSI offset. RAN and UE use the UE ID as the IMSI to calculate the PF/PO.



Assuming SA2 continues the above solution in the normative phase, there is no need for RAN2 to work on LTE side solutions. 
Observation 2: It is expected that SA2 will specify the EPS only solution without any RAN impact.
Observation 3: A solution specified on NR side can also resolve the collision for NR + LTE and NR + 3G cases.
Proposal 1: RAN2 work for paging collision resolution or avoidance should impact only NR and 5GC specifications.
Since the UE has to monitor paging at POs and these are determined according to NW configuration, any mechanism to resolve the collision requires an action by the NW. In other words, a pure UE based solution is not feasible to eliminate the collision.
Observation 4: A UE side solution alone can not resolve all paging collision problems.
Proposal 2: RAN2 should work on solutions which rely on action taken by NW nodes (gNB, AMF, or both) to avoid or eliminiate paging collisions.
The network can take an action without any prior information. For example, it can always repeat the pages. However, this is not preferable since the action will be taken blindly and may be unnecessary. In other words, in systems where paging collision is not a problem, it brings an unnecessary overhead and complexity. With this, the first step of a mechanism should be for the UE to report the paging collision problem. The UE can also include more details on the collision such as the paging occasions on the other USIM as well as suggested resolution (e.g. shifting its current PO by a certain time offset).
Proposal 3: The UE will inform the NW of an existing or possible paging collision. The signaling can also include more information about the collision and UE suggestions to resolve it.
We can assume that the UE can report this only on one USIM to minimize any conflicting resolutions by the NW.
Observation 5: It can be assumed that the signaling is done only for one USIM.
This signaling can be done at either NAS or AS layer. 
Pros of NAS signaling over AS:
· Preferable from power point of view as the UE can do this only once in a Tracking Area
Con of NAS signaling over AS:
· The information still needs to be signaled from AMF to the gNB
The main disadvantage of AS based signaling is that the UE has to perform this with every cell or at least gNB change. This will incur significant power consumption. Therefore, we prefer to use NAS signaling to report the problem. This will also be consistent with the SA2 solution for EPS.
Observation 6: Using NAS to report the paging collision problem (and additional information) is also aligned with the SA2 solution for EPS.
Proposal 4: The signaling to report the paging collision (and possibly additional information and suggestions) will be done at NAS layer.
Once the NW receives the collision indication from the UE, it needs to take an action. This can be performed at the AMF, at the gNB, or a combination of both.
An action solely at the AMF has its limitations. One such option is to re-allocate UE ID in order to change the PO. However, this may not solve the problem. In addition, since the PO is determined by cell specific parameters, it may not work across all cells and the same procedure may have to be repeated quite often.
Observation 7: A simple re-allocation of UE ID may not be an efficient solution in all scenarios.
One difference of NR from LTE is that the the identity used for CN paging in NR has to be refreshed after every paging message for better security. In other words, the AMF has to assign a new GUTI, unlike in LTE where it is not mandatory. In addition, the PO determination in NR uses S-TMSI while LTE uses IMSI. Therefore, after each paging, the PO locations can change. Thus, the UE may suddenly have a paging collision problem after receiving a paging one one of the USIMs.
Observation 8: A paging instance on one USIM which triggers a new GUTI can cause a paging collision problem.
It is not preferable for the UE to repeat any paging collision avoidance procedure after every paging on one of the USIMs since this will create signaling overhead and increase UE Idle power consumption.
Proposal 5: The paging collision avoidance solution should be robust to new GUTI allocation due to CN paging on one USIM.
The corrective action for the paging collision can be taken at the AMF (e.g. similar to the EPS solution by SA2), at the gNB based on information received from AMF or the UE, or a combination of AMF and gNB. It is feasible to consider different options by enhancing the signaling between AMF and gNB. However, the critical condition is not to require UE signaling often as this will increase power consumption.
Proposal 6: The paging collision avoidance solution should aim to minimize the signaling from the UE for this purpose (e.g. not requiring UE signaling with every cell change).
 
3. Conclusion
In this document, we have discussed paging collision issue for MUSIM devices and propose the following:
Observation 1: Two USIMs are considered as two independent and separate UEs from NW perspective.
Observation 2: It is expected that SA2 will specify the EPS only solution without any RAN impact.
Observation 3: A solution specified on NR side can also resolve the collision for NR + LTE and NR + 3G cases.
Proposal 1: RAN2 work for paging collision resolution or avoidance should impact only NR and 5GC specifications.
Observation 4: A UE side solution alone can not resolve all paging collision problems.
Proposal 2: RAN2 should work on solutions which rely on action taken by NW nodes (gNB, AMF, or both) to avoid or eliminiate paging collisions.
Proposal 3: The UE will inform the NW of an existing or possible paging collision. The signaling can also include more information about the collision and UE suggestions to resolve it.
Observation 5: It can be assumed that the signaling is done only for one USIM.
Observation 6: Using NAS to report the paging collision problem (and additional information) is also aligned with the SA2 solution for EPS.
Proposal 4: The signaling to report the paging collision (and possibly additional information and suggestions) will be done at NAS layer.
Observation 7: A simple re-allocation of UE ID may not be an efficient solution in all scenarios.
Observation 8: A paging instance on one USIM which triggers a new GUTI can cause a paging collision problem.
Proposal 5: The paging collision avoidance solution should be robust to new GUTI allocation due to CN paging on one USIM.
Proposal 6: The paging collision avoidance solution should aim to minimize the signaling from the UE for this purpose (e.g. not requiring UE signaling with every cell change).
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