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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]. 
RAN2#113-e has made limited progress on this and agreed on the following:
MUSIM UE determines potential paging collision on two networks and triggers actions on potential paging collision avoidance.
2	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

RAN2#113bis-e made progress only for the EPS case:
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. 

RAN2#114-e has discussed the topic briefly and agreed on:
1: Send an LS to SA2 to inform that RAN2 has majority but no consensus on whether to support NAS assistant information (similar to UE ID offset for LTE), and think this issue should be discussed and decided by SA2.
2: RAN2 does not introduce RRC assistant information for paging collision issue for IDLE and INACTIVE. (Can revisit if serious problems are found.)

In this contribution, we further discuss the issue and formulate a way-forward. 
2. Discussion 
Paging collisions occur in real network deployments. Even though they may not very common, when it occurs, the problem can be severe due to persistent collisions, stemming from the fact that many networks use typical parameters for their paging configurations. This means that the UE will not be able to receive paging on both network at the same time. A UE implementation can choose to alternate between the two networks, at the expense of increased delay for the paging. Therefore, it is important that the solution specified by 3GPP should be able to address the problem and work always. Some companies have argued that the solution should be as simple as possible since the problem is rare. However, simplicity should not come at the expense of reduced performance. This will very likely make the feature to end up as a paper specification with no impact to real network problems.
Observation 1: When paging collision occurs, this can be persistent across all cycles.
Observation 2: Even though collision may not always be a common occurrence, it is important to find a solution which is robust and always works.
The first step of a mechanism should be for the UE to report the paging collision problem. RAN2#112-e has already agreed that the UE “determines potential paging collision on two networks and triggers actions on potential paging collision avoidance”.
Once the AMF receives the collision indication from the UE, it needs to take an action. This can be performed at the AMF only or at the gNB by AMF request, or a combination of both.
The expected action by the NW to resolve the paging collision will require changing the PO to a different time or add additional PO(s) at different times. However, without any additional information by the UE on the specifics of the collision, it will be difficult for the NW to come up with an efficient solution. 
As it was already concluded in RAN2#114e that “RAN2 has majority but no consensus on whether to support NAS assistant information (similar to UE ID offset for LTE), and think this issue should be discussed and decided by SA2”, we will not discus the benefits of assistant information further here and assume that there is no UE assistance information. However, it is still important to emphasize the drawbacks of a NW only solution. 
Without any UE assistance, GUTI re-allocation is the only viable solution at the NW side. However, this may not solve the problem if the new GUTI corresponds to a PO which still collides. 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 3: A simple re-allocation of GUTI will 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 4: A paging instance on one USIM which triggers a new GUTI can cause a paging collision problem.
An AMF implementation may try to give a new GUTI where the last 10 bits of the S-TMSI is farther away from the current one. However, this may not always be possible if such values are not available. 
Observation 5: AMF implementation may not be able to allocate a GUTI which solves the collision since only the last 10 bits of S-TMSI are relevant for PO determination.
Another important factor is that a robust solution to paging collision should try to keep the UE PO at or around its current location once AMF determines a good PO location. This way, when GUTI changes on either network, PO can always stay same on both networks.
Observation 6: Keeping the PO in a fixed location when GUTI changes will make the paging collision solution more robust.
A possible solution to keeping the PO fixed is to introduce a new parameter ID_offset for PO calculation which is used in addition to GUTI as follows:
(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
UE_ID: 5G-S-TMSI + ID_offset mod 1024
Since the new parameter is completely independent from GUTI, the solution is more flexible. This is very similar to the solution already agreed by SA2 and RAN2 for EPS.
Observation 7: Using and offset to the UE ID for PO determination, which is already agreed for EPS, can also address the limitations of pure GUTI re-allocation scheme.
Proposal 1: For NAS based solutions, introduce a new ID offset parameter which is added to 5G-S-TMSI in PO calculation. The AMF allocates this along with GUTI.
A RAN based solution for the paging collision avoidance is for the AMF to convey the UE reported problem and additional information to the gNB which can decide on the action directly. RAN2 can then discusss potential actions at the gNB. For example, one simple option is to emulate the existing legacy PF offset mechanism where a different PF and/or PO offset can be defined. When a UE reports the collision problem to the AMF, the UE will use the new PF/PO offset(s) for the determination of its PO. Other options along these lines can also be discussed further. One benefit of this solution is that each gNB will have freedom in distribution of paging occasions for such UEs.
Proposal 2: For NAS/AS based solutions, AMF indicates the paging collision problem and any additional information to the gNB. 
Proposal 3: For NAS/AS based solution, RAN2 to consider introducing different PF/PO offset(s) which are used by UE(s) that report paging collision problem to the NW.
3. Conclusion
In this document, we have discussed paging collision issue for MUSIM devices and propose the following:
Observation 1: When paging collision occurs, this can be persistent across all cycles.
Observation 2: Even though collision may not always be a common occurrence, it is important to find a solution which is robust and always works.
Observation 3: A simple re-allocation of GUTI will not be an efficient solution in all scenarios.
Observation 4: A paging instance on one USIM which triggers a new GUTI can cause a paging collision problem.
Observation 5: AMF implementation may not be able to allocate a GUTI which solves the collision since only the last 10 bits of S-TMSI are relevant for PO determination.
Observation 6: Keeping the PO in a fixed location when GUTI changes will make the paging collision solution more robust.
Observation 7: Using and offset to the UE ID for PO determination, which is already agreed for EPS, can also address the limitations of pure GUTI re-allocation scheme.
Proposal 1: For NAS based solutions, introduce a new ID offset parameter which is added to 5G-S-TMSI in PO calculation. The AMF allocates this along with GUTI.
Proposal 2: For NAS/AS based solutions, AMF indicates the paging collision problem and any additional information to the gNB. 
Proposal 3: For NAS/AS based solution, RAN2 to consider introducing different PF/PO offset(s) which are used by UE(s) that report paging collision problem to the NW.
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