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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
For paging collision objective, RAN2 has made the below agreements.
	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.
Enhancement for 5GS should be prioritized since it can handle paging collision issue in both NR+NR and NR+LTE scenarios.
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.
For the EPS PO/PF calculation, include the UE_offset to the UE_ID calculation formula.
No additional modification for the EPS eDRX case.
RAN2 majority would support, but there is no consensus to support NAS assistant information (similar to UE ID offset for LTE), so RAN2 thinks this issue should be discussed and decided by SA2.
RAN2 does not introduce RRC assistant information for paging collision issue for IDLE and INACTIVE. (Can revisit if serious problems are found.)


This paper would like to further discuss the open issues highlighted above for paging collision avoidance.
2. Discussion
2.1. Paging collision remaining issues for EPS

2.1.1 Alternative IMSI offset calculation
There seems to be a mismatch between SA2 specification and RAN2 agreement regarding where the alternative IMSI should be calculated. Recently, paging collision avoidance function has been specified in the TS 23.401, as following. 
	[bookmark: _Toc75348473]4.3.33.5	Paging timing collision control
To avoid possible paging occasion collision and to enhance the likelihood paging is received successfully for different USIMs, the UE may provide, for at least one USIM, a Requested IMSI Offset value that is used for determination of paging occasions. Upon reception of a Requested IMSI Offset value from UE in Attach Request or Tracking Area Update Request, a supporting MME provides an Accepted IMSI Offset value to the UE in the Attach Accept or Tracking Area Update Accept message to acknowledge it supports the feature and provide the accepted value. The Accepted IMSI Offset value is stored in the UE context in the MME, and it may be different from the Requested IMSI Offset provided by the UE. If the UE does not provide any Requested IMSI Offset value in Attach Request or Tracking Area Request, the MME removes any stored IMSI Offset value in the UE context. The UE and the network use the accepted IMSI Offset to determine the paging occasion. The UE and MME use the Accepted IMSI Offset value to calculate the alternative IMSI value that is determined based on UE's IMSI as follows:
	alternative IMSI value = [MCC] [MNC] [(MSIN value + Accepted IMSI Offset) mod (MSIN address space)]
	where: the MCC, MNC and MSIN value are the fields of the UE's IMSI as defined in TS 23.003.
The alternative IMSI value computed as above is used instead of the IMSI stored in the USIM for:
-	determination of paging occasions as specified in TS 36.304 [34], and
-	to compute the UE Identity Index information the MME sends to the RAN (see TS 36.413 [36]) for the RAN to derive the paging occasions according to TS 36.304 [4].
NOTE:	It's recommended to avoid excessive signalling load from UE due to this procedure.


From the description marked in blue, it can be observed that:
Observation 1: In EPS, UE is allowed to provide assistant information in NAS for paging collision avoidance. 
Observation 2: The EPC can be requested to remove the stored IMSI Offset implicitly by UE NAS, i.e., via the absence of the requested IMSI Offset in the Attach Request or Tracking Area Request. 
Besides, according to the text marked in yellow, upon receiving the accepted IMSI Offset value, the UE NAS is responsible to calculate an alternative IMSI value based on the above formula defined in TS 23.401. And the UE NAS will send the alternative IMSI to UE AS for PF/PO calculation. In other words, the accepted IMSI Offset value is not informed to UE AS.
Observation 3: In EPS, the accepted IMSI Offset value is not informed to UE AS layer. 
However, RAN2 has agreed that IMSI Offset will be considered in the UE_ID calculation formula defined in TS 36.304, as can be seen from the below RAN2 agreement. From the RAN2 agreement, IMSI Offset is visible for UE AS. 
	For the EPS PO/PF calculation, include the UE_offset to the UE_ID calculation formula.


Thus, we have the following observation.
Observation 4: There is a mismatch between SA2 specification and RAN2 agreement regarding by which layer (i.e. UE RRC or NAS) the alternative IMSI should be calculated.
Regarding to the above observations 1 and 2, since RAN paging parameters are not visible for UE NAS, it is not clear that how can the UE NAS decide the requested IMSI Offset value and when to delete the stored the IMSI Offset. Compared to UE NAS, the UE AS knows the IMSI, and paging parameters in RAN, and consequently, is more reasonable to decide the assistant information related to IMSI Offset (including clearing the stored IMSI Offset). Moreover, the alternative IMSI should be calculated in UE AS layer to decide whether the accepted IMSI offset is valid and also when to delete the stored the IMSI Offset later. Thus, we propose the following:
Proposal 1： Alternative IMSI is calculated in UE RRC layer. 
2.1.2 Interaction between UE AS and NAS
Given the above analysis, it is most likely that the UE RRC layer detects the POs collision problem, and reports to UE NAS if any. Then the UE NAS can trigger the paging collision avoidance procedure. If proposal 1 is agreed, upon the accepted IMSI offset value is received, the UE NAS should provide this value to the UE AS. And upon paging collision is detected, the UE AS should provide the requested IMSI Offset to the UE NAS. Thus, we propose the following: 
Proposal 2： In EPS, the accepted IMSI Offset should be sent from UE NAS to UE AS. 
Proposal 3： Paging collision detection is performed at UE AS, how to detect paging collision is left to UE implementation.
Proposal 4： In EPS, upon paging collision is detected, an indication, as well as requested IMSI Offset (if any), shall be sent from UE AS to UE NAS. 
2.2. Paging collision for 5GS
2.2.1 Down selection of Paging collision solution for 5GS
The potential solutions are summarized in the Appendix. Although the paging collision can be totally solved by option3 (Paging repetition in gNB), it leads to at least doubling the paging overhead, which may be unacceptable to the network. Thus, we propose the following:
Observation 5: Paging repetition solution (Option3) leads to at least doubling the paging overhead.
Proposal 5： Paging repetition solution (Option 3) is not considered to solve paging collision issue in 5GS.
When the paging collision occurs, if options 1/2a/2b are applied (a summary of option 1/2a/2b can be found in the Appendix), paging collision may reoccur due to RAN parameters for paging monitoring change (e.g., after cell reselection). However, the probability of paging collision reoccur seems to be still low enough. Assuming that the UE requires around 20ms to perform synchronization, SSB measurement, and monitor PO. For the configuration in which the DRX cycle of UE1 and UE2 are 1280ms, the probability of paging collision under this DRX cycle configuration can be given by (40/1280)*100%. The probability of paging collision is around 4%, so the probability of paging collision reoccur will be around 0.16%. Thus, we have the following observation.
Observation 6: When the paging collision occurs and if option1/2a/2b are applied, the probability of paging collision reoccur due to cell reselection is low.
In option1, the paging collision issue is handled by shifting the PO for one USIM in time domain via 5G-GUTI reallocation. One concern about option1 raised in the previous meetings was that paging collision may reoccur even no cell reselection happens, for example, the AMF may re-allocate the 5G-GUTI during periodical TAU procedure. Besides, a similar is also raised for option2b. In our understanding, the probability of paging collision reoccur seems to be still low enough after the options 1/2b are applied.
Observation 7: When the paging collision occurs and if option1/2b are applied, the probability of paging collision reoccurs due to the 5G-GUTI reallocation triggered by legacy SA2 procedures is also low.
Hence, we think all of the options 1/2a/2b can work well in most cases. Compared to option 1, options 2a/2b have an impact on the Uu and NG interface, and require CN to additionally store the assigned alternative UE_ID or UE_ID offset value for avoiding paging collision. Hence, we think the option 1 is the simplest solution among options 1/2a/2b. 
Observation 8: Option 1 is the simplest since it has no RAN impact and does not require the CN for non-volatile storage of any related UE_ID offset or alternative UE_ID value.
In the previous RAN2 meetings, one concern was raised that option 1 (or all NAS based solutions) cannot work for RRC_INACTIVE UE to solve paging collision. However, we fail to find any potential problems with it. When an RRC_INACTIVE UE detects paging collision, the UE will enter RRC_CONNECTED and send Registration Request for requesting a new 5G-GUTI. When the AMF is going to indicate a new 5G-GUTI to the UE in Registration Accept, the AMF will also forward this new 5G-GUTI to RAN via Core Network Assistance Information for RRC INACTIVE IE. Then RAN will use the new UE_ID for RAN paging after release the UE. So, RRC_INACTIVE UE is enabled to use option 1 to negotiate a new 5G-GUTI from procedure perspective. Besides, since the PF/PO in each DRX cycle are the same for both CN paging and RAN paging, if the option 1 can solve paging collision in RRC_IDLE, it can also solve the paging collision issue in RRC_INACTIVE. Thus, we propose the following: 
Proposal 6： 5G-GUTI reallocation (option1) can be a baseline solution for both RRC_IDLE or RRC_INACTIVE UEs to solve paging collision issue in 5GS.
2.2.2 Predictable UE behaviour for paging collision avoidance
In our understanding, “to be predictable for avoiding paging collision” may be the case that the UE (one of multi-USIM device) in RRC_CONNECTED can decide in advance whether the PO collision will occur upon RRC connection release. Actually, it may be not reliable to decide paging collision issue in advance, since there are some uncertainty factors may change the collision situation, such as multi-USIM device mobility, other USIM’s RRC state transition from RRC idle/inactive to RRC connected. However, if a CN-based solution is adopted, it seems already supports that the UE in RRC connected can acquire system information and guess whether the PO can cause a potential collision situation upon release, and trigger the NAS procedure to solve the paging collision issue in advance if needed. Thus, we think there is nothing needs to be specified in RAN2 for this issue. 
Proposal 7： RAN2 will not specify how the UE in RRC_CONNECTED to solve the potential paging collision that happens after RRC connection release.
2.2.3 Interaction between UE AS and NAS
Similar to EPS case, paging collision should be detected in UE AS. And upon paging collision is detected, paging collision issue should be indicated by the UE AS to UE NAS. If NAS assistant information is supported for paging collision avoidance for 5GS, the assistant information should be decided at UE AS and then to be indicated to UE NAS. Thus, we propose the following: 
Proposal 8： In 5GS, upon paging collision is detected, an indication, as well as the assistant information (if agreed), shall be sent from UE AS to UE NAS. 
2.3. LS to SA2
We suggest to send an LS to SA2, to inform RAN2’s preference on the alternative IMSI calculation and the related interaction of UE AS and NAS. Besides, in [1], RAN2 has indicated to SA2 that RAN2 will continue to evaluate the pros and cons of solution 1, 2a, 2b, 3 and also evaluate the necessity of assistant information which is the basic idea of solution 2c. 
	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.


Also, consider the most companies in SA2 are suggesting to wait for RAN2’s reply for progressing paging collision issue for 5GS, so we propose the following. 
Proposal 9： Send an LS to SA2 about RAN2’s preference on paging collision issue for both EPS and 5GS, as in Section 5 Appendix.
3. Conclusion
This paper discusses the remaining issues for paging collision issue, and concludes with:
Observation 1: In EPS, UE is allowed to provide assistant information in NAS for paging collision avoidance. 
Observation 2: The EPC can be requested to remove the stored IMSI Offset implicitly by UE NAS, i.e., via the absence of the requested IMSI Offset in the Attach Request or Tracking Area Request. 
Observation 3: In EPS, the accepted IMSI Offset value is not informed to UE AS layer. 
Observation 4: There is a mismatch between SA2 specification and RAN2 agreement regarding by which layer (i.e. UE RRC or NAS) the alternative IMSI should be calculated.
Observation 5: Paging repetition solution (Option3) leads to at least doubling the paging overhead.
Observation 6: When the paging collision occurs and if option1/2a/2b are applied, the probability of paging collision reoccur due to cell reselection is low.
Observation 7: When the paging collision occurs and if option1/2b are applied, the probability of paging collision reoccurs due to the 5G-GUTI reallocation triggered by legacy SA2 procedures is also low.
Observation 8: Option 1 is the simplest since it has no RAN impact and does not require the CN for non-volatile storage of any related UE_ID offset or alternative UE_ID value.
Based on the above observation, we have proposals:
Proposal 1： Alternative IMSI is calculated in UE RRC layer. 
Proposal 2： In EPS, the accepted IMSI Offset should be sent from UE NAS to UE AS. 
Proposal 3： Paging collision detection is performed at UE AS, how to detect paging collision is left to UE implementation.
Proposal 4： In EPS, upon paging collision is detected, an indication, as well as requested IMSI Offset (if any), shall be sent from UE AS to UE NAS.
Proposal 5： Paging repetition solution (Option 3) is not considered to solve paging collision issue in 5GS.
Proposal 6： 5G-GUTI reallocation (option1) can be a baseline solution for both RRC_IDLE or RRC_INACTIVE UEs to solve paging collision issue in 5GS.
Proposal 7： RAN2 will not specify how the UE in RRC_CONNECTED to solve the potential paging collision that happens after RRC connection release.
Proposal 8： [bookmark: _GoBack]In 5GS, upon paging collision is detected, an indication, as well as the assistant information (if agreed), shall be sent from UE AS to UE NAS. 
Proposal 9： Send an LS to SA2 about RAN2’s preference on paging collision issue for both EPS and 5GS, as in Section 5 Appendix.
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5. Appendix
Summary of paging collision solutions
According to TS 36.304/38.304, the formulae for calculating PF and PO are as follows:
	SFN for the PF is determined by:
	SFN mod T= (T div N)*(UE_ID mod N) 		(in the EPS)
	(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N) 	(in the 5GS)
	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)
Solution 1: When paging collision is detected, UE requests AMF to reallocate a new 5G-GUTI (consists of GUAMI and 5G-S-TMSI) in Registration Request. When a new 5G-GUTI is received in Registration Accept, if the UE determines the paging collision still happen, the UE may request again in Registration Complete. Then the AMF can assign a new one via UE configuration update procedure. 
Solution 2a/2b: Basically, the procedure for the negotiation of an alternative UE_ID or UE_ID offset can be the same as solution 1. The main differences to the solution 1 are: AMF/MME sends the paging message to RAN that shall include both the paging ID (i.e. 5G-S-TMSI/S-TMSI), and the UE identity index value which is based on an alternative UE_ID or UE_ID offset, where the former will be included in Uu paging message and the latter is used for PF/PO calculation. Besides, if RAN supports RRC inactive, the AMF also needs to provide the alternative UE_ID/offset to anchor gNB/ng-eNB for RAN paging.
Solution 3: Since, POs are always periodically present, UE can alternately monitor the POs in two networks in which the POs overlapped in time. Hence, the UE can ensure to monitor at least one of the several consecutive POs in each network, and if RAN repeats paging on these several consecutive POs, the paging message would be received by the UE. The consecutive POs could be the POs in the consecutive DRX cycles.

The pros./cons./spec. impact of the options 1/2a/2b/3 can be summarized in below Table 1.
Table 1: Summary of analysis of solutions
	Solutions
	Whether paging collision can be totally solved?
	The increased signal overhead on Uu
	Spec impact 

	CN-based solution
	1
	No
Paging collisions may reoccur due to the following reasons, leading to the UE has to request again:
- after cell reselection;
- 5G-GUTI is reassigned by legacy SA2 procedures;
	No extra paging overhead
	Can be achieved via UE implementation

	
	2a
	No
Paging collisions may reoccur after cell reselection, leading to the UE has to request again.
	
	Enhancements on Uu, NG are expected

	
	2b
	No
Same with Option 1.
	
	Enhancements on Uu, NG are expected

	RAN-based solution
	3
	Yes
	The paging overhead is at least doubled.
	Enhancements on Uu are needed at least.
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1. Overall Description:
RAN2 would like to inform SA2 the RAN2’s preference regarding to paging collision objective, as follows:
For EPS:
RAN2 agrees that the accepted IMSI Offset should be sent from UE NAS to UE AS. And the assistant information should be sent from UE AS to UE NAS for the requested IMSI Offset determination. RAN2 would like to ask SA2 to confirm RAN2’s understanding.
For 5GS: 
RAN2 has further discussed the options 1/2a/2b/3 mentioned in SA2 Ls S2-2006037 for solving paging collision issue for 5GS and agrees the following: 
From RAN2 perspective, option 3 is not preferred to solve paging collision in 5GS due to the concern about the increased paging signal overhead. While among the NAS based solutions (option 1/2a/2b), option 1 seems to be the most effective solution in 5GS since it can work well with the minimum specification impact (no RAN impact) and does not require the CN for non-volatile storage of any related UE_ID offset or alternative UE_ID value. Hence, RAN2 prefers to consider option 1 to be a baseline solution for both RRC_IDLE or RRC_INACTIVE UEs solving paging collision issue in 5GS. 
For 5GS and EPS:
RAN2 has also concluded that paging collision is detected at UE AS, and paging collision needs to be reported by UE AS to UE NAS. RAN2 would like to ask SA2 to confirm RAN2’s understanding. 

2. Actions:
To SA2
ACTION: 	RAN2 respectfully ask SA2 to take RAN2’s feedback into consideration and provide feedback if any.

3. Date of Next TSG-RAN WG2 Meetings:
3GPP RAN2#116-e	from 2021-11-01	to 2021-11-12		Electronic Meeting




