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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN2#112e, a reply LS has been sent to SA2, in which the response to the questions referred to the paging collision issue are as follows. 
	Paging Collision Avoidance
[bookmark: _Hlk55759728]SA2 would also like to point out that TR 23.761 also contains several solutions for paging reception when paging collisions are detected. These solutions require RAN’s feedback. The solution principles in these solutions can be categorized as follows:

-	Sol 1) UE-requested 5G-GUTI reassignment for one USIM using the Mobility Registration Update). However, it should be noted the 5G-GUTI is systematically reassigned by the network during the Mobility Registration Update procedure (as of Rel-15) requires. Proposed for 5GS only.
-    Sol 2) Changes related to the UE_ID (UE Identity Index) that is used for calculation of PF/PO only:
-    A) Calculation of PF/PO by using an Alternative UE_ID I. The UE ID sent in the paging message is not impacted by this Alternative ID that is only used for PO/PF calculations Proposed for both EPS and 5GS.
-    B) Calculation of PF/PO by using a UE_ID which is derived from IMSI+offset value. The offset value is negotiated between UE and MME. Proposed for EPS only. 
-    C) Calculation of PF/PO based on MUSIM Assistance Information which can carry either a paging policy selector in RAN or an Alternative ID (like in solution above) or a pattern of availability (e.g. specific SFN Slots/ DRX cycles).
-    Sol 3) Repeating paging in the RAN on consecutive POs. for MUSIM devices.
-	Sol 4) UE Implementation-based solution to address overlapping POs (like today) 
-	Sol 5) Access Stratum-based solution with scheduling gap.
Q8) SA2 would like to ask RAN2 whether these approaches are all feasible and effective for paging reception when paging collisions are detected in 5GS and in EPS respectively. 

Q9) SA2 would like to ask RAN2 and RAN3 to take these solutions into consideration and provide feedback including proposals from RAN that SA2 may have not yet considered.

Q10) Some companies in SA2 believe that the RAN plenary decision on “No E-UTRA impact” restriction is only related to layers RRC and below. Other companies in SA2 believe that the restriction also includes no impact to S1_AP and NG_AP. It would be helpful for SA2 to get the correct definition of the WI restriction from RAN WGs.

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.


In RP-202895 [1], the paging collision avoidance objective has been updated 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 or LTE. Network B can either be LTE or NR.
· Applicable UE architecture: Single-Rx/Single-Tx.
[bookmark: _Hlk58525166]< Omit>
For objective 1, 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)
< Omit>


This contribution will continue to evaluate the solutions 1, 2a, 2b and 3 identified by SA2 based on the updated WID.
2. Discussion
2.1 Clarification of 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. 
The pros of solution 1:
· No extra paging overhead; 
· No impact on Uu and NG.
The cons of solution 1:
· Since POs are also determined by cell specific parameters, paging collision may reoccur after cell reselection, in which case the UE needs to request new 5G-GUTI;
· This solution is proposed for 5GS only since IMSI cannot be reallocated in EPS. Thus, the solution cannot be applied to LTE;

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.
The pros of solution 2a/2b:
· No extra paging overhead;
· Can be applied to 5GS and EPS, and thus can be applied to NR, (e)LTE;
The pros of solution 2a/2b:
· Similar to solution 1, paging collision may reoccur after cell reselection, in which case the UE needs to request a new alternative UE_ID or UE_ID offset;
· This solution has impact on NR Uu and LTE Uu due to change the legacy way of PO calculation. If applied to EPS, S1 interface will not be impacted since currently there exists a UE identity index value field in the S1 paging message for PF/PO calculation. If applied to 5GS, there is impact on NG interface, since UE identity index value is not included in the current NG paging message.

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 of solution 3:
· Paging missing can be totally solved.
· Can be applied to NR, (e)LTE;
The cons of solution 3:
· The signal overhead on Uu is at least doubled, which may be costly. 
· This solution has impact on NR Uu and LTE Uu to allow MUSIM UE to skip some POs (less than or equal to N-1) in N consecutive DRX cycles in one network. Potential impact on S1, NG, Xn interface to indicate which UEs needs paging repetition.

2.2 Solutions evaluation
The below Table 1 summaries the pros and cons. and specification impact of solutions 1, 2a, 2b, 3, in which the following criterions are used for the evaluation:
1. Whether the paging collision issue can be totally solved, e.g., whether the paging collision may reoccur after cell reselection.
2. Whether the problem is solved with the acceptable cost, such as the cost in signaling overhead on Uu, UE power consumption, and so on.
3. Specification impact.
4. Whether the solution can be applied to both NR and LTE?
Table 1: solutions performance analysis.
	Solutions
	Whether paging collision can be totally solved?
	The increased signal overhead on Uu
	Impact analysis
	RAT Scenario

	1
	No
Paging collisions may reoccur after cell reselection, in which case the UE needs to request new 5G-GUTI/alternative UE_ID/offset again.
	No extra paging overhead
	/
	NR, eLTE

	2a
	
	
	If applied to EPS: only impact on Uu. 
If applied to 5GS: impact on Uu, NG. 
	NR, (e)LTE

	2b
	
	
	
	

	3
	Yes

	
The paging overhead is at least doubled.
	Impact on Uu.
	


Given the above analysis, for solution 3, although the paging collision can be totally solved, it leads to at least 100% increasing of paging overhead, which may be unacceptable to the operator. Considering the probability of paging collision reoccur after cell reselection is low, solutions 1/2a/2b may work well in most cases, and thus are more effective to solve paging collision issue.
[bookmark: _GoBack]Observation 1: The paging repetition solution leads to at least 100% increasing of paging overhead.
Observation 2: Since the probability of paging collision reoccur after cell reselection is low, solutions 1/2a/2b may work well in most cases.
Solution 1, 2a, 2b have the similar performance for solving paging collision issue, but in 5GS, solution 1 has no specification impact, while solutions 2a/2b have impact on the Uu and NG interface. Hence, we propose the following:
Proposal 1: Solution 1 is preferred for 5GS to solve paging collision issue.
Since the IMSI cannot be reallocated, solution 1 seems not feasible for EPS. Hence, we propose:
Proposal 2: Solution 2a/2b are preferred for EPS to solve paging collision issue.
When reallocating a new 5G-S-TMSI or alternative UE_ID or IMSI offset, it is benefit if the UE is allowed to provide assistant information to help the network to decide the new ones. The UE knows the POs in multiple USIM precisely and thus can decide the 5G-S-TMSI/alternative UE_ID/IMSI offset more properly, to avoid potential multiple times UE ID requesting. Besides, if the UE has multiple USIM cards, it is more suitable to determine the PO offset to be switched at the UE side instead of NW side, since the change of UE ID may solve the PO collision between USIM 1 and 2, but bring PO collision between USIM 1 and 3. Hence, we propose:
Proposal 3: UE can include assistant information when requesting the new 5G-S-TMSI or an alternative UE_ID/UE_ID offset.
3. Conclusion
This paper evaluates the effectiveness of the potential solutions for paging collision issue, and concludes with:
Observation 1: The paging repetition solution leads to at least 100% increasing of paging overhead.
Observation 2: Since the probability of paging collision reoccur after cell reselection is low, solutions 1/2a/2b may work well in most cases.
Proposal 1: Solution 1 is preferred for 5GS to solve paging collision issue.
Proposal 2: Solution 2a/2b are preferred for EPS to solve paging collision issue.
Proposal 3: UE can include assistant information when requesting the new 5G-S-TMSI or an alternative UE_ID/UE_ID offset.
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