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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
RAN2#113-bis-e has reached the following agreements:
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. 
SA2 has defined the alternative IMSI that is used for deriving the modified Paging Occasions in order to avoid paging collisions.
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)]
CT1 has defined the procedure to forward IMSI offset value to lower layers.
If the ATTACH ACCEPT message contains Negotiated IMSI offset IE, the MUSIM capable UE shall forward the IMSI offset value to lower layers. If the ATTACH ACCEPT message does not contain Negotiated IMSI offset IE, the MUSIM capable UE shall indicate to lower layers to erase any IMSI offset value, if available.
There seems to be some misalignment among RAN2, CT1 and SA2. This paper is to discuss which way to go for EPS PO/PF calculation.
2. Discussion
SA2 has approved the Paging timing collision control feature in SA2 Meeting # 145E. The description is quoted from the 23.401 as below: 
	[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.


SA2 has defined an alternative IMSI value that is used for deriving the modified Paging Occasions in order to avoid paging collisions. Alternative IMSI value is calculated based on IMSI offset value and UE’s IMSI according to the formula defined in 23.401, however, it is not explicitly specified which layer in the UE to calculate the Alternative IMSI value.
Observation 1: It is not clearly defined in 23.401 which layer to calculate the alternative IMSI value. 
On the other hand, CT1 has defined the procedure to forward IMSI offset value to lower layers in 24.301. We can deduce that IMSI offset value is provided to lower layers to calculate the alternative IMSI value and AS is responsible for calculating the alternative IMSI value.
Observation 2: It is clearly defined in 24.301 that IMSI offset value will be indicated to lower layers which means lower layers can calculate the alternative IMSI value based on IMSI offset value.
CT1 seems to be aligned with RAN2’s agreement. To avoid confusion on which layers to calculate the alternative IMSI we have the following proposals:
Proposal 1： RAN2 conclude that alternative IMSI is calculated in AS layer and send a LS to inform SA2 of this conclusion.

Another issue is which layer to trigger the paging collision avoidance procedure.
SA2 has defined the NAS layer procedure of UE requesting IMSI Offset. The impact on initial attach is quoted from the 23.401 as below: 
	5.3.2.1 E-UTRAN Initial Attach
[bookmark: _Hlk61618215]…… Omit unrelated part……
During the Attach procedure, a Multi-USIM UE may indicate to the MME a Requested Alternative IMSI Offset, as described in clause 4.3.33, with the aim of modifying the timing of the Paging Occasions to avoid paging collisions. 
…… Omit unrelated part……
If a Multi-USIM UE needs to modify the Paging Occasions in order to avoid paging collisions, it sends a Requested IMSI Offset to the MME, in order to signal an alternative IMSI as described in clause 4.3.33.
…… Omit unrelated part……
If the UE provided a Requested IMSI Offest in step 1, but the network prefers a different value, the MME provides the UE with an Accepted IMSI Offset different from the one provided in Step 1. Otherwise the value of the Accepted IMSI Offset the MME sends is the value of the Requested IMSI Offset sent by the UE in step 1. The MME stores the value of the alternative IMSI derived ( 4.3.x ) from the Accepted IMSI Offset provided to the UE in the UE context.
If a Multi-USIM mode UE does not provide a Requested IMSI Offset in step 1, the MME erases any alternative IMSI value in the UE context.

…… Omit unrelated part……




UE may indicate to the MME to request an IMSI Offset in Attach procedure or TAU procedure. However, it is not clear which layer to trigger the NAS layer to request IMSI Offset and which layer to generate the Requested Alternative IMSI Offset. From our perspective, AS layer has all necessary information related to the paging occasion such as the paging cycle and UE_ID, therefore it is more suitable for AS layer to detect PO collision and generate the Requested Alternative IMSI Offset. Whenever the AS decides to request an IMSI Offset to avoid paging collision the UE can provided the preferred IMSI Offset to upper layer and NAS can transmit to MME. 
Proposal 2： RAN2 specify the interaction between AS and NAS layers during paging collision avoidance procedure.
Proposal 3： When paging collision is detected, AS layer may indicate to upper layers an IMSI Offset with the aim of modifying the timing of the Paging Occasions to avoid paging collisions.
Proposal 4： AS layer may indicate upper layers to remove the existing IMSI Offset.
Proposal 5： If the upper layers indicate an IMSI Offset, AS layer stores the IMSI offset value and use it to calculate alternative IMSI.
Proposal 6： If the upper layers indicate AS layer to remove IMSI offset value, AS layer removes IMSI offset, if exist.
3. Conclusion
[bookmark: _GoBack]This paper discusses the EPS paging collision issue and concludes as below:
Observation 1: It is not clearly defined in 23.401 which layer to calculate the alternative IMSI value. 
Observation 2: It is clearly defined in 24.301 that IMSI offset value will be indicated to lower layers which means lower layers can calculate the alternative IMSI value based on IMSI offset value.
Proposal 1： RAN2 conclude that alternative IMSI is calculated in AS layer and send a LS to inform SA2 of this conclusion.
Proposal 2： RAN2 specify the interaction between AS and NAS layers during paging collision avoidance procedure.
Proposal 3： When paging collision is detected, AS layer may indicate to upper layers an IMSI Offset with the aim of modifying the timing of the Paging Occasions to avoid paging collisions.
Proposal 4： AS layer may indicate upper layers to remove the existing IMSI Offset.
Proposal 5： If the upper layers indicate an IMSI Offset, AS layer stores the IMSI offset value and use it to calculate alternative IMSI.
Proposal 6： If the upper layers indicate AS layer to remove IMSI offset value, AS layer removes IMSI offset, if exist.
