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Abstract of the contribution: Introduce a new solution for KI#2
1. Introduction
This paper proposes update to Sol 16 for KI#2 to cover the 5GS.
2. Proposal
This paper proposes the following updates to cover the 5GS.  
* Start of change * 

6.16
Solution #16: Resolving paging occasion conflict using offset to the IMSI/5G-S-TMSI
6.16.1
Introduction

This solution addresses KI# 2.
As stated in Key Issue 2, "Paging Occasions (POs) are calculated based on the UE identifier i.e. IMSI and 5G-S-TMSI for EPS and 5GS, respectively".

For the situation that a MUSIM device is experiencing repeated clashes of POs, other solutions may have proposed that the UE causes the 5G-S-TMSI to be reallocated to a value that avoids PO clashes. Those solutions obviously do not solve the case of a PO clash between multiple EPS SIMs.

For this EPS situation, it is proposed that the UE and MME negotiate an offset to the UE Identity Index Value(s) (c.f. "IMSI mod 1024") used in the S1-AP Paging message. This can also be applied to 5GS by applying the offset on top of the 5G-S-TMSI.
Guidance from RAN WG 2 would be useful in determining the useful values of the offset.

A small number of different offset values may be needed to permit 3 and 4 SIM devices to avoid paging clashes.

6.16.2
Functional Description
During the Attach procedure, the MME indicates support (or not) for this feature.
When an EPS UE detects a systematic clash of Paging Occasions between its EPS SIMs, one of the EPS UEs in the MUSIM device sends a TA Update Request (to one of the supporting MMEs) or Registration Request (to AMFs) which may optionally include a new parameter suggesting an "offset value". The value of the "offset value" (e.g. {1, 3, 5, 7, 11…}) might depend upon how many of the EPS SIMs in a 3/4/5 SIM device are experiencing PO clashes, and, whether a particular offset value would create a different PO clash.

The MME/AMF allocates an "offset value" to the UE in the TAU/Registration Accept. The UE then starts to use this "offset value" to calculate its Paging Occasion. 

After the TAU/Registration Complete is received, the MME/AMF adds the "offset value" to the value it would have otherwise sent in the UE Identity Index Value field sent in the S1-AP/NG-AP paging message. In case of 5GS, the AMF shall also provide it, as part of the CN assistance information for RRC Inactive, to NG-RAN.
NOTE:
If the TAU/Registration Complete is lost, normal stage 3 procedures apply, e.g. the MME/AMF pages with both old and new S-TMSIs using (respectively) the old and new "offset value".

Extract from TS 36.413 [15] (S1-AP):

9.2.3.10
UE Identity Index value

The UE Identity Index value IE is used by the eNB to calculate the Paging Frame TS 36.304 [20].
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	UE Identity Index Value
	M
	
	BIT STRING (SIZE(10))
	Coded as specified in TS 36.304 [20].


** end of extract from TS 36.413 [15] **

Extract from TS 38.413 [x] (NGAP):

9.3.3.23
UE Identity Index Value

This IE is used by the NG-RAN node to calculate the Paging Frame as specified in TS 38.304 [12] and TS 36.304 [29].
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE UE Identity Index Value
	
	
	
	

	>Index Length 10
	
	
	
	

	>>Index Length 10
	M
	
	BIT STRING (SIZE(10))
	Coded as specified in TS 38.304 [12] and TS 36.304 [29].


** end of extract from TS 38.413 [x] **

A potential update to TS 36.304 [20] clause 7.1 "Discontinuous Reception for paging" is shown below

UE_ID:

If the UE supports E-UTRA connected to 5GC and NAS indicated to use 5GC for the selected cell:

5G-S-TMSI mod 1024, if P-RNTI is monitored on PDCCH.


else


(MUSIM Offset + IMSI) mod 1024, if P-RNTI is monitored on PDCCH.


(MUSIM Offset + IMSI) mod 4096, if P-RNTI is monitored on NPDCCH.

(MUSIM Offset + IMSI) mod 16384, if P-RNTI is monitored on MPDCCH or if P-RNTI is monitored on NPDCCH and the UE supports paging on a non-anchor carrier, and if paging configuration for non-anchor carrier is provided in system information.
And also a potential update to TS 38.304 [3] clause 7.1 "Discontinuous Reception for paging" is shown below:
UE_ID: (MUSIM Offset + 5G-S-TMSI) mod 1024
6.16.3
Procedures

The figure below illustrates the flows proposal above.
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Figure 6.X.3-1: Registration/TAU request trigger upon PO collision risk detection

Upon registration the UE is informed the network supports higher paging repetition request.

1.
Upon the UE detecting paging collisions will occur between USIMs, the UE initiates a Registration Update/TAU procedure in one of the colliding USIMs requesting UE offset from the network.

2.
The network returns a Registration/TAU Accept to the UE including a UE offset value.
3.
In case of 5GS and RRC inactive deployment, AMF provides also the UE identity index value info to RAN for RRC Inactive. 

4. UE enters CM-IDLE or RRC inactive and MT traffic comes, in case of CM-IDLE, AMF/MME triggers the Paging Request with UE identity index value based on UE offset. The RAN calculates the PF/PO based on UE identity index value received from CN. 
6.16.4
Impacts on services, entities and interfaces

UE:
-
determine optionally Offset Value based on number of active SIMs, their IMSIs, and the cell configurations;

-
support signalling for indication offset support and Offset Value in Attach/TAU/Registration Request/Accept.

-
support modified Paging Occasion calculation based on Offset Value
RAN: 
-
update of TS 36.304 [2] (UE Idle mode spec) and 38.304 [3] (UE in Idle mode and RRC Inactive State spec) likely to be required.
-  update TS 38.413 to provide optional UE identity index value based on Offset in Paging Request.
MME/AMF:

-
support signalling for indication and Offset Value in Attach/TAU/Registration Request/Accept and abnormal case of loss of TAU/Registration Complete.

-
support modified "IMSI mod 1024" or “5G-S-TMSI mode 1024” calculation based on Offset Value.

-
non-volatile storage of the Offset Value.



* End of changes * 
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