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Abstract: This contribution discusses the Key Issue #2 and proposes a corresponding solution based on UE implementation.
1 
Introduction
Key Issue #2 consists in the following:

	Paging Occasions (POs) are calculated based on the UE identifier i.e. IMSI and 5G-S-TMSI for EPS and 5GS, respectively. The formulae for determination of the POs are specified in TS 36.304 [2] and TS 38.304 [3] for E-UTRA and NR, respectively.

Multi-USIM device that is unable to simultaneously monitor paging on all 3GPP RATs and systems in which it is in Idle state or RRC_Inactive state (for 5GS) needs to make a choice of the paging channel(s) to monitor which can lead to unsuccessful paging on the other paging channel(s). In some cases the UE identifier values associated with the different USIMs can lead to systematic collisions which may result in corresponding missed pages. The present key issue shall study:

-
How the system can enable operation when the paging associated with the 3GPP RATs and systems in which the Multi-USIM device is in Idle state or RRC_Inactive state (for 5GS) overlap in time?

NOTE:
The exact timing of paging on the radio interface is managed by RAN, therefore coordination with the RAN Groups will be necessary.

-
Whether and how the network needs to be aware of specific UE communication constraints (e.g. Single Rx) in order to enable the Multi-USIM device to receive paging for each of the registered USIMs?

The solutions for enabling receiving paging for each of the registered USIMs in 5GS and EPS may not be based on the same principles.


The key problem statement articulates around the following: 

-
Paging associated with the RATs/Systems overlap in time

This contribution discusses the above problem and suggests a way forward.

2
Paging overlap

Paging Occasions specified in TS 36.304 and 38.304, are determined based on the IMSI (EPS) and 5G-S-TMSI (5GS). Paging Occasions could effectively overlap between the two SIMs according to the formulas used for determining POs – specific combination of UE IDs can lead to colliding POs (depending on other system parameters used to determined said POs). These potential collisions are indeed systematic for these combinations – however these combinations are not systematic or permanent, as shown below.
5G-GUTI (re)allocation in 5GS occurs as follows:

	The AMF shall assign a new 5G-GUTI for a particular UE:

a)
during a successful initial registration procedure;

b)
during a successful registration procedure for mobility registration update; and

c)
after a successful service request procedure invoked as a response to a paging request from the network and before the release of the N1 NAS signalling connection as specified in subclause 5.4.4.1.

The AMF should assign a new 5G-GUTI for a particular UE during a successful registration procedure for periodic registration update. The AMF may assign a new 5G-GUTI at any time for a particular UE by performing the generic UE configuration update procedure. 


NOTE:
The 5G-GUTI contains GUAMI and 5G-TMSI, while the 5G-S-TMSI is a shortened version thereof including AMF Set ID, AMF Pointer and 5G-TMSI.
Observation 1: KI#2 referring to systematic collisions is pessimistic in view of the above, since 5G-GUTI reallocation (hence 5G-S-TMSI reallocation) does occur frequently enough thereby making any unlikely potential collision only temporary.
Furthermore we also estimate that even though collision may theoretically happen though unlikely, the likelihood of the (uncoordinated) networks paging the UEs simultaneously is also very low.

Observation 2: the likelihood of the networks paging the UEs simultaneously and with overlapping POs is very low.

3
Proposal

In view of the low likelihood of paging collisions taking place, and if so being only temporary, defining a new system mechanism to prevent any collision from happening is not deemed necessary.
If the UE determines that collisions can occur, UE implementation can address the issue in a simple manner e.g. using a round-robin approach between USIMs without requiring new UE/network transactions.
Proposal 1: no new system-wide mechanism is introduced to prevent PO collisions.
Proposal 2: a MUSIM device is required to be able to identify whether or not PO collisions can occur between the USIMs and take UE implementation action to enable paging reception for both USIMs, taking into account paging is repeated.
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6.X
Solution #X: UE solution to address overlapping PO
6.X.1
Introduction
This solution relates to KI#2 Enabling Paging Reception for Multi-USIM Device. The solution proposes a UE-only approach to handle PO collisions, while not preventing PO collisions to occur.
This solution is based on the observation that, although particular combinations of UE IDs and system parameters used to derive POs can lead to systematic PO collisions, these combinations are neither systematic nor permanent due to 5G‑GUTI re-allocation. When PO collisions occur, the UE can minimize the impact thereof.
6.X.2
Functional Description

The solution consists simply in introducing the following requirements:

-
A MUSIM device shall be able to identify whether or not PO collisions can occur between the USIMs

-
A MUSIM device that has identified PO collisions can occur between the USIMs, shall be able to use UE implementation means to minimize page loss due to collision taking into account paging repetition (for example by selecting the order in which USIMs are operated for paging reception e.g. using a round-robin approach).

6.X.3
Procedures
No new procedure is needed.
6.X.4
Impacts on existing entities and interfaces

UE:

- 
Identifying whether collisions can occur.
-
USIM selection for paging reception, while ensuring paging reception opportunity for all USIMs
AMF:

· none
RAN:

· none

SMF:

· none
UPF:

- 
none
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