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Abstract: This contribution introduces a mechanism enabling paging reception for Multi-USIM device with existing procedures.
1 Introduction

The Key Issue “Enabling Paging Reception for Multi-USIM Device” was approved and focuses on:

-
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.
In this paper, we propose a mechanism using existing procedures to address this key issue.

2 Discussion

The UE may use Discontinuous Reception (DRX) in RRC_IDLE and RRC_INACTIVE state in order to reduce power consumption. The UE monitors one paging occasion (PO) per DRX cycle. The potential values of DRX cycle are 320ms, 640ms, 1280ms, 2560ms. 

If Paging Occasions (POs) on more than one RATs overlap in time, the Single Rx MUSIM UE can only monitor paging on one RAT. It is noted that the values of DRX cycle are multiples of each other, which leads to periodically PO overlap. Thus an implementation method for Single Rx MUSIM UE is to alternate between the RATs/systems. However, if the paging is sent on one RAT while the UE is monitoring on another RAT, the paging will not be successful. 

If the network repeats the paging, the UE may receive the paging on a subsequent PO when the UE is monitoring that RAT or not depending upon the timing of the subsequent paging as the network does not know the exact POs monitored by the UE. 
We take PO overlap on two RATs as an example, which can be easily extended to multiple RAT scenarios. As illustrated in Figure 1, the DRX cycle is the same on the two RATs and overlap happens on each PO. The UE alternately monitors paging on the two RATs. To enable the reception of paging the network repeats the paging on two consecutive POs (yellow POs). One of the two POs will be monitored by the UE so that the UE can receive paging. 
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Figure 1. Illustration of sending paging on two consecutive POs
To avoid unnecessary waste of network resources, the first paging attempt may not be repeated. If the UE does not respond to the first paging attempt, which may indicate the overlap occurred, then a second paging attempt is made and the paging is repeated on two consecutive POs. For a UE in RRC_Idle state, the RAN can execute the different paging sending methods according to the Paging Attempt Count Information provided by the MME/AMF at paging. For a UE in RRC_inactive state, the serving RAN node can provide Paging Attempt Count Information to the RAN nodes within RNA. 
Observation 1: A mechanism of repeatedly sending paging on consecutive POs by the network and alternately monitoring paging on PO overlapped RATs by the UE can enable paging reception for Multi-USIM device. 

Accordingly, this paper proposes the following text to be captured by TR 23.761. 
3. Text Proposal
* * * * First change * * * *

6.X
Solution #X: Sending paging on consecutive POs for Multi-USIM UE

6.X.1
Introduction
This solution is for Key Issue 2: Enabling Paging Reception for Multi-USIM Device. If Paging Occasions (POs) on more than one RATs overlap in time, the Single Rx MUSIM UE only monitors paging on one RAT, which may lead to unsuccessful paging reception on the other RATs. The solution reuses the existing procedures to address this key issue.
6.X.2
Functional Description

The UE alternates paging monitoring on RATs that overlap in time and the network repeats paging on several consecutive POs. As one of the POs will be monitored by the UE, the paging will be received. 

To avoid unnecessary waste of network resources, the first paging attempt on a single PO may not be repeated. If the UE does not respond to the first paging attempt, which may indicate the overlap occurred, then a second paging attempt is made and the paging is repeated on two consecutive POs.

For a UE in RRC_Idle state, the MME/AMF sends the first attempt of paging with Paging Attempt set to ‘1’ to RAN. The RAN pages the UE. If the MME/AMF does not receive respond from the UE, the MME/AMF sends the second attempt of paging with Paging Attempt Count set to ‘2’ to RAN. The RAN pages the UE on consecutive POs.

For a UE in RRC_inactive state, the serving RAN node sends the first attempt of paging with Paging Attempt Count set to ‘1’ to the RAN nodes within RNA. The RAN nodes within RNA pages the UE without repetition. If the UE does not respond, the serving RAN node sends the second attempt of paging to with Paging Attempt Count set to ‘2’ to the RAN nodes within RNA. The RAN nodes within RNA page the UE on consecutive POs.

6.X.3
Procedures

No additional procedures or procedural changes are required for this solution.

6.X.4
Impacts on existing entities and interfaces

UE: 

· Alternately monitors paging on the overlapped RATs.
RAN:

· Send paging on UE’s consecutive POs if the UE does not respond paging after the first attempt of paging.

Network:

· None.
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