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Abstract: This contribution proposes to apply the RAN-based solution to fulfil the service requirements in KI#1 for handling of MT service. 
1 Introduction
As proposed in S2-1911689, Update of KI#1: Preventing Incorrect Operation in Other System, when designing the corresponding mechanism, it shall not only avoid any unnecessary interruptions of the service in the current system and saving system resources, but also needs to prevent the other system, which triggers the Paging message, from misbehaving on the UE/the other USIM.
This contribution introduces a RAN-based solution to address the KI#1.
2 Analysis
For single USIM UE, the current paging message only includes the UE ID (ng-5G-S-TMSI, full I-RNTI) without any other service related information. And the UE always establishes the connection with network to receive the service data, from which the service is sensed by user.

But for the MUSIM UE, due to the single Tx capability, if UE responds to the paging message from another system (e.g. USIM2), there may be interruption to the ongoing services in the current system (e.g. USIM1).
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Figure 2-1
As depicted in Figure 2-1, one option is to add a service indication in the paging message, based on which the UE can sense the USIM2’s data service without interrupting the USIM1’s active communication. But in this case, if the UE decides that the ongoing service of USIM1 has the higher priority than that indicated by the service indication, the UE does not respond to the network of USIM2. From the network point of view, if the UE does not respond to the paging message, it would start to escalate the page in a larger area and try the page for many times, which would waste paging resources. Furthermore, it would even lead to some incorrect operations on the USIM by the other system, e.g. think the UE is unreachable, stop the DL signaling/data services, or deregister the UE implicitly.
Observation 1: if the UE does not respond to the paging message, it would lead to paging resources waste and   incorrect operations on the UE/the other USIM in the other system.
On the other hand, it is doubtable that the granularity of service indication in the Paging message is sufficient for UE to make a sensible decision. Basically, a UE can provide an end-user services including telephony voice/video calls and data services used by various applications. The UE may have an incoming service while having an on-going service. The end-user may choose one of the two services or decide to have both. In the following we provide some examples that how end-user may decide. 

· Example 1: When a user is playing games online with his friend, the on-going one will be preferred by the end-user (marked in red square) compared to a new call from advertising people. 
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· Example 2: When a user is having a call with his colleague, the on-going one will be preferred by the end-user (marked in red square) compared to a new call from advertising people.
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· Example 3: A user having a call with his colleague, might decide to accept an incoming video call on a Wechat (an instant messaging App) when he knows it is from his girlfriend. 

. 
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With the three examples, user’s decision depends on who gives the call. And all the decisions are user specific, which are different person by person. Therefore, only the specific content of the service can help end-user to do any determination. 
Observation 2: Service prioritisation, i.e., end-user’s determination on whether to have on-going service and/or incoming service is user specific and depends on content of the service.

Observation 3: The UE should provide service content to end-user for determination. MUSIM UE responds to the paging message associated to the incoming service and establishes connection with network to get the service content. 

Proposal: Based on above two considerations, it proposes to always respond to the paging message and maintain two RRC connections with two systems simultaneously for a short time (e.g. 5-10 seconds) to determine the service content. But the UE shall only maintain one RRC connection of a higher priority, after it responds to the paging and obtains the service content for determination.
3 Solution
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Figure 3-1

The substantial idea is to apply the GAP mechanism to maintain two RRC connections simultaneously for the MUSIM UE. In the GAP mechanism, for the active connection, UE negotiates the self-assign GAP capability with the serving RAN (USIM1) of current system, and then assigns an on-demand GAP to receive information in the other system (USIM2). In order to keep the USIM1’s connection active, the GAP should not be too big, e.g. the GAP may be 50ms and UE can ask many Gaps in USIM1’s system for the usage of USIM2, e.g. responds to the paging message, maintains the signalling connection, and receives the DL service data, etc.

The two-RRC-connections mode is very short, because one RRC connection will be released after UE establishes the connection with USIM2’s network (may cost 100ms), receives the very first data packets from the network (e.g. 100ms), determines the data service based on the data packets (e.g. 1s), and decides which data service is preferred.

The detailed GAP mechanism should be discussed and determined by RAN WGs.
4. Proposal
It is proposed to accept this solution to address the KI#1.
* * * * First change * * * *

6.X
Solution #X: Short two-RRC-connections mechanism

6.X.1
Introduction

This is a solution for Key Issue 1 Handling of Mobile Terminated service with Multi-USIM device. This solution avoids any unnecessary interruptions of the service in the current system, saves system resources, and prevents the other system, which triggered the Paging, from performing incorrect operations on the UE/the other USIM.
6.X.2
Functional Description

No matter whether the service of USIM2 that triggered paging has a higher priority than the ongoing service of USIM1 or not, the UE should always respond to the page message. This is to avoid unnecessary resource waste and incorrect operations on the USIM2 by the system, e.g. thinking the UE is unreachable, stop the DL signalling/data services, or deregister the UE implicitly.

By relying upon the paging response and connection establishment for USIM2, the existing service-content-based mechanism is reused, i.e. the service is chosen based on the received DL service data. 
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Figure 6.x.2-1 GAP mechanism
As depicted in Figure 6.x.2-1, a GAP mechanism is used to maintain two RRC connections simultaneously for the MUSIM UE. In GAP mechanism, for the active connection, UE negotiates the self-assign GAP capability with the serving RAN (USIM1) of current system, and then assigns an on-demand GAP to receive information in the other system (USIM2). In order to keep the USIM1’s connection active, the GAP should not be too big, e.g. the GAP may be 50ms and UE can ask for many Gaps in USIM1’s system for the usage of USIM2. The UE responds to the paging message, maintains the signalling connection, and receives the DL service data.

The two-RRC-connection mode is very short, because one RRC connection will be released after UE establishes the connection with USIM2’s network (may cost 100ms), receives the very first data packets from the network (e.g. 100ms), determines the data service based on the data packets (e.g. 1s), and decides which data service is preferred.

Editor's note: the detailed GAP mechanism should be discussed and determined by RAN WGs.

6.X.3
Procedures

This solution does not require new system level procedures to be updated or added.
6.X.4
Impacts on existing entities and interfaces

UE: 

· Request and use GAPs on the air interface (RAN only impact).
RAN:

· Assignment and use of GAPs on the air interface (RAN only impact).
Network:

· No impact.
* * * * end of changes * * * *
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