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Abstract of the contribution: It proposes a solution for short and long suspension of connection for coordinated leaving.
1. Discussion
During SA2#135 meeting the following key issue on “Coordinated leaving for Multi-USIM device” was agreed:

-
How to enable a Multi-USIM device to leave the current 3GPP system in coordination with the network while avoiding wasting the network resource during the leave.

-   How the network handles MT data or MT control-plane activity occurring when Multi-USIM device has left?

NOTE 1:
Any privacy implications of implicitly indicating to the MNO owning one USIM that the UE is also using anorther USIM (potentially owned by another MNO) will be studied by SA3.
NOTE 2:
During the study of this key issue, coordination with RAN WGs will be handled, if needed.
This paper aims to target the above described issues.

A mechanism for suspension of an active connection has been specified for CSFB to cdma2000 1xRTT described in TS 23.272 Annex B.3. The UE uses Service Request procedure to indicate to the MME that the connection shall be suspended. Similar procedure can be specified for 5GS to server the purpose of "Coordinated leaving" as described in the Key Issue#3. The suspension of the connection is performed between the UE and RAN by using NAS signalling. This is similar to entering CM-Idle state with additional characteristic that the UE is not reachable for MT signalling/data. The AMF does not initiate CN paging procedure during this state. 
One drawback of such NAS-level solution is that user plane resources are released and a resumption/activation of the NAS connection results in multiple signalling exchanges in the 5GC in order activate the user plane connections. Therefore, one alternative approach for "Coordinated leaving" is to apply suspension of the RRC connection without signalling to the core network. This is similar to RRC-Inactive state, but different in the sense that the UE is not reachable for MT signalling/data (i.e. no RAN paging is performed). The UE and RAN keep the AS context. Such approach can be beneficial, of the connection suspension is short, e.g. a from several milliseconds to a couple of seconds.
There can be various use cases for how long a UE "leaves" a system. For example:

· The UE can "leave" for short time, e.g. a 100-200 ms, in order to receive an SMS in the target system or to check the caller identity of incoming call.

· The UE can leave for long time, e.g. a couple of minutes, in order to make a call in the target system.

In order to have a flexible solution covering various use cases (as mentioned above) it is proposed to use 2 levels of connection suspension – a short connection suspension and long connection suspension. It is further proposed to carry out the short connection suspension by using suspension of radio connection (i.e. RRC connection). The long connection suspension can be carried out as NAS connection suspension in the core network.
Proposal:  It is proposed to use 2 mechanism for connection suspension depending on the duration of the suspension -- short suspension and long suspension. Transition from short suspension to long suspension is possible based on timer determined in the RAN.
2. Proposal

It is proposed to add the following new key issue to 3GPP TR 23.761.

* * * First Change * * * *

6.X
Solution #X: Short and long suspension of active connection
6.X.1
Introduction

The solution applies to Key Issue 3 "Coordinated leaving for Multi-USIM device".
The solution aims to cover the following use cases for various durations of the UE "leaving" the system:

-
The UE leaves for short time duration, e.g. a 100-500 ms, in order to send/receive an SMS in the target system or to check the caller identity of incoming call;
-
The UE leaves for long time duration, e.g. a couple of minutes, in order to make a call in the target system. 
One design principle of the solution is to minimize the signalling needed for coordinated leaving (including leaving and return) and to minimize the service interruption in the source system. 
The solution applies to both 5GS and EPS.
6.X.2
Functional Description

Some aspects of this solution utilize the availability of Paging cause in the Paging message which is a subject matter of other key issues.

The proposed solution is based on the following principles:
-
Two mechanism for leaving (i.e. suspension) of an active connection are proposed:

-
short connection suspension is performed in the access stratum (AS) layer between the UE and RAN by using RRC signalling. After connection suspension the UE is in a state similar to RRC-Inactive with the difference that the UE is not reachable for MT signalling/data (i.e. no RAN paging is performed). The UE and RAN keep the AS context and the N3 connection is preserved;

-
long connection suspension is performed between the UE and RAN by using NAS signalling. After connection suspension the UE is in a state similar to CM-Idle state with the difference that the UE is not reachable for MT signalling/data. The AMF does not initiate CN paging procedure;
-
When a short connection suspension is activated (e.g. in the system serving USIM1), a timer is negotiated between the UE and RAN. 
-
If the UE returns to the system serving USIM1 before the timer expires, the UE performs a RRC resume procedure.
-
If the UE stays in the system serving USIM2 and the timer expires, the UE and the system serving USIM1 transit from short suspension to long suspension. The RAN node informs the 5GC to apply long suspension and the UE internally transitions to long suspended state for the connection to the system serving USIM1.
-
When a long connection suspension is activated and the UE returns to the system serving USIM1, the UE performs NAS Service Request procedure to indicate that the UE is reachable again.
6.X.3
Procedures
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Figure 6.X.3-1: Signalling flow for short or long connection suspension
0a.
The UE registers for USIM2. 
0b.
The UE registers for USIM1 with AMF-1 and may establish PDU Session towards SMF-1/UPF:
0c.
The UE is in CM-Connected state for USIM1 and CM-Idle state for USIM2. 
1.
The UE receives core network (CN) initiated Paging message for USIM2's registration or the UE triggers mobile originated (MO) communication for USIM2 registration. The may be aware about the MT/MO service type, e.g. SMS, IMS call, etc.
2.
The UE determines whether to apply mechanism for short suspended connection or long suspended connection. The may take into account the service type in the paging cause in step 1a, or based on the type of MO communication in step 1b, and based on the supported or preferred capabilities from step 0b.
3.
If the UE determines to apply short suspension of connection, the UE performs the RRC procedure to enter short suspend connection state. 
3a.
The UE sends RRC release request message with an indication that the UE will be temporary unavailable.
3b.
The RAN node replies with RRC release response message. The RAN may include a timer value for the maximum duration of the short suspension state.

3c.
RAN node and UE keep the AS context (security, bearer context, etc.), however the radio transmission is disabled. The RAN node would buffer DL PDUs e.g. in the PDCP layer. This state can be also described as RRC_INACTIVE state with disabled radio transmission.
NOTE 1:
In case of GBR flows/bearers, the UE may determine to apply long suspended state (i.e. the short suspended connection is not applied).
NOTE 2:
Further details about the short suspension of connection are in the scope of RAN WGs.
4.
If the UE determines to apply long suspended connection, the UE performs a Service Request procedure to request the AMF to suspend the connection.
5.
The UE performs connection establishment towards USIM2 registration (e.g. a Service Request procedure). The UE can exchange control plane signalling or user plane data. The UE may use Release Assistance Information (RAI) in order to terminate the connection towards the USIM2 registration.
6.
The UE resumes the connection to USIM1 registration.
6a.
If short suspension of connection has been applied and the timer from step 3b has not expired, the UE performs RRC connection resume procedure.
6b.
If long suspension of connection has been applied, the UE performs Service Request procedure for USIM1 registration and indicates that the NAS connection is to be resumed.
6.X.4
Impacts on existing entities and interfaces
AMF/MME:

-
MUSIM capability exchange with UE;

-
Handling long suspension of connection and following resume (NAS signalling);

-
Handling of signalling from RAN to activate the long suspension of connection (N2 signalling).
RAN:

-
Handling of short suspension of connection and following resume;

-
Handling of transition from short suspension to long suspension (N2 signalling).
UE:

-
MUSIM capability exchange with the AMF/MME;

-
Handling of long suspension of connection and following resume (NAS signalling);

-
Handling of short suspension of connection and following resume (RRC signalling).
6.X.5
Evaluation
Editor's note:
This clause provides an evaluation of the solution.
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