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1
Introduction


In this contribution, we discuss how SIM switching works mainly focusing on long term SIM switching procedure. Also, we discuss how to send a busy indication with feasibility.
2
Discussion

2.1 Switching Scenarios

During the RAN2#112e meeting, RAN2 has discussed how SIM switching procedure can be supported and identified. There are 3 scenarios for the SIM switching like below:
- Long-term SIM switching 
In this case, the UE performs the SIM switching for VoNR, VoLTE, or other data transmission. The UE may not be able to estimate when to return to the current SIM. 
- Aperiodic (one-shot) Short-term SIM switching

In this case, the UE performs the SIM switching for TAU, RAU, or sending a busy indication. The UE can estimate when to return to the current SIM if no other UL/DL data transmission/reception on the other SIM. Or, the UE may have to stay longer than estimation on the other SIM due to additional DL data from the network.
- Periodic Short-term SIM switching

In this case, the UE performs the SIM switching for monitoring paging on the other SIM, cell measurement, or SI acquisition etc. The UE can exactly estimate when to return to the current SIM because the required procedure on the other SIM is periodical.
According to the email discussion [1], RAN2 assume that paging cause can be included in the paging message even though there is no RAN2 agreement yet. Besides, SA2 concluded the UE shall be able to discriminate the case where it is being paged for non-voice service from the case where it is being paged for other services by a RAN node not supporting the paging cause [2].
Based on / Using the paging cause, the UE can determine which scenario can be appliedfor SIM switching. It means that the UE can decide whether the UE will maintain the current RRC connection during the estimated time to return to the current SIM. For example, if Short term SIM switching is needed, it would be better to maintain the RRC connection because UE can provide the time information  to the current SIM when to return. Thus, even though the UE sometimes may not know the exact time to maintain the RRC connection in some scenarios because of additional DL data on the other SIM, the UE may have correct decision in most scenarios which type of SIM switching scenario is needed. 
On the other hand, the network never knows when the UE will return due to no coordination between networks registered? connected? to multiple-SIMs unless the UE sends additional information. That is, since it is inefficient that the network reserves the network resources for the UE who may not return, the network may always release the RRC connection, i.e. the network will not decide to provide configuration maintaining the RRC connection regardless of the UE’s request.

With the above considerations, the UE can decide whether to maintain RRC connection during SIM switching. However, all UEs don’t have same decision for SIM switching in the same situation. This is because each UE has different capabilities and is differently implemented for TRX operations to perform SIM switching.
Therefore, since it will be very complicate that RAN2 specify the UE behaviours to specification to decide whether to maintain RRC connection or not for all SIM switching scenarios, we propose the followings.
Proposal 1. For SIM switching, the decision between Short-term and Long-term is up to UE implementation, RAN2 doesn’t mandate the UE behaviour for each scenario.
2.2 Long Term Switching
For long term SIM switching, RAN2 had agreements in the previous meeting [3]:

Agreements

1
RRC signalling is used for switching procedure without leaving RRC_CONNECTED state in network A for UE temporarily switching to network B as a baseline. FFS on additional need of MAC signalling.
2
During switching procedure for leaving RRC_CONNECTED state, UE is allowed to enter RRC_IDLE state if it does not receive response message from network within a certain configured time period. FFS for RRC_INACTIVE state. 
For FFS point whether to support timer-based leaving mechanism in RRC INACTIVE, it seems not necessary to support it. This is because, for RRC INACTIVE, the network should provide the suspend configuration together with timer information. The network should maintain the suspend configuration for the UE until performing the long-term SIM switching. The problem is that the network doesn’t know when the UE would perform the long-term SIM switching. Thus, supporting timer-based RRC INACTIVE (state) transition will decrease the network performance from the resource handling point of view because the network may not handle promptly to the other UEs which require RRC_INACTIVE transition.
Proposal 2. The timer-based RRC_INACTIVE state transition isn’t supported for SIM switching. 
For long term SIM switching, RAN2 also had agreements in the last meeting [4]:
· We support at least AS-based solution (with AS-based response) for network switching while leaving RRC_Connected state in NW A. FFS if this may include NAS information 
For FFS point how to handle NAS information when performing AS-based leaving procedure, i.e. sending UE assistance information for RRC release, RAN2 should consider how to send MT restriction information to 5GS when the UE performs AS based leaving procedure. According to the current agreements, there is no way to send MT restriction information to 5GS because the UE AS leaves the network without any inter-working coordination with UE NAS in advance. 

MT restriction information is for filtering upcoming paging events in NAS level and is beneficial for service interruption reduction by the request that the network sends only filtered paging messages according to indicated UE preferences. Thus, we think the UE should send MT restrictions together even when performing AS based leaving for maintaining this benefit.
Proposal 3. MT restriction information for paging filtering should be sent together with ??? even when the UE performs AS timer-based leaving procedure.
To support a clear signalling procedure, we propose a way of sending individually both the UE assistance information for indicating preferred RRC state and NAS assistance information for indicating paging filter information. To receive configuration for AS-based leaving, the UE should send UE assistance information message including RRC preference for RRC Release. If the UE can include an additional indication in the UE assistance information that the UE will request the service release via NAS signalling soon, the network can wait without sending the RRC release message promptly until the MT restriction is sent to 5GS. For the NAS signalling, the UE NAS includes paging filter information, i.e. MT restriction after sending the UE assistance information message when the UE AS indicates to the UE NAS. After acknowledgement of NAS assistance information with MT restriction from the network side, the network can release RRC Connection release with RRC_INACTIVE configuration. Fig 1 shows the proposed signalling procedure in detail.
Proposal 4. To send MT restriction when performing AS-based leaving, the UE includes an additional indication in the UE assistance information message that the UE will request the service release via NAS signalling soon. Upon reception of this indication, gNB waits without immediately sending the RRC release message until the MT restriction is sent to 5GS.
2.3 Busy Indication

For busy indication, RAN2 had agreements in the previous meeting [3]:

Agreements
1
Only support NAS-based busy indication (for IDLE and INACTIVE)

· If SA2/CT1/RAN3 feedback indicates this is not possible, RAN2 can revert the agreement on NAS-based busy indication for INACTIVE.

Before receiving feedbacks from SA2/CT1/RAN3, RAN2 needs to consider whether further discussion is needed or the current agreement is enough. 

In our view, at least in RRC_INACTIVE state, AS based busy indication should be supported, i.e. the UE sends a busy indication via MSG3 or MSG5 without entering RRC connection. This is because it would be inefficient that the UE should always establish RRC connection whenever sending the busy indication if only NAS-based busy indication is supported. During MUSIM operation, to send the NAS-based busy indication, the UE must send a service request even if RAN paging has been received. Sending the service request means that the UE should establish RRC connection. Considering the goal of busy indication is for resuming on-going service on the other SIM, entering RRC CONNECTED state will decrease the UE performance in MUSIM operation.
In RRC_INACTIVE state, the busy indication can be sent by two options:

(1)  The UE sends the busy indication via RRC Resume Request 

(2)  The UE sends the busy indication via RRC Resume Complete

In our view, option (1) is more efficient but needs some discussions whereas option (2) is more straightforward but much less efficient from both UE’s and network’s points of view. Since option (1) is much more efficient, the option should be taken if it is feasible.  

First, we check if option (1) is consistent with the current RRC resume procedure. We assume the following procedure for the busy indication with the option (1):

- After the UE determines not to respond to paging from the network of the other SIM, the UE performs the RACH procedure to send a busy indication.

- The UE sends RRC Resume Request message including the busy indication; 1-bit information is enough to indicate.

- The UE receives RRC Reject message from the network of the other SIM or this step may be omitted 

- Upon reception of the RRC Reject message, the UE remains in RRC_INACTIVE in the network of the other SIM
So, from the procedure perspective, we do not see any blocking issue in supporting busy indication in RRC Resume Request message. 

Next, we proceed to check whether it is feasible to add information for the busy indication in RRC Resume Request message in the current ASN.1 structure.

RRCResumeRequest message
-- ASN1START
-- TAG-RRCRESUMEREQUEST-START
 
RRCResumeRequest ::=            SEQUENCE {
        rrcResumeRequest            RRCResumeRequest-IEs  (42 bit)
}
 
RRCResumeRequest-IEs ::=        SEQUENCE {
    resumeIdentity                  ShortI-RNTI-Value, (24 bit)
    resumeMAC-I                     BIT STRING (SIZE (16)),
    resumeCause                     ResumeCause, (1 bit)
    busyIndication(spare)
      BIT STRING (SIZE (1))
}
 
-- TAG-RRCRESUMEREQUEST-STOP
-- ASN1STOP
With the current ASN.1 structure, since there is a spare field in RRC Resume Request message, the spare field can be used for the busy indication. Even though a spare field cannot be used, it is also possible to add a field for the busy indication. This is because there is more room to add information, considering the UL-CCCH message capacity as highlighted below in yellow

UL-CCCH-Message
The UL-CCCH-Message class is the set of 48-bits RRC messages that may be sent from the UE to the Network on the uplink CCCH logical channel.

-- ASN1START
-- TAG-UL-CCCH-MESSAGE-START
 
 
UL-CCCH-Message ::=             SEQUENCE {
    message                         UL-CCCH-MessageType
}
 
UL-CCCH-MessageType ::=         CHOICE {
    c1                              CHOICE {
        rrcSetupRequest                 RRCSetupRequest,
        rrcResumeRequest                RRCResumeRequest,
        rrcReestablishmentRequest       RRCReestablishmentRequest,
        rrcSystemInfoRequest            RRCSystemInfoRequest
    },
    messageClassExtension           SEQUENCE {}
}
 
-- TAG-UL-CCCH-MESSAGE-STOP
-- ASN1STOP
It is also feasible to add information for the busy indication in RRC Resume Request 1 message as shown in Annex.

Considering the message size, we do not see any blocking issue to not support sending the busy indication within RRC Resume Request message from RAN2 point of view. 

From the discussion above, we think RAN2 should conclude that it is feasible to add information for the busy indication in RRC Resume Request message.  

Proposal 5. In RRC_INACTIVE, the UE sends a busy indication based on AS solution, i.e. introduce an optional 1-bit busy indication in RRC Resume Request message.
3
Conclusion
In this contribution, we have the following proposals:
Proposal 1. For SIM switching, the decision between Short term and Long term is up to UE implementation, RAN2 doesn’t need to mandate the UE behaviour for each scenario.
Proposal 2. The UE is not allowed to enter RRC_INACTIVE state when the expiry of the timer for leaving RRC connection for the switching procedure. 
Proposal 3. MT restriction information for paging filtering should be sent together even when the UE performs AS timer-based leaving procedure.
Proposal 4. To send MT restriction when performing AS-based leaving, the UE includes additional indication in the UE assistance information message that the UE will request the service release via NAS signalling soon. Upon reception of the additional indication, gNB waits without sending the RRC release message promptly until the MT restriction is sent to 5GS.
Proposal 5. In RRC_INACTIVE, the UE sends a busy indication based on AS solution, i.e. introduce an optional 1-bit busy indication in RRC Resume Request message.
4
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Annex - TS 38.331 v16.2.0
5.2 RRC Resume Request 1

–    RRCResumeRequest1
The RRCResumeRequest1 message is used to request the resumption of a suspended RRC connection or perform an RNA update.
Signalling radio bearer: SRB0

RLC-SAP: TM

Logical channel: CCCH1

Direction: UE to Network

RRCResumeRequest1 message
-- ASN1START
-- TAG-RRCRESUMEREQUEST1-START
 
RRCResumeRequest1 ::=         SEQUENCE {
       rrcResumeRequest1          RRCResumeRequest1-IEs  (58)
}
 
RRCResumeRequest1-IEs ::=    SEQUENCE {
    resumeIdentity               I-RNTI-Value, (40)
    resumeMAC-I                  BIT STRING (SIZE (16)),
    resumeCause                  ResumeCause, (1)
    busyIndication(spare)        BIT STRING (SIZE (1))
}
 
-- TAG-RRCRESUMEREQUEST1-STOP
-- ASN1STOP
–    UL-CCCH1-Message
The UL-CCCH1-Message class is the set of 64-bits RRC messages that may be sent from the UE to the Network on the uplink CCCH1 logical channel.
-- ASN1START
-- TAG-UL-CCCH1-MESSAGE-START
 
 
UL-CCCH1-Message ::=            SEQUENCE {
    message                         UL-CCCH1-MessageType
}
 
UL-CCCH1-MessageType ::=        CHOICE {
    c1                              CHOICE {
        rrcResumeRequest1               RRCResumeRequest1,
        spare3 NULL,
        spare2 NULL,
        spare1 NULL
 
    },
    messageClassExtension SEQUENCE {}
}
 
-- TAG-UL-CCCH1-MESSAGE-STOP
-- ASN1STOP
