3GPP TSG-RAN WG2 Meeting #113 Electronic 	R2-2100509
Elbonia, 25th of January – 5th of February 2021                                                    

Agenda item:	8.3.3
Source:	Nokia, Nokia Shanghai Bell
Title:	On Additional scenarios for switching notification
WID/SID:	LTE_NR_MUSIM-Core
Document for:	Discussion and Decision
1	Introduction
Rel-17 WI [1] for ‘support of Multi-SIM devices’ aims to study the system impacts when the UE communicates to more than one PLMN via multi-SIM support and specifies potential enhancements to avoid performance degradation in the MUSIM scenarios.
The objectives of the WI are:
	1) Specify, if necessary, enhancement(s) to address the collision due to reception of paging when the UE is in IDLE/INACTIVE mode in both the networks associated with respective SIMs [RAN2]
· RAT Concurrency: Network A can be NR. Network B can either be LTE or NR.
· Applicable UE architecture: Single-Rx/Single-Tx.
2) Specify mechanism for UE to notify Network A of its switch from Network A (for MUSIM purpose) [RAN2]:
· RAT Concurrency: Network A is NR. Network B can either be LTE or NR.
· Applicable UE architecture: Single-Rx/Single-Tx, Dual-Rx/Single-Tx
3) Unless SA2 find an alternative solution or decides otherwise, specify mechanism for an incoming page to indicate to the UE whether the service is VoLTE/VoNR [RAN2]
· RAT Concurrency: Network A is either LTE or NR. Network B is either LTE or NR.
· Applicable UE architecture: Single-Rx/Dual-Rx/Single-Tx
UE SIMs may belong to same or different operators. 
USIM can be a physical SIM or eSIM. 
Coordination with relevant WGs, such as SA2, should be considered where relevant. 
Specification change should focus on NR side for objective 1.



In this discussion paper we further discuss on further scenarios related to the objective 2 and potential solutions relevant for the same. 

2	Discussion
2.1 RRC Signalling procedure for Busy Indication 
When MUSIM UE is in idle-connected state at NTWK-B-NTWK-A, to enable the UE to decide on whether to respond to paging message in NTWK-B, it is proposed to include paging cause value of 1-2 bit field in the RRC Paging message as per conclusion in SA2 for the key issue associated with MT service indication.  The purpose of this cause value is that the UE may decide to either respond to the paging message with RRC connection setup and service request procedure or send BUSY indication based on the cause value.  How the signalling procedure is defined for sending BUSY indication with minimum impact at operation at NTWK-A is for further discussion in RAN2.
Following are the RAN2-112-e Agreements regarding BUSY Indication.
Agreements
Indicate to SA2 that the table 1 is a baseline on the discussion the expected time (in ms) required for UE to send a (NAS) busy indication to Network B.
From RAN2 point of view, it is feasible that the busy indication is sent as an RRC message with security for RRC_INACTIVE. FFS how this works. 

When the UE sends BUSY indication to NTWK-B, the UE will maintain the RRC CONNECTED state in NTWK-A. Hence, the signaling procedure introduced for sending BUSY indication to NTWK-B needs to be short procedure to minimize the interruption. As the UE only needs to indicate BUSY indication without waiting for further network response, this BUSY indication can be sent without establishing or resuming the RRC connection in NTWK-B. This connection-less procedure also reduces the impact of additional delay in returning back to NTWK-A.
Proposal 1: RAN2 to discuss and consider signaling procedure for sending secured BUSY indication without establishing or resuming RRC Connection.
For the scenario relevant for BUSY indication, the UE may be either in RRC-IDLE state or RRC-INACTIVE state in NTWK-B while receiving the paging message. In case if the UE is in RRC-INACTIVE state, the RRCResumeRequest  message which already contains additional integrity protection information can be used to send BUSY indication as additional cause value in the RRCResumeRequest message. But sending BUSY indication as cause value in RRC message which is sent in clear text may have some security issues as it is possible for fake UE to replace the establishment cause value by reusing the short-MAC value of other UE. In this case additional enhancements would be required to ensure the security of the RRC message carrying the BUSY indication.
Observation 1 : It is feasible to support sending BUSY indication for RRC-INACTIVE without establishing RRC connection.
Observation 2: There may be security issues sending BUSY indication using RRCResumeRequest message.
Proposal 2: RAN2 to send LS to SA3 to ask the security issues associated with sending BUSY indication in RRCResumeRequest for RRC-INACTIVE.
In most of the cases for the scenarios for BUSY indication, the UE will be in RRC-IDLE state in NTWK-A. In this case, in order to support reporting of NAS level BUSY indication over Msg3 without establishing RRC connection, feasibility of sending short NAS BUSY indication which can fit within Msg3 should be analysed in RAN2 and SA3.
From RAN2 perspective, it is possible to introduce new message type in UL-CCCH1-Message for sending NAS level BUSY indication as new message type. In this case the secured NAS payload size should be limited within 64 bits. Following is the reference from TS38.331 for UL-CCCH1-message contents.
	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




Observation 3: It is feasible to send NAS-BUSY indication in Msg3 provided the message size is limited within 64 bits for UE in RRC-IDLE state.
Proposal 3: RAN2 to send LS to SA2/SA3 about feasibility of supporting short NAS-BUSY indication which can be sent in Msg3.
With Rel-17 also intend to support SDT transmission without connection establishment, it should be possible to send NAS-BUSY-Indication in Msg3 using the SDT signaling procedure where the Msg3 size is determined based on SDT configuration.
Proposal 4: Rel-17 SDT signaling procedure should consider supporting transmission of short NAS level BUSY indication message as part of SDT payload.
2.2 Switching Notification for Dual Connectivity Scenario 
MR Dual connectivity including NR-NR DC and EN-DC are important deployment options for NR. Hence the idle-connected mode scenario and associated problems related to switching is also applicable for dual connectivity at NTWK-A (connected mode network).  The UE capable of dual connectivity is expected to have Dual TX/RX as minimum requirement. When the UE attempts to establish RRC connection in the idle mode network which may be NR or LTE network, the dual connectivity at the NTWK-A may need to be downgraded to single connectivity.  RRC signaling procedures associated with dual connectivity may require changes to handle this switching indication without leaving the network completely.  Hence, we propose the objective 2 associated with switching notification also should be supported for dual connectivity architecture.
Proposal 5: Switching notification at connected mode network with dual connectivity without fully leaving the network should be supported. 
For switching notification to NTWK-A in dual connectivity, depending on the frequency/band of operation in other network, UE may indicate preference to leave either MCG or SCG. In case if the UE does not indicate any preference for leaving specific cell group, network may decide to suspend SCG or MCG depending on the resource situation and interruption requirements of associated bearers.
Proposal 6: In Switching Notification in dual connectivity scenario the signaling procedure should support configuration of single connectivity with control to release any of the cell groups.  FFS the factors deciding the cell group to be released.
2.3 Switching Notification for UE capable of Dual RX and Dual TX
Different UE types may have different challenges in terms of supporting simultaneous services in two (or more) USIMs in idle/connected and/or connected/connected mode. Allowing the UE to dynamically update some UE capabilities toward each NW is an approach which increases possibility to support both USIM simultaneously, but with acceptable UE capabilities. 
Table 1: USIM state combinations
	UE architecture 
	MUSIM USIM state combinations 

	Single-Rx/Single-Tx 
	Idle/Connected, 

	Dual-Rx/Single-Tx 
	Idle/Connected, Connected/Connected 

	Dual-Rx/Dual-Tx 
	Idle/Connected, Connected/Connected 



USIM devices compliant to carrier aggregation, Dual Connectivity, and/or diversity/MIMO requirements has already several RX and TX chains. Hence, devices with more hardware to support increased throughput and enhanced antennas can be used in MUSIM without increase in HW to keep the device cost and size low. When such device is in use with its full capability in one USIM and needs to support idle/inactive services in another device it may need to release some hardware for its activity. Furthermore, in any dual RX UE types, the UE may need to downgrade its capability in terms of supported band/bandwidth combination when one band is occupied by one USIM will limit a set of band/bandwidth combinations on the other USIM. This is applied to idle/connected as well as connected/connected scenarios. This will then result in UEs reduced capability in terms of no. of supported bands/bandwidth combinations.
Proposal 7: Consider dynamic capability update to network regarding UEs supported bands and/or band/bandwidth combinations.
UEs capable of dual Rx may find easier to perform idle mode operations as the gap requirements for idle mode paging monitoring and serving cell measurements of the idle mode SIM are not as stringent compared to single Rx UEs where the coordination needs to be tighter. For instance, when the connected mode SIM is configured for single connectivity features the other receiver may be completely free and any operation performed for the idle mode SIM using that receiver may be completely transparent to the connected mode network. As an example, downlink monitoring of idle mode may require configuration of gaps for single RX scenario where the complete receive chain needs to be dedicated for operation towards one network, but this may no longer be needed for a dual Rx UE. For dual connectivity features, some coordination between connected mode and UE may be helpful to identify the receiver chain that can be used for idle mode monitoring.
Furthermore, UEs further capable of dual Tx may find easier to inform busy indication in a more efficient manner than single Tx UEs on similar lines as argued for dual Rx UEs. For example, this may ease the UE leave and return without leaving connected mode.
Observation 4: For UEs capable of dual Rx operation, reporting pattern of availability and configuration of gaps for switching scenarios may be further optimized to account for the additional freedom available in the form of receiver resources.
Observation 5: For UEs capable of dual Tx operation, leave and return without leaving connected mode may be further optimized to account for the additional freedom available in the form of transmitter resources.
Proposal 8: The basic solutions defined for Single RX should be considered as baseline solution for Dual RX/Dual TX devices capable UE also.
Proposal 9: RAN2 to discuss the applicability of basic solution and further optimization for Dual Rx/Tx capable UEs.





3	Conclusion
The following proposals and observations were made in this paper:
For BUSY INDICATION scenario
Proposal 1: RAN2 to discuss and consider signaling procedure for sending secured BUSY indication without establishing or resuming RRC Connection.
Observation 1 : It is feasible to support sending BUSY indication for RRC-INACTIVE without establishing RRC connection.
Observation 2: There may be security issues sending BUSY indication using RRCResumeRequest message.
Proposal 2: RAN2 to send LS to SA3 to ask the security issues associated with sending BUSY indication in RRCResumeRequest for RRC-INACTIVE.
Observation 3: It is feasible to send NAS-BUSY indication in Msg3 provided the message size is limited within 64 bits for UE in RRC-IDLE state.
Proposal 3: RAN2 to send LS to SA2/SA3 about feasibility of supporting short NAS-BUSY indication which can be sent in Msg3.
Proposal 4: Rel-17 SDT signaling procedure should consider supporting transmission of short NAS level BUSY indication message as part of SDT payload.
For Dual Connectivity scenario
Proposal 5: Switching notification at connected mode network with dual connectivity without fully leaving the network should be supported. 
Proposal 6: In Switching Notification in dual connectivity scenario the signaling procedure should support configuration of single connectivity with control to release any of the cell groups.  FFS the factors deciding the cell group to be released.
Switching scenarios for Dual RX/Dual TX Capability
Proposal 7: Consider dynamic capability update to network regarding UEs supported bands and/or band/bandwidth combinations.
[bookmark: _GoBack]Observation 4: For UEs capable of dual Rx operation, reporting pattern of availability and configuration of gaps for switching scenarios can be further optimized to account for the additional freedom available in the form of receiver resources.
Observation 5: For UEs capable of dual Tx operation, leave and return without leaving connected mode may be further optimized to account for the additional freedom available in the form of transmitter resources.
Proposal 8: The basic solutions defined for Single RX should be considered as baseline solution for Dual RX/Dual TX devices capable UE also.
Proposal 9: RAN2 to discuss the applicability of basic solution and further optimization for Dual Rx/Tx capable UEs.
Annexure: RAN2 Agreements for Objective 2
Agreements
Indicate to SA2 that the table 1 is a baseline on the discussion the expected time (in ms) required for UE to send a (NAS) busy indication to Network B.
From RAN2 point of view, it is feasible that the busy indication is sent as an RRC message with security for RRC_INACTIVE. FFS how this works. 
RAN2 will continue to discuss RRC-based switching/leaving and returning procedure in 5GS/NR when UE is in RRC_CONNECTED. There may be different mechanisms (short/long, leaving/returning, etc.).

1a: The sub-Case 3-1 is supported in WI, i.e., the switching/leaving and returning procedure in 5GS/NR when UE is in RRC_CONNECTED  includes the case where Dual-RX/Single-TX UE is in RRC_CONNECTED state in NW A while performing only reception in NW B (i.e., in RRC_idle State and RRC inactive state). 
1b: For Sub-Case 3-1, whether the Rx capability coordination between UE and NW is needed can be decided after the RRC-based switching/leaving and returning procedure is defined. 
2: The Sub-Case 3-2, i.e. Dual-RX/Single-TX UE stays in RRC_CONNECTED mode in NW A while performing reception and transmission in NW B(in RRC_ CONNECTED or during RRC setup/resume period ), is not considered in the WI from RAN2 viewpoint. Scheduling gap is not excluded.

4: 	FFS: The Sub-Case 4-1, i.e. Dual-RX/Dual-TX UE stays in RRC_CONNECTED mode in NW A while performing both reception and transmission in NW B without changing into RRC_CONNECTED state in NW B, is not considered in the WI from RAN2 viewpoint.
5: 	FFS: The Sub-Case 4-2, i.e. Dual-RX/Dual-TX UE stays in RRC_CONNECTED state in NW A while performing both reception and transmission in RRC_ CONNECTED in NW B, is not considered in the WI from RAN2 viewpoint.
FFS if/how to ensure UE doesn't disconnect from RRC_CONNECTED during busy indication 
Capability change is not precluded by proposals.
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