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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 the objective 3 and potential solutions relevant for the same. 
2	Discussion
Objective#3 intends to introduce service type indication in paging message towards MUSIM UE, as a ‘Paging Cause’ value. In case if the MUSIM UE is not capable of handling simultaneous connections and already in connected mode for other USIM instance when receiving this paging message, the UE may decide to respond to the paging message by leaving the connected mode based on service type. If the service type indicated in paging message is not Voice/SMS but the ongoing connection is handling delay sensitive high priority traffic the UE need to trigger a new procedure to send a BUSY indication to the paging network to avoid further paging. In this case the UE does not leave the connected mode in NTWK-A.
In section 2.1, possible solutions for service type indication in paging message and associated RAN impacts are provided   Section 2.2 describes possibility of RAN level procedure to inform the BUSY indication without RRC connection setup. Resource efficient and shorter procedure is essential to minimise the interruption to the ongoing traffic whose service type is also delay sensitive.
2.1 RAN Impacts on Solutions for Service type indication in paging cause

For objective 3, RAN2 has already discussed on the feasibility of including additional bits for indicating the paging cause value as part of its LS response to SA2. The additional overhead and impact on the paging capacity depends on the number of additional bits to be included in every paging record. As per RAN analysis reported in the LS response to SA2 for 3-4 bits of additional cause value the expected overhead is around 7%. If this is increased to 8 bits the capacity reduction will be 16%.
Inclusion of paging cause in RAN paging message for this objective introduces changes to RAN2/RAN3 interfaces. When RAN level changes are introduced support of this paging cause value within tracking area consists of RAN with and without support of the modified RAN paging may require additional impact to ensure similar functionality for the paging cause within the tracking area.  
Furthermore, LS is sent from SA2 to RAN2  explaining 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 any service) by a RAN node not supporting the Paging Cause, either because the RAN node does not support the Paging Cause feature, or because in case of RAN sharing it is configured to operate without the Paging Cause feature for some of the connected CNs.  If the additional cause value is introduced as optional parameter in RAN paging message, RAN may also need to indicate its capability for supporting the paging cause value. This indication will be required to differentiate the paging from gNB supporting the paging cause value and others if paging cause is added to paging message, but optional for RAN to support. So additional indication will be required in system information broadcast (SIB) messages.
Observation 1: If RAN based solution is needed for service type indication in paging message, system needs to ensure all the RAN across the tracking area support the functionality.
Observation 2: Additional Indication will be required in system information broadcast (SIB) to indicate the support of paging cause value.
For UE in RRC-INACTIVE state if the paging cause is to be sent via multiple RAN within RNA support of paging cause value in RAN paging messages also needs to be exchanged across gNBs.
Observation 3: Support of paging cause value for RRC-INACTIVE needs Xn Interface changes to ensure consistent system behaviour across all gNBs  within RNA.
It is possible to avoid changes to RRC paging message and RAN3 interfaces if the UE and AMF/gNB negotiate use of alternative identifier for sending paging message meant for service type of VoLTE/SMS. In this case the RRC paging message need not include additional cause value. MUSIM UE in RRC-IDLE mode will monitor the paging message for its primary GUTI value and alternative identifier assigned for the service type. AMF may need to ensure that these two identifiers have same UE-ID value so that UE can monitor these two identifiers over the same paging occasion.
Proposal 1: RAN agnostic solution for service type indication in paging message should be considered for RRC-IDLE state.
For UE in RRC-INACTIVE state, if the RRC paging message includes the service type indication as additional field, depending on the service type UE may send RRC level BUSY indication without establishing RRC connection. As there is no I-RNTI re-allocation is involved in this connection-less procedure, the privacy issue of service type still remains as anyone monitoring the air interface message over longer period can deduce the different service types used in paging for given I-RNTI.
Observation 4: The privacy issue of service type indication inclusion in RRC Paging message is valid concern for RRC-INACTIVE which will not have identifier re-allocation in case of RRC level BUSY indication as response to paging.
For RRC-INACTIVE state, the gNB can assign alternative I-RNTI to MUSIM UE which supports alternative identifier for new service type. UE in RRC-INACTIVE state monitor for either of I-RNTIs in RRC paging message. Based on the received I-RNTI value the UE can identify the service type. 
Figure-1 illustrates the use of alternative identifier for paging cause for RRC-INACTIVE state UE.


Proposal 2: RAN2 to consider assignment of alternative I-RNTI for service type indication as solution without impacting RRC signalling for RRC-INACTIVE state.

2.2 Signalling Procedure for BUSY indication
When the UE monitors the paging in NTWK-B while in connected mode at NTWK-A, if it receives paging message , depending on the service type associated with the RAN paging the UE may decide to send BUSY indication and continue with ongoing RRC connection in NTWK-A.  To inform BUSY indication to NTWK-B the UE may either use NAS message or AS message depending on the UE state in USIM-2 (NTWK-B). 
In both cases, the UE need to only convey the BUSY indication to other network and return back to connected network to resume the services. Hence the procedure needs to have minimum number of signalling messages and also should be completed within as shortest time as possible.
For the UE in RRC-INACTIVE state, the RRC-RESUME procedure can be reused where the UE can include the busy indication as additional cause value in the existing Resume cause parameter. Based on this cause value NW can send RRC connection release via Msg4 without need for UE entering into RRC connected state. Following Figure illustrates this solution.


Observation 5: It is possible to reuse RRC-Resume procedure to convey BUSY indication from RRC-INACTIVE UE.
As the BUSY indication is sent as plain text this procedure may lead to some security attack from rogue UE as illustrated below.
The rogue UE can capture Integrity Protection Information sent by the actual UE and replicate the same Integrity protection value for the same UE when RRC-Paging is sent next time for the same I-RNTI with BUSY indication to create DoS for the actual UE. This possibility of replay of the same BUSY indication value need to be addressed.
Observation 6: RRC based BUSY indication via Msg3 may lead to security issues related to DoS where the busy indication sent in plain text can be replayed by a rogue UE.
This issue can be mitigated if the Integrity protection information generated for BUSY indication uses a different UE specific parameter than the actual C-RNTI used for generation of short-MAC value. Alternatively, the integrity protection value generated and used in RRC-Resume message containing BUSY indication can also use similar UE specific parameter along with BUSY indication bit as input for short-MAC generation. 
Proposal 3: RRC-Resume procedure modified for short-MAC generation should be considered as signaling procedure for BUSY indication for RRC-INACTIVE.
In case if the UE is RRC-IDLE state and the paging message is received from AMF, UE needs to send NAS level BUSY indication to AMF.  To reduce the interruption time for sending this NAS level BUSY indication, the NAS level BUSY indication message needs to satisfy the following criteria.
· Size of the NAS message should fit within the maximum payload size of Msg3. In existing systems number of RRC bits possible in msg3 is limited to shorter message size.
· [bookmark: _GoBack]NAS message should have information to route the message to right AMF and also ensures similar security aspects as similar to regular NAS message sent over RRC connection.
As part of SA3 discussions, one of the proposed solution meets the above criteria. This solution proposes short NAS message containing Integrity protection information and partial GUTI value which can fit within Msg3. The solution was not considered in SA3 as the decision of RAN level procedure for BUSY indication is yet to be finalized in RAN2. (TR33.873. ‘Editor’s Note: RAN2’s conclusion on busy indication for RRC_INACTIVE UE is to be added.‘
Editor’s Note: It is FFS how GUTI re-allocation is done when GUTI gets revealed in the busy indication message.
Editor’s Note: It is FFS to verify with RAN whether UE can do a 3-way NAS exchange in network B, when it is in active state in network A.
).  As per SA3 discussions above procedure already meets the required security criteria and also avoid the need for RRC connection establishment.
A comparison of sending NAS Busy indication in regular connected mode vs connectionless mode is given below.
	Considerations
	Regular RRC Connected mode
	RRC Connectionless mode

	Sending Busy indication
	NAS Busy indication sent as regular NAS payload in RRC Msg5
	NAS Busy indication sent in RRC Msg3

	NAS Payload
	Full NAS payload
	Short NAS payload to fit in RRC Msg3.

	UE identity
	GUTI of the UE
	Unique Short MAC by which AMF can recognize the UE

	GUTI re-allocation
	Need GUTI re-allocation since GUTI is exposed
	No need to allocate GUTI, since GUTI is not exposed.

	Cycles consumed
	RRC Msg5 + 2 more NAS message cycles for GUTI re-allocation
	Cycles only for RRC Msg3



As the above comparison shows, sending the NAS Busy indication in a RRC Connectionless mode is much more optimized than sending the same in regular RRC Connected mode manner. Sending the Busy indication in connectionless mode saves precious cycles for the UE.
Observation 7: Short NAS Busy indication in RRC Connectionless mode avoids necessity for GUTI re-allocation and saves cycles for the UE.
Proposal 4: Short NAS BUSY indication proposed in SA3 can be considered as signaling procedure for BUSY indication for RRC-IDLE.
3	Conclusion
The following proposals and observations were made in this paper:
For Service type Indication in RRC Paging message
Observation 1: If RAN based solution is needed for service type indication in paging message, system needs to ensure all the RAN across the tracking area support the functionality.
Observation 2: Additional Indication will be required in system information broadcast (SIB) to indicate the support of paging cause value.
Observation 3: Support of paging cause value for RRC-INACTIVE needs Xn Interface changes to ensure consistent system behaviour across all gNBs within RNA.
Proposal 1: RAN agnostic solution for service type indication in paging message should be considered for RRC-IDLE state for objective 3.
Observation 4: The privacy issue of service type indication inclusion in RRC Paging message is valid concern for RRC-INACTIVE which will not have identifier re-allocation in case of RRC level BUSY indication as response to paging.
Proposal 2: RAN2 to consider assignment of alternative I-RNTI for service type indication as solution without impacting RRC signalling for RRC-INACTIVE state.

For Signalling Procedure for BUSY Indication 
Observation 5: It is possible to reuse RRC-Resume procedure to convey BUSY indication from RRC-INACTIVE UE.
Proposal 3: RRC-Resume procedure modified for short-MAC generation should be considered as signaling procedure for BUSY indication for RRC-INACTIVE.
Observation 6: RRC based BUSY indication via Msg3 may lead to security issues related to DoS where the busy indication sent in plain text can be replayed by a rogue UE.
Observation 7:  Short NAS Busy indication in RRC Connectionless mode avoids necessity for GUTI re-allocation and saves cycles for the UE.
Proposal 4: Short NAS BUSY indication proposed in SA3 can be considered as signaling procedure for BUSY indication for RRC-IDLE.
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