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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
RP-201309 [1] has approved a new work item on Multi-SIM devices, the objectives of the work item 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


In parallel to RAN2 WI, SA2 is also working on Multi-SIM devices on similar area as RAN2 on:
· Paging reception collision
· UE leaving/switching form network A SIM1 to network B SIM2
· Addition of paging cause in paging message
With regard to SA2 work on Multi-SIM devices, SA2 has sent a Ls to RAN2 and RAN3 in [2]. In the Ls some questions, that may require RAN3 discussion and potential input, are highlight below:
	Q1: Please confirm the feasibility and overhead of sending a Paging Cause in [Uu] Paging message for EPS and for 5GS. [RAN2, RAN3]
Q2: Please indicate whether adding the paging cause (e.g.  3-4bits) per UE in the paging message would reduce the number of paging records that could be included in a single paging message, and if so by what magnitude. (For NR and E-UTRA) [RAN2]
Q3: Please indicate how the paging cause is expected to be supported in RAN nodes (e.g. per PLMN, per TA, per RAN node, per cell) (For NR and E-UTRA) [RAN2, RAN3]
Q4: Please indicate an order of magnitude (tens of ms? Hundreds of ms?) of the expected time required to send a (NAS) Busy Indication for USIM A and whether a scheduling gap would be needed for USIM B to do so [RAN2]
Q5: Please provide feedback if it is feasible (and secure) that the Busy Indication is sent as RRC message instead (no NAS message to the CN) i.e. as a RRC response to paging without requiring an RRC connection [RAN2, RAN3, SA3]
Q6: Please indicate whether it is feasible to define an RRC-based leaving and returning procedure in 5GS/NR. [RAN2, RAN3]
Q7: Please let us know whether changes to 5GS/E-UTRA (Option 5) to support RRC-based leaving is part of RAN Work Item. [RAN2, RAN3]


This contribution would address SA2 questions as highlight above.
2. Discussion
2.1. Paging Cause
This section would address the following two questions:
	Q1: Please confirm the feasibility and overhead of sending a Paging Cause in [Uu] Paging message for EPS and for 5GS. [RAN2, RAN3]
Q3: Please indicate how the paging cause is expected to be supported in RAN nodes (e.g. per PLMN, per TA, per RAN node, per cell) (For NR and E-UTRA) [RAN2, RAN3]


Paging cause solution is described in 3GPP TR 23.761. The main procedures are highlight in below box as follows:
	[bookmark: _Toc26530880][bookmark: _Toc26530930][bookmark: _Toc26530979][bookmark: _Toc31109472][bookmark: _Toc31109563][bookmark: _Toc43882358][bookmark: _Toc50450152][bookmark: _Toc50450364][bookmark: _Toc50451586][bookmark: _Toc50451798][bookmark: _Toc50464478]6.1.3.1	Handling of MT service with Paging Cause for UE in CM_Idle in 5GS
The solution has impact on the Network Triggered Service Request procedure in TS 23.502 [6] clause 4.2.3.3. The changes relative to the existing procedure are indicated in bold underlined text. Only the impacted steps are shown.


Figure 6.1.3.1-1: Network Triggered Service Request (based on TS 23.502 [6] Figure 4.2.3.3-1)
-------
[bookmark: _Toc26530881][bookmark: _Toc26530931][bookmark: _Toc26530980][bookmark: _Toc31109473][bookmark: _Toc31109564][bookmark: _Toc43882359][bookmark: _Toc50450153][bookmark: _Toc50450365][bookmark: _Toc50451587][bookmark: _Toc50451799][bookmark: _Toc50464479]6.1.3.2	Handling of MT service with Paging Cause in RRC_Inactive mode
Figure 6.1.3.2-1is the call flow of handling of MT service with Paging Cause in RRC_Inactive mode.


Figure 6.1.3.2-1 Handling of MT service with Paging Cause in RRC_Inactive mode
1.	NG-RAN receives the DL data (control plane data and/or user plane data) in RRC_Inactive mode. If handling of MT service with Paging Cause is supported by NG-RAN, NG-RAN determines the Paging Cause based on the Paging Cause field included in the CN tunnel header of an incoming DL PDU. Alternatively, the NG-RAN determines the Paging Cause based on specific 5QI and ARP of the QoS flows for the downlink data packet and the corresponding PPI in the CN tunnel header.
	NG-RAN sends the paging message with the Paging Cause.
[bookmark: _Toc26530882][bookmark: _Toc26530932][bookmark: _Toc26530981][bookmark: _Toc31109474][bookmark: _Toc31109565][bookmark: _Toc43882360][bookmark: _Toc50450154][bookmark: _Toc50450366][bookmark: _Toc50451588][bookmark: _Toc50451800][bookmark: _Toc50464480]6.1.3.3	Handling of MT service with Paging Cause in EPS
Figure 6.1.3.3-1 is handling of MT service with Paging Cause in EPS.


Figure 6.1.3.3-1: Handling of MT service with Paging Cause in EPS




2.1.1. Paging Cause for UE in CM_Idle in 5GS
From the main procedure, for the paging cause to be sent to UE, the AMF may send a Paging message to NG-RAN node(s) via 3GPP access including the Paging Cause provided by the SMF. Thus, from the procedure, the paging needs to be signaled from AMF to NG-RAN node over NG.
Observation 1: To support paging cause in 5GS, the paging cause needs to be signalled between AMF and NG-RAN node over NG. 
In 3GPP TS 38413, the paging message is used to page UE by sending it from the AMF to gNB. By adding a paging cause, the paging message can carry the paging cause. Thus, the PAGING message should be modified to include the paging casue as shown in below example:

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	ignore

	UE Paging Identity
	M
	
	9.3.3.18
	
	YES
	ignore

	Paging DRX
	O
	
	9.3.1.90
	
	YES
	ignore

	TAI List for Paging
	
	1
	
	
	YES
	ignore

	>TAI List for Paging Item
	
	1..<maxnoofTAIforPaging>
	
	
	-
	

	>>TAI
	M
	
	9.3.3.11
	
	-
	

	Paging Priority
	O
	
	9.3.1.78
	
	YES
	ignore

	UE Radio Capability for Paging
	O
	
	9.3.1.68
	
	YES
	ignore

	Paging Origin
	O
	
	9.3.3.22
	
	YES
	ignore

	Assistance Data for Paging
	O
	
	9.3.1.69
	
	YES
	ignore

	NB-IoT Paging eDRX Information
	O
	
	9.3.1.138
	
	YES
	ignore

	NB-IoT Paging DRX
	O
	
	9.3.1.139
	If this IE is present, the Paging DRX IE is ignored.
	YES
	ignore

	Enhanced Coverage Restriction
	O
	
	9.3.1.140
	
	YES
	ignore

	WUS Assistance Information
	O
	
	9.3.1.143
	
	YES
	ignore

	Paging eDRX Information
	O
	
	9.3.1.154
	
	YES
	ignore

	CE-mode-B Restricted
	O
	
	9.3.1.155
	
	YES
	ignore

	Paging Cause
	O
	
	FFS
	
	YES
	ignore



	Range bound
	Explanation

	maxnoofTAIforPaging
	Maximum no. of TAIs for paging. Value is 16.



Therefore, 
Observation 2: Addition of paging cause in PAGING message over NG is feasible.
2.1.2. Paging cause in RRC_Inactive mode
As the procedure shows, as for RRC idle in 5GS, the paging casue would be sent by AMF to NG-RAN node which determines the Paging Cause based on the Paging Cause field included in the CN tunnel header of an incoming DL PDU. The NG-RAN node then performs the RAN paging.
Additionally, as described in 3GPP TS38423, the RAN PAGING message can also be propagated among neighboring NG-RAN nodes by mean of Xn RAN PAGING signaling. Thus, in case of RAN paging, if paging cause is supported, the paging cause needs to be added in the RAN PAGING message and signaled over Xn, as the below example shows:

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	CHOICE UE Identity Index Value
	M
	
	
	
	YES
	reject

	>Length-10
	
	
	
	
	
	

	>>Index Length-10
	M
	
	BIT STRING (SIZE(10))
	Coded as specified in TS 38.304 [33] and TS 36.304 [34].
	–
	

	UE RAN Paging Identity
	M
	
	9.2.3.43
	
	YES
	ignore

	Paging DRX
	M
	
	9.2.3.66
	
	YES
	ignore

	RAN Paging Area
	M
	
	9.2.3.38
	
	YES
	reject

	Paging Priority
	O
	
	9.2.3.44
	
	YES
	ignore

	Assistance Data for RAN Paging
	O
	
	9.2.3.41
	
	YES
	ignore

	UE Radio Capability for Paging
	O
	
	9.2.3.91
	
	YES
	ignore

	Paging Cause
	O
	
	FFS
	
	YES
	ignore



Therefore,
Observation 3: In case of RAN paging, paging message can support paging cause and the paging cause can be included in RAN PAGING message.
For paging in 5GS (idle or inactive paging), in case of CU/DU split RAN node, the paging message in F1/W1 needs also to contain the paging cause
Observation 4: In case CU/DU split RAN node, the paging cause is also included in paging message over F1/W1
2.1.3. Paging Cause for UE in EPS
The procedure of paging cause for UE in EPS shows that:
	If the handling of MT service with Paging Cause is supported by Serving GW, Serving GW determines the Paging Cause and includes the Paging Cause in the DDN message sent from SGW to MME. If the Paging Cause is not received, but the Paging Policy Indication is received, the MME determines the Paging Cause.
	For mobile terminating signaling and SMS over NAS, the MME determines an appropriate Paging Cause.
	MME sends S1 paging message by including the Paging Cause information.
	RAN sends the paging message with Paging Cause.
Thus, 
Observation 5: To support paging cause in EPS, the paging cause needs to be signalled between MME and eNB over S1. 
In 3GPP TS 36413, the paging message is used to page UE by sending it by the MME to eNB. By adding a paging cause, the paging message can carry the paging cause. Thus, the PAGING message should be modified to include the paging casue as shown in below example:
Direction: MME  eNB
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	ignore

	UE Identity Index value
	M
	
	9.2.3.10
	
	YES
	ignore

	UE Paging Identity
	M
	
	9.2.3.13
	
	YES
	ignore

	Paging DRX
	O
	
	9.2.1.16
	If the NB-IoT Paging DRX IE is included, the Paging DRX IE is ignored.
	YES
	ignore

	CN Domain
	M
	
	9.2.3.22
	
	YES
	ignore

	List of TAIs
	
	1
	
	
	YES
	ignore

	>TAI List Item
	
	1 .. <maxnoofTAIs>
	
	
	EACH
	ignore

	>>TAI
	M
	
	9.2.3.16
	
	-
	

	CSG Id List
	
	0..1
	
	
	GLOBAL
	ignore

	>CSG Id
	
	1 .. <maxnoofCSGId>
	9.2.1.62
	
	-
	

	Paging Priority
	O
	
	9.2.1.78
	
	YES
	ignore

	UE Radio Capability for Paging
	O
	
	9.2.1.98
	
	YES
	ignore

	Assistance Data for Paging
	O
	
	9.2.1.103
	
	YES
	ignore

	Paging eDRX Information
	O
	
	9.2.1.111
	
	YES
	ignore

	Extended UE Identity Index Value
	O
	
	9.2.3.46
	
	YES
	ignore

	NB-IoT Paging eDRX Information
	O
	
	9.2.1.115
	
	YES
	ignore

	NB-IoT UE Identity Index value
	O
	
	9.2.3.47
	
	YES
	ignore

	Enhanced Coverage Restricted
	O
	
	9.2.1.123
	
	YES
	ignore

	CE-Mode-B Restricted
	O
	
	9.2.1.129
	
	YES
	ignore

	Data size
	O
	
	INTEGER (1..4095, …) 
	The unit is: bit
	YES
	ignore

	WUS Assistance Information
	O
	
	9.2.1.158
	
	YES
	ignore

	NB-IoT Paging DRX
	O
	
	9.2.1.159x
	
	YES
	ignore

	Paging Cause
	O
	
	FFS
	
	YES
	ignore



	Range bound
	Explanation

	maxnoofTAIs
	Maximum no. of TAIs. Value is 256.

	maxnoofCSGIds
	Maximum no. of CSG Ids within the CSG Id List. Value is 256.



Therefore, 
Observation 6: Addition of paging cause in PAGING message over S1 is feasible.
Therefore,
Proposal 1： RAN3 to respond to SA2/RAN2 that it is feasible to add paging cause for ILDE/INACTIVE paging (in NG/S1/Xn/F1/W1 interface).
2.1.4. Paging Cause in RAN node
The PAGING message over NG (AMF to NG-RAN node) contains the paging TAI IE, which is used to uniquely identify a Tracking Area.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	PLMN Identity
	M
	
	9.3.3.5
	

	TAC
	M
	
	9.3.3.10
	



The PAGING message over S1(MME to eNB) also contains the paging TAI IE, which is used to uniquely identify a Tracking Area.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	TAI
	
	
	
	

	>PLMN Identity
	M
	
	9.2.3.8
	

	>TAC
	M
	
	9.2.3.7
	



The TAI is composed with PLMN id and TAC.
For RAN paging, the RAN PAGING message over Xn (NG-RAN node1 to NG-RAN node 2) contains the RAN Paging Area IE which defines the paging area within a PLMN as shown below:
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	PLMN Identity
	M
	
	9.2.2.4
	

	CHOICE RAN Paging Area Choice
	M
	
	
	

	>Cell List
	
	
	
	

	>>Cell List Item
	
	1 .. < maxnoofCellsinRNA>
	
	

	>>>NG-RAN Cell Identity
	[bookmark: OLE_LINK48]M
	
	9.2.2.9
	In this version of the specification, the RAN paging area should contain NG-RAN cells of the same RAT type.

	>RAN Area ID List
	
	
	
	

	>>RAN Area ID List Item
	
	1 .. <maxnoofRanAreasinRNA>
	
	

	>>>RAN Area ID
	M
	
	9.2.3.39
	



	Range bound
	Explanation

	maxnoofCellsinRNA
	Maximum no. of cells in a RAN notification area. Value is 32.

	maxnoofRanAreasinRNA
	Maximum no. of RAN area IDs in a RAN notification area. Value is 16.



The RAN Paging Area IE contains the PLMN id, can also contain list of cells or RAN Area ID. The RAN Area ID also contains the TAC and optionally RANAC.
Observation 7: Current RAN node can support paging message per PLMN, per TA, per cell, per RAN node) (For NR and E-UTRA)
Further, paging cause is useful for UE to selectively choose to respond to a certain paging message or not. So, the best way is to have paging cause supported in whole operator network, thus, paging case support per PLMN is preferred.
Therefore,
Proposal 2： Paging cause in RAN node is supported, at least, per PLMN.
2.2. UE switching
This section would address the following to questions:
	Q5: Please provide feedback if it is feasible (and secure) that the Busy Indication is sent as RRC message instead (no NAS message to the CN) i.e. as a RRC response to paging without requiring an RRC connection [RAN2, RAN3, SA3]
Q6: Please indicate whether it is feasible to define an RRC-based leaving and returning procedure in 5GS/NR. [RAN2, RAN3]



In case of UE in INACTIVE state, for MT paging, UE can decline to respond to the paging by sending a busy message in the RRC resume message. If such busy indication is sent in RRC resume (Msg 3 for RRC INACTIVE is protected and verification is performed by the last serving gNB before UE context is transferred to another network node), the NG-RAN node may have to notify AMF that UE is busy and unable to respond to the MT paging. the busy indication notification would impact NG interface and optionally F1/W1 interface in case of CU/DU split NG-RAN node. In sense of overhead the busy indication notification over NG/S1/F1/W1 would require just one bit.
For UE in IDLE state, as msg3 does not guarantee secure message, UE is not secure, though feasible, to send a busy indication without RRC connection.
Thus,
Observation 8: It is feasible and secure for an INACTIVE state UE to respond to MT paging message using a busy indication without establishing RRC connection.
Therefore,
Proposal 3： RAN3 to feedback to SA2/RAN2 that is feasible and secure for an INACTIVE state UE to respond to MT paging message using a busy indication without establishing RRC connection
For RRC-based leaving and returning SA2 has the following assumptions:
-	Leaving is always triggered by the UE with an RRC request to the network. The UE leaves either upon explicit acknowledgement by the network, or by a given time if no (RRC-level) acknowledgement is received from the network.
-	The UE may be released to either RRC Inactive or RRC Idle based on available information (e.g. Assistance information, configuration).
-	The UE uses the above to perform a MO procedure (e.g. periodic mobility registration, keep-alive message, sending (NAS) busy indication, etc.) or a MT procedure (e.g. pick-up an SMS, inspect a MT service invite, respond to a network-initiated C-plane procedure, etc.) in the other network.	
	




So, for some UE leaving activity, e.g., UE leaving network A to monitor paging on network B, UE can negotiate short time gap with network A to suspend service to go to network B. Then, UE would come back to network A to continue the suspended service, in this meantime network A would reserve some resource for UE and would avoid to schedule UE.
After UE uses RRC to notify RAN node about leaving (network A), RAN node can its turn notify CN about UE leaving. Based the activity (or time needed by) UE on network B, RAN node and CN decide to suspend or release UE service.
If UE negotiate a short period leave, RAN node and CN can suspend UE service for a determined period. After the period expire, UE would return to network A to continue service.
From RAN3 to perspective the only impact is signalling on NG, e.g., suspension/resumption of UE service.
Thus,
Observation 9: RRC-based leaving and returning procedure in 5GS/NR is feasible.
Therefore,
Proposal 4： RAN3 to feedback to SA2/RAN2 that RRC-based leaving and returning procedure in 5GS/NR is feasible from RAN3 perspective

3. Conclusion
This paper discussed address SA2 questions in [2]. The paper concludes with:

Observation 1: To support paging cause in 5GS, the paging cause needs to be signalled between AMF and NG-RAN node over NG. 
Observation 2: Addition of paging cause in PAGING message over NG is feasible.
Observation 3: In case of RAN paging, paging message can support paging cause and the paging cause can be included in RAN PAGING message.
Observation 4: In case CU/DU split RAN node, the paging cause is also included in paging message over F1/W1
Observation 5: To support paging cause in EPS, the paging cause needs to be signalled between MME and eNB over S1. 
Observation 6: Addition of paging cause in PAGING message over S1 is feasible.
Observation 7: Current RAN node can support paging message per PLMN, per TA, per cell, per RAN node) (For NR and E-UTRA)
Observation 8: It is feasible and secure for an INACTIVE state UE to respond to MT paging message using a busy indication without establishing RRC connection.
Observation 9: RRC-based leaving and returning procedure in 5GS/NR is feasible.
And

Proposal 1： RAN3 to respond to SA2/RAN2 that it is feasible to add paging cause for ILDE/INACTIVE paging (in NG/S1/Xn/F1/W1 interface).
Proposal 2： Paging cause in RAN node is supported, at least, per PLMN.
Proposal 3： RAN3 to feedback to SA2/RAN2 that is feasible and secure for an INACTIVE state UE to respond to MT paging message using a busy indication without establishing RRC connection
Proposal 4： RAN3 to feedback to SA2/RAN2 that RRC-based leaving and returning procedure in 5GS/NR is feasible from RAN3 perspective
Proposal 5： RAN3 to feedback to SA2/RAN2 as proposed in [4].
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