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Abstract of the contribution: This pCR is proposed to update solution#1 and propose conclusion.
1. Introduction
As discussed in S2-2006997, we propose that:
[bookmark: _GoBack]Leverage principles in solution#1, #2, and #10 as a way forward to make the paging cause indication really useful and reasonable, specifically: 
1) 1-bit indication is added in paging if DL data is corresponding to important service (by default “voice service” is important service); 
2) Based on receiving the paging, UE determines to negotiate a absence time to responds the paging in USIM-2 while keep connected in USIM-1; 
3) For determination of important service, UE may provide service list (as a filtering rule) to tell network which service(s) is important service, otherwise by default voice service is always the important service.

[bookmark: _Toc473190644][bookmark: _Toc500949091]The change proposal is described as below.
3. Proposal
* * * * First Change * * * *
[bookmark: _Toc26520138][bookmark: _Toc26530876][bookmark: _Toc26530926][bookmark: _Toc26530975][bookmark: _Toc30685082][bookmark: _Toc31014357][bookmark: _Toc31109398][bookmark: _Toc31109468][bookmark: _Toc31109559][bookmark: _Toc43819872][bookmark: _Toc43882354][bookmark: _Toc49966751][bookmark: _Toc50390310][bookmark: _Toc50450148][bookmark: _Toc50450360][bookmark: _Toc50451582][bookmark: _Toc50451794]6.1	Solution #1: Handling of MT service with Paging Cause
[bookmark: _Toc26520139][bookmark: _Toc26530877][bookmark: _Toc26530927][bookmark: _Toc26530976][bookmark: _Toc30685083][bookmark: _Toc31014358][bookmark: _Toc31109399][bookmark: _Toc31109469][bookmark: _Toc31109560][bookmark: _Toc43819873][bookmark: _Toc43882355][bookmark: _Toc49966752][bookmark: _Toc50390311][bookmark: _Toc50450149][bookmark: _Toc50450361][bookmark: _Toc50451583][bookmark: _Toc50451795]6.1.1	Introduction
The solution applies to Key Issue #1 "Handling of MT service".
The solution applies to both 5GS (UE in either CM_IDLE or RRC_Inactive state) and EPS (UE in CM_IDLE state only).
[bookmark: _Toc26520140][bookmark: _Toc26530878][bookmark: _Toc26530928][bookmark: _Toc26530977][bookmark: _Toc30685084][bookmark: _Toc31014359][bookmark: _Toc31109400][bookmark: _Toc31109470][bookmark: _Toc31109561][bookmark: _Toc43819874][bookmark: _Toc43882356][bookmark: _Toc49966753][bookmark: _Toc50390312][bookmark: _Toc50450150][bookmark: _Toc50450362][bookmark: _Toc50451584][bookmark: _Toc50451796]6.1.2	Functional Description
The solution is based on a Paging Cause that is delivered to the UE as part of the [Uu] Paging message.
NOTE 1:	The granularity of the paging information in the Paging Cause will be coordinated with SA WG1 input, if needed.
NOTE 2:	Based on the Paging Cause and the service preferences configured by the user or a pre-configured logic specific to the Multi-USIM device, the Multi-USIM device that is actively engaged in communication associated with another USIM can decide whether to present the mobile terminated service that triggered the paging to the user. Alternatively, the Multi-USIM device can systematically present the mobile terminated service that triggered the paging to the user, in which case it is up to the user to decide whether to respond to the paging request.
NOTE 3:	In this release, only the operator managed services, e.g. IMS voice, is considered to be indicated in paging cause and only standardized values are used for the Paging Cause. This does not preclude the use of a specific Paging Cause value for "Other" services.
For a UE in CM_IDLE state:
-	For MT user plane traffic as part of the Network Triggered Service Request procedure, and if Paging Policy Differentiation (PPD) applies, the SMF determines Paging Policy Indicator (PPI) and optionally determines a Paging Cause value based on the DSCP received from the UPF. The SMF includes the Paging Cause, along with the PPI, the ARP and the 5QI of the corresponding QoS Flow, in the N11 message sent to the AMF. The AMF uses this information to derive a paging strategy and sends paging messages to NG-RAN over N2. The AMF shall forward the Paging Cause in the PAGING message to NG-RAN if it was received from the SMF.
Editor's note:	Whether exposing the Paging Cause in clear poses as security issue will be determined by SA WG3.
NOTE:	It will be determined whether the Paging Cause can be used only for UEs that have requested MUSIM assistance or unconditionally. If yes for UEs that have requested MUSIM assistance, it will be further determined whether AMF indicates the UE request for paging cause to the SMF.
-	For MT control plane traffic (e.g. MT SMS over NAS, or NAS signaling) the AMF derives the paging strategy and Paging Cause based on the type of MT control plane traffic and forwards the Paging Cause in the PAGING message to NG-RAN.
For a UE in RRC_Inactive state:
-	For MT user plane traffic the SMF instructs the UPF to detect the DSCP in the TOS (IPv4) / TC (IPv6) value in the IP header of the DL PDU and to transfer the corresponding PPI and optionally the Paging Cause in the CN tunnel header (by using a FAR with the PPI and Paging Cause value). The NG-RAN can then utilize the PPI received in the CN tunnel header of an incoming DL PDU in order to apply the corresponding paging policy for the case the UE needs to be paged when in RRC Inactive state. If the Paging Cause was included in the CN tunnel header of an incoming DL PDU the NG-RAN forwards the Paging Cause to the UE for the case the UE needs to be paged when in RRC Inactive state.
NOTE 3:	The Paging Cause is included in the CN tunnel header in all data packets.
-	For MT control plane traffic (e.g. MT SMS over NAS, or NAS signaling) the AMF derives the Paging Cause based on the type of MT control plane traffic and forwards the Paging Cause in the DOWNLINK NAS TRANSPORT message to NG-RAN.
The solution can also be used in EPS with the following changes:
-	It applies to UE in CM_IDLE only.
-	AMF, SMF and UPF in the description above are replaced with MME, SGW-C and SGW-U, respectively.
[bookmark: _Toc26520141][bookmark: _Toc26530879][bookmark: _Toc26530929][bookmark: _Toc26530978][bookmark: _Toc30685085][bookmark: _Toc31014360][bookmark: _Toc31109401][bookmark: _Toc31109471][bookmark: _Toc31109562][bookmark: _Toc43819875][bookmark: _Toc43882357][bookmark: _Toc49966754][bookmark: _Toc50390313][bookmark: _Toc50450151][bookmark: _Toc50450363][bookmark: _Toc50451585][bookmark: _Toc50451797]6.1.3	Procedures
[bookmark: _Toc26530880][bookmark: _Toc26530930][bookmark: _Toc26530979][bookmark: _Toc31109472][bookmark: _Toc31109563][bookmark: _Toc43882358][bookmark: _Toc50450152][bookmark: _Toc50450364][bookmark: _Toc50451586][bookmark: _Toc50451798]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)
2c.	The UPF forwards the downlink data packets towards the SMF if the SMF instructed the UPF to do so (i.e. the SMF will buffer the data packets).
-	If the Paging Policy Differentiation feature is supported by the SMF and if the PDU Session type is IP, the SMF determines the Paging Policy Indicator and optionally a Paging Cause based on the DSCP in TOS (IPv4) / TC (IPv6) value from the IP header of the received downlink data packet and identifies the corresponding QoS Flow from the QFI of the received DL data packet.
3a.	[Conditional] SMF to AMF: Namf_Communication_N1N2MessageTransfer (SUPI, PDU Session ID, N1 SM container (SM message), N2 SM information (QFI(s), QoS profile(s), CN N3 Tunnel Info, S-NSSAI), Area of validity for N2 SM information, ARP, Paging Policy Indicator, Paging Cause, 5QI, N1N2TransferFailure Notification Target Address, Extended Buffering support), or NF to AMF: Namf_Communication_N1N2MessageTransfer (SUPI, N1 message).
	[…]
	When supporting Paging Policy Differentiation, the SMF determines the Paging Policy Indicator and may also determine a Paging Cause related to the downlink data that has been received from the UPF or triggered the Data Notification message, based on the DSCP as described in TS 23.501 [4] clause 5.4.3, and indicates the Paging Policy Indicator and the Paging Cause in the Namf_Communication_N1N2MessageTransfer.
4b.	[Conditional] If the UE is in CM-IDLE state in 3GPP access and the PDU Session ID received from the SMF in step 3a has been associated with 3GPP access and based on local policy the AMF decides to notify the UE through 3GPP access even when UE is in CM-CONNECTED state for non-3GPP access, the AMF may send a Paging message to NG-RAN node(s) via 3GPP access including the Paging Cause provided by the SMF. If the Paging Cause is not provided by the SMF, the AMF may determine a Paging Cause based on HPLMN/DNN/5QI configuration and the ARP/PPI received from the SMF.
4c.	If the UE is simultaneously registered over 3GPP and non-3GPP accesses in the same PLMN, and the UE is in CM-CONNECTED state for non-3GPP access and in CM-IDLE for 3GPP access, the AMF may decide to send the NAS Notification message containing the 3GPP Access Type to the UE over non-3GPP access including the Paging Cause.
4d.	If the UE is simultaneously registered over 3GPP and non-3GPP accesses in the same PLMN, and the UE is in CM-CONNECTED state for non-3GPP access and in CM-IDLE for 3GPP access and if the UE decides to not accept the incoming service the UE shall respond with NAS Notification response message over the non-3GPP access to indicate the same to the network.
6.	The UE may choose to respond to paging or NAS notification message based on paging cause value or access type value (i.e. paging message indicates paging request is for a PDU Session associated to non-3GPP access) by executing service request procedure.
[bookmark: _Toc26530881][bookmark: _Toc26530931][bookmark: _Toc26530980][bookmark: _Toc31109473][bookmark: _Toc31109564][bookmark: _Toc43882359][bookmark: _Toc50450153][bookmark: _Toc50450365][bookmark: _Toc50451587][bookmark: _Toc50451799]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]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
1.	If the handling of MT service with Paging Cause is supported by Serving GW, Serving GW determines the Paging Cause based on DSCP in TOS (IPv4)/TC (IPv6) value from the IP header of the downlink data packet. Alternatively, if the Serving GW supports the Paging Policy Differentiation feature, then the Serving GW unconditionally, for each bearer and for each packet of PDN type IPv4, IPv6 or IPv4v6 that triggers a Downlink Data Notification, sends the DSCP in TOS (IPv4) / TC (IPv6) information received in the IP payload of the GTP-U packet from the PDN GW in the Paging Policy Indication in the Downlink Data Notification.
2.	SGW 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 taking the configuration for that HPLMN and/or APN and/or QCI into account.
	For mobile terminating signalling and SMS over NAS, the MME determines an appropriate Paging Cause.
3.	MME sends S1 paging message by including the Paging Cause information.
4.	RAN sends the paging message with Paging Cause.
[bookmark: _Toc50450155][bookmark: _Toc50450367][bookmark: _Toc50451589][bookmark: _Toc50451801][bookmark: _Toc26520142][bookmark: _Toc26530883][bookmark: _Toc26530933][bookmark: _Toc26530982][bookmark: _Toc30685086][bookmark: _Toc31014361][bookmark: _Toc31109402][bookmark: _Toc31109475][bookmark: _Toc31109566][bookmark: _Toc43819876][bookmark: _Toc43882361]6.1.3.4	Paging Cause values
Editor's note:	This list is just an example and not capturing a consensus-based agreement on the exact causes.
Editor's note:	It shall be decided whether allow for non-uniform support in the RAN of the PLMN, which is pending to RAN's feedback.
Editor's note:	The anticpitated use of each paging cause and how it addresses the KI will be documented, so that the solution can be fully evaluated.
Alt-1: Table 6.1.3.x-1: Paging cause value mapping
	Paging Cause value
	Type of downlink traffic

	1 
	Voice service



Table 6.1.3.x-1 provides a Paging cause value mapping for the type of downlink traffic
Editior's note:	Other Paging Cause values are FFS.
NOTE:	The mechanism UE determines the current network (e.g. the whole PLMN or the current gNB) supports paging cause or not will be determined.
Alt-2: Table 6.1.3.x-2: Important Service indication
1 bit indication is needed to indicate the important service i.e. voice service or others as UE requested. Optionally, AMF may determine services other than voice service as important services when the UE (NAS message) or UDM (subscription) piggyback the important service(s). However “Voice service” should always be taken as the important service by default. 
	
	Description

	Important Service indication 
(1 bit) 
	The downlink traffic is corresponding to the important service (by default it is voice service). UE determines to respond to the paging based on the indication.

As the procedure of solution#1 introduced, the SMF/AMF can determine Paging Cause value(s), and one or more Paging Cause values are mapped to the Important Service indication.




AMF determines it is an important service based on paging cause values received from SMF or based on HPLMN/DNN/5QI configuration and the ARP/PPI received from the SMF. Similar mechanism applies to NG-RAN for UE in RRC-Inactive and to MME for UE in EPS. 
When UE receives the paging or NAS notification with Paging Cause indication, UE always respond to paging so that UE can establish application layer connection and acquire more specific information, e.g. the caller ID, for determining whether to switch the USIM.
NOTE-1: using which application layer information for UE to determine switching USIM is by UE implementation. Using. 
NOTE-2: Similar mechanism applies to NAS notification via non-3GPP access.

[bookmark: _Toc49966755][bookmark: _Toc50390314][bookmark: _Toc50450156][bookmark: _Toc50450368][bookmark: _Toc50451590][bookmark: _Toc50451802]6.1.4	Impacts on services, entities and interfaces
[bookmark: _Hlk500857602][bookmark: _Toc510607504][bookmark: _Toc518306738]For 5G:
AF:
-	P-CSCF sets the DSCP value in the IP header to indicate the traffic type.
SMF:
-	optionally, determines Paging Cause based on DSCP value from IP header and HPLMN/APN/QCI configuration and includes the Paging Cause in DDN sent to AMF.
AMF:
-	determines the Paging Cause for NAS SMS and MT control plane traffic. For user plane traffic the AMF either receives the Paging Cause from the SMF or determines a Paging Cause based on HPLMN/DNN/5QI configuration and the ARP/PPI received from the SMF.
-	sends the N2 paging signalling with Paging Cause for all the UE; or sends Paging Cause only for the UEs indicating request for Paging Cause or send the NAS notification message over non-3GPP access if UE is registered with both 3GPP access and non-3GPP access on same PLMN. The AMF stores the UE request for paging cause in the UE context, if received.
NG-RAN:
-	sends the paging message with Paging Cause.
-	in RRC_Inactive mode, 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.
UE:
-	sends request for paging cause (for the option where Paging Cause is sent only to device who indicate request for paging cause).
-	receives paging message with the Paging Cause information.
-	UE makes a decision whether to respond to paging or incoming NOTIFICATION message (over non-3GPP access) based on paging cause or access type or important service indication.
-	If UE decides not to respond to incoming request based on paging cause and if UE is registered on both 3GPP access and non-3GPP access then UE shall respond with NAS NOTIFICATION response message indicating its inability to initiate service request procedure.
For EPS:
SGW:
-	optionally, determines Paging Cause based on DSCP value from IP header and HPLMN/APN/QCI configuration and includes the Paging Cause in DDN sent to MME. Alternatively implements existing, optional, Paging Policy Differentiation feature.
MME:
-	determines the Paging Cause for NAS SMS and MT control plane traffic. For user plane traffic the MME either receives the Paging Cause from the SGW or alternatively, determines a Paging Cause based on HPLMN/APN/QCI configuration and the ARP/PPI received in DNN.
-	sends the S1 paging signalling with Paging Cause for all the UE; or sends Paging Cause only for the UEs indicating request for Paging Cause. The MME stores the UE request for paging cause in the UE context, if received.
eNB:
-	sends the paging message with Paging Cause.
UE:
-	sends request for paging cause (for the option where Paging Cause is sent only to device who indicate request for paging cause).
-	receives paging message with the Paging Cause information.


* * * * Second Change * * * *
[bookmark: _Toc510607506][bookmark: _Toc518306740][bookmark: _Toc22056274][bookmark: _Toc23232162][bookmark: _Toc23238470][bookmark: _Toc23239076][bookmark: _Toc23244496][bookmark: _Toc26520159][bookmark: _Toc26530900][bookmark: _Toc26530950][bookmark: _Toc26530999][bookmark: _Toc30685128][bookmark: _Toc31014403][bookmark: _Toc31109444][bookmark: _Toc31109532][bookmark: _Toc31109623][bookmark: _Toc43819988][bookmark: _Toc43882503][bookmark: _Toc49966896][bookmark: _Toc50390455][bookmark: _Toc50450332][bookmark: _Toc50450544][bookmark: _Toc50451766][bookmark: _Toc50451978]8	Conclusions
[bookmark: _Toc49966897][bookmark: _Toc50390456][bookmark: _Toc50450333][bookmark: _Toc50450545][bookmark: _Toc50451767][bookmark: _Toc50451979]8.1	Conclusions for Key Issue #1: Handling of Mobile Terminated service with Multi-USIM device
Editor's note:	To be completed.
Leverage principles in solution#1, #2, and #10 as a way forward to make the paging cause indication really useful and reasonable, specifically: 
1) 1-bit indication is added as “important service indication” in paging for if DL data is corresponding to important service (by default “voice service” is important service); 
2) Based on receiving the paging, UE determines to negotiate a absence time to responds the paging in USIM-2 while keep connected in USIM-1; 
3) For determination of important service, UE may provide service list (as a MUSIM assistant information) to tell network which service(s) is important service, otherwise by default voice service is always the important service.
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