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	Reason for change:
	LS R2-2302302 indicates that gNB will apply PEI (Paging Early Indication) even when UE has emergency PDU session if UE-ID based grouping function is used, since RAN does not know if UE has emergency PDU session in case of CN triggered Paging for UE in CM-IDLE Mode.

For the RAN triggered Paging case for UE in RRC_INACTIVE state, RAN can see realizes the (O&M configured) emergency PDU session based ARP value and restrict the use of PEI, however, there is no guarantee that an emergency call back uses the emergency PDU session (the operator in the PSAP may well dial the subscriber’s number and use the normal IMS system).

Note: TS 23.501 already describes emergency call back after release of the emergency PDN session (in clause 5.4.1.3 MICO mode) implying that it isnormal that the PSAP operator uses the normal IMS system for call back to non-emergency-registered UEs:
To enable an emergency call back, the UE should wait for a UE implementation-specific duration of time before requesting the use of MICO mode after the release of the emergency PDU session.
The absence of an indication to the RAN in that the UE has an emergency PDN connection means that the RAN (in idle or inactive) may e.g. page first in the last used cell; wait > 1 DRX period; page in a larger number of cells; wait > 1DRX period; page in a larger area, etc. This process can incur a significant delay and should be avoided for emergency call back.

Hence an indication that the “UE has an emergency PDN connection” should be added to the N2 interface paging message, and into the AMF to gNB signalling for CM-CONNECTED. This indication can then be used by the NG-RAN to ensure that paging occurs promptly in all relevant cells.


WhileNOTE:  the cCurrent TS 24.501 clause 5.3.25 already specifies that negotiated PEIPS information shall not be used both at UE and AMF side, the lack of available interoperability testing means that there is a risk of paging (and the emergency call back) failing if CN PEIPS assistance data is not sent from the AMF to the RAN. However, the consequence of sending the CN PEIPS to the RAN is (at worst) an extra 50ms of delay in paging, and, (provided the above “UE has an emergency PDN connection” signalling is added), that 50 ms of delay can be avoided bu a sensible RAN implementation (e.g. if the N2 Paging message arrives in the gNB after the PEI instance and before the Paging Occasion, then the gNB pages in the PO and sets the PEI in the next PEI instance and pages again in the following PO.)
*******
To avoid paging delays for emergency call back, the AMF should page promptly in all gNBs in the UE’s registration area when the UE has an emergency PDN connection.
 


	
	

	Summary of change:
	Add description that AMF provides indication that PEI shall be restricted during CN triggered paging for a UE with emergency PDU session.



	
	

	Consequences if not approved:
	Paging for UE with emergency PDU session may be delayed or, owing to lack of IoDT, fail.
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[bookmark: _Toc20149737][bookmark: _Toc27846528][bookmark: _Toc36187652][bookmark: _Toc45183556][bookmark: _Toc47342398][bookmark: _Toc51769096][bookmark: _Toc131161161]5.4.3.1	General
Based on operator configuration, the 5GS supports the AMF and NG-RAN to apply different paging strategies for different types of traffic.
In the case of UE in CM-IDLE state, the AMF performs paging and determines the paging strategy based on e.g. local configuration, whether the UE has an emergency PDN connection, what NF triggered the paging and information available in the request that triggered the paging. If NWDAF is deployed, the AMF may also use analytics (i.e. statistics or predictions) on the UE's mobility as provided by NWDAF (see TS 23.288 [86]).
When the UE has an emergency PDN connection, the AMF should page promptly in all cells of the UE’s registration area for Network Triggered Service Request on all PDN connections.
NOTE 1: 	This needs to be done for all PDN connections because emergency call back could occur on a non-emergency PDN connection. 
In the case of UE in CM-CONNECTED with RRC Inactive state, the NG-RAN performs paging and determines the paging strategy based on e.g. local configuration, and information received from AMF as described in clause 5.4.6.3 and SMF as described in clause 5.4.3.2.
In the case of Network Triggered Service Request from SMF, the SMF determines the 5QI and ARP based on the downlink packet (if the SMF performs buffering) or the Downlink Data Report received from UPF (if the UPF performs buffering). The SMF includes the 5QI and ARP corresponding to the QoS Flow of the received downlink PDU in the request sent to the AMF. If the UE is in CM IDLE, the AMF uses e.g. the 5QI and ARP to derive different paging strategies as described in clause 4.2.3.3 of TS 23.502 [3].
NOTE 2:	The 5QI is used by AMF to determine suitable paging strategies. 
[bookmark: _Toc20149738][bookmark: _Toc27846529][bookmark: _Toc36187653][bookmark: _Toc45183557][bookmark: _Toc47342399][bookmark: _Toc51769097][bookmark: _Toc131161162]5.4.3.2	Paging Policy Differentiation
Paging policy differentiation is an optional feature that allows the AMF, based on operator configuration, to apply different paging strategies for different traffic or service types provided within the same PDU Session. In this Release of the specification this feature applies only to PDU Session of IP type.
When the 5GS supports the Paging Policy Differentiation (PPD) feature, the DSCP value (TOS in IPv4 / TC in IPv6) is set by the application to indicate to the 5GS which Paging Policy should be applied for a certain IP packet. For example, as defined in TS 23.228 [15], the P-CSCF may support Paging Policy Differentiation by marking packet(s) to be sent towards the UE that relate to a specific IMS services (e.g. conversational voice as defined in IMS multimedia telephony service).
NOTE 1:	This PPD feature may be used to determine the Paging Cause Indication for Voice Service, as described in clause 5.38.3.
It shall be possible for the operator to configure the SMF in such a way that the Paging Policy Differentiation feature only applies to certain HPLMNs, DNNs and 5QIs. In the case of HR roaming, this configuration is done in the SMF in the VPLMN.
NOTE 2:	Support of Paging Policy Differentiation in the case of HR roaming requires inter operator agreements including on the DSCP value associated with this feature.
In the case of Network Triggered Service Request and UPF buffering downlink packets, the UPF shall include the DSCP in TOS (IPv4) / TC (IPv6) value from the IP header of the downlink packet and an indication of the corresponding QoS Flow in the Downlink Data Report sent to the SMF. When PPD applies, the SMF determines the Paging Policy Indicator (PPI) based on the DSCP received from the UPF.
In the case of Network Triggered Service Request and SMF buffering downlink packets, when PPD applies, the SMF determines the PPI based on the DSCP in TOS (IPv4) / TC (IPv6) value from the IP header of the received downlink packet and identifies the corresponding QoS Flow from the QFI of the received downlink packet.
The SMF includes the PPI, the ARP and the 5QI of the corresponding QoS Flow in the N11 message sent to the AMF. If the UE is in CM IDLE, the AMF uses this information to derive a paging strategy, and sends paging messages to NG-RAN over N2.
NOTE 3:	Network configuration needs to ensure that the information used as a trigger for Paging Policy Indication is not changed within the 5GS.
NOTE 4:	Network configuration needs to ensure that the specific DSCP in TOS (IPv4) / TC (IPv6) value, used as a trigger for Paging Policy Indication, is managed correctly in order to avoid the accidental use of certain paging policies.
For a UE in RRC Inactive state the NG-RAN may enforce specific paging policies in the case of NG-RAN paging, based on 5QI, ARP and PPI associated with an incoming DL PDU. To enable this, the SMF instructs the UPF to detect the DSCP in the TOS (IPv4) / TC (IPv6) value in the IP header of the DL PDU (by using a DL PDR with the DSCP for this traffic) and to transfer the corresponding PPI in the CN tunnel header (by using a QER with the PPI 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. In the case of Home-Routed roaming, the V-SMF is responsible of controlling UPF setting of the PPI. In the case of PDU Session with I-SMF, the I-SMF is responsible of controlling UPF setting of the PPI.
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Paging Priority is a feature that allows the AMF to include an indication in the Paging Message sent to NG-RAN that the UE be paged with priority. The decision by the AMF whether to include Paging Priority in the Paging Message is based on the ARP value in the message received from the SMF for an IP packet waiting to be delivered in the UPF. If the ARP value is associated with select priority services (e.g. MPS, MCS), the AMF includes Paging Priority in the Paging Message. When the NG-RAN receives a Paging Message with Paging Priority, it handles the page with priority.
The AMF while waiting for the UE to respond to a page sent without priority receives another message from the SMF with an ARP associated with select priority services (e.g. MPS, MCS), the AMF sends another Paging message to the (R)AN including the Paging Priority. For subsequent messages, the AMF may determine whether to send the Paging message with higher Paging Priority based on local policy.
For a UE in RRC Inactive state, the NG-RAN determines Paging Priority based on the ARP associated with the QoS Flow as provisioned by the operator policy, and the Core Network Assisted RAN paging information from AMF as described in clause 5.4.6.3.
****************** next CHANGE ***************
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Core Network assisted RAN paging information aids the RAN to formulate a RAN paging policy and strategy in RRC Inactive state, besides the PPI and QoS information associated to the QoS Flows as indicated in clause 5.4.3.
CN assisted RAN paging information may be derived by the AMF per UE and/or per PDU Session based on collection of UE behaviour statistics, Expected UE Behaviour and/or other available information about the UE (such as subscribed DNN, SUPI ranges, Multimedia priority service), and/or information received from other network functions when downlink signalling is triggered.
The CN assisted RAN paging information consists of a service priority (values 1 to 256) which provides AN with a way to understand how important the downlink signalling or user plane traffic is. The AMF derives this service priority based on available information as described above. The method to derive the service priority is implementation depended and can be controlled by operator.
The Core Network may provide the CN assisted RAN paging information to RAN in different occasions, e.g. during downlink N1 and N2 message delivery, etc.
As an independent parameter, the AMF informs the RAN whether the UE has an emergency PDN connection. This is to enable the RAN to page promptly in all relevant cells when user plane traffic is received.
NOTE: emergency call back could occur on a non-emergency PDN connection.

****************** next CHANGE ***************
5.4.12.2	Core Network Assistance for PEIPS
To support the Paging Early Indication with Paging Subgrouping (PEIPS), Paging Subgrouping Support Indication and the PEIPS Assistance Information is used by the AMF and NG-RAN to help determine whether PEIPS applies to the UE and which paging subgroup used when paging the UE (see TS 38.300 [27]).
In the Registration Request message, the Paging Subgrouping Support Indication indicates whether the UE supports PEIPS with AMF PEIPS Assistance Information. If the UE includes Paging Subgrouping Support Indication, the UE may also include the paging probability information to assist the AMF. If the AMF supports PEIPS assistance and if the UE provided Paging Subgrouping Support Indication, the AMF stores the indication in the UE context in AMF. The AMF may use local configuration, the UE's paging probability information if provided, information provided by the RAN (e.g. any of the Information On Recommended Cells And RAN nodes For Paging), and/or previous statistical information for the UE to determine the AMF PEIPS Assistance Information. The AMF PEIPS Assistance Information includes the Paging Subgroup ID.
NOTE 1:	To minimise MT voice call setup latency, the AMF could allocate Paging Subgroup IDs taking into account whether or not the UE is likely to receive IMS voice over PS session calls.
NOTE 2:	To avoid MT traffic for more mobile UEs causing more stationary UEs to be woken up, the AMF could allocate Paging Subgroup IDs taking into account the UE's mobility pattern.
If the AMF has determined AMF PEIPS Assistance Information for the UE, the AMF stores it in the UE context in AMF and provides it to the UE in every Registration Accept message.
If the AMF has determined AMF PEIPS Assistance Information, the AMF shall provide it to NG RAN when paging the UE. In addition, in order to support PEIPS for UEs in RRC_INACTIVE mode, the AMF shall provide the AMF PEIPS Assistance Information to NG-RAN as part of the RRC Inactive Assistance Information.
The NG-RAN chooses on a per-cell basis whether to use PEIPS and which paging subgrouping mechanism to use. When using AMF allocated subgroups, both the UE and NG-RAN use the AMF PEIPS Assistance Information to determine the paging subgroup to apply as defined in TS 38.300 [27].
The AMF may use the UE Configuration Update procedure (as described in clause 4.2.4 of TS 23.502 [3]) and N2 UE Context Modification procedure (as described in clause 8.3.4 of TS 38.413 [34]) to update the AMF PEIPS Assistance Information in the UE and NG-RAN.
When the UE has an active emergency PDU Session:
-	as specified in TS 24.501[x] clause 5.3.25, if there is negotiated PEIPS Assistance Information, the UE and shall not use the negotiated PEIPS Assistance Information.
-	The UE shall not signal Paging Subgrouping Support Indication in the Registration Request message.
-	The AMF shall not signal PEIPS Assistance Information in Registration Accept message.
-	If there is negotiated PEIPS Assistance Information, the AMF signal PEIPS Assistance Information to NG-RAN.
NOTE 3: 	The AMF signals the PEIPS Assistance Information to NG-RAN to ensure paging for emergency call back does not fail in UEs that have not undergone full inter-operability testing. 


-	.

****************** END CHANGES ***************

