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Abstract of the contribution: The contribution proposes solution for KI#3 High latency communication and KI#4 power saving functions.
1	Discussion
The contribution proposes solution for KI#3 High latency communication and KI#4 power saving functions.
It is proposed to add following solution to the TR 23.724. All changes are new. 
################### TEXT PROPOSAL FOR THE TR 23.724 ########################
[bookmark: _Toc505257261]6.X	Solution #X: Solution for supporting High Latency Communication and Power Saving Function
[bookmark: _Toc505257262]6.X.1	Introduction
This solution addresses the Key Issue 3 - "High Latency Communication" and Key Issue 4 - "Power Saving Function".
[bookmark: _Toc505257263]6.X.2	Functional Description
[bookmark: _Toc501370263]6.x.2.1	Support for UE configuration of Deterministic Power Saving Cycle
For some applications allowing high latency communications, UE can achieve power saving in schedule manner. This solution proposes to support UE configuration with deterministic power saving cycle. The deterministic power saving cycle includes the following parameters:
Tref: the reference of an absolute clock reference, which is based on a clock that can be made available both within the UE and AF, e.g. universal time or GPS time. Alternatively, the AMF returns an absolute clock reference in the response message if the UE does not include the Tref in the request message. Also to avoid situations where UEs simultaneously cycle between Idle and power saving mode state, the AMF randomizes the Tref across the UE population which enable high latency communication and power saving mode. Either ways of time synchronization works for this configuration. 
Ti: the duration of idle sojourn time
Tp: the duration of power saving sojourn time
Based on the configuration of Tref, Ti, and Tp, the UE can alternate between idle mode and power saving mode by reference to an absolute reference clock. In the meantime, the network can have exact UE reachability information to schedule the Mobile terminated Communication.
6.x.2.2	Support for Exporting UE Configuration to Other NFs
[bookmark: _Toc505257265]
Functions for High latency communication can be used to handle mobile terminated (MT) communication with UEs being unreachable while using power saving functions in 5GS.
High latency communication is handled by notification procedures requested by NFs, e.g. AF, SMF, UPF, when a UE wakes up from its power saving state and sends downlink data to the UE when the UE is reachable. This notification procedure is based on notification service operations including UE Reachability, and Availability after DDN (downlink data notification) failure.
For UE allowing high latency communication, The information for the UE configuration of deterministic power saving cycle can be exported to other NFs the following two notification service operations can be used to optimize system resources and reduce signaling overheads.in support of different functions including:
- UE reachability notification for MT communication (export to AF)
- UE availability notification procedure after DDN failure (export to SMF)
- MT-SMS delivery (export to SMSF/SMS-GMSC/SC/UDM/HSS)
- Location Service (export to LMF)
- Network/AN initiated PDU session modification (export to SMF/AN)
6.X.3	Procedures
6.X.3.1	Procedure for UE Configuration Provisioning
The UE can be configured by the PCF with the UE configuration of deterministic power saving cycle via UE Configuration Update procedure for transparent UE configuration delivery as shown in Figure 1.


Figure 1: UE Configuration Update procedure for transparent UE Configuration delivery
1. AMF receives the UE Policy information containing UE configuration for deterministic power saving cycle from the PCF that needs to be delivered transparently to the UE over NAS.
2. AMF sends the UE Policy received from PCF as a transparent container in a NAS transport message for UE Policy delivery to the UE.

6.X.3.2	Procedure for Activating UE Configuration of Deterministic Power Saving Cycle
Figure 2 shows the procedure to activate UE configuration of deterministic power saving cycle. The UE is configured with the deterministic power saving cycle. 


Figure 2: configuration of the deterministic power saving cycle

1. When UE sends a registration request message, either for initial registration or for mobility registration update, the UE includes a set up parameters for its configuration of deterministic power saving cycle. The deterministic power saving cycle includes the following parameters: Tref, Ti, and Tp.
2. The AMF determines if the UE is allowed to enable the configuration of deterministic power saving cycle. If so, the AMF notifies the NEF via Namf_eventExpore message for the configuration of deterministic power saving cycle for a UE identified by a UE-ID.
3. The NEF forwards the notification message to the AF with the information of the external identifier of the UE, application server information, and the parameters for the configuration of the deterministic power saving cycle.
4. Alternatively, the AF may request for the notification service for retrieving UE configuration for deterministic power saving cycle.
5. The AMF sends registration response message including allowed UE configuration of deterministic power saving cycle (Tref, Ti, Tp). The AF and AMF store the UE configuration of the deterministic power saving cycle. 
6. The NG-RAN disconnects the RRC connection. The UE starts to follow the deterministic power saving cycle when the RRC connection is released after receiving registration response message. Optionally, the UE may spend extra Idle time to await to lock on Tref.
7. For the AF stores the configuration of the deterministic power saving cycle, it initiates the MT communication only when the UE is in the idle mode cycle.
8. The UE can provide the AMF a new set of parameters for UE configuration of deterministic power saving cycle when it initiates registration request for mobility registration update, i.e. the periodic update timer (T3512) expiry.

6.X.3.3	Exporting Deterministic Power Saving Cycle to Other Network Functions

6.X.3.3.1 Support for UE Reachability Notification for Mobile Terminated Communication
For some cases that AF is not configured with deterministic power saving cycle, tThe network can also accommodate the UE with scheduled MT communication, e.g. the AF/SMF subscribes the notification service from the AMF for the UE reachability availability for DDN failure. 

For AF requesting event exposure from the AMF for the UE reachability notification, the AF can buffer the packets for MT communication before receiving the notification.

Further, the SMF can request event exposure from the AMF for the UE reachability.t There are three two alternatives to handle DDN due to MT communication when the UPF receives the MT packets. 

Alt1:  
1. The UPF notifies the SMF for the downlink packets by sending DDN. 
2. The SMF checks the UE’s reachability configuration of the deterministic power saving cycle and determines if it needs to send the DDN to the AMF or not. 
If the UE is in power saving mode, the SMF notifies the UPF to buffer the packets and indicates the buffer size, expected time for UE’s availability, e.g. next time to be in idle state.
If the UE is in idle mode, the SMF further sends the DDN to the AMF.
Alt2: 
1. The SMF has notified the UPF about the buffering information according to the UE reachabilityconfiguration of the deterministic power saving cycle.
2. The UPF buffers the packets accordingly and sends the DDN only afterwhen reaching the maximum size of the buffering the UE is in idle mode according to the UE configuration of the deterministic power saving cycle. If the UE is in power saving mode, the UPF buffers the packets.
Alt3:
1. The UPF sends DDN to the SMF and the SMF forwards DDN (downlink data notification) to the AMF. The SMF also indicates if it subscribes the notification service from the AMF for the UE availability when DDN failure. 
2. If the DDN failure happens, the AMF replies to the SMF for the DDN failure with an indication for confirming the notification service for the next UE availability. The DDN failure may be of many causes: paging failure, the paging suspension due to activated MICO mode, the UE activates high latency communication.
3. The AMF sends the DDN response message, wherein the message includes the following information: Buffering time or expected UE reachable time according to the UE configuration for deterministic power saving cycle.
Further, if the UE is in CM-CONNECTED mode with RRC INACTIVE, extended buffering may be done at RAN. If RAN based paging fails or if RAN notification update guard timer expires RAN initiates AN release and send buffered data to AMF. AMF can then initiate CN based paging and take further action as specified in clause 6.X.3.3.2 Step 4 onwards. 

6.X.3.3.2 Support for UE Availability Notification Procedure after DDN Failure

The AF/SMF/UPF can subscribe to UE availability notification after DDN failure.
For the AF requesting UE availability notification after DDN failure, the AF buffers the packets for MT communication before receiving the notification for UE availability.

For the SMF subscribing UE availability notification after DDN failure, the UPF buffers the packets for MT communication until receiving the notification for UE availability from the AMF or reaching the buffering criteria indicated by the SMF/AMF.

For the UPF subscribing UE availability notification after DDN failure, the UPF buffers the packets for MT communication until receiving the notification for UE availability from the AMF/SMF or reaching the buffering criteria indicated by the AMF/SMF.

Figure 3 shows the notification procedure subscribed by the SMF for UE availability after DDN failure.




Figure 3: notification procedure for UE availability after DDN failure

1. The UPF receives downlink data packets from data network.
2. The UPF sends downlink data notification message to the SMF.
3. When a SMF sends DDN (downlink data notification) to the AMF, it indicates also if it subscribes the notification service from the AMF for the UE availability when DDN failure. 
4. The AMF may initiate paging procedure.
5. The DDN failure may be of many causes: paging failure, the paging suspension due to activated MICO mode, the UE activates high latency communication. If the DDN failure happens, the AMF replies to the SMF for the DDN failure with an indication for confirming the notification service for the next UE availability. Further, the AMF may base on UE’s reachability information configuration of deterministic power saving cycle to calculate buffering info and then include the following information in DDN response message: the buffer size (number of packets), buffering time, expected UE reachable time. 
6. The SMF forwards the buffering information to the UPF. The UPF starts to buffer packets according to the received buffering info.
7. The UE contacts the AMF via registration update procedure.
8. The AMF notifies the SMF/UPF for the UE availability. 
9. The UPF starts to deliver buffered downlink packets.

6.X.3.3.3	Support of MT SMS Delivery 

The MT SMS delivery can also benefit from the UE configured with deterministic power saving cycle. Figure 4 shows the message flows for MT SMS delivery for a UE configured with deterministic power saving cycle.


Figure 4: MT-SMS delivery for a UE with configuration of deterministic power saving cycle.

1-3. a MT-SMS is sent from Service Center to SMS-GMSC. The SMS-GMSC forwards MT SMS to the SMSF. 
4. The SMSF invokes Namf_MT_EnableUEReachability service operation to AMF. The AMF determines if it can page the UE according to the UE configuration of deterministic power saving cycle. That is, it only initiates the paging procedure only when the UE is in scheduled idle state.
If the AMF indicates SMSF that UE is not reachable for delivering MT-SMS, the procedure of the unsuccessful Mobile terminating SMS delivery is performed and the following steps 5-7 are skipped.

7. 6b. The AMF provides UE configuration of the deterministic power saving cycle to the SMSF in Nsmsf_SMSService_UplinkSMS (Delivery Rpt).The SMSF further forwards the UE configuration of the deterministic power saving cycle to the SC along with Delivery Report. With the information, the SC can determines when to send MT-SMS accordingly.

For the procedure of the unsuccessful Mobile terminating SMS delivery, the following steps to handle the reattempt of the MT-SMS delivery:
1. If the AMF informs the SMSF that it cannot deliver MT-SMS to UE, the AMF indicates to the SMSF for the UE configuration for deterministic power saving cycle in Namf_MT_EnableRechability Response message. 
2. The SMSF/SMS-GMSC may further forward the UE configuration of the deterministic power saving cycle to the UDM/HSS. 
Alternatively, the AMF/SMSF/SMS-GMSC only indicates the activation of the UE configuration for deterministic power saving cycle and the UDM/HSS retrieves the UE configuration of deterministic power saving cycle from the PCF or subscribe to the PCF for the notification of the UE availability. The PCF notifies the UDM/HSS for the UE availability according to the deterministic power saving cycle.

6.X.3.3.4	Support of Location Service

According to 6.X.3.1, the AMF/PCF stores the UE configuration of the deterministic power saving cycle. The information is also beneficial to other network function for provisioning specific service by exporting the information to other network function. For example, the location service. Figure 5 shows the procedure to exporting deterministic power saving cycle in support of MT location service.



Figure 5: MT location service

1. When the UE initiates PDU session establishment procedure towards an AMF, the AMF may initiate Location service for the UE. 
2. The AMF exports UE configuration of deterministic power cycle to the LMF (Location Management Function) when it sends the Nlmf_Location_DetermineLocation Request message. Alternatively, the AMF may indicate the LMF for the activation of the deterministic power saving cycle of the UE.  The LMF may subscribe to the PCF for the notification service for the UE configuration of the power saving cycle. If the configuration of the deterministic power saving cycle is activated/updated for a UE, the PCF sends the notification to the LMF with the UE configuration of the deterministic power saving cycle. 
3. The LMF determines when to initiate UE positioning procedure according to the UE configuration of deterministic power cycle. That is, the LMF only initiates the UE positioning procedure only when the UE is in idle mode. Further, if the LMF subscribes to the notification service from the AMF/PCF for the UE reachability, the LMF only initiates UE positioning procedure from the AMF when it receives the notification of the UE availability from the AMF/PCF.

6.X.3.3.5 Support for Network Initiated PDU Session Modification

For some cases, the SMF needs to initiate PDU session modification procedure towards a UE. 
Case1: The PCF performs a Session Management Policy Modification procedure to notify SMF about the modification of policies. 
Case2: The UDM updates the subscription data of SMF by Nudm_SubscriberData_UpdateNotification (SUPI, Subscription Data). The SMF updates the Subscription Data and acknowledges the UDM by returning an Ack with (SUPI).
Case3: The SMF may decide to modify PDU Session which may be triggered based on locally configured policy or triggered from the (R)AN. 
The following procedure applies to support above three cases.
1. the UE requests for the configuration of the deterministic power saving cycle during registration procedure due to initial or mobility registration update
2. the AMF provides the SMF the UE configuration of the deterministic power saving cycle. Alternatively, the AMF may indicate the SMF for the activation of the deterministic power saving cycle. The SMF quarries PCF for the current UE state and determine if it can initiate PDU session modification procedure. 
3. With the exporting information to the SMF, the SMF can only initiate the PDU session modification procedure when the UE is reachable and not in power saving mode.

6.X.3.3.6 Support for AN initiated PDU Session Modification

For some cases, the AN needs to initiate PDU session modification procedure towards a UE. 
Case1: (R)AN indicates to the SMF when the AN resources onto which a QoS flow is mapped are released. (R)AN sends the N2 message (PDU Session ID, N2 SM information) to the AMF. The N2 SM information includes the QFI, User location Information and an indication that the QoS Flow is released. 
The AMF invokes Nsmf_PDUSession_UpdateSMContext (N2 SM information) to the SMF. The AMF can export UE configuration of deterministic power saving cycle to the SMF in the Nsmf_PDUSession_UpdateSMContext message.
Case2: In case AN initiated notification control is configured for a GBR Flow, (R)AN sends a N2 message (PDU Session ID, N2 SM information) to SMF when the (R)AN decides the QoS targets of the QoS Flow cannot be fulfilled. The N2 SM information includes the QFI indicating that the QoS targets for that QoS flow cannot be fulfilled. 
The AMF invokes Nsmf_PDUSession_UpdateSMContext (N2 SM information) to the SMF and export UE configuration of deterministic power saving cycle to the SMF in the Nsmf_PDUSession_UpdateSMContext message.
When the UE requests for the configuration of the deterministic power saving cycle during registration procedure due to initial or mobility registration update, the AMF provides the AN/SMF the UE configuration of the deterministic power saving cycle. With the exporting information to the AN/SMF, the AN/SMF can only initiate the PDU session modification procedure when the UE is reachable and not in power saving mode.

[bookmark: _Toc505257266]6.X.5	Impacts on existing entities and interfaces
[bookmark: _Toc505257267][bookmark: _Hlk500857602]6.X.6	Evaluation
Editor's note:	This clause provides an evaluation of the solution.


################### END OF PROPOSAL ########################
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