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[bookmark: _Hlk526665839]Abstract of the contribution: This paper proposes a new solution for KI#2.
Discussion
This PCR proposes a new solution for Key Issue #2:
· Key Issue #2: Power saving enhancement for UE in discontinuous coverage, e.g. based on the coverage information of the UE, e.g. how can UE and 5G CN enhance the power saving mechanisms, e.g. PSM, MICO mode and eDRX for UE in CM-IDLE state.
This solution proposes to enhance NWDAF for assisting UE to negotiate power saving mechanisms.
Proposal
It is proposed to add this solution in TR 23.700-28.
****** Start of changes ******
[bookmark: _Toc97108978][bookmark: _Toc100782791][bookmark: _Toc100983165][bookmark: _Toc104439677]6.0	Mapping of solutions to key issues
Editor's note:	This clause describes the mapping between solutions and key issues.
Table 6.0-1: Mapping of solutions to key issues
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****** Start of Changes (All new texts) ******
[bookmark: _Toc104439734]6.X	Solution #X: NWDAF assisted power saving mechanism for UE in discontinuous NTN coverage
[bookmark: _Toc104439735]6.X.1	Description
[bookmark: _Toc104439736]This solution proposes to enhance NWDAF to assist UE in negotiation of power saving mechanisms, e.g. PSM/MICO/eDRX for staying at current PLMN/Satellite RAT and out of NTN coverage.
The Analytics model of NWDAF for generating NTN coverage analytics is as shown in Figure 6.X.1-1:
Input data includes one or more of the following information: 
· Satellite data, e.g. Empheris data, of one or more satellites, from OAM, NG-RAN, or AF.
· Available analytics: the UE related analytics, e.g. expected UE behavioral parameters can include one or both of the analytics, TS23.288 Table 7.1-2 [X], including Analytics ID: UE Mobility, which can be Statistics or predictions on UE mobility, and Analytics ID: UE Communication, which can be Statistics or predictions on UE communication.
· UE-related information: using Event Exposure from 5GC NFs, NG-RAN, or UE.
Output Analytics: NTN coverage
· Analytics ID: NTN coverage
· NTN coverage Type includes ephemeris data of Satellite, estimate of in NTN coverage period, estimate of out of NTN coverage period.


Figure 6.X.1-1: NWDAF enhancement for analytics of NTN coverage
With the analytics information of NTN coverage, UE can obtain the estimate of in NTN coverage period and estimate of out of NTN coverage period from the NWDAF or calculate both estimates based on Satellite data and UE location information. The estimate of in NTN coverage and the estimate of out of NTN coverage can be used by the UE to negotiate the timer/parameters of power saving mechanisms.
· For Power Saving Mode (PSM), the UE can request an Active Time value based on the estimate of in NTN coverage period and Periodic TAU Timer value based on the estimate of out of NTN coverage period in the Registration Request Message. The AMF takes the UE requested values into account to assign an Active Time value and Periodic TAU Timer value in the Registration Accept message. If AMF is aware of NTN coverage Analytics, the AMF considers both UE requested values and NTN coverage analytics to assign Active Time value and Periodic TAU Timer value.
· For MICO mode with (optional) Active Time, the UE can request an Active Time value based on the estimate of in NTN coverage period during the Registration procedure. The AMF takes the UE requested values into account and assigns the Active Time value in the Registration Accept message. If AMF is aware of NTN coverage Analytics, the AMF considers both UE requested values and NTN coverage analytics to assign Active Time value for MICO mode.
· For eDRX (Extended Discontinuous Reception), the UE requests eDRX parameters (e.g. cycle length) based on the estimate out of NTN coverage period and the estimate in NTN coverage period during the Registration Request procedure. The AMF takes the UE requested values into account and assigns the eDRX parameters in the Registration Accept message. If AMF is aware of NTN coverage analytics, the AMF considers both UE requested values and NTN coverage analytics to assign eDRX parameters.
6.X.2	Procedures
The following procedures provide two examples of the NWDAF assisted power saving mechanism for UE in discontinuous NTN coverage including: 
· Example for UE awareness of NTN coverage and UE location
· Example for AMF awareness of NTN coverage and UE location
· Example for NG-RAN awareness of NTN coverage and UE location
NOTE: the Example for NG-RAN awareness of NTN coverage and UE location needs to be determined and coordinated with RAN WGs.
The following procedures assume that the UE is configured with StayIndication by the UDM. Based on the StayIndication configured for the current PLMN, the UE using Satellite RAT can determine to negotiate power saving mechanism for staying at current PLMN/Satellite RAT and out of coverage before moving out of NTN coverage.
6.X.2.1: Procedure for UE initiates negotiation of PSM/MICO/eDRX 
For the case of UE awareness of NTN coverage and UE location, the UE can get rigorous NTN coverage information from the NWDAF, and then trigger negotiation of the PSM/MICO/eDRX for power saving as in Registration procedure in TS23.502 [X] Figure 4.2.2.2.2-1: Registration procedure with the following enhancement:
1: The UE initiate Registration Request message for Mobility Update when the UE is about to move out of NTN coverage (before entering idle state). If the NTN coverage from NWDAF is ephemeris data, the UE calculates the estimate of out of NTN coverage period and the estimate of in NTN coverage period based on its location and requested PSM/MICO/eDRX based on the estimate of out of NTN coverage period and the estimate of in NTN coverage period. Alternatively, the UE requests PSM/MICO/eDRX based on the analytics of NTN coverage for estimate of out of NTN coverage period and the estimate of in NTN coverage period from NWDAF.
2: The AMF assigns the timers/parameters for PSM/MICO/eDRX in the Registration Accept message to UE based on the UE’s requested timers/parameters of PSM/MICO/eDRX.
6.X.2.2: Procedure for AMF initiated negotiation of PSM/MICO/eDRX 
For the case of AMF awareness of NTN coverage and UE location, the AMF can get rigorous NTN coverage information from the NWDAF, and then trigger negotiation of the PSM/MICO/eDRX for power saving in the following procedure in Figure 6.X.2.2-1.


Figure 6.X.2.2-1: AMF initiated negotiation of PSM/MICO/eDRX for power saving 
1. In the registration procedure, the AMF gets the StayIndication information from UDM and stores the StayIndication information for the current PLMN/Satellite RAT in the UE context.
2. The AMF gets NTN coverage information from NWDAF. The NTN coverage information can be ephemeris data, the estimate of in NTN Coverage period and estimate of out of NTN coverage period based on Area of Interest (AOI) information. The procedure is as shown in Figure 6.X.2.3-1: NWDAF assisted NTN coverage analytics procedure.
3. With the active StayIndication for the current PLMN/Satellite RAT and NTN coverage analytics, the AMF determines whether to update UE with timers/parameters of power saving mechanisms for UE staying at out of NTN coverage. 
4. if StayIndication is active for the current PLMN/RAT, the AMF sends UE Configuration Update command containing UE parameters related to power saving mechanism for staying at out of NTN coverage: recommended power saving mechanism, e.g. MICO, PSM, eDRX, based on the UE capability, UE subscriptions, network capability, and operator’s local policy, an indication requesting to perform re-registration, estimate of in NTN coverage period, and estimate of out of NTN coverage period.
5. The UE determines the power saving mechanism, e.g. MICO, PSM, eDRX, based on the estimate of in NTN coverage period and estimate of out of NTN coverage period, and then sends registration request for Mobility Update including requested timers/parameters for power saving mechanism based on estimate of in NTN coverage period and estimate of out of NTN coverage period. The AMF returns Registration Accept message including assigned timers/parameters for the power saving mechanism.
6. the AMF performs AN release procedure when UE is about to enter discontinuous coverage.
7. the UE enters Idle mode. Both AMF and UE applied negotiated timers when UE is staying at current PLMN/Satellite RAT and out of NTN Coverage. When the UE regains the NTN Coverage, the UE initiates the Registration procedure for mobility update to notify the network its reachability.  
6.X.2.3: Procedure for NWDAF assisted NTN coverage analytics
For AMF awareness of NTN coverage, the AMF can get rigorous NTN coverage information from the NWDAF using the procedure indicated in Figure 6.X.2.3-1, based on TS 23.288 [X] Figure 6.1.2.1-1: Network data analytics Request, in which NF Consumer is AMF with the following enhancement:
· The NWDAF produces Analytics with Analytics ID: NTN coverage, based on requested NTN coverage Type, the Target UE ID(s), Analytics Filter Information (e.g. Areas of Interests by referring to predefined areas that are represented by a list of Tracking Areas, list of cells or list of (R)AN node identifiers), Analytics Reporting Information (e.g. Analytics target period, Preferred granularity of location information for TA level, NG-RAN node level, or cell level), etc., to AMF as NF consumer.
· The NWDAF collects Satellite data from OAM/NFs in 5GC, NG-RAN, or AF.


Figure 6.X.2.3-1: NWDAF assisted NTN coverage analytics procedure to AMF
For UE awareness of NTN coverage, the UE can get NTN coverage information via AMF using procedure in Figure 6.X.2.3-1 based on rigorous NTN coverage information from NWDAF. The subscription to the NADAF is delegated by AMF. The analytics of NTN coverage is provisioned to the UE via NAS message as shown in Figure 6.X.2.3-2 with the following principles:
· During UE registration procedure, the Registration request message includes an indication for NTN coverage. With the NTN coverage indication, the AMF discovers a NWDAF instance and associates the UE with the NWDAF.
· The NAS AnalyticsInfo request message can be UL NAS Transport message.
· The NAS AnalyticsInfo Notify message can be DL NAS Transport message.


Figure 6.X.2.3-2: NWDAF assisted NTN coverage analytics procedure to UE
[bookmark: _Toc104439737]6.X.3	Impacts on services, entities and interfaces
This solution impacts the following system entities.
NWDAF:
· To support data collection of Satellite Data based on Area of Interest by referring to predefined areas that are represented by a list of Tracking Areas, list of cells or list of (R)AN node identifiers.
· To support new Analytics ID of NTN coverage including ephemeris data, estimate of in NTN coverage, estimate of out of NTN coverage. 
· To support Analytics information exposure to UE/NG-RAN/NFs in 5GC/AF.
AMF:
· For the case of AMF awareness of NTN coverage: 
· To determine to initiate negotiation of power saving mechanisms, e.g. PSM/MICO/eDRX before moving out of NTN coverage.
· To support to request and get notification for Analytics Info of NTN coverage from NWDAF.
UE:
· For the case of UE awareness of NTN coverage:
· To determine to initiate negotiation of power saving mechanisms, e.g. PSM/MICO/eDRX before moving out of NTN coverage based on the stayIndication configuration.
· To support to request and get notification for Analytics Info of NTN coverage via NAS messages.
****** End of changes ******
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