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[bookmark: _Hlk526665839]Abstract of the contribution: This PCR proposes to clarify UE initiated power saving mechanism in TR 23.700-28. 
Discussion
This PCR proposes to clarify the power saving mechanism and take solution 21 as an example. The clarification can be applied to the selected power saving mechanism in conclusion. 
Current solutions to resolve KI#2 in 5GS/EPS assumes that the UE is aware of its location regarding to in/out of NTN coverage based on its GNSS capability, received broadcasting ephemeris data of the serving and neighbouring cells. However, there are scenarios that the UE may fail to calculate the estimate of the in/out of NTN coverage, for example: 
· The UE does not support GNSS capability
· GNSS precision, which is impacted by the quality of the GNSS signal received by the UE GNSS module. The obstacles in between the UE and the GNSS satellite may block the GNSS signal. 
· Availability of the SIB providing the information (e.g., the averaged ephemeris information) for estimating the NTN coverage. Note that the NG-RAN may not provide such SIB or may provide the SIB but the information is only sufficient for UE to roughly estimate the NTN coverage.
· The UE is a computation constrained device, e.g. NB-IOT device. 
· The UE mobility pattern, e.g. moving direction and speed, may be across multiple NG-RAN coverages.

If the UE fails to estimate in/out of NTN coverage, the AMF should change the timers/parameters of power saving mechanisms requested by the UE based on the estimation of NTN coverage period derived by the AMF or obtained from other network function, e.g. NWDAF or a NF capable of NTN coverage estimation.
Proposal: the UE calculates its confidence level based on the abovementioned scenarios along with the requested timers/parameters during negotiation of power saving mechanisms. Based on the confidence indication, the AMF can determine whether to change or respect the requested timers/parameters of power saving mechanism. For example,  
· If confidence indication of PSM is above a preconfigured threshold, 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 confidence indication of PSM is below a preconfigured threshold, and AMF is aware of NTN coverage of the estimate of out of NTN coverage period and the estimate of in NTN coverage period, the AMF assign Active Time value based on the estimate of in NTN coverage period and Periodic TAU Timer value based on its estimate of out of NTN coverage period,

It is proposed to update solution #21 in TR 23.700-28.
****** Start of changes ******
[bookmark: _Toc112689099][bookmark: _Toc112689394][bookmark: _Toc112774723]6.21	Solution #21: NWDAF assisted power saving mechanism for UE in discontinuous NTN coverage
[bookmark: _Toc112689100][bookmark: _Toc112689395][bookmark: _Toc112774724]6.21.1	Description
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 [10], 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, Estimate of in NTN coverage period, Estimate of out of NTN coverage period.


Figure 6.21.1-1: NWDAF enhancement for analytics of NTN coverage
NOTE: This solution introduces a new Analytics ID of NTN coverage to enhance NWDAF based on network data analytics services for eNA in TS 23.288 [10].
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.
[bookmark: _Toc112689101][bookmark: _Toc112689396][bookmark: _Toc112774725]6.21.2	Procedures
In Rel-17, the UE can read ephemeris data of serving cell and neighbouring cells broadcast by NG-RAN. This solution assumes the NTN coverage of ephemeris data provided by NWDAF can be spanned in broader area, e.g. across different gNBs within expected UE’s mobility trajectory. 
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 solution follows the existing procedure for the negotiation of power saving mechanisms requested by the UE. The primary principle of both UE initiated and AMF initiated mechanisms is to allow UE to make the decision on the UE behavior for staying at no service with enabled power saving mechanism. The decision can base on UE’s local information and preference as well as network assisted NTN coverage information from the network in the negotiation of power saving procedure.
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.
[bookmark: _Toc112689102][bookmark: _Toc112689397][bookmark: _Toc112774726]6.21.2.1: 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:
· Step1: The UE initiate Registration Request message for Mobility Update when the UE is about to be out of NTN coverage (before entering idle state due to move out of NTN coverage). 
· If the NTN coverage from NWDAF is ephemeris data from NWDAF, 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, if the analytics of NTN coverage from NWDAF is the estimate of out of NTN coverage period and the estimate of in NTN coverage period, the UE determines to negotiate PSM/MICO/eDRX with the AMF based on its preferences and the received analytics of NTN coverage.
NOTE: the procedure that UE requests the analytics of NTN coverage from NWDAF can refer to clause 6.21.2.3 Figure 6.21.2.3-1 and Figure 6.21.2.3-2.
· Step2: The AMF assigns the requested timers/paramters for PSM/MICO/eDRX in the Registration Accept message to UE based on the UE’s requested timers/parameters of PSM/MICO/eDRX.
The above mechanism assumes that the UE is aware of its location regarding to in/out of NTN coverage based on its GNSS capability, received broadcasting ephemeris data of the serving and neighboring cells. However, there are scenarios that the UE may fail to calculate the estimate of the in/out of NTN coverage, for example: 
· The UE does not support GNSS capability
· GNSS precision, which is impacted by the quality of the GNSS signal received by the UE GNSS module. The obstacles in between the UE and the GNSS satellite may block the GNSS signal. 
· Availability of the SIB providing the information (e.g., the averaged ephemeris information) for estimating the NTN coverage. Note that the NG-RAN may not provide such SIB or may provide the SIB but the information is only sufficient for UE to roughly estimate the NTN coverage.
· The UE is a computation constrained device, e.g. NB-IOT device. 
· The UE mobility pattern, e.g. moving direction and speed, may be across multiple NG-RAN coverages.

In this case, it is beneficial that the UE calculates the confidence level based on the above scenarios, and indicates the confidence level along with the requested timers/parameters during negotiation of power saving mechanism with the AMF. With the confidence indication, the AMF can determine whether to change or respect the requested timers/parameters of power saving mechanism. For example,  
· If confidence indication is above a preconfigured threshold, 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 confidence indication is below a preconfigured threshold, and AMF is aware of NTN coverage of the estimate of out of NTN coverage period and the estimate of in NTN coverage period, the AMF assigns Active Time value based on the estimate of in NTN coverage period and Periodic TAU Timer value based on its estimate of out of NTN coverage period,


Figure 6.X.2.1-1: UE initiated negotiation of PSM/MICO/eDRX for power saving 
· Step1: the UE transmits Registration Request message including confidence indication, power saving timers/parameters for power saving mechanisms, e.g. PSM/MICO/eDRX.
· Step2: the AMF determines to request assistance information from NWDAF or a new NF if confidence indication is below a pre-configured threshold. 
· Step3: the AMF requests the AnalyticsInfo of estimate of in/out of NTN coverage period from NWDAF or a NF which is capable of providing requested assistant information. 
· Step4: the AMF sends registration accept message including power saving timers/parameters based on estimate of in/out-of NTN coverage period to UE.
· Step5: the UE applies the power saving timers/parameters when it enters idle state.
[bookmark: _Toc112689103][bookmark: _Toc112689398][bookmark: _Toc112774727]6.21.2.2: 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 6.21.2.2-1.


Figure 6.X.2.2-1: AMF initiated negotiation of PSM/MICO/eDRX for power saving 
· Step1: 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.
· Step2: The AMF gets NTN coverage information from NWDAF. The NTN coverage information can be ephemeris data, or the estimates of in NTN Coverage period and 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.
Editor's note:	It is TBD by RAN WGs whether the NTN coverage information, e.g. ephemeris data, can be provided to AMF.
· Step3: 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. 
· Step4: 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 including 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.
· Step5: 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 set based on estimate of in NTN coverage period and estimate of out of NTN coverage period. The AMF returns Registration Accept message including timers/parameters of power saving, including Active time, Peiroidc TAU time, eDRX, etc. 
· Step 6: the AMF performs AN release procedure when UE is about to enter discontinuous coverage.
· Step 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.  
[bookmark: _Toc112689104][bookmark: _Toc112689399][bookmark: _Toc112774728]6.21.2.3: 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 6.21.2.3-1, 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, or AF.
Editor's note:	It is TBD by RAN WGs whether the NTN coverage information, e.g. ephemeris data, can be provided to AMF.


Figure 6.21.2.3-1: 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 6.21.2.3-1 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 6.21.2.3-2 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.
Editor’s Note: it is FFS how to leverage eNA work for the info/analytics exchange with UE.
Editor’s Note: it is FFS whether AMF and UE get the same or different analytics from NWDAF.


Figure 6.21.2.3-2: NWDAF assisted NTN coverage analytics procedure to UE
[bookmark: _Toc112689105][bookmark: _Toc112689400][bookmark: _Toc112774729]6.21.3	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 UE awareness of NTN coverage: 
· To determine whether to change or respect the timers/parameters requested by the UE for the negotiation of power saving mechanisms based on confidence indication.
-	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 calculate and indicate its confidence level for the requested timers/parameters of power saving mechanisms (PSM/MICO/eDRX).
· To support to request and get notification for Analytics Info of NTN coverage via NAS messages.
[bookmark: _Toc112689106][bookmark: _Toc112689401][bookmark: _Toc112774730]6.21.4	Solution Evaluation
This solution introduces a new Analytics ID of NTN coverage to enhance NWDAF based on network data analytics services for eNA in TS 23.288 [10].
The main interest of this solution is to leverage NWDAF capability of data collection and analytics exposure for NTN coverage estimation, including:
· base on eNA work related to the UE related analytics, e.g. expected UE behavioral parameters 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. 
· collect satellite data as enhancement by using the capability of the Data Collection from OAM/NFs in 5GC/AF at NWDAF.
· exposure its analytics of NTN coverage to UE/NFs in 5GC/AF.
The use of the NTN coverage information for Network initiated negotiation of power saving mechanism or UE initiated negotiation of power saving mechanism includes: 
1) to determine whether the UE is about to leave the NTN coverage, 
2) to trigger the negotiation of power saving mechanism before the UE leaves the NTN coverage,
3) to assist UE the determination of the timers/parameters for selected power saving mechanism.
Without network assistance via data collection and analytics capabilities at NWDAF, the timing to trigger the first two events and the decision of timers/parameters values for the power saving mechanism are difficult and would result in unnecessary complicated design for power saving timers/parameters management.
There are trade off between UE initiated and AMF initiated negotiation of PSM/MICO/eDRX mechanism in terms of the following aspects:
· generated overheads between the UE and AMF when communicating shared data and analytics information
· information of satellite data in the scope of expected UE mobility trajectory or serving and neighboring cells
· user privacy of the UE location information
· use of the analytics information with user consent
The solution follows the existing procedure for the negotiation of power saving mechanisms requested by the UE. The primary principle of both UE initiated and AMF initiated mechanisms is to allow UE to make the decision on the UE behavior for staying at no service with enabled power saving mechanism. The decision can base on UE’s local information and preference as well as network assisted NTN coverage information from the network in the negotiation of power saving procedure.
All in all, network assisted negotiation of power saving mechanism are deemed necessary and the NWDAF analytics for NTN coverage estimate are beneficial for this matter.
****** End of changes ******
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