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Introduction
[bookmark: _Hlk66110521]For Rel-17 IoT-NTN, RAN2 concluded that the UE AS is not required to perform any idle mode task if the UE has determined that it is out of coverage using available satellite assistance information broadcasted in the system information [1]. Studying/specifying further mobility enhancement and power saving enhancement for discontinuous coverage are within the scope of Rel-18 IoT-NTN WID [2], and should take into account the relevant conclusions from SA2. It is important to make sure the UE NAS does not attempt the PLMN access when there is no coverage. 
This paper first analyzes the solutions for the power saving enhancement summarized in the SA2 technical report TR 23.700-28 [3], and then tries to identify the corresponding RAN impacts as early as possible. Several proposals are proposed accordingly, with the intention to build essential AS-NAS interactions that can facilitate the key solutions discussed in SA2. Discussion
Discussion
In TR 23.700-28 [], two key issues have been identified to support the NTN discontinuous coverage from the 5GC/EPC perspectives. They are:
· Key Issue #1: Mobility Management enhancement with discontinuous satellite coverage
· Key Issue #2: Power saving enhancement for UE in discontinuous coverage

For the key issue #2, the main intention is to study how to apply the power saving mechanism (e.g., MICO mode, eDRX, or PSM) to ensure that the UE does not attempt PLMN access when there is no coverage, and there are 10 solutions in total proposed for addressing the key issue #2 (5 of them also intend to address the key issue #1). In these 10 solutions, the general principle is when a UE is within the network coverage, the CN (AMF or MME) needs to determine the power saving parameters (e.g., eDRX cycle, PTW, periodic TAU timer, UE active time for PSM or MICO) for the UE based on the coverage situation, so that the UE won’t attempt the PLMN access while it is out of NW coverage. Therefore, an essential step in these solutions is to make the CN aware of the coverage situation of the UE, which may further include the following steps: 
1) CN acquires the ephemeris information from RAN (solution #1, #2, #5, #9), 
2) CN acquires the UE location/mobility information from the UE or from the RAN (solution #1, #2, #5, #9), and/or  
3) CN receives the recommended power saving parameters or the coverage information from the UE directly, where the UE is capable of estimating/predicting its coverage situation in the near future (solution #3, #11, #16).

Among the above steps, the information provided in 2) or 3) are sensitive to UE’s mobility, therefore the CN is required to obtain these information with best efforts by considering the possible UE mobility. 
[bookmark: _Toc110952794][bookmark: _Toc110952823][bookmark: _Toc110952827][bookmark: _Toc110952835][bookmark: _Toc110952855][bookmark: _Toc110956910][bookmark: _Toc110956947]In general, the solutions for the eDRX/PSM/MICO enhancement listed in TR 23.700-28 [3] require the CN to be aware of the coverage situation of a UE with best efforts, where the coverage situation of a UE may change due to UE mobility. 
[bookmark: _Toc110952795][bookmark: _Toc110952824][bookmark: _Toc110952828][bookmark: _Toc110952836]To make sure the CN is aware of the up-to-date coverage situation of a UE, one way is to make the UE transmit a NAS message (e.g., TAU Request, Registration Request, or Attach Request) including the information needed in 2) or 3), whenever the UE is about to leave the network coverage (solution #1, #11, #16), whenever the UE returns to the network coverage (solution #11), or whenever UE performs the periodic TAU (solution #2, #3, #9). As the UE AS is the first entity that knows when the UE will be out of network coverage, and when the UE will be back to the network coverage again, we think the UE AS is responsible for triggering the transmission of the NAS message in these situations. It should be noted the UE AS is able to predict when the UE will leave the network coverage, and when the UE will be back to the network coverage again, as long as the UE AS has obtained the system information for predicting discontinuous coverage (i.e., SIB32) and has the access to the GNSS.
[bookmark: _Toc110952796][bookmark: _Toc110952825][bookmark: _Toc110952829][bookmark: _Toc110952837][bookmark: _Toc110952856][bookmark: _Toc110956911][bookmark: _Toc110956948]The UE AS is able to predict when the UE will leave the network coverage, and when the UE will be back to the network coverage again, with the assistance of the averaged ephemeris information and the GNSS.
Therefore, some solutions listed in TR 23.700-28 [3] requires a new AS-NAS interaction that triggers the UE AS to notify the UE NAS when the UE is about to leave the network coverage, or when the UE returns back to the network coverage.
[bookmark: _Toc110956883]The UE AS notifies the UE NAS when the UE is about to leave the network coverage, or when the UE returns back to the network coverage. 
[bookmark: _GoBack]On the other hand, forcing a UE to transmit a NAS message upon leaving or upon entering the network coverage may not be needed if the UE is a stationary or low-mobility UE. In these cases, the CN can still maintain the valid coverage situation of the UE by obtaining the up-to-date ephemeris information from RAN. Therefore, the ideal situation would be the UE sends the NAS message only upon the expiry of the periodic TAU timer, or upon moving beyond a distance that may change the coverage situation. If the periodic TAU timer has expired, or if the UE has moved beyond a distance, the UE shall send a NAS message to the CN to update the coverage situation once the UE has entered the network coverage. It should be noted that the UE AS is able to detect how far the UE has traveled, with the assistance of the GNSS. 
[bookmark: _Toc110952797][bookmark: _Toc110952826][bookmark: _Toc110952830][bookmark: _Toc110952838][bookmark: _Toc110952857][bookmark: _Toc110956912][bookmark: _Toc110956949]The UE AS is able to detect how far the UE has traveled, with the assistance of GNSS. 
To facilitate a UE to determine whether to send the NAS message for updating the power saving parameters, a distance threshold can be provided to the UE AS in a broadcast manner (e.g., in a system information), and then the UE AS is able to notify the UE NAS as long as the UE has moved beyond the distance threshold. Upon receiving the notification, the UE NAS transmits a NAS message to the CN for updating the power saving parameters matching the latest coverage situation of the UE.
[bookmark: _Toc110956884]The UE AS notifies the UE NAS if the UE has moved beyond a certain distance threshold, where the distance threshold is broadcasted in the system information. 
Conclusions
In this paper, the solutions for power saving enhancement listed in TR 23.700-28 are analyzed, with the intention to understand the RAN impact. Based on the analysis, the following observations are made.
Observation 1	In general, the solutions for the eDRX/PSM/MICO enhancement listed in TR 23.700-28 [3] require the CN to be aware of the coverage situation of a UE with best efforts, where the coverage situation of a UE may change due to UE mobility.
Observation 2	The UE AS is able to predict when the UE will leave the network coverage, and when the UE will be back to the network coverage again, with the assistance of the averaged ephemeris information and the GNSS.
Observation 3	The UE AS is able to detect how far the UE has traveled, with the assistance of GNSS.
Based on the observations and discussion in this paper, we respectfully ask RAN2 to discuss and consider the following proposals.
Proposal 1	The UE AS notifies the UE NAS when the UE is about to leave the network coverage, or when the UE returns back to the network coverage.
Proposal 2	The UE AS notifies the UE NAS if the UE has moved beyond a certain distance threshold, where the distance threshold is broadcasted in the system information.
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