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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 for SA2 to make sure the UE NAS does not attempt the PLMN access when there is no coverage. 
This paper first goes through the normative text that SA2 has agreed regarding the support of discontinuous network coverage for satellite access, analyzes the impact that the SA2 normative text may have on RAN, and then comes out with several RAN2 remedies to address these impacts. In addition, several standalone (i.e., irrelevant to SA2 normative text) proposals are also proposed from RAN2 perspective to further improve the UE power saving in the discontinuous satellite coverage scenario. 
Discussion
Interaction between AS and NAS
SA2 has approved the normative text regarding the support of discontinuous network coverage and has added the text to 3GPP TS 23.501 [3] (similar work on 3GPP TS 23.401 [4] is still on-going). In order to facilitate the mobility management and to optimize the UE power saving, UE unreachability period needs to be determined in the first place. With the assistance of UE unreachability periods, the network is able to provide a UE with a proper PSN, MICO, or eDRX configuration, so that the UE won’t be paged or wake up during the periods when the UE is out of network coverage. It is clear from the normative text below that SA2 has agreed two types of mechanisms for determining the UE unreachability period: the UE-centric and network-centric mechanisms.
	5.4.X.1	Mobility Management and Power Saving Optimization
[Text skipped]
Both the AMF and the UE can determine and coordinate the UE unreachability period to optimise mobility management and power saving, by setting up mobility management and power saving parameters including Periodic Registration Update timer, MICO mode with optional Active Time/ Extended Connected Time, extended DRX in CM-IDLE parameters.



In addition, according to the following normative text, the UE-centric mechanism requires a UE to determine its own unreachability period(s) by utilizing the satellite coverage information (e.g., the information provided in SIB32), and the mobility pattern information (including the GNSS position information). If a UE is able to determine its own UE unreachability period(s), UE NAS can request the power saving parameters (e.g., PSM parameters, MICO mode parameters, or e-DRX parameters) while negotiating the power saving parameter with the CN in the Registration, the Attach, or the TAU procedure.
	5.4.X.1	Mobility Management and Power Saving Optimization
[Text skipped]
If the UE is able to determine its own UE unreachability period then it can request MICO mode parameters, extended DRX in CM-IDLE parameters, or other timers taking the UE unreachability into account using the relevant procedures. The UE can also use the Mobility Registration Update procedure to inform the network of a UE unreachability period when it is about to leave satellite coverage and then also perform a Mobility Registration Update procedure when it returns to coverage using any access type.



The above text also suggests that the UE NAS should be aware of when the UE is about to leave the satellite coverage and when the UE returns to the coverage. According to TS 36.304 (Rel-17), UE AS is able to determine when the UE will be out of network coverage (and when the UE will be back to the network coverage again), as TS 36.304 allows UE AS to NOT perform any idle mode task when the UE is out of network coverage. Therefore, the UE AS should be responsible for triggering the UE NAS to inform the network of the UE unreachability period upon leaving/returning to the satellite coverage. Note that 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: _Toc127364549][bookmark: _Toc127532100]The UE AS is able to determine 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, the SA2 normative text on the UE-centric mechanism may require 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: _Toc127532103][bookmark: _Toc127539286][bookmark: _Toc127539369][bookmark: _Toc127539385]The UE AS notifies the UE NAS at the time when the UE is about to leave the network coverage, or when the UE is back to the network coverage. 

In the UE-centric mechanism, although it is the UE who determines the unreachability period in the first place, the CN is also made aware of UE’s unreachability period at a later time, implicitly or explicitly. Moreover, according to the following normative text, the network-centric mechanism requires the CN to proactively determine the UE unreachability period(s), using the satellite access coverage information and the UE mobility pattern including the UE current location. 
	5.4.X.1	Mobility Management and Power Saving Optimization
[Text skipped]
The AMF may determine a UE unreachability period using satellite access coverage information, see clause 5.4.X.3, Expected UE behaviour (e.g. Stationary Indication, Expected UE moving trajectory), the UE current location and operator configuration. The AMF also uses UE unreachability information determined by the UE, if provided by the UE.
Editor’s Note: The precedence between UE or AMF‘s UE unreachability determination and subsequent parameters adjustment is for discussion and may need further updates.

The AMF uses the determined UE unreachability period along with the existing procedures to provide the UE with timers (e.g. Periodic Registration Update timer), extended DRX in CM-IDLE (see clause 5.31.7.2), and MICO mode configuration (see clause 5.4.1.3). This is to keep UE in power saving mode and avoid the network attempting to page the UE if it is out of satellite network coverage.




Since either the UE unreachability period or the assistance information used to determine the UE unreachability period (e.g., UE’s current location, stationary indication) is sensitive to UE’s mobility, 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][bookmark: _Toc127364550][bookmark: _Toc127532101]Both the UE-centric and network-centric mechanisms require the CN to be aware of the unreachability periods of a UE with best efforts, where the unreachability periods 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 unreachability period(s) of a UE, one way is to let the UE transmit a NAS message including the unreachability periods, whenever the UE is about to leave the network coverage and/or whenever the UE returns to the network coverage, as suggested in the SA2 normative text. On the other hand, making a UE always transmit a NAS message before leaving or upon returning the network coverage may not be needed if the UE is a stationary or low-mobility UE. In such cases, the CN can still maintain the valid unreachability periods of the UE by acquiring only the up-to-date satellite coverage 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 UE unreachability periods. 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][bookmark: _Toc127364551][bookmark: _Toc127532102]The UE AS is able to detect how far the UE has traveled, with the assistance of GNSS. 
To facilitate a UE to determine when to send a NAS message for updating the UE unreachability period, 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 should notify the UE NAS as long as the UE has moved beyond a distance greater than the distance threshold. Upon receiving the notification, the UE NAS transmits a NAS message to the CN including the updated UE reachability periods, or including the updated assistance information used (by the CN) to determine the UE reachability periods.
[bookmark: _Toc127532104][bookmark: _Toc127539287][bookmark: _Toc127539370][bookmark: _Toc127539386]The UE AS notifies the UE NAS if the UE has moved beyond a distance greater than a distance threshold, where the distance threshold is broadcasted in the system information. 

Standalone AS Enhancements
While the idle mode enhancements with regard to the discontinuous satellite coverage were discussed and specified in Rel-17, the connected mode enhancement were less discussed and addressed. Without any enhancement, a connected UE losing its connection due to the discontinuous satellite coverage would first start T310 to monitor the in-sync indication from PHY layer, and then would trigger the RLF and RRC connection reestablishment upon the expiry of T310. The UE would start T311 upon initiating the RRC connection reestablishment and then eventually transition to the idle state once T311 expires. As the UE is losing its connection due to the discontinuous satellite coverage, the attempts on monitoring the in-sync indication and on reestablishing the RRC connection are doomed to failure and consume UE’s power unnecessarily. Therefore, it is better to allow a RRC_CONNECTED UE losing its connection due to discontinuous satellite coverage to transition to RRC_IDLE directly, without starting T310 or T311, and without attempting to reestablish the RRC connection. 
[bookmark: _Toc127532105][bookmark: _Toc127539288][bookmark: _Toc127539371][bookmark: _Toc127539387]Upon determining that the UE has entered an unreachability period, a RRC_CONNECTED UE transitions to RRC_IDLE immediately without starting T310 or T311. If T310 or T311 has been started already upon the determination, the UE stops T310 or T311 and transitions to RRC_IDLE directly. 
From the network perspective, it will also take some time for the network to release a RRC_CONNECTED UE after the UE has entered an unreachability period. The network may rely on the expiry of the TA timer, the RRC inactivity timer, or any other T311-like timer on the network side, to release a RRC_CONNECTED UE. However, as none of these timers aligns UE’s unreachability pattern, it is very likely the network still regards the UE as being in the connected state for an extra period after the UE has entered an unreachability period. This may result in some unnecessary cost for holding the UE context and for recovering the UE connection. Therefore, it is better to allow a RRC_CONNECTED UE to inform the network of the remaining time that the UE will still be within the satellite coverage before entering an unreachability period, and this information can be carried in a RRC message such as the UEAssistanceInformation message. 
[bookmark: _Toc127532106][bookmark: _Toc127539289][bookmark: _Toc127539372][bookmark: _Toc127539388]A RRC_CONNECTED UE can inform the network of the remaining time that the UE will be within the satellite coverage before entering an unreachability period, using a RRC message (e.g., UEAssistanceInformation).

Conclusions
In this paper, the SA2 normative text regarding the support of discontinuous network coverage is discussed, with the intention to understand the RAN impact. Based on the analysis, the following observations are made.
Observation 1	The UE AS is able to determine 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.
[bookmark: _GoBack]Observation 2	Both the UE-centric and network-centric mechanisms require the CN to be aware of the unreachability periods of a UE with best efforts, where the unreachability periods of a UE may change due to UE mobility.
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 at the time when the UE is about to leave the network coverage, or when the UE is back to the network coverage.
Proposal 2	The UE AS notifies the UE NAS if the UE has moved beyond a distance greater than a distance threshold, where the distance threshold is broadcasted in the system information.
Proposal 3	Upon determining that the UE has entered an unreachability period, a RRC_CONNECTED UE transitions to RRC_IDLE immediately without starting T310 or T311. If T310 or T311 has been started already upon the determination, the UE stops T310 or T311 and transitions to RRC_IDLE directly.
Proposal 4	A RRC_CONNECTED UE can inform the network of the remaining time that the UE will be within the satellite coverage before entering an unreachability period, using a RRC message (e.g., UEAssistanceInformation).
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