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In this contribution, we discuss leftover issues for discontinuous coverage enhancements, and provide proposals from our perspective.
Discussion
· Issue 1: Overload control upon the network coverage coming back
In the discontinuous coverage scenario, a huge number of UEs will try to access the network, when the network coverage comes back. This will result in an excessive signaling overload on network in a very short duration. SA2 has discussed this issue and the mechanism of waiting time has been introduced [1]:
	[bookmark: _Toc145935666]5.4.13.5	Overload control
The AMF and UE may only use the procedure defined in this clause if both the UE and AMF indicate support for "Unavailability Period Support", see clause 5.4.13.1. A UE indicating support for "Unavailability Period Support" shall support the procedures defined in this clause when leaving coverage and re-gaining coverage for an NR satellite access.
In order to avoid a large number of UEs causing excessive signalling load on the network when leaving coverage or re-gaining coverage after being out of coverage, the AMF may determine a Maximum Time Offset controlling when UEs are allowed to initiate NAS signalling with the network, as described in this clause.
In this case, the AMF determines this Maximum Time Offset based on network configuration, priority users and priority service as specified in TS 23.122 [17] and TS 24.501 [47]. The AMF sends this Maximum Time Offset to individual UEs during the Registration procedure or UE Configuration Update procedure.
If the UE receives a Maximum Time Offset from the network in a Registration Accept or UE Configuration Update Command message, the UE shall replace any previously received Maximum Time Offset on the same RAT type and PLMN with this one.
When the UE knows a later time at which coverage will be lost and when the UE does not send Mobility Registration Update to the AMF in advance (see clause 5.4.13.1), the UE determines a random value up to and including the latest Maximum Time Offset for this PLMN and RAT type and determines an earlier time equal to the later time when coverage will be lost less the random value. The UE shall send the Mobility Registration Update at that earlier time to the AMF indicating the loss of coverage.
Upon returning in coverage after being out of coverage due to discontinuous coverage, the UE sets the discontinuous coverage wait timer value to a random value up to and including the latest Maximum Time Offset for this PLMN and RAT type, and starts this timer. The UE shall not initiate any NAS signalling on that RAT Type and PLMN while the discontinuous coverage wait timer is running.
The UE shall stop the discontinuous coverage wait timer and initiate NAS signalling if the UE receives paging message, has pending emergency services or when UE enters a TAI outside the registration area.


That is, the AMF can determine and send a maximum waiting time based on network configuration, priority users and priority services, during the Registration procedure or UE Configuration Update procedure, and the UE sets the discontinuous coverage wait timer value to a random value up to and including the latest maximum waiting time for this PLMN and RAT type, and starts this timer. The UE shall not initiate any NAS signalling on that RAT Type and PLMN while the discontinuous coverage wait timer is running.  A new timer of Maximum NAS signalling wait time has been introduced in the Configuration Update Command message or the Registration Accept message [2]. 
However, we think that only Maximum NAS signalling wait time is not enough for overload control in some certain scenarios. For example, maybe there are still lots of UE with the same user priority and/or priority service, and these UEs will try to access the network at the same time, upon the network coverage coming back. This may still result in excessive signalling load on the network, because they have the same Maximum NAS signalling wait time, and may generate the same or similar wait timer value. Furthermore, the UE with the same user priority may have different reason to access the network, for example [3]: 
EstablishmentCause ::=				ENUMERATED {
										emergency, highPriorityAccess, mt-Access, mo-Signalling,
										mo-Data, delayTolerantAccess-v1020, mo-VoiceCall-v1280, spare1}

EstablishmentCause-5GC-r15 ::=		ENUMERATED {
										emergency, highPriorityAccess, mt-Access, mo-Signalling,
										mo-Data, mo-VoiceCall, spare2, spare1}
We think that, the UE with emergency RRC connection establishment cause should have higher priority than the UE with delayTolerantAccess RRC connection establishment cause, even they have the same user priority.  But if only NAS waiting time solution above is used, it is possible that the UE with emergency RRC connection establishment cause (generating a larger wait timer) may have lower priority than the UE with delayTolerantAccess RRC connection establishment cause (generating a smaller wait timer). It is also unclear whether it is possible to rely on the priority service defined by SA2 to also distinguish the priorities among different Establishment Causes, so to avoid such improper RRC connection establishment delay issue as shown above.
So we think AS should also consider some enhancement to control the network access to avoid excessive signalling load on RAN when re-gaining coverage after being out of coverage, in addition to the NAS waiting time mechanism. 
Proposal 1: RAN2 to discuss the AS overload control enhancement to avoid excessive signalling load on the RAN upon the network coverage coming back (e.g. related to Establishment Cause). If necessary, ask SA2 for clarification. 
· Issue 2: Additional satellite information transfer
In the last meeting [4], whether/what additional information is needed for discontinuous coverage enhancements was discussed but failed to be concluded:
	Additional information to UE
Proposal 4: Further discuss which (or none) of the following information is needed to be provided additionally:
-	Ephemeris of more satellites (5/15)
-	Footprint information of more satellites (5/15)
-	Carrier frequency for cell searching after a coverage gap (6/15)
-	Ericsson thinks 1 and 2 are extensions of what we have while 3 is something new and potentially more useful
· Continue in the next meeting


In Rel-17, SIB32 broadcasts the satellite assistance information for discontinuous coverage, and up to 4 satellites are involved due to the limitation of SIB size [3]. On the other hand, as per some descriptions in TR 23.700-28 [5], subclause 7.4.1, there are some voices in SA2 that the limitation to 4 satellites could limit coverage information to only a short period in the future (e.g. 2 hours), thus proposing the number of satellites RAN broadcasts ephemeris data for will be increased from 4 in Rel-17 to 8 in Rel-18. Also, in their descriptions, SA2 seems to assume that SIB will be used for the ephemeris of additional satellites. But, RAN2 needs to evaluate the specification effort of introducing new SIB and/or using SIB segmentation for the extension to add more information. 
If RAN2 considers the support of more satellite coverage information is feasible from signaling perspective, then we think above information on Ephemeris, Footprint Information as well as the T-ServiceStart are needed as the information for the additional satellites. Also, we think introducing the  frequency information into SIB32 and potentially new SIB, is also helpful for the UE to decide whether/when to recover from the discontinuous start, based on whether the operating frequency(ies) of the upcoming satellites are the ones it supports. 
Therefore, we have the below proposals:
Proposal 2: RAN2 evaluates the effort to include information for more satellites in system information (e.g. SIB32 or new SIB). If RAN2 agrees to do this, below information is included for the additional satellites: 
-	Ephemeris of more satellites;
-	Footprint information of more satellites;
-	t-ServiceStart of more satellites.
Proposal 3: Introduce information of frequency(-ies) supported per satellite as new parameter into the SIB for discontinuous coverage. 
If companies have concerns on new SIB definition and/or SIB segmentation complexity, we think RRC Release message can be another option to for additional satellite information transmission. For most of the IoT NTN UE, the coverage information of a short period in the future (e.g. 2 hours) is enough, and then the IoT NTN UE can re-acquire SIB32 in the coverage period, and obtain the coverage information of another short period in the future (e.g. 2 hours). 
However, for some UE working in PSM (Power Saving Mode) mode or MICO (Mobile Initiated Connection Only) mode, maybe the UE will not re-acquire SIB32 for duration much longer than 2 hours or 12 hours (10.5.7.4a GPRS Timer 3 in [6]). So for these UE, it is not necessary to wake them up every 2 hours, just for the sake of SIB32 re- acquisition. For these UEs, especially with static status or with very low mobility, additional satellite information, maybe more than 4, can be transmitted to UE via RRC Release message when UE leaving RRC connection state and entering PSM or MICO mode. 
Proposal 4: RRC Release message can be used to transmit additional satellite information to UE. 
Conclusion
In this contribution, we give some discussion on the left issues which are not discussed in the post email discussion. The following proposals are given:
Proposal 1: RAN2 to discuss the AS overload control enhancement to avoid excessive signalling load on the RAN upon the network coverage coming back (e.g. related to Establishment Cause). If necessary, ask SA2 for clarification. 
Proposal 2: RAN2 evaluates the effort to include information for more satellites in system information (e.g. SIB32 or new SIB). If RAN2 agrees to do this, below information is included for the additional satellites: 
-	Ephemeris of more satellites;
-	Footprint information of more satellites;
-	t-ServiceStart of more satellites.
Proposal 3: Introduce information of frequency(-ies) supported per satellite as new parameter into the SIB for discontinuous coverage. 
Proposal 4: RRC Release message can be used to transmit additional satellite information to UE.
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