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One objective of the Rel-18 IoT NTN WID is [1]:
	4.1.3	Further enhancement to discontinuous coverage
-	Study and specify, if needed, mobility management enhancements and power saving enhancements for discontinuous coverage, taking into account the conclusions from the SA2 study FS_5GSAT_Ph2.  [RAN2, RAN3].


RAN2 and SA2 have started the discussion on this issue, some agreements have been achieved and some open issues are left.  In this contribution, we give some discussion on what the RAN2 or AS need to do for the topic of further discontinuous coverage, based on the output of SA2, CT1 and the agreements of RAN2.
Discussion
· Issue 1：HARQ feedback disabling/enabling in discontinuous coverage scenario
The mechanism of HARQ feedback disabling/enabling will be supported by Rel-18 IoT NTN UE. Then for a HARQ process with HARQ feedback enabling, there is a case that, there is no enough time to feed back ACK/NACK to network, because of incoming coverage hole. Some enhancement may be needed to reduce the signaling overhead or power consumption can be discussed. For example, in this case, the UE can be allowed to ignore the ACK/NACK feedback for the HARQ process with HARQ enabling, to avoid unnecessary signaling transmission and power consumption.
Proposal 1：Some enhancement is needed for HARQ process with HARQ enabling when there is no enough time for ACK/NACK feedback because of the incoming coverage hole. 
· Issue 2: 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 after the network coverage coming back. SA2 has discussed this issue, and the mechanism of waiting time has been introduced [2]:
	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 "Discontinuous Coverage Supported", see clause 5.4.13.1.
In order to avoid a large number of UEs causing excessive signalling load on the network when re-gaining coverage after being out of coverage, the AMF may determine a maximum waiting time before UEs are allowed to initiate NAS signalling with the network, as described in this clause.
In this case, the AMF determines this maximum waiting time 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 waiting time to individual UEs during the Registration procedure or UE Configuration Update procedure.
If the UE receives a maximum waiting time from the network in a Registration Accept or UE Configuration Update Command message, the UE shall replace any previously received maximum waiting time on the same RAT type and PLMN with this one. 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 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.
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.
Editor's note:	It is for CT WG1 to decide whether the maximum wait time will require a new IE or reuse existing IE used for MINT i.e. disaster return wait range information. SA WG2 specifications will be aligned based on CT WG1 decision.


That is, the AMF can determine and send a maximum waiting time based on network configuration, priority users and priority service, 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 [3]. 
However, we think that, one only Maximum NAS signalling wait time is not enough for overload control in the given scenario. For example, maybe there are still lots of UE with the same users priority and/or service priority service who will try to access the network at the same time, upon the network coverage coming back, this will 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 users priority may have different reason to access the network, for example: 
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 users 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).
 So we think AS should also consider some enhancement to control the network access to avoid excessive signalling load on the network when re-gaining coverage after being out of coverage, in addition to the NAS waiting time mechanism. 
Proposal 2：RAN2 to discuss the AS overload control enhancement to avoid excessive signalling load on the network upon the network coverage coming back. 
· LS can be sent to SA2 to check detail understanding of the NAS waiting time solution, if necessary
· Issue 3：Additional satellite information transmission
In last meeting, RAN2 has discussed whether and how to transmit additional satellite information to UE, in addition to the satellite information broadcast in SIB. And the following two options were identified:
-	Option1: Dedicated signalling
-	Option 2: Additional information in SIBs e.g. using an additional new SIB or SIB segmentation
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 [4]. In TR 23.700-28 [5], SA2 pointed that the limitation to 4 satellites could limit coverage information to only a short period in the future (e.g. 2 hours). And SA2 expects that the number of satellites RAN broadcasts ephemeris data for will be increased from 4 in Rel-17 to 8 in Rel-18.
	7.4.1	To UE
The solution in Release 17 and Solutions #1, #3, #6, #7, #8, #11 and #16 assume that a UE has access to coverage information allowing the UE to know fairly precisely (e.g. maybe with 1 minute or better accuracy) when coverage at a current or future location will start and end.
The solution in Release 17 relies on broadcast of satellite ephemeris data in a SIB defined in TS 36.331 [16]. The solution is limited to support of ephemeris data for up to 4 satellites. The solution in Release 17 contains the following limitations.
-	A UE would be expected to calculate whether and when each satellite will be visible from a UE location and assume that the satellite might be accessed if the satellite is visible (e.g. with an elevation above 10 degrees). This could be a significant processing burden to an IoT UE, at the opposite of KI#2 objective to save power
-	There is no information in the SIB on whether a satellite supports only certain PLMNs, only certain countries, is operating only at certain times (e.g. not late at night to reduce operating cost) or whether radio cell coverage is for an entire area of satellite visibility or only for some portion of that area.
-	There is no charging capability - this is a free service to all UEs.
-	There is no security - a fake base station could broadcast the SIB to spoof coverage or out of coverage at incorrect times.
-	The SIB seems to be restricted to one satellite RAT only and may not support coverage from all satellite RATs.
-	The limitation to 4 satellites could limit coverage information to only a short period in the future (e.g. 2 hours).
The number of satellites RAN broadcasts ephemeris data for will be increased from 4 in Rel-17 to 8 in Rel-18.
NOTE:	Whether the size of SIB is enough to carry the ephemeris data of 8 satellites needs to check with the RAN WG2.
Solutions #15, #17, #21, #22 address the provision of coverage information to a UE as an alternative to the solution in Release 17. The solutions may overcome the limitations of the solution in Release 17 as shown in clause 6.15.4. The solutions are not a RAN based solution but instead rely upon support from the CN and/or an external server (e.g. supported by a satellite operator).
Whether and how the provisioned coverage information is used by the UE has to be defined in cooperation with the RAN and CT working groups and until that is done whether the solutions are required is still to be determined.


And from the note in yellow above, maybe SA2 assumes that SIB will be used for the ephemeris of additional satellites. But, RAN2 need to evaluate the specification effort of introducing new SIB and SIB segmentation. 
Proposal 3：RAN2 evaluates the effort of introducing new SIB and SIB segmentation for additional satellite information (up to 4) transmission. 
If companies have concern 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 up just for SIB32 re- acquisition every 2 hours. For these UEs, especially with fix location 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 into PSM or MICO mode. 
Proposal 4：RRC Release message can be used to transmit additional satellite information to UE. 
· Issue 4：RRC Release enhancement
RAN2 has discussed introducing enhancement to RRC Release, and the following options have been listed:
-	Explicit RRC Release using a new RRC Release cause
-	UE Autonomous release (e.g. timer based or upon detection of coverage gap)
SA2 has discussed the solution to coordinate the UE unreachability period, as shown in TR 23.700-28 [5]:
	8.1	Conclusion on general mobility management and/or power saving
The conclusions for solutions to the requirements R1, R2 for KI#1 and R5 and R6 for KI#2 are the following:
Principles of system behaviour:
-	NTN MEO/LEO satellite or satellite constellation that provides discontinuous coverage is considered as the satellite access in 5GS and EPS for the power saving enhancement and UE unreachability period can be provided to both the UE and AMF/MME.
-	UE unreachability period provided to the UE and/or AMF/MME shall include either timing information when UE moves out/in of NTN coverage or information on satellite coverage at current and potential future locations of the UE.
-	Both network centric and UE centric procedures are used to determine and coordinate the UE unreachability period. These two approaches are not mutually exclusive, they serve different use cases and they can co-exist in the same network. In Network centric procedure, the AMF/MME determines the PSM parameters taking into account the UE unreachability period. In UE centric procedure, the UE informs the network about UE determined UE unreachability period and/or an indication when leaving/entering coverage.
……


That is, the UE unreachability period will be provided to UE. So there is no need to indicate that the reason of RRC release is the coming of coverage hole. 
And according the current specification 36.331 [4]:
ReleaseCause ::=				ENUMERATED {loadBalancingTAUrequired,
											other, cs-FallbackHighPriority-v1020, rrc-Suspend-v1320}
There is no reserved bit can be used for new release cause, for eMTC. We don’t think it is necessary to extend a new IE for an unnecessary indication.
Proposal 5：No new RRC Release cause is needed for discontinuous coverage scenario.
Actually, the RAN node (e.g., eNB or ng-eNB) can have the information of the UE unreachability period, if the AMF/MME shares the UE unreachability period to RAN node. In this case, the RAN node can trigger the RRC connection release procedure, and the UE Autonomous release enhancement for discontinuous coverage is not needed anymore. And it is better for RAN node triggering RRC connection release procedure, to guarantee the network and UE can have the unify understanding on the UE state. 
[bookmark: _GoBack]Proposal 6：UE Autonomous release enhancement for discontinuous coverage is not needed, if AMF/MME shares the UE unreachability period to RAN node. 
· Issue 5: Enhancements in paging and eDRX
In last meeting, the following options were discussed:
· Option A: Updated PTW configuration (options 1, 2, 3)
· Option B: UE autonomous adjustment (option 4)
· Option C: No RAN impact (option 5) 
And
- Option 1 (configurable offset) 
- Option 2 (updated PTW calculation) 
- Option 3 (multiple PTW during an eDRX cycle can be configured) 
- Option 4 (UE/NW autonomous adjustment + UE may report to the network to realign the paging monitoring and coverage windows) 
- Option 5 (UE determines the paging cycle only based on UE specific DRX/eDRX configured by AMF) 
For Option 1, we think it is very difficult to determine and configure the offset, especially considering the inhomogeneous coverage gap. And to avoid complex discussion and heavy specification work, we think we should avoid modifying the calculations of PH/PO, PH or PTW, so Option 2 and Option 3 should not be considered. Option 5 has not taken the discontinuous coverage into count. We think Option 4 should be used, for example, the UE and the network realign the paging monitoring and coverage windows based on a (pre-) configure rule, for example, delay the PTW to next time of network coverage starting. 
Proposal 7：UE/NW autonomous adjustment can be considered for paging and eDRX enhancement.  
· Issue 6: other issue 
In last meeting, another issue has also been discussed: what the UE behavior if the remaining time of current cell’s coverage is sufficient to accommodate a new connection establishment.
For earth moving cell, location-based measurement initiation has been introduced in Rel-18 NR NTN, and Rel-18 IoT NTN in last meeting. That means that the UE can determine the coverage stopping time of current serving cell, based on location evaluation. So no additional information is needed to assist the UE to verify if the remaining time of current cell’s coverage is sufficient to accommodate a new connection establishment.
And if the remaining time of current cell’s coverage is not sufficient to accommodate a new connection establishment, the UE behavior can be left to UE implementation, no specification impact is expected. 
Proposal 8：No additional information is needed to assist the UE to verify if the remaining time of current cell’s coverage is sufficient to accommodate a new connection establishment.
Proposal 9: If the remaining time of current cell’s coverage is not sufficient to accommodate a new connection establishment, the UE behavior can be left to UE implementation, no specification impact is expected.
Conclusion
In this contribution, we give some discussion on what the RAN2 or AS need to do for the topic of further discontinuous coverage, based on the output of SA2 and the agreements of RAN2. The following proposals are given:
Proposal 1：Some enhancement is needed for HARQ process with HARQ enabling when there is no enough time for ACK/NACK feedback because of the incoming coverage hole. 
Proposal 2：RAN2 to discuss the AS overload control enhancement to avoid excessive signalling load on the network upon the network coverage coming back. 
· LS can be sent to SA2 to check detail understanding of the NAS waiting time solution, if necessary
Proposal 3：RAN2 evaluates the effort of introducing new SIB and SIB segmentation for additional satellite information (up to 4) transmission. 
Proposal 4：RRC Release message can be used to transmit additional satellite information to UE. 
Proposal 5：No new RRC Release cause is needed for discontinuous coverage scenario.
Proposal 6：UE Autonomous release enhancement for discontinuous coverage is not needed, if AMF/MME shares the UE unreachability period to RAN node. 
Proposal 7：UE/NW autonomous adjustment can be considered for paging and eDRX enhancement.  
Proposal 8：No additional information is needed to assist the UE to verify if the remaining time of current cell’s coverage is sufficient to accommodate a new connection establishment.
Proposal 9: If the remaining time of current cell’s coverage is not sufficient to accommodate a new connection establishment, the UE behavior can be left to UE implementation, no specification impact is expected.
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