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1. Introduction
The WI on IoT NTN enhancements [1] includes the following objectives for discontinuous coverage enhancement: 

	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].



The relevant conclusions from the SA2 study [2] are as follows:
	[bookmark: _Toc122506183]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.
AMF/MME information retrieval:
-	AMF/MME shall not determine UE unreachability period based on satellite orbit data by itself. The AMF/MME receives UE unreachability period to be used for setting up the power saving parameters or handling mobility management of NTN UE.
-	AMF/MME obtains UE unreachability period information (timing information when UE moves out/in of NTN coverage) from an AF via the NEF/SCEF, from the UE or from OAM. The AMF/MME also takes into account UE location/mobility/trajectory information.
The role of AMF/MME:
-	The AMF/MME configures the UEs mobility management and Power saving mode (PSM) parameters and sends the MICO/PSM parameters to UE before the satellite discontinuous coverage starts.
-	Takes into account the UE unreachability period in order to make sure the UE is in power saving mode if it is leaving network coverage, to avoid attempting to page the UE during this time and that the UE need not initiate NAS procedures excessively frequently compared to the Expected UE behavior, if known by the AMF/MME.
-	The mobility management and MICO/PSM parameters include:
-	Periodic registration update timer / Periodic TAU Timer,
-	MICO mode with optional Active Time and PS,
-	MICO mode with Extended Connected time (only for AMF case),
-	eDRX parameters.
-	AMF/MME takes the Tracking Area reported by RAN before AN release as the paging area.
-	The AMF/MME sets an implicit detach timer based on the UE unreachability period information to avoid de-registering or detaching the UE when it is in discontinuous coverage.
NOTE:	Whether the UE can be in CM-connected with RRC inactive and the AN release procedure is needed when there is no satellite coverage can be discussed during the normative phase.
-	Optionally, AMF can provide a backoff timer to prevent the UE from sending MO data/signalling while out of coverage.
-	Request the UE to inform AMF/MME about when UE unreachability periods begin and end.
Regarding which information UE has and how UE retrieves it:
-	If possible, accurate UE coverage information is shared with UE, i.e. UE coverage information received from the network with enhanced solution compared to Rel-17.
-	Satellite coverage data may be transferred to a UE from an external server or an AF.
-	Following Rel-17, the UE has satellite assistance information for predication of discontinuous coverage from RAN broadcasts.
Editor's note:	LS need to have feedback from CT1 on whether UP or NAS via an AMF/MME (CP) will be used for the transfer depends on the discussion.
Regarding the role of the UE:
-	The capability for the UE to be able to determine requested NAS timer values and MICO/PSM parameters based on its predicted UE unreachability periods needs to be specified. A UE that uses power saving initiates a NAS procedure, with sufficient time to complete the NAS procedure before the start of the unreachability period, and negotiates timer values and power saving parameters with AMF/MME as per existing specifications.




In RAN2#121 the following agreements were made:

	Agreements:
1. RAN2 can continue to check whether dedicated RRC signalling can be used for providing satellite information corresponding to discontinuous coverage.
2. RAN2 will support enhancements in paging and eDRX, in alignment with the work in SA2 and CT1. FFS on the details
3. RAN2 may consider enhancements for connected UE upon detecting discontinuous coverage (e.g., suspend RLM, RLF detection, and RRC re-establishment process)
4. Companies supporting the store and forward approach can bring a proposal to the plenary for TEI18 or for updating the WID



In this contribution we further discuss the potential impact.
2. Background
2.1	Discontinuous coverage enhancement in  Rel-17 NB-IoT

In Rel-17, due to lack of time, only the information broadcast in SIB32/SIB32-NB is specified, and it’s up to UE implementation what to do during discontinuous coverage in RRC_IDLE and how to handle running timers and so on. The UE may choose not to perform idle mode tasks while in discontinuous coverage. Since most of the behavior is left to UE implementation the benefit of the information broadcast in SIB32/SIB32-NB is limited.

The following parameters are provided (same IE is used in both SIB32/SIB32-NB)

	SystemInformationBlockType32 field descriptions

	elevationAngleLeft, elevationAngleRight
Leftmost and rightmost (with reference to the satellite direction) elevation angle. Unit in degree.
Step of 5 degree. Actual value = field value * 5.
If the field elevationAngleLeft is absent, the value of field elevationAngleRight applies.

	footprintInfo
Satellite footprint.
E-UTRAN may configure elevationAngles and/or radius for earth moving satellite.
E-UTRAN may configure referencePoint and radius for quasi earth fixed satellite.

	latitude
Latitude of the reference point. Unit in degree.
Step of 360 / 262144 degree. Actual value = field value * (360 / 262144).

	longitude
Longitude of the reference point. Unit in degree.
Step of 360 / 262144 degree. Actual value = field value * (360 / 262144).

	radius
Distance between the reference point and the edge of the satellite or beam coverage. Unit in km.
Step of 10 km. Actual value = field value * 10.

	serviceInfo
Information on when the satellite will provide coverage.
E-UTRAN always configures tle-EphemerisParameters for a satellite with earth moving cell(s) and always configures t-ServiceStart for a quasi-earth fixed satellite.

	tle-EphemerisParameters
Mean values of the satellite orbital parameters based on the TLE set format for estimating in-coverage and out-of-coverage periods for a satellite with earth moving cell(s), see TS 36.304 [4].

	t-ServiceStart
Time information on when the incoming satellite is going to start serving the area for quasi-earth fixed satellite.



3. Discussion
[bookmark: _Hlk110948367]
3.1	RRC_IDLE and RRC_INACTIVE
For NB-IoT and eMTC, UE unreachability period prediction in RRC_IDLE and RRC_INACTIVE may provide an opportunity to save power even in R17, as the UE is allowed to suspend Idle mode tasks. 

UEs may choose not to perform measurements of the serving cell or the neighbour cells during a UE unreachability period. The UE may avoid going to “any cell selection” state and start performing a scan of supported carriers/RATs during a UE unreachability period. Rather, the UE may choose to suspend measurements and reselection and rather “sleep” during the UE unreachability period in order to save battery life. 

The other main benefit of suspending idle mode tasks would of course be DRX/eDRX and paging monitoring. If the UE is configured with a relatively short DRX (i.e. not eDRX) then it is likely that the paging cycle is shorter than a UE unreachability period. In this case the UE should simply be allowed not to monitor the paging occasions that fall within the UE unreachability period - this would anyway be impossible and allowing the UE to save power by avoiding trying to synchronise to a cell during this time would be beneficial. 

In our understanding, the behaviour captured in R17 allows UE not to perform idle mode tasks, therefore this behaviour is already allowed. However, we should consider whether to clarify more explicitly.

Proposal 1: For eMTC and NB-IoT: A UE in R17 is allowed not to perform RRC_IDLE mode tasks during a UE unreachability period. Consider whether to explicitly clarify that this means that if a UE in RRC_IDLE or RRC_INACTIVE determines it is in a UE unreachability period, the UE may choose not to perform measurements of the serving cell or neighbour cells, and may postpone moving to “any cell selection” state, and is allowed not to attempt to monitor paging occasions which occur during a UE unreachability period.

3.2	Paging
According to SA2 [2] “The AMF/MME configures the UEs mobility management and Power saving mode (PSM) parameters and sends the MICO/PSM parameters to UE before the satellite discontinuous coverage starts.” and “The mobility management and MICO/PSM parameters include eDRX parameters”

In case the UE is configured with a long DRX (i.e. eDRX) then it may be the case that the UE is configured with a paging cycle which is longer than a UE unreachability period. In some cases, the PTW may fall within the UE unreachability period, and in extreme cases e.g. when there are many relatively long UE unreachability periods this may result in the UE being unreachable for long periods of time (i.e. much longer than the configured eDRX cycle due to missed PTWs). It may be possible by configuration to avoid this some of the time, however this may not be possible in all cases. 

In the last meeting, it was agreed based on [3], [4], [5], [6], [7], that RAN2 will support enhancements in paging and eDRX, in alignment with the work in SA2 and CT1. The details are FFS.

We should consider how the PTW should be updated for UEs which would have no usable PTW during an eDRX cycle – for example, if the PTW falls within a UE unreachability period, to monitor for paging before or after the UE unreachability period. 

Proposed solutions are as follows: 

1) PTW should be aligned with the time duration of coverage [3]
2) Alt 1: Early wake up before/late sleep after PTW [4]
3) Alt 2: Adjustment of PTW [4]
4) configurable offset to shift the starting time of PTW [5]
5) Network can extend the paging before/after the coverage window if the UE does not respond to paging within the estimated coverage window/ UE can extend the paging monitoring outside the estimated coverage window if radio coverage is available. UE may report to the network to realign the paging monitoring and coverage windows [6]
6) updating the PH and PO calculations to take into account UE unreachability periods [7]

Of the above proposals, all of them except for (2) propose an adjustment to the PTW, with UE/NW co-ordination, to account for UE unreachability periods. Solution (5) seems to be partially autonomous, with some co-ordination after adjustment. For (2) and (5) it is unclear how NW and UE will be coordinated in order that the UE is paged in the correct PTW/PO, since an autonomous UE/NW adjustment implies that reliable paging may not be achievable. However, solution (5) does implyh some level of co-ordination at least in the case the UE calculates an unreachability period. UE Hence, as a first step we would propose the following: 

Proposal 2: PTW can be adjusted with co-ordination between UE and NW to account for UE unreachability periods.

For most of the proposals, the detailed solution is not yet clear and we expect further details in this and future meetings. For now, there seem to be 3 main options currently. 

Option 1) configurable offset to shift the starting time of PTW [5]
· In this solution, the NW configures an offset for UE to move the PTW such that it falls within coverage.
· For this solution, the drawback may be that the paging load before/after the UE unreachability period would be increased since those PTWs would be used for both the UEs which would have been paged within that PTW in the case of continuous coverage, as well as the Ues which have been shifted. In other words, UE PTWs are not uniformly distributed based on UE-ID which will affect the overall paging capacity.
· For this solution, dedicated signalling would be needed to provide individual UEs with the specific offset needed to adjust their PTW.

Option 2) updating the PH and PO calculations to take into account UE unreachability periods [7]
· In this solution, the PH and PO calculation is updated to account for UE unreachability periods, such that UEs are distributed amongst the PH which are in coverage.. 
· For this solution, UEs are distributed uniformly within the in-coverage PTWs, regardless of whether their own (original) PTW falls within a coverage gap or not. This provides some paging capacity advantage over option 1 because all PTW would be used evenly, as per legacy.
· For this solution, since all UEs would apply the updated calculation, broadcast signalling can be used at least for quasi-earth fixed to inform UEs where the coverage gaps are. Dedicated signalling may be needed for earth moving cells, however as per SA2 conclusion the UE includes Unreachability Period in its Registration Request, therefore as long as the PTW update can be performed based on this then no RRC dedicated signalling would be needed.

Option 3) UE and/or NW adjust paging autonomously. Some co-ordination after adjustment may be performed [6]
· In this solution NW may retry paging outside of the PTW if it fails, UE may adjust the PTW and report to NW.
· For this solution, paging may be retried in case of failure implying an increase in paging load which would impact the overall paging capacity.
· For this solution, dedicated signalling is needed to inform the NW of the UEs calculated PTW.

Option 4?) FFS – not clear from previous contributions.

The following table summarises the comparison between solutions so far.

	
	Deterministic PTW/PO
	Broadcast/dedicated signalling 
	Increased paging load/reduced capability

	Option 1 (configurable offset)
	Yes
	Dedicated
	Yes

	Option 2 (updated PTW calculation) 
	Yes
	Broadcast
	No

	Option 3 (UE/NW autonomous adjustment)
	No
	Dedicated
	Yes

	Option 4 ?
	FFS
	FFS
	FFS



Proposal 3: RAN2 to down select between the following options for PTW adjustment:
· Option 1 (configurable offset)
· Option 2 (updated PTW calculation) 
· Option 3 (UE/NW autonomous adjustment)
· Option 4 (other?)

3.2	RLM, RLF
For NB-IoT, there is no support of connected mode mobility. As we know, mobility between cells relies on RLF and re-establishment to the new cell. In case of a UE unreachability period, the current procedure would cause the UE to start T310 upon detection of N310 out-of-sync indications from layer 1. Then, during T310 the UE would (unsuccessfully due to UE unreachability period) attempt to obtain in-sync with the current cell. Upon T310 expiry the UE would then attempt RRC re-establishment and (unsuccessfully due to UE unreachability period) attempt a cell selection. The UE would eventually declare RRC connection failure and enter idle mode, performing any cell selection until the UE unreachability period ends. Performing this frequently would result in unnecessarily high power consumption. It would also mean the UE is never able to re-establish on the new cell in the case that the UE unreachability period is longer than the maximum T310+T311 values because timers T310 and T311 would always expire. To avoid this, it should be allowed to suspend RLF and re-establishment for the duration of a UE unreachability period. 

Currently in 36.304 it is stated “It is up to UE implementation to handle running timers.” but it is not clear whether this refers to RRC_CONNECTED (RRC spec) timers. In order to improve RRC_CONNECTED mode, we should specify how to handle RLF that would normally be declared when out of sync is detected due to out of coverage, to ensure the UE can recover more quickly when back in coverage.

Proposal 4: For eMTC and NB-IoT: RLM, RLF detection, and RRC re-establishment are suspended during a UE unreachability period.

3.3	RRC Reconfiguration
For RRC_CONNECTED, a gap in coverage would obviously impact mobility. For eMTC, the network may prefer to perform a handover from one cell to the new cell while keeping the UE in RRC_CONNECTED rather than having to release to IDLE to connect again later, particularly if the UE unreachability period is relatively short. 

However, assuming that the handover command could be provided before the current cell coverage ends, a gap in coverage would result in RLF on the target cell as the UE would not be able to synchronise. 

To support this we would suggest that for NTN the RRC Reconfiguration message could be enhanced to include an “activation time” to accommodate the UE unreachability period. If the UE receives an RRC Reconfiguration providing reconfiguration to a new cell and including an activation time, the UE should be allowed to not detect/declare RLF on the source cell, and delay the reconfiguration procedure until the activation time (i.e. UE unreachability period end time).

Proposal 5: For eMTC: To avoid always sending the UE to RRC_IDLE/RRC_INACTIVE during a UE unreachability period, introduce an activation time in RRC Reconfiguration to allow handover between cells occurring before and after a UE unreachability period.

In addition, time-based and location-based triggers for CHO have been agreed to be introduced for IoT-NTN in R18. If a CHO is provided with a target cell that will come into coverage after a gap, then CHO should take this into account, for example delay attempting to complete the CHO until after the UE unreachability period. This would be similar to providing an activation time in the RRC Reconfiguration.

Proposal 6: For eMTC: Consider how discontinuous coverage impacts CHO.

3.4	Reporting of UE unreachability period
According to the SA2 conclusions, “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.”

According to SA2 [2] the “UE includes Unreachability Period in its Registration Request. The Unreachability Period tells the AMF the foreseen unreachability period caused by discontinuous satellite coverage in the UE location.”

Based on the SA2 study, it seems that no RRC reporting of UE unreachability period information is necessary. However, this assumes that the reporting in Registration request can be kept sufficiently up to date – a registration request is not usually sent very frequently, and depending on how often a registration request is triggered, the accuracy of UE location and hence UE unreachability period estimation may be impacted. If the UE unreachability estimation can be kept up to date and accurate then no RRC procedures would be needed to perform an update. However, it is not clear that this is the case.

Proposal 7:  RAN2 to discuss whether it can be assumed that reporting of UE unreachability period in Registration Request can be kept sufficiently (i.e. to support AS based solutions) up to date and takes into consideration UE mobility, or whether this needs to be confirmed with SA2.

4. Conclusion
In this contribution we discuss the potential discontinuous coverage enhancements for R18 IoT-NTN and have the following proposals:

Proposal 1: For eMTC and NB-IoT: A UE in R17 is allowed not to perform RRC_IDLE mode tasks during a UE unreachability period. Consider whether to explicitly clarify that this means that if a UE in RRC_IDLE or RRC_INACTIVE determines it is in a UE unreachability period, the UE may choose not to perform measurements of the serving cell or neighbour cells, and may postpone moving to “any cell selection” state, and is allowed not to attempt to monitor paging occasions which occur during a UE unreachability period.

Proposal 2: PTW can be adjusted with co-ordination between UE and NW to account for UE unreachability periods.

Proposal 3: RAN2 to down select between the following options for PTW adjustment:
· Option 1 (configurable offset)
· Option 2 (updated PTW calculation) 
· Option 3 (UE/NW autonomous adjustment)
· Option 4 (other?)

Proposal 4: For eMTC and NB-IoT: RLM, RLF detection, and RRC re-establishment are suspended during a UE unreachability period.

Proposal 5: For eMTC: To avoid always sending the UE to RRC_IDLE/RRC_INACTIVE during a UE unreachability period, introduce an activation time in RRC Reconfiguration to allow handover between cells occurring before and after a UE unreachability period.

Proposal 6: For eMTC: Consider how discontinuous coverage impacts CHO.

Proposal 7:  RAN2 to discuss whether it can be assumed that reporting of UE unreachability period in Registration Request can be kept sufficiently (i.e. to support AS based solutions) up to date and takes into consideration UE mobility, or whether this needs to be confirmed with SA2.
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