3GPP TSG RAN WG2 #117-e	                                    R2-2203293
Online, 21st February – 3rd March, 2022

Agenda Item:	9.2.3.2
Source:	InterDigital, Inc.
Title:	(O1 3.5) Parameters for coverage gap prediction and Idle mode behaviour 
Document for:	Discussion
1. Introduction
In RAN2#115-e the following agreements were made [1]: 

	Agreements:
•	RAN2 confirms that the following will be supported: discontinuous coverage without excessive UE power consumption and without excessive failures / recovery actions. It is expected that this need to be taken into account at least for Idle mode. The requirement is applicable for all reference scenarios (GEO, MEO and LEO).
•	Sattelite assistance information will be used by the UE for predicting coverage discontinuity. The details of the assistance information is FFS. FFS whether any applicable agreements made in NR-NTN can be reused.
•	The details of UEs actions when predicted to be out of coverage is FFS, e.g. stopping unnecessary cell search in the Idle mode, and FFS to what extent this need to be specified. 
•	It is FFS to what extent it need to be specified the details of UE’s prediction of discontinuous coverage and its ability to detect when it is back in coverage.
•	RAN2 sends an LS to SA2 and CT1 (cc: RAN3) for the possible alignment work in their specification due to the support of discontinuous coverage.



In RAN2#116-e the following agreements were made [2]: 

	Agreements:
· Satellite Ephemeris Parameters (not same as for L1 pre-compensation, for the constellation, not just single satellite) is needed for the UE for predicting coverage discontinuity. Other info, e.g. beam info, elevation angle, reference location or corresponding is FFS. 
· Providing the start-time of (incoming) satellite’s coverage and end-time of serving satellite’s coverage is needed for Quasi-Earth Fixed satellites.
· From RAN2 point of view, the existing power saving mechanisms e.g. DRX, PSM, eDRX, relaxed monitoring, and WUS can be reused in IoT-NTN. Minor enhancements in existing power saving mechanisms to support discontinuous coverage is FFS.



In RAN2#116bis-e the following agreements were made [3]: 

	Agreements:
· The contents of the ephemeris / assistance info for non-continuous coverage:
· Confirm that we Reuse the satellite ephemeris orbital parameters, already agreed for UL pre-compensation, for multiple satellites (Ref L1 params from R1). 
· FFS on the maximum number of satellites, whose ephemeris information will be provided.
· FFS whether avg ephemeris (using same format as instant) + alamanc can be used (Gatehouse Proposal)
· FFS how to signal this (new SIB for this particular purpose, dedicated signalling). 
· FFS if to introduce additional new parameters like satellite footprint reference point on ground, satellite coverage radius etc.



The R18 WID has been approved in RAN [4] with the following placeholder for discontinuous coverage enhancements:
	4.1.3	Further enhancement to discontinuous coverage
This objective will be revisited at RAN#96e / June 2022, subject to Rel-17 IoT-NTN status on discontinuous coverage at RAN#96e, SA#94e, CT#95e.




One open issue had been noted for which company TDocs are invited, and this is the focus of this contribution.
O1 3.5 [Company Tdocs Invited]: Decide on whether additional new parameters like satellite footprint reference point on ground, satellite coverage radius can be used?

In addition, the open issue discussed in Pre-117-e [6] appears to cover only connected mode, while the behaviour in idle mode is in our opinion more important to address.
OI 3.4 [Pre117-e-offline]: What will be the UE behavior on receiving this ephemeris information?

2. Discussion
An NTN satellite can support multiple cells, where each cell consists of one or more satellite beams. Satellite beams cover a footprint on earth (like a terrestrial cell) and can range in diameter from 100 – 1000 km in LEO deployments, and 200 – 3500 km diameter in GEO deployments. Beam footprints in GEO deployments remain fixed relative to earth, and in LEO deployments the area covered by a beam/cell changes over time due to satellite movement. This beam movement can be classified as “earth moving” where the LEO beam moves continuously across the earth, or “quasi-earth fixed” where the beam is steered to remain covering a fixed location until a new cell overtakes the coverage area in a discrete and coordinated change.

Considering satellites move with very high velocity, a satellite footprint may only provide coverage to an area for a short time. To provide continuous coverage, many satellites must follow the same orbit to ensure continuous coverage. Considering many orbits are necessary to provide global coverage, a typical LEO satellite constellation would require on the order of several thousand satellites to provide continuous global coverage. In early NTN deployments, especially in deeply rural locations (e.g. high arctic or ocean), it is expected that there will be coverage gaps due to the lack of satellites within an orbit. This is illustrated below in Figure 1.
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Figure 1: UE within an NTN network with discontinuous coverage.

2.1	Coverage gap handling

Although one open issue has been marked for discussion during Pre-117-e [6] open issues the question does not cover idle mode but rather proposes to discuss connected mode scenario only. 

OI 3.4 [Pre117-e-offline]: What will be the UE behavior on receiving this ephemeris information?
	Question 4: Regarding UE behaviour in Discontinuous Coverage companies are requested to mention their preference between the two options mentioned below:
· Option-1: Leaving UE behaviour during discontinuous coverage on UE Implementation
· Option-2: Specify UE behaviour (maintaining AS states, running related timers and informing NAS) during discontinuous coverage. 




For this reason, we feel that the issue may not be fully addressed using the open issues discussion only, and we additionally recap the some of the proposals made in [5].

For NB-IoT and eMTC, coverage gap prediction in RRC_IDLE and RRC_INACTIVE may provide an opportunity to save power, for example because UEs may choose not to perform measurements of the serving cell or the neighbour cells during a coverage gap. The UE may avoid going to “any cell selection” state and start performing a scan of supported carriers/RATs during a coverage gap. Rather, the UE may choose to suspend measurements and reselection and rather “sleep” during the coverage gap in order to save precious battery life. 

Proposal 1: If a UE in RRC_IDLE or RRC_INACTIVE determines it is in a coverage gap, the UE may choose not to perform measurements of the serving cell or neighbour cells, and may postpone moving to “any cell selection” state.

The other main consideration in idle mode 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 coverage gap. In this case the UE should simply be allowed not to monitor the paging occasions that fall within the coverage gap - 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. 

Proposal 2: A UE in RRC_IDLE or RRC_INACTIVE should be allowed not to attempt to monitor paging occasions which occur during a coverage gap.

Given the late stage in the release, we recommend that other enhancements are not considered in R17 but are recommended for R18 WID.

Proposal 3: RAN2 to recommend DRX improvements, RLM/RLF improvements, and handover improvements for discontinuous coverage in R18.
2.2	Coverage gap prediction parameters

Based on the above proposals in section 2.1 we can finally address the open issue in question – i.e. whether to provide additional parameters for the UE to predict coverage.

If, as proposed as option 1 in OI 3.4, we leave completely to UE implementation, then it’s very unclear what the benefit of any additional parameters would be. There is no guarantee that UEs will use the parameters, and if the parameters are used, then there is certainly no guarantee that UEs will use the information in a consistent way. 

On the other hand, as with proposals 1 and 2, the normal way is to at least specify that the UE “may” choose not to perform measurements – this leaves the actual measurements to UE implementation and offers as much flexibility as possible while providing some level of predictability and minimum expectation on behaviour for the network – it allows the UE to legitimately not perform measurements or monitor paging during the coverage gap. This does mean that we do need to at least partly specify the behaviour. 

This also implies that we may need to define some minimum accuracy requirement on the UE coverage gap estimation, for example in terms of timing accuracy (e.g. coverage gap must be estimated within X seconds) otherwise requirements on when UE should perform measurements etc. aren’t testable and we have a similar issue as just leaving to implementation. 

If it is not possible to define a minimum accuracy on UE coverage estimation, and allow the UE in case of discontinuous coverage prediction not to measure or monitor paging, then it is very questionable whether provision of additional parameters has any benefit at all – on the contrary, it may make the UE behaviour unpredictable to the point that the feature is better not to have at all in this release. 

In order to have a reasonable level of predictability, we think that it would be beneficial for the network to provide the satellite reference point on the ground as well as the cell radius. However, we think that this should be conditional on also specifying a minimum accuracy requirement, and specify the UE behaviour at least to a similar level as current idle mode requirements (i.e. specify the cases when UE is allowed not to measure cells, etc)

For these reasons we propose:

Proposal 4: Cell reference point on ground and cell radius are provided for serving and neighbour cells, and a minimum UE accuracy is specified on discontinuous coverage prediction and the conditions under which UE is allowed to use that information, e.g. in the order of seconds. 

3. Conclusion
In this contribution we have discussed how to detect and handle coverage gaps in IoT-NTN and have the following proposals:

Proposal 1: If a UE in RRC_IDLE or RRC_INACTIVE determines it is in a coverage gap, the UE may choose not to perform measurements of the serving cell or neighbour cells, and may postpone moving to “any cell selection” state.

Proposal 2: A UE in RRC_IDLE or RRC_INACTIVE should be allowed not to attempt to monitor paging occasions which occur during a coverage gap.

Proposal 3: RAN2 to recommend DRX improvements, RLM/RLF improvements, and handover improvements for discontinuous coverage in R18.

Proposal 4: Cell reference point on ground and cell radius are provided for serving and neighbour cells, and a minimum UE accuracy is specified on discontinuous coverage prediction and the conditions under which UE is allowed to use that information, e.g. in the order of seconds.
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