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1 Introduction

In this contribution, we discuss cell selection/reselection enhancements for NTN.
2 Discussion
Following agreements are made in idle mode discussion in RAN2#111-e:
Agreements:

1. Cell selection / reselection in NR is the baseline in NTN idle mode procedure.

2. Satellite/HAPS ephemeris based cell selection and reselection should be defined for NTN (FFS what the term satellite/HAPS ephemeris actually means). FFS when this ephemeris based cell selection / reselection can be used. FFS whether UE location (and/or other information) based cell selection and reselection should be introduced for NTN

3. The satellite ephemeris should be provided to UE, at least for Satellite/HAPS ephemeris based cell selection and reselection (FFS what the term satellite/HAPS ephemeris actually means).

Agreements via email - from offline 106:

1. The network type (i.e. TN or NTN) should be known to UE. FFS whether to achieve this in an implicit or explicit way.

2. The existing cell reselection priority configuration can be taken as a baseline in NTN. FFS on any further enhancement.

3. Postpone the discussion on whether to introduce a new SIB until we have more progress on the content of NTN specific system information.

Following agreement was made in RAN2#112-e:
Agreements:

1. Existing cell reselection principles are considered as baseline and that information about when a cell is going to stop serving the area and information about new upcoming cell can be further considered. In which form and how this is exactly implemented in the cell reselection principles is FFS.
2.1 Contents of ephemeris information
It was agreed that satellite/HAPS ephemeris based cell selection and reselection should be defined for NTN. Currently, described contents satellite ephemeris information is about trajectory of the LEO satellites, as specified in “Annex A: Satellite ephemeris”, in TR 38.821. However, in order to introduce the ephemeris based cell selection and reselection, basic cell reselection parameters and the neighbor cell/frequency list of NTN cells should be included in the ephemeris information, as those of NR cells are included in SIB3 and SIB4. Then the UE can perform ephemeris information based cell selection and reselection based on the ephemeris information.
LEO satellites have two types of on-board beams; one is earth-fixed beam and the other is earth-moving beam. Each beam type has different characteristics of beam coverage on the ground – earth-fixed beam provides fixed beam coverage for a time period, and earth-moving beam provides dynamically moving coverage on the ground. Therefore, when a UE on the ground evaluates cell reselection criteria, the UE may need different cell reselection evaluation parameters for each beam type. For this, beam type-specific information should be provided to evaluate different cell reselection based on beam type of LEO satellites. Detailed beam type-specific information is described in R2-121xxxx.
Proposal 1: The satellite/HAPS ephemeris information includes, in addition to the existing orbital trajectories of artificial satellites, cell reselection related parameters of NTN cells and beam type information of LEO satellites.
2.2 NTN-specific SIB for ephemeris information
If the ephemeris information is considered for cell selection and reselection, the simple way to provide the ephemeris information to the idle mode UEs may be broadcasting in the system information. The ephemeris information included in the system information may include ephemeris information of the serving cell and an expected visible neighbor cell list (e.g. GEO satellite, LEO satellite by time) above the serving cell coverage on the ground. Based on this information, the UE can perform neighbor cell measurement for UE mobility.
Proposal 2: Satellite/HAPS ephemeris information is broadcast via system information.

It is possible that TN cells also broadcast the ephemeris information to provide the neighbor NTN cell list. Not all the camping UEs may need the information, but some UEs at weak radio coverage may need the information to move to the NTN cell if TN cell service becomes unavailable. If the ephemeris information is provided in SIB4, all the UEs should acquire the information. In order to avoid the unnecessary information acquisition, it would be more efficient to provide the ephemeris information in separate system information. Therefore, NTN-specific SIB should be introduced to provide the ephemeris information.
Proposal 3: Introduce NTN-specific SIB to provide ephemeris information.
2.3 Ephemeris information via dedicated signaling
The beam coverage size of NTN cell is much larger than that of cells in TN. According to “Table 4.2-2 Reference scenario parameters” in TR 38.821 [1], the maximum beam foot print size of GEO is 3500km and that of LEO is 1000km. Even considering that these values are maximum values, we can recognize that NTN cell has a much larger size than TN NR cells whose cell coverage size is few kilometers in maximum.

As UEs camping on an NTN cell may locate so far from each other, the radio condition (e.g. neighbor NTN cell list of especially LEO satellites, and its measurement results) may be greatly different each other. Therefore, if same ephemeris information including cell selection/reselection configuration is provided to all the UEs camping in an NTN cell, it may not be correct configuration to the UEs. For example, if the same neighbor cell list is provided to UEs, a UE may continuously try to measure an invisible cell which is visible at different area of the serving cell coverage. Moreover, in earth-moving beam case, as the cell coverage changes dynamically, system information modification may occur very frequently to cover all the UEs in its coverage.
Observation 1: NTN cells have the much larger cell coverage size than that of NR TN cells. Therefore, if cell-specific ephemeris information including cell selection/reselection configuration is used, the information may not be correct configuration to all the UEs camping on the NTN cell. Moreover, in earth-moving beam case, system information modification may occur very frequently.

In NTN, it can be assumed that the network is aware of UE location information. So the network can expect which LEO satellites will cover the UE location by time. Therefore, if the network can provide UE-specific ephemeris information including cell selection/reselection configuration via dedicated signaling, the network can provide the configuration based on UE location information. It means the network can provide only a necessary neighbor cell list to the UE, so the UE can avoid unnecessary neighbor cell measurements. Detailed signaling design is FFS (e.g. which RRC message to contain, whether to provide entire or part of cell selection/reselection configuration, how to overlap the broadcast configuration). 
Proposal 4: Consider providing ephemeris information including cell selection/reselection configuration via dedicated signaling. How the UE configures the information if broadcast ephemeris information is already provided is FFS.
2.4 Next cell list information
It was agreed that information about when a cell is going to stop serving the area and information about new upcoming cell can be further considered. As LEO satellites revolve around the earth every few hours, they appears to an area on the ground regularly and the appearance duration would be almost constant. Therefore, if the satellite ephemeris information provides periodicity and appearance duration of each LEO satellites by time, the network does not need to update the ephemeris information to UEs whenever NTN cell appears or disappears. This may bring signaling load reduction greatly.

Following is an example of the next cell list information:

List of LEO satellites in chronological order

	Order
	NTN Cell list

(Upper case: frequency, lower case: cell)
	Start time (UTC)
	Duration time
	Periodicity

	#1
	A: a1, a2
	9:00
	15 minutes
	2 h

	#2
	B: b1, b2
	9:10
	10 minutes
	3 h

	#3
	C: c1
	9:15
	15 minutes
	2h 30min 


· Figure 1: Example of NTN cell list in chronological order -
Order #1: UE performs measurement on frequency A (cell a1, cell a2) for 15 minutes (duration time), from 9:00 UTC to 9:15 UTC. After 2 hours (periodicity), UE resumes 10 minutes measurement from 11:00 UTC to 11:15 UTC.
Order #2: While performing measurement on frequency A, the UE starts measurement on frequency B (cell b1, cell b2) for 10 minutes (duration time), from 9:10 UTC to 9:20 UTC. After 2 hours (periodicity), the UE resumes 10 minutes measurements from 12:10 UTC to 12:20 UTC.
Order #3: At 9:15 UTC, the UE stops the measurement on frequency A and starts measurement on frequency C (cell c1) for 15 minutes (duration time), from 9:15 UTC to 9:30 UTC. After 2 hours and 30 minutes later (periodicity), the UE resumes 15 minutes measurement from 11:45 UTC to 12:00 UTC.
As time goes by, based on this next cell list in chronological order with start time, duration time, and periodicity of frequency, UE can choose the proper set of frequencies and cells to perform measurement. Based on the measurement results, the UE evaluates cell reselection criteria. The network does not need to update the next cell list information unless LEO satellite deployment is changed.
Observation 2: As LEO satellites revolves around the earth on the predictable path, the LEO satellites may appear to an area with constant periodicity and appearance time.

Proposal 5: In the satellite ephemeris information, provide list of NTN cells in chronological order with periodicity and appearance duration of each LEO satellite. As time goes by, the UE changes target cell list to perform measurements and cell reselection evaluation based on the next cell list.
2.3 Inactive state
 In NTN, whether to introduce inactive state is not decided yet. If inactive state is introduced, the UE can reduce the signaling load by performing RRC Resume procedure. As usually it may need more power consumption to transmit signal to the satellites, the signaling reduction may be more effective in NTN. As it is assumed that the satellites are transparent payload, the gNB will handle the UE context. In this way, no critical RAN2 impact is foreseen. However, from a network perspective, management of the UE context by gNB during inactive state may be complex than TN cases, because it is not expected to which LEO satellite the UE will perform cell reselection. This issue can be discussed by RAN3.
Observation 3: If inactive state is introduced in NTN, signaling load can be reduced and no critical RAN2 impact is foreseen.

Proposal 6: Discuss whether inactive state can be introduced in NTN. Send LS to RAN3 if needed.
3 Conclusion
Proposal 1: The satellite/HAPS ephemeris information includes, in addition to the existing orbital trajectories of artificial satellites, cell reselection related parameters of NTN cells and beam type information of LEO satellites.
Proposal 2: Satellite/HAPS ephemeris information is broadcast via system information.

Proposal 3: Introduce NTN-specific SIB to provide ephemeris information.
Observation 1: NTN cells have the much larger cell coverage size than that of NR TN cells. Therefore, if cell-specific ephemeris information including cell selection/reselection configuration is used, the information may not be correct configuration to all the UEs camping on the NTN cell. Moreover, in earth-moving beam case, system information modification may occur very frequently.

Proposal 4: Consider providing ephemeris information including cell selection/reselection configuration via dedicated signaling. How the UE configures the information if broadcast ephemeris information is already provided is FFS.
Observation 2: As LEO satellites revolves around the earth on the predictable path, the LEO satellites may appear to an area with constant periodicity and appearance time.

Proposal 5: In the satellite ephemeris information, provide list of NTN cells in chronological order with periodicity and appearance duration of each LEO satellite. As time goes by, the UE changes target cell list to perform measurements and cell reselection evaluation based on the next cell list.

Observation 3: If inactive state is introduced in NTN, signaling load can be reduced and no critical RAN2 impact is foreseen.

Proposal 6: Discuss whether inactive state can be introduced in NTN. Send LS to RAN3 if needed.
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