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1 Introduction
According to the WID approved in RAN#88e [1], the following control plane procedures enhancements for non-terrestrial networks should be specified:
· Idle mode: 

· Definition of additional assistance information for cell selection/reselection (e.g. using UE location information, satellite Ephemeris information)

· Definition of NTN (satellite/HAPS) cell specific information in SIB

In this contribution, we would like to discuss RRC_IDLE mode issues in R17 NTN. The discussion is focused on scenario A, C1 and C2 according to the WI scope.

Table 4.2-1: Reference scenarios

	
	Transparent satellite
	Regenerative satellite

	GEO based non-terrestrial access network
	Scenario A
	Scenario B

	LEO based non-terrestrial access network:

steerable beams
	Scenario C1
	Scenario D1

	LEO based non-terrestrial access network:

the beams move with the satellite
	Scenario C2
	Scenario D2


2 Discussion
2.1 SIB enhancement
In order for the UE to identify and access an NTN cell, some assistance information needs to be added to the system information. Besides, ephemeris data and the enhancement of tracking area will also have some impact on the SIB design.
· NTN related info

As captured in TS 38.331 v16.1.0, Non-Public Networks related information is added to SIB1 (e.g. NPN ID) and SIB10 (e.g. human readable names). Similarly, UE should be able to identify an NTN (satellite/HAPS) cell. Moreover, it is preferred that SIB can assist the UE to do some calculation to cope with the long and varying RTT.

Therefore, it is suggested that the following assistance information is added to the SIB:

1. NTN cell indicator: to indicate it is an NTN cell.
2. NTN scenario: GEO, or LEO with fixed beam, or LEO with moving beam.
3. Assistance information for random access: The specific information can be determined after RAN2 decides on the random access procedure. If UE calculates the timing advance based on the ephemeris data, the SIB should broadcast the delay/distance between the satellite and the gateway. As an alternative, the UE does not perform any calculation, the SIB broadcasts the overall delay/distance (including the service link and the feeder link).
Proposal 1: Add NTN cell indicator and scenario indicator to SIB. Assistance information for random access can be considered after RAN2 decides on the random access procedure.
· Ephemeris
Ephemeris is used by astronomers to describe the location and orbital behaviour of stars and any other astronomic bodies. TR 38.321 provides two kinds of representation of ephemeris data. One possibility is to use orbital parameters, e.g. semi-major axis, eccentricity, inclination, right ascension of the ascending node, argument of periapsis, mean anomaly at a reference point in time, and the epoch.
Table 7.3.6.1-1: Essential Elements of Ephemeris

	Orbital plane parameters
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	Square root of semi major axis（semi-major axis）
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	Eccentricity（eccentricity）
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	Inclination angle at reference time（inclination）
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	Longitude of ascending node of orbit plane（right ascension of the ascending node）
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	Argument of perigee（argument of periapsis）

	Satellite level parameters
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	Mean anomaly at reference time（true anomaly and a reference point in time）
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	Ephemeris reference time（the epoch）
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Figure 7.3.6-1: Satellite Orbit and Keplerian Elements

Another possible option is to provide the location of the satellite in coordinates (x, y, z), e.g. ECEF coordinates. For anything else than GEO, additionally a velocity vector (vx, vy, vz) and again a reference point in time are needed.
As pointed out in TR 38.321, the drawback of coordinates is that UE is prevented from extrapolating the satellite track for more than a very short time into the future. Since a LEO satellite moves very fast, the given position (x, y, z) may be outdated in a short period of time. And since the satellite moves in an elliptical orbit, providing a velocity vector (vx, vy, vz) does not help much.

Proposal 2a: Employ satellite orbit and Keplerian elements to represent the ephemeris.

To avoid introducing too much overhead, it is suggested to study methods to simplify the ephemeris information.
Moreover, the satellites may fly in a different direction from the current ephemeris due to lack of accuracy or some unpredictable reasons. The provision of the updated ephemeris data also requires some consideration.

Here are some potential solutions:

1. Event-based: NTN cell sends ephemeris to UE when some event happens, e.g. obit error rate is larger than a threshold.
2. Periodical: NTN cell sends ephemeris to UE with a fixed or flexible periodicity. This solution requires the gNB to maintain an ephemeris associated timer.
3. On-demand: NTN cell sends ephemeris to UE when UE asks for it. The current On-demand SI mechanism could be reused.
Proposal 2b: RAN2 to consider the details of ephemeris data and the way to provide to UE.
· Tracking Area
In order not to have TAU performed frequently by the UE triggered by the satellite motion, it is recommended by TR 38.821 that the tracking area may be designed to be fixed on ground. For NTN LEO, this implies that while the cells sweep on the ground, the tracking area code (i.e. TAC) broadcasted is changed when the cell arrives to the area of next planned earth fixed tracking area location.

The TAC, or a list of TACs, broadcasted by the gNB needs to be updated as the gNB enters to the area of next planned tracking area. When the UE detects entering a tracking area that is not in the list of tracking areas that the UE previously registered in the network, a mobility registration update procedure will be triggered. 
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Figure 7.3.1.3.1-1: An example of updating TAC and PLMN ID in real-time for scenario C2 and D2

In this way, UE can reduce TAU times sharply and save a lot of power. It is assumed in WI that UE has GNSS capability, so UE could derive the TAC based on its location information (the mapping rule between the geographical area and the TAC value is kept both on the UE side and the network side) during initial registration and TAU.

If RRC_INACTIVE is introduced in NTN, RANAC can be handled similarly.
Note that the discussion of fixed TA is aimed at LEO with moving beams, because for GEO and LEO with fixed beams, the TA is already fixed.

Since an NTN cell has a large coverage, it is quietly likely that the cell covers two TAs simultaneously, what should the satellite broadcast?

TR 38.821 lists two possible options:

· Soft switch: one cell can broadcast more than one TACs per PLMN. The cell adds the new TAC in its system information in addition to the old and removes the old a bit later.
This solution breaks the rule in current NR mechanism that one cell belongs to the single TAC.
· Hard switch: one cell broadcast only one TAC per PLMN. The new TAC replaces the old TAC and there may be some fluctuation at the border area.
With this option, no change is required compared with the current NR TAC mechanism. As LEO satellites are moving along a predictable path, their neighbour cell list is also predictable. The neighbour cell list can be provided via system information, as done in NR. If the TAI planning is reasonable, TA hard switch will not lead to frequent TAU.
Proposal 3: After RAN2 starts discussing LEO with moving beams, confirm that fixed TA is adopted, and decide whether soft switch or hard switch is applied.
2.2 Cell selection/reselection enhancement
Due to the high speed of LEO, UE in RRC_IDLE needs to perform cell reselection frequently, especially for Scenario C2 (moving beams). Frequent reselection leads to frequent measurements of neighbour cells. In order to save UE power, some measurement enhancement can be introduced employing the characteristics of NTN, such as ephemeris data and GNSS capability of UE.

The existing measurement relaxation is usually based on the signal quality of serving cell. If the serving cell has a RSRP/RSRQ above the threshold, neighbour cell measurements can be relaxed. However, this criterion is not suitable for NTN scenarios due to the unobvious near-far effect. Instead, location based measurement relaxation can be considered.
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Figure 1. Near-far effect in: (a) Terrestrial Network; (b) NTN
Proposal 4: After RAN2 starts discussing LEO with moving beams, confirm that ephemeris and location based cell reselection is introduced.
3 Conclusion

In this contribution, we discuss the issues for RRC_IDLE and propose the following:

Proposal 1: Add NTN cell indicator and scenario indicator to SIB. Assistance information for random access can be considered after RAN2 decides on the random access procedure.

Proposal 2a: Employ satellite orbit and Keplerian elements to represent the ephemeris.

Proposal 2b: RAN2 to consider the details of ephemeris data and the way to provide to UE.
Proposal 3: After RAN2 starts discussing LEO with moving beams, confirm that fixed TA is adopted, and decide whether soft switch or hard switch is applied.
Proposal 4: After RAN2 starts discussing LEO with moving beams, confirm that ephemeris and location based cell reselection is introduced.
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