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1 Introduction
A satellite forms multiple beams projecting on Earth. Each beam covers a certain area on earth. As the LEO satellite is moving, these beams are also actually moving with time. This means, if a UE is static on earth and receives the signal from a satellite, the serving beam of a UE will be changing over time. A beam is actually the coverage through a set of antenna elements. For different set of antenna elements, the formed beam on Earth can be adjusted to reduce overlapping between beams. During the NR-NTN Study Item (SI), it is pointed out that there is a requirement for additional assistance information for cell selection/reselection [1]. Table 1 below highlights the major RAN2 recommendations for Idle Mode operations in NR-NTN [1]. 
Table 1: Major Recommendations from RAN2 on Idle mode Operations in NR-NTN
	-	Definition of additional assistance information for cell selection/reselection (e.g. using UE location information, satellite Ephemeris information)
-	NTN cell specific information in SIB


In this contribution, we discuss cell re-selection in NR-NTN, with minimal impact on the specifications and point out that UE’s location information processing is not required.
2 Discussion
For initial cell selection NR-NTN can use R16 based cell selection criteria, i.e., Srxlev > 0 AND Squal > 0, mentioned in Section 5.2.3.2 of 3GPP TS 38.304 [2], where Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset )– Pcompensation - Qoffsettemp  and Squal = Qqualmeas – (Qqualmin + Qqualminoffset) - Qoffsettemp.
For intra-frequency cell re-selection, as mentioned in Section 5.2.4.2 of 3GPP TS 38.304 [2], if the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements, otherwise, the UE shall perform intra-frequency measurements. Hence, by suitably adjusting the values of SIntraSearchP and SIntraSearchQ the network can control when the individual UE’s will start searching the neighbour cells.  
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Figure 1(a): RSRP variation with mobility in TN cell    Figure 1(b): RSRP variation with mobility in NTN cell
Figure 1(a) shows simulation results in terrestrial networks (TN), with a UE moving along the x axis and cells -1, 0 and 1 are located along the x-axis at positions -2.5km, 0km and 2.5km respectively. Figure 1(b), on the other hand, demonstrates simulation results in an NTN network, with the UE located in the centre of the Satellite trajectory and the cells (beam-spots) -1, 0 and 1 located at angles -5, 0 and 5 degrees respectively. The relative difference of RSRP between the strongest cell (beam) and the next strongest for each of TN/NTN cases is compared below in Figure 2.
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Figure 2: Comparative RSRP Dynamics with mobility in TN and NR-NTN

A close look into Figure 2 reveals that although the RSRP difference changes faster in TN, for most of the cell areas (almost ~ 64%), the difference between TN and NTN is only around 1.8dB. The deviation is primarily evident at the cell centre where re-selection is not expected to take place. Thus, R16-based initial cell selection and intra frequency measurements could be reused in NR-NTN.
Observation 1: The difference in RSRP between TN and NTN is not significant at cell edge.
Proposal 1: R16-based cell selection procedures, intra frequency and equal priority inter frequency measurements could be reused in NR-NTN for all scenarios (earth-fixed cell-GEO, quasi earth-fixed cell LEO and earth moving cells LEO) through suitable settings of threshold parameters. 
It is expected that TN and NTN systems will operate at different frequencies. Hence, priority based inter-frequency cell reselection, as mentioned in Section 5.2.4.5 of 3GPP 38.304 [2] could be used for cell reselection between TN and NTN systems. The gNB of NTN can configure suitable values of ThreshX, HighQ, ThreshX, High, ThreshServing, LowQ, and ThreshServing, LowP to assist the UEs in efficient cell re-selection. A reasonable network implementation would provide higher priorities to TN cells. However, the ultimate decision is left to network deployment. UE’s location information does not provide any additional gain over existing re-selection mechanisms. Moreover, checking and processing its location in every DRX cycle might incur significant additional power consumption, which must be avoided in idle mode.
Observation 2: The use of UE’s Location information does not provide significant additional performance gain over existing re-selection mechanisms and also results in increased power consumption.
However, the use of satellite serving duration information, especially for quasi-earth cell scenarios might provide additional gain over existing re-selection mechanisms in terms of power consumption. Hence, the use of a suitable timer could be useful to optimize the cell reselection and power consumption especially in quasi-earth cell scenarios of LEO-NTN. However, this is not an essential feature to have a working NR-NTN solution and should be de-prioritized.
Observation 3: The use of satellite serving duration information especially for quasi-earth cell scenarios might provide additional gain over existing re-selection mechanisms in terms of power consumption.
Proposal 2: The use of satellite serving duration information is not an essential feature to have a working NR-NTN solution and can be de-prioritized.

For inter-frequency and inter-RAT cell reselection, Rel-16 based mechanisms use strict priorities, as mentioned in Section 5.2.4.5 of 3GPP TS 38.304 [2]. It is expected that TN and NTN networks will operate at different frequencies. Hence, inter-frequency cell reselection principles of NR-NTN can govern cell reselection between TN-NTN cells [3]. 
Proposal 3: R16 based priority mechanisms can be reused to control inter-frequency NR-NTN and TN-NTN cell re-selection. 
For cells with the same priority, R16 based existing ranking schemes could be used. As mentioned in Section 5.2.4.6 of 3GPP 38.304 [2], R16 based existing ranking mechanisms estimate ranking of serving and neighbour cells as: Rs = Qmeas,s + Qhyst – Qoffsettemp and Rn = Qmeas,n – Qoffset – Qoffsettemp. Network can configure and adjust the values of Qoffset and Qoffsettemp to prioritize the particular cells (beam-spots) along the trajectory of the LEO satellites. 
As an example, let’s assume the UE is in beam 6, as shown in Figure 3. The network knows that beam 2 and beam 7 are the possible candidates of next beam on 1st tier. It also knows that beam 3 and beam 11 are the candidates of the beam after next beam on 2nd tier. Hence, for UEs in the coverage of beam 6, the network can reduce the Qoffset and Qoffsettemp for beam 2 and beam 7, so that the rankings of beam 2 and beam 7 are increased and UE re-selects beam 2 and beam 7. This approach could be extended across 2nd tier, consisting of beam 3 and beam 11.
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Proposal 4: R16-based cell ranking schemes could be reused for cell re-selection of upcoming neighbour cells in earth moving cells scenario of NR-NTN.
A very-small-aperture terminal (VSAT) is a two-way satellite ground station with a relatively small antenna. VSATs always require satellite ephemeris to track the satellites. Hence, satellite ephemeris information will be especially useful for cell reselection of VSATs.
Proposal 5: VSAT terminals require satellite ephemeris to track satellites.

LEO NTNs with moving beams might not have continuous cell coverage, i.e. there could be intermittent coverage holes between consecutive cells (beams). Hence, UEs might face out-of-coverage problems during the cell movements. Such information about coverage holes could be provided to the UEs by the network by considering satellite’s long-term (coarse-grained) ephemeris. During initial access, the assistance information corresponding to the serving beam can indicate the following information of the beams around the potential trajectory due to the satellite movement:
· Physical cell IDs of the beam candidates as the next beam (first tier)
· SSB information of the beam candidates as the next beam (first tier)
· The starting frequency domain position, periodicity and symbol offset
· SSB information of the beam candidates as the beam after next beam (second tier)
· The difference of the frequency pre-compensation value between the serving beam and the beam candidates as the next beam (first tier)
· The difference of the frequency pre-compensation value between the serving beam and the beam candidates as the beam after next beam (second tier).

Proposal 6: In case of coverage holes in LEO, information could be signalled to the UEs by using satellite’s ephemeris and coverage information. UEs can use this information for acquiring knowledge about coverage holes (out-of-coverage) and cell re-selection. 
3 Conclusion
In this contribution, we have the following observations and proposals regarding the idle mode operations, involving cell re-selection with moving cells in NR-NTN:
Observation 1: The difference in RSRP between TN and NTN is not significant at cell edge. 
Proposal 1: R16-based cell selection procedures, intra frequency and equal priority inter frequency measurements could be reused in NR-NTN for all scenarios (earth-fixed cell-GEO, quasi earth-fixed cell LEO and earth moving cells LEO) through suitable settings of threshold parameters. 
Observation 2: The use of UE’s Location information does not provide significant additional performance gain over existing re-selection mechanisms and also results in increased power consumption.
Observation 3: The use of satellite serving duration information especially for quasi-earth cell scenarios might provide additional gain over existing re-selection mechanisms in terms of power consumption. 
Proposal 2: The use of satellite serving duration information is not an essential feature to have a working NR-NTN solution and can be de-prioritized.
Proposal 3: R16 based priority mechanisms can be reused to control inter-frequency NR-NTN and TN-NTN cell re-selection.
Proposal 4: R16-based cell ranking schemes could be reused to trigger cell re-selection of upcoming neighbour cells in earth moving cells scenario of NR-NTN.
Proposal 5: VSAT terminals require satellite ephemeris to track satellites.
Proposal 6: In case of coverage holes in LEO, this information could be signalled to the UEs for example by using satellite’s ephemeris and coverage information. UEs can use this information for acquiring knowledge about coverage holes (out-of-coverage) and take it into account in the cell re-selection. 
4 References
[1]. 3GPP TR 38.821 Solutions for NR to support Non-Terrestrial Networks (NTN)
[2]. 3GPP TS 38.304 NR; User Equipment (UE) procedures in Idle mode and RRC Inactive state.
image3.jpeg
a0

TN Cell 010 next strongest cell RSRP.
6~ NTN Beam 0 to next strongest beam RSRP

ifference to Next Cell /Beam (dB)

-5

5 -2 15 1 05 0 05 1 1s 2 25
Distance (Km) or ¢ from satellite (degrees)




image4.png
beam
10
o

Subband

Subband

/
Subbang/
/





image1.png
RSRP (dB)

20

15

10

-10]

-15

-20]

TN Cells RSRP Behavior with angle
Lk

—— Cell 1 RSRP
Cell ORSRP.
o Cell +1RSR?.

-10

[
Distance (Km)

10

1s




image2.png
NTN Beams RSRP Behavior with angle

10 - o 5 10
0 from satellite (degrees)

15




