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1	Introduction
The study item on solutions evaluation for NR to support Non-Terrestrial network has been approved in RAN #80 [1].
This paper is to discuss Satellite beams and their mapping to NR cells in NTN. 
2	Satellite beams and their mapping to NR cells
2.1 One satellite beam for one NR cell
According to TR38.821, Figure 7.3.1-1 Option b), each satellite beam is mapped to one NR cell (PCI) and each NR cell can provide only one NR beam (SSB). It is reasonable to assume that in this scenario there will not be any Release 15/16 NR beams (time multiplexed SSB) provided, as this would imply beam-forming capabilities within one satellite beam. This is illustrated in Figure 1.
The maximum diameter size of the satellite beams at nadir is listed in TR38.821, Table 4.2-2 and is assumed to be 500km for GEO and 200km for LEO scenarios. If the maximum diameter size of the satellite beams is assumed to be 500km for GEO and 200km for LEO as well, then the corresponding maximum differential delays within one satellite beam are 1.6ms for GEO and 0.65ms for LEO scenarios. In the case of the mapping illustrated in Figure 1, these maximum delay values also correspond to the maximum delays required to be handled by the radio access and mobility mechanisms in one NR cell. Similar considerations apply to the maximum Doppler shift and Doppler shift variations values listed in TR38.821, Table 4.2-2.
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Figure 1: Illustration of the option with one satellite beam mapping to one NR cell with one NR beam

2.2 Several satellite beams for one NR cell
According to TR38.821[1], Figure 7.3.1-1, one or more satellite beams are mapped to one NR cell (PCI) and each NR cell can provide one or more NR beam(s) (SSB). Figure 2 illustrates the case where 2 satellite beams are mapped to the one NR cell, and each NR cell provides only one NR beam.
The maximum diameter size of the satellite beams at nadir and corresponding maximum differential delays with the assumption of same maximum beam diameter size within satellite footprint coverage listed in TR38.821[1] Table 4.2-2 apply also in this deployment scenario. Therefore, the requirement on the maximum differential delay values (or maximum Doppler shift, or maximum Doppler shift variation) to be accommodated in one NR cell, imposes restriction to the size of the satellite beams mapped to the same NR cell. For the example in Figure 2, for a GEO scenario, the satellite beams would have to be maximum 250km in diameter, in order to fulfil the requirement on the 1.6ms maximum differential delay supported in one NR cell (PCI). In case of LEO scenarios, similar restrictions on the satellite beams size apply when multiple satellite beams are mapped to the one NR cell. However, when the maximum differential delay of 1.6ms is supported also in LEO scenarios, and not only in GEO scenarios, then the number of LEO satellite beams, with maximum diameter of 200km, mapped to one NR cell can be increased to approximately 3. Naturally, when smaller satellite beam sizes are deployed (e.g. 50km diameter) the number of satellite beams in one NR cell can be increased proportionally (e.g. to 12).
Observation 1: The maximum differential delays to be supported in one NR cell of 1.6ms for GEO and 0.65ms for LEO scenarios limit the number and diameter size of the satellite beams which are mapped to the one NR cell (PCI).
Observation 2: The maximum differential delays to be supported in one NR cell of 1.6ms can also be applied to LEO scenarios and this allows the mapping of up to 3 LEO satellite beams with maximum diameter of 200km, to one NR cell.
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Figure 2: Illustration of the option with 2 satellite beams mapped to one NR cell with one NR beam

2.3 NTN NR cell with several NR beams
The most typical scenarios assumed so far in NTN are when one or more satellite beams are mapped to the one NR cell (see Section 2.2). It was left as implementation option on how the NR beams within one NR cell are configured. However, in case of NTN deployments, the 3GPP Release 15/16 NR beams might not be possible to configure due the practical limitations on the satellite beams (feeder or antenna arrays size, etc). Thus, one obvious option is to use each satellite beam as one NR beam, illustrated in Figure 3. In the context of 3GPP Release 15/16, the NR beams signalling specifications imply that the satellite beams will be swept (time multiplexed) thus there will not be simultaneously available coverage from all satellite beams within one NR cell. This has implications on the radio access and mobility mechanisms, because unlike in terrestrial networks, the beams have rather large coverage area on Earth and the UEs typically will not be able to detect more than one beam at the time (beam sweeping). For example, assuming a 50km diameter satellite beam diameter, each providing one NR beam, and 12 satellite beams in the one NR cell, only approximately 8% of the total NTN NR cell coverage area would be served at the time (one NR beam active at the time).

Observation 3: The configuration of NR beams within one NR cell is an implementation specific aspect. In case of NTN scenarios, due to the large radio coverage area of the satellite beams, the configuration where each satellite beam provides one NR beam impacts the performance of access and mobility mechanisms.
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Figure 3: Illustration of the option with 2 satellite beams mapped to one NR cell with each satellite beam mapped to one NR beam

Proposal 1: RAN2 to confirm the understanding in the above observations and consider including the following Text Proposal in the TR 38.821 Section 7.3.

3	Conclusion
Based on the discussion in section 2, we have observations and proposal as below:
Observation 1: The maximum differential delays to be supported in one NR cell of 1.6ms for GEO and 0.65ms for LEO scenarios limit the number and diameter size of the satellite beams which are mapped to the one NR cell (PCI).
Observation 2: The maximum differential delays to be supported in one NR cell of 1.6ms can also be applied to LEO scenarios and this allows the mapping of up to 3 LEO satellite beams with maximum diameter of 200km, to one NR cell.
Observation 3: The configuration of NR beams within one NR cell is an implementation specific aspect. In case of NTN scenarios, due to the large radio coverage area of the satellite beams, the configuration where each satellite beam provides one NR beam impacts the performance of access and mobility mechanisms.
Proposal 1: RAN2 to confirm the understanding in the above observations and consider including the Annex Text Proposal in the TR 38.821 Section 7.3.

4	Annex: Text proposal for TR 38.821
(…)
----- Start TP -----
7.3. Control plane enhancements
7.3.1 Satellite beams and NR cells
Satellite beams or satellites are not considered to be visible from UE perspective in NTN. This does not preclude differentiating at the PLMN level the type of network (e.g. NTN vs. terrestrial). 
Note: Rel-15 definitions are considered as a baseline for NTN
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Option c)

Figure 7.3.1-1: Options for PCI and SSB mapping into satellite beams
Both options a) same PCI for several satellite beams and b) one PCI per satellite beam, and the case with one or multiple SSBs per SSBurst (PCI) in option c), can be considered in NTN. 
The association between satellite beams and NR SSBs is left for implementation (i.e. it will not be specified).
The maximum differential delays to be supported in one NR cell of 1.6ms for GEO and 0.65ms for LEO scenarios (Table 4.2-2) limit the number and diameter size of the satellite beams which are mapped to the one NR cell (SSBurst or PCI). In principle, the maximum differential delays to be supported in one NR cell of 1.6ms can also be applied to LEO scenarios and this allows the mapping of up to 3 LEO satellite beams with maximum diameter of 200km, to one NR cell.
The configuration of Release 15 NR beams within one NR cell is an implementation specific aspect. In case of NTN scenarios, due to the large radio coverage area of the satellite beams (up to 500km for Geo and 200km for LEO, Table 4.2-2), the configuration where each satellite beam provides one NR beam impacts the performance of access and mobility mechanisms. FFS.

----- End TP -----
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