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Introduction
In RAN#80, a new SI “Solutions for NR to support Non Terrestrial Network” was agreed [1]. It is a continuation of a preceding SI “NR to support Non-Terrestrial Networks”( RP-171450), where the objective was to study the channel model for the non-terrestrial networks, to define deployment scenarios, parameters and identify the key potential impacts on NR. The results are reflected in [2].
The objectives of the current SI are to evaluate solutions for the identified key impacts from the preceding SI and to study impact on RAN protocols/architecture. The objectives for layer 2 and above are:

	· Study the following aspects and identify related solutions if needed: Propagation delay: Identify timing requirements and solutions on layer 2 aspects, MAC, RLC, RRC, to support non-terrestrial network propagation delays considering FDD and TDD duplexing mode. This includes radio link management. [RAN2]
· Handover: Study and identify mobility requirements and necessary measurements that may be needed for handovers between some non-terrestrial space-borne vehicles (such as Non Geo stationary satellites) that move at much higher speed but over predictable paths [RAN2, RAN1]
· Architecture: Identify needs for the 5G’s Radio Access Network architecture to support non-terrestrial networks (e.g. handling of network identities) [RAN3]
· Paging: procedure adaptations in case of moving satellite foot prints or cells

Note:
· This new study item does not address regulatory issues.



In this paper we discuss the relation of an NR cell to a satellite spot beam.
Background
Satellites
[bookmark: _Hlk525843228]The TR 38.821 [3] has the following definitions including the term “beam”.

Beam throughput: data rate provided in a beam
Satellite cell: a cell corresponding to the earth footprint of a satellite beam generated from a satellite platform

The term beam seems to refer to satellite spotbeam as the overview section has the following description in Section 4.1:
-	A satellite (or UAS platform) which may implement either a transparent or a regenerative (with on board processing) payload. The satellite (or UAS platform) typically generate several beams over a given service area bounded by its field of view. The footprints of the beams are typically of elliptic shape. The field of view of a satellite (or UAS platform) depends on the on board antenna diagram and min elevation angle.
-	A transparent payload: Radio Frequency filtering, Frequency conversion and amplification. Hence, the waveform signal repeated by the payload is un-changed;
-	A regenerative payload: Radio Frequency filtering, Frequency conversion and amplification as well as demodulation/decoding, switch and/or routing, coding/modulation. This is effectively equivalent to having all or part of base station functions (e.g. gNB) on board the satellite (or UAS platform).
As well as:
There may be different types of satellites (or UAS platforms) listed here under:
Table 4.1-1: Types of NTN platforms
	Platforms
	Altitude range
	Orbit
	Typical beam footprint size

	Low-Earth Orbit (LEO) satellite
	300 – 1500 km
	Circular around the earth
	100 – 500 km

	Medium-Earth Orbit (MEO) satellite
	7000 – 25000 km
	
	100 – 500 km

	Geostationary Earth Orbit (GEO) satellite
	35 786 km
	notional station keeping position fixed in terms of elevation/azimuth with respect to a given earth point
	200 – 1000 km

	UAS platform (including HAPS)
	8 – 50 km (20 km for HAPS)
	
	5 - 200 km

	High Elliptical Orbit (HEO) satellite
	400 – 50000 km
	Elliptical around the earth
	200 – 1000 km




Typically
· GEO satellite and UAS are used to provide continental, regional or local service.
· a constellation of LEO and MEO is used to provide services in both Northern and Southern hemispheres. In some case, the constellation can even provide global coverage including polar regions. For the latter, this requires appropriate orbit inclination, sufficient beams generated and inter-satellite links.
As the term beam is widely used in NR specifications, it is proposed to clarify in TR 38.821 that the beam in the above context is “satellite beam” or “spot beam”.
[bookmark: _Toc525847073]Clarify in TR 38.821 that the term beam in TR 38.821 is “satellite beam” or “spot beam” when it refers to satellite spot beam.

Cells and SSB beams in NR
Unlike in LTE, where PSS/SSS/CRS always provides cell wide coverage, in NR, the reference signal(s) UE is using to detect and measure a cell may be beamformed. This set of reference signals is called the Synchronization Signal and PBCH block (SSB) and described in 38.300 in Section 5.2.4. We provide here a short summary. 
NR-PSS, NR-SSS and/or NR-PBCH can be transmitted within an SS block. For a given frequency band, an SS block corresponds to N OFDM symbols based on one subcarrier spacing. SSBs transmitted in a half frame [TS 38.211] is defined as SS-Burst. The periodicity of the SS-Burst can be configured by the network. The maximum number of SS-blocks within SS burst, L, for different frequency ranges are
a. For frequency range up to 3 GHz, L is 4
b. For frequency range from 3 GHz to 6 GHz, L is 8
c. For frequency range above 6 GHz, L is 64

The term beam is widely used in 38.300 even though a definition is difficult to formulate. Typically, each of the SSBs in SS-Burst is beamformed such that the set of SSBs within a SS-Burst covers the coverage of a cell. Each SSB in one SS-Burst has same PCI. 
Consequently, to obtain a cell quality, measurements of SSBs need to be considered. The options how a cell quality can be derived from SSB measurements is described in Section 9.2.4 in 38.300 as follows: 
In RRC_CONNECTED, the UE measures multiple beams (at least one) of a cell and the measurements results (power values) are averaged to derive the cell quality. In doing so, the UE is configured to consider a subset of the detected beams. Filtering takes place at two different levels: at the physical layer to derive beam quality and then at RRC level to derive cell quality from multiple beams. Cell quality from beam measurements is derived in the same way for the serving cell(s) and for the non-serving cell(s). Measurement reports may contain the measurement results of the X best beams if the UE is configured to do so by the gNB.
The corresponding high-level measurement model is described below:


Figure 9.2.4-1: Measurement Model
NOTE:	K beams correspond to the measurements on NR-SS block or CSI-RS resources configured for L3 mobility by gNB and detected by UE at L1.
[bookmark: _Hlk525844645]As can be seen from 38.300, it is possible to have L3 mobility also based on CSI-RS beams in addition to SSB beams. The main difference between CSI-RS and SSB is that SSB includes synchronization RS whereas CSI-RS does not. The consequence is that UE is not able to find CSI-RS unless the exact location of the RS is given. For this reason and for simplicity we propose to consider SSB beams as a priority in both cell vs spot beam discussion as well as in mobility discussion. We discuss mobility aspects in [3].

1. [bookmark: _Toc525596334]The term beam is widely used in NR specifications referring to SSB or CSI-RS beam.

[bookmark: _Toc525847074]RAN2 to discuss the relation between satellite spot beam and NR cell where the RS coverage may be formed of SSB beams. 
[bookmark: _Toc525847075]Consider SSB beams as a priority in both cell vs spot beam discussion as well as in mobility discussion.
Cell versus spot beam
[bookmark: _Hlk525847125]It should be noted that in LTE and NR, UE only sees cells and is not distinguishing between intra or inter eNB/gNB mobility. Similarly, it should be concluded here that even TR 38.821 describes satellites and spot beams, from UE perspective the satellite and spot beam are not visible.  
[bookmark: _Toc525847076]RAN2 to conclude that spot beams and satellites are not visible from UE perspective. 

Regardless of the above conclusion, it seems the different options on how NR cell and SSB beam may be seen with respect to a spot beam may impact on the study on SI objectives on delay and mobility. Thus, we intend to lay out and discuss here all possible options on how NR cell and SSB beam may be seen with respect to a spot beam.
One option is that there is one PCI per each spot beam. That is, each spot beam forms its own cell. Within that cell, there may be 1 to L SSBs in an SS-Burst. In case there is one SSBs in an SS-Burst, SSB resembles LTE PSS/SSS/CRS in the sense that it becomes a cell wide RS. Whether there is one or several SSBs per cell is an implementation choice. However, from SI perspective, it should be clarified whether both options should be considered. 
In the other option, PCI is shared between spotbeams and one spotbeam may be formed of one or several SSB beams. These options and depicted in Figure 1.
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Figure 1 Options to consider for cell and SSB beam versus spot beam

In either of the latter cases, there may be one common delay per SSB beam and yet another common delay per cell. UEs differential delay may be towards the cell common delay or towards the SSB common delay. Both cell and/or SSB common delays may be broadcasted in system information. In this case, eNB can update only the differential delay to be used in the one way delay.

[bookmark: _Toc525847077]RAN2 to study further which cell vs spotbeam scenarios are relevant for this SI. 

In above, the discussion has not separated whether the spot beams are formed from one or different satellites even the figure shows the typical GEO case. This scenario is depicted in Figure 2.

[image: ]
Figure 2 Case where each satellite has its own PCI.

It should be clarified whether there is RAN2 impact if cells are formed from same or different satellites. 

[bookmark: _Toc525847078]RAN2 to discuss whether there is RAN2 impact if cells are formed from same or different satellites. 

Conclusion
[bookmark: _In-sequence_SDU_delivery]
In the previous sections we made the following observations: 
Observation 1	The term beam is widely used in NR specifications referring to SSB or CSI-RS beam.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Clarify in TR 38.821 that the term beam in TR 38.821 is “satellite beam” or “spot beam” when it refers to satellite spot beam.
Proposal 2	RAN2 to discuss the relation between satellite spot beam and NR cell where the RS coverage may be formed of SSB beams.
Proposal 3	Consider SSB beams as a priority in both cell vs spot beam discussion as well as in mobility discussion.
Proposal 4	RAN2 to conclude that spot beams and satellites are not visible from UE perspective. 
Proposal 5	RAN2 to study further which cell vs spotbeam scenarios are relevant for this SI.
Proposal 6	RAN2 to discuss whether there is RAN2 impact if cells are formed from same or different satellites.
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