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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.



The NTN NR SI work started in RAN3#101 and the following the first version of TR 38.821 ver010 [3] was approved in RAN#81. In this paper we discuss the scenarios listed in 38.821.
Background
[bookmark: _Toc510712179]
The TR 38.821 [3] has the following overview description in Section 4.1:
Non-Terrestrial Network typically features the following elements:
-	One or several sat-gateways that connect the Non-Terrestrial Network to a public data network
-	a GEO satellite is fed by one or several sat-gateways which are deployed across the satellite targeted coverage (e.g. regional or even continental coverage). We assume that UE in a cell are served by only one sat-gateway
-	A Non-GEO satellite served successively by one sat-gateway at a time. The system ensures service and feeder link continuity between the successive serving sat-gateways with sufficient time duration to proceed with mobility anchoring and hand-over
-	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).
Further, the satellites may have earth fixed beams or moving beams.
Scenarios

The TR 38.821 [3] has listed four scenarios and then scenario specific parameters for those as follows:
Four scenarios are considered as depicted in Table 4.2-1 and are detailed in Table 4.2-2.
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
	Scenario C
	Scenario D



Table 4.2-2: Reference scenario parameters
	Scenarios
	GEO based non-terrestrial access network (Scenario A and B)
	LEO based non-terrestrial access network (Scenario C & D)

	Orbit type
	notional station keeping position fixed in terms of elevation/azimuth with respect to a given earth point 
	circular orbiting around the earth

	Altitude
	35,786 km
	600 km
1,200 km

	Spectrum (service link)
	<6 GHz (e.g. 2 GHz)
>6 GHz (e.g. DL 20 GHz, UL 30 GHz)

	Max channel bandwidth (service link)
	30 MHz for band < 6 GHz
400 MHz for band > 6 GHz

	Payload
	Scenario A : Transparent (including radio frequency function only)
Scenario B: regenerative (including all or part of RAN functions)
	Scenario C: Transparent (including radio frequency function only)
Scenario D: Regenerative (including all or part of RAN functions)

	Inter-Satellite link
	No
	Scenario C: No
Scenario D: Yes

	Earth-fixed beams
	Yes
	Scenario C: No (the beams move with the satellite)
Scenario D, option 1: Yes (steering beams), see note 1
Scenario D, option 2: No (the beams move with the satellite)

	Max beam foot print diameter at nadir
	500 km
	200 km

	Min Elevation angle for both sat-gateway and user equipment
	10°
	10°

	Max distance between satellite and user equipment at min elevation angle
	40,586 km
	1,932 km (600 km altitude)
3,131 km (1,200 km altitude)

	Max Round Trip Delay (propagation delay only)
	Scenario A: 562 ms (service and feeder links)
Scenario B: 281ms
	Scenario C: 25.76 ms (transparent payload: service and feeder links)
Scenario D: 12.88 ms (regenerative payload: service link only)

	Max delay variation within a beam (earth fixed user equipment)
	16ms
	4.44ms (600km)
6.44ms (1200km)

	Max differential delay within a beam
	1.6 ms
	0.65 ms (*) 

	Max Doppler shift (earth fixed user equipment)
	0.93 ppm
	24 ppm (*)

	Max Doppler shift variation (earth fixed user equipment)
	0.000 045 ppm/s 
	0.27ppm/s (*)

	User equipment motion on the earth
	1000 km/h (e.g. aircraft)
	500 km/h (e.g. high speed train)
Possibly 1000 km/h (e.g. aircraft)

	User equipment antenna types
	Omnidirectional antenna (linear polarisation), assuming 0 dBi
Directive antenna (up to 60 cm equivalent aperture diameter in circular polarisation)

	User equipment Tx power
	Omnidirectional antenna: UE power class 3 with up to 200 mW
Directive antenna: up to 4 W

	User equipment Noise figure
	Omnidirectional antenna: 7 dB
Directive antenna: 1.2 dB

	Service link
	3GPP defined New Radio

	Feeder link
	3GPP or non-3GPP defined Radio interface
	3GPP or non-3GPP defined Radio interface


NOTE 1:	Each satellite has the capability to steer beams towards fixed points on earth using beamforming techniques. This is applicable for a period of time corresponding to the visibility time of the satellite
NOTE 2:	Max delay variation within a beam (earth fixed user equipment) is calculated based on Min Elevation angle for both gateway and user equipment
NOTE 3:	Max differential delay within a beam is calculated based on Max beam foot print diameter at nadir

There are four reference scenarios in 38.821 as listed in Table 4.2-1. Then, when looking at Table 4.2-2  which contains reference scenario parameters, it can be seen that only fixed beams are considered for the GEO case. GEO may have transparent or regenerative satellite payload.
For the LEO case, the scenario C which is the scenario with transparent satellite assumes only moving beams for. For scenario D, which is LEO with regenerative payload, both earth-fixed and earth moving beams have been listed. So, when we factor in the fixed/non-fixed beams, we have an additional scenario. The complete list of 5 scenarios currently in 38.821 is then:
Scenario A – GEO, transparent satellite, Earth-fixed beams;
Scenario B – GEO, regenerative satellite, Earth fixed beams;
Scenario C – LEO, transparent satellite, Earth-moving beams;
Scenario D1 – LEO, regenerative satellite, Earth-fixed beams;
Scenario D2 – LEO, regenerative satellite, Earth-moving beams.

RAN2 should discuss the scenarios listed in current TR 38.821 and conclude whether the relevant scenarios have been listed and described from RAN2 perspective. The GEO with transparent payload assumes earth fixed beams whereas LEO with transparent payload assumes moving beams. This seems reasonable because this scenario hints at a much simplified payload, which does not include beam steering functionality: the beams are non-steerable, hence they move with the satellite. However, as GEO with transparent payload assumes earth fixed beams it could be discussed if it is possible to assume earth fixed beams for LEO case with transparent satellite.

1. [bookmark: _Toc525596334][bookmark: _Hlk525845114][bookmark: _Toc525845851]GEO with transparent payload assumes earth fixed beams whereas LEO with transparent payload assumes moving beams.

[bookmark: _Toc525845855]RAN2 to discuss whether if it is possible to assume earth fixed beams for LEO case with transparent satellite.

Further, RAN2 should discuss which of these scenarios should be considered in RAN2 study. For example, the two GEO scenarios may render very similar observations when considering the RAN2 objectives on delay and mobility. For example, the latency of GEO regenerative is just the half of the latency of the GEO transparent satellite. Thus, if a procedure is supported for the transparent case it is supported for the regenerative. 

[bookmark: _Toc525845856]RAN2 to discuss whether RAN2 should consider prioritisation of the scenarios when considering the delay aspect.
For mobility considerations the pathloss/satellite beam pattern will likely be similar to the transparent case and the timing difference between different satellites will be similar to LEO. Then again, for the LEO case, we have both moving and fixed beams and this would affect mobility discussions. It is not clear how and how much the satellite payload type affects RAN2 discussions for mobility. We provide more detailed mobility discussion in
[bookmark: _Toc525845857]RAN2 to discuss whether RAN2 should consider prioritisation of the scenarios when considering the mobility aspect.

Conclusion
[bookmark: _In-sequence_SDU_delivery]
In the previous sections we made the following observations: 
Observation 1	GEO with transparent payload assumes earth fixed beams whereas LEO with transparent payload assumes moving beams.


Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to discuss whether if it is possible to assume earth fixed beams for LEO case with transparent satellite.
Proposal 2	RAN2 to discuss whether RAN2 should consider prioritisation of the scenarios when considering the delay aspect.
Proposal 3	RAN2 to discuss whether RAN2 should consider prioritisation of the scenarios when considering the mobility aspect.
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