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Introduction
In the RAN#80 plenary meeting, a study item on Non-Terrestrial Network (NTN) was approved [1]. 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 document, we’d like to discuss potential problem which may be caused by mobility and signalling delay in NTN.
Discussion
2.1 Deployment scenarios 
The deployment scenarios in TR38.821 have been updated by RAN3 [2]. According to the latest TP for TR38.821, six basic scenarios are considered as depicted in Table 4.2-1, more detail information is given 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:
steerable beams
	Scenario C1
	Scenario D1

	LEO based non-terrestrial access network:
the beams move with the satellite
	Scenario C2
	Scenario D2



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 C1: Yes (steerable beams), see note 1
Scenario C2: No (the beams move with the satellite)
Scenario D 1: Yes (steerable beams), see note 1
Scenario D 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: 541.14 ms (service and feeder links)
Scenario B: 271.57ms (service link only)
	Scenario C: (transparent payload: service and feeder links)
· 25.76ms(600km)
· 41.75ms(1200km)

Scenario D: (regenerative payload: service link only)
· 12.88ms(600km)
· 20.87ms(1200km)

	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 (600km and 1200km)

	Max Doppler shift (earth fixed user equipment)
	0.93 ppm
	24 ppm (600km)
21ppm(1200km) 

	Max Doppler shift variation (earth fixed user equipment)
	0.000 045 ppm/s 
	0.27ppm/s (600km)
0.13ppm/s(1200km)

	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
For scenario C and scenario D, two different beam models have been confirmed. For option1, beams are steerable, while for option2, beams move with the satellite. From UE point of view, option1 and option2 may have different impact on RAN2, e.g. time advance.
Observation 1: C1/D1 and C2/D2 may have different impact on RAN2, e.g. time advance.
Proposal 1: The mobility solution for C1/D1 and C2/D2 can be discussed separately before we find out what impacts are on RAN2.
2.2 Potential impacts on RAN2 during handover
Measurement is an important feature in terrestrial network no matter what state the UE is kept in. The UE mobility is based on measurement and the measurement configuration is configured by the dedicated signalling from the network side. Once the condition is met, measurement procedure will be triggered on UE side and then the connected mode UE will report the measurement result to the network based on the measurement configuration. Finally, the network will trigger the HO procedure according to the results reported by the UE.
Observation 2: The UE mobility is based on measurement in terrestrial Network.
For NTN system, the speed of satellite is about several kilometers per second relative to ground. Even if the satellite beam foot print diameter can be several hundred kilometers which is much bigger than terrestrial network cell, the UE may still experience more frequent HO procedure in NTN system compared to terrestrial network system if all the principles for HO procedure in terrestrial network system are completely reused by the NTN system.
Observation 3: UE may experience more frequent HO procedure in NTN system compared to terrestrial network system if all the principles for HO procedure in terrestrial network system are completely reused by the NTN system.
From UE perspective, more frequent HO procedure means more measurements, which is not desirable when considering UE power consumption.
Proposal 2: RAN2 is kindly asked to discuss the signalling overhead issue addressed by frequent measurements during mobility in NTN system.
Signalling delay is another important issue. The max round trip delay can be 562 ms for GEO. After measurement, UE will transmit measurement report to the serving satellite. UE can’t get any feedback within less than 562 ms. 
[bookmark: _GoBack]During the waiting period, the satellite signal quality situation can be quite different because of the HO time delay. If UE wants to change the measurement report during handover, it may be too late when getting the feedback from the network side.
Proposal 3: RAN2 is kindly asked to discuss the HO stability issue addressed by signalling delay in NTN system.
Conclusion
In conclusion, we propose the followings:
Observation 1: C1/D1 and C2/D2 may have different impact on RAN2, e.g. time advance.
Observation 2: The UE mobility is based on measurement in terrestrial Network.
Observation 3: UE may experience more frequent HO procedure in NTN system compared to terrestrial network system if all the principles for HO procedure in terrestrial network system are completely reused by the NTN system.
Proposal 1: The mobility solution for C1/D1 and C2/D2 can be discussed separately before we find out what impacts are on RAN2.
Proposal 2: RAN2 is kindly asked to discuss the signalling overhead issue addressed by frequent measurements during mobility in NTN system.
Proposal 3: RAN2 is kindly asked to discuss the HO stability issue addressed by signalling delay in NTN system.
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