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1.	Introduction
In the previous RAN4#97e meeting where NTN was discussed for the first time in RAN4, the discussion was categorized as below.
· Topic #1: General RAN4 RRM NTN related aspects
· Topic #2: GNSS requirements	
· Topic #3: PVT Satellite precision
· Topic #4: NTN UL Time synchronization requirements
· Topic #5: NTN UL frequency synchronization requirement
· Topic #6: NTN Measurements
· Topic #7: RRM requirements for beam switching
Since it is premature to discuss details of each aspect given RAN1/2 progress, in this paper we focus on a high-level NTN system model that can be served as a reference for requirement development discussion. And we present our views on the following topics.
1) Time/Frequency Accuracy
2) Mobility and Measurement
2. 	Discussion
Time/Frequency Accuracy
In NTN, a time and frequency pre-compensation mechanism based on UE and satellite location information is considered in RAN1/2 design. However, there can be factors that may affect its accuracy requirements significantly. The factors can be mainly from GNSS accuracy, movement of satellite, UE mobility, etc. Besides, a distance between UE and satellite in service link based open-loop UL transmission power adjustment can be also considered if the distance variation is expected to be deterministic.
Proposal 1: RAN4 to investigate factors that can affect time/frequency pre-compensation accuracy requirements, e.g.
· Residual time/frequency error at UE side due to mobility and inaccurate position information, e.g. GNSS accuracy and frequency of reading GNSS information
· Residual time/frequency error in LEO due to a fast movement of LEO and an inaccurate PVT information in terms of precision and/or update frequency (subject to higher layer design)
· Residual time/frequency error in GEO if there is a non-negligible local position change
· FFS on whether and what effects should be considered for feeder link
· FFS on pre-compensation for HAPs and HIBS
· FFS on whether and how to consider location-based UL transmission power autonomous adjustment

Mobility and Measurement
Based on the output of preliminary study of NTN, TR38.811 and TR38.821, there can be many different types of complicated combined scenarios as bellow:
· Perspective of Mobility and Measurement
· from NTN to NTN, NTN to TN and TN to NTN
· from GEO to NGSO, NGSO to GEO, NGSO to NGSO, and for NGSO there can be satellites having different attributes, e.g
· LEO and HAPS
· earth fixed cells and/or earth moving cells
· different altitudes
· between cells served by the same satellite cells (if the satellite has more than one feeder link)
· between cells served by different satellites
· Intra-gNB if the satellites are connected to the same gNB
· Inter-gNBs
· Perspective of Frequency range for NTN and TN
· S and FR1
· Ka and FR2
· S and FR2
· Ka and FR1
(Note) As per RAN2 agreement, UE is not required to connect to both NTN and TN at the same time

Since RAN1 and RAN2 have been developing physical and high layer specifications, it is premature to discuss whether and which combined scenarios listed above can be supported by Rel-17, hence, RAN4 should wait until feasible scenarios are sorted out by other working groups. In the meantime, we suggest RAN4 considers only the following scenarios for requirement development discussion.
Proposal 2: RAN4 discussion for mobility and measurement requirements should be limited to the following scenarios until RAN4 receives specific inputs from RAN1/2:
· from NTN to NTN for RRC Connected mode
· between NTN and TN for only RRC Inactive/Idle modes
· between GEO type satellites
· between LEO type satellites at the same altitude
· Do not consider a scenario where UE monitors both earth fixed and earth moving cells
· between HAPs (FFS on HIBSs)

In order to investigate mobility and measurement performance impacts, identify potential issues, and come up with a proper set of criteria, the group needs to define a reference set of attributes of different types of NTN system models. The reference can be established by putting together reference models in TR38.811 and TR38.821, however, there are still many options left for each attribute depending on what is concerned. Therefore, we suggest the group defines a more concise and comprehensive set of reference table for the further RAN4 work based on the outcome of preliminary study of NTN.
Proposal 3: RAN4 to discuss and define a set of reference models including satellite types and corresponding attributes in the table below.
	Attributes
	GEO-S
	GEO-Ka
	LEO-S-f
	LEO-Ka-f
	LEO-S-m
	LEO-Ka-m
	HAPS-S-f

	Satellite altitude
	35786km
	35786km
	600km [and X>600km]
	600km [and X>600km]
	600km [and X>600km]
	600km [and X>600km]
	[50]km

	Carrier frequency of serving link
	S band
	Ka band
	S band
	Ka band
	S band
	Ka band
	S band

	Beam on earh
	Earth fixed beams
	Earth fixed beams
	Earth fixed beams
	Earth fixed beams
	Earth moving beams
	Earth moving beams
	Earth fixed beams [and/or Earth moving]

	Relative speed of satellite/UAS with respect to earth
	Negligible
	Negligible
	7.56km/s for 600km
[and Ykm/s for Xkm]

	7.56km/s for 600km
[and Ykm/s for Xkm]

	7.56km/s for 600km
[and Ykm/s for Xkm]

	7.56km/s for 600km
[and Ykm/s for Xkm]

	[Z]km/s

	Typical Min/Max NTN beam foot print diameter
	[100]km/[3500]km (may need to be redefined for the S band)
	[100]km/[3500]km (may need to be redefined for the Ka band)
	[50]km/[1000]km (may need to be redefined for the S band)
	[50]km/[1000]km (may need to be redefined for the Ka band)
	[50]km/[1000]km (may need to be redefined for the S band)
	[50]km/[1000]km (may need to be redefined for the Ka band)
	need to be defined considering the altitude and the band

	Min/Max propagation delay contribution to the round trip delay on the radio interface between the gNB and the UE
	477.48ms/541.46ms (for the Maximum value, may need to be recalculated based on the Max NTN beam foot print diameter)
	477.48ms/541.46ms (for the Maximum value, may need to be recalculated based on the Max NTN beam foot print diameter)
	8ms/25.77ms (for the Maximum value, may need to be recalculated based on the Max NTN beam foot print diameter and the satellite’s altitude and reletive movement)
	8ms/25.77ms (for the Maximum value, may need to be recalculated based on the Max NTN beam foot print diameter and the satellite’s altitude and reletive movement)
	8ms/25.77ms (for the Maximum value, may need to be recalculated based on the Max NTN beam foot print diameter and the satellite’s altitude and reletive movement)
	8ms/25.77ms (for the Maximum value, may need to be recalculated based on the Max NTN beam foot print diameter and the satellite’s altitude and reletive movement)
	need to be calculated based on the Max HAPS beam foot print diameter and the HAPS’s altitude and reletive movement

	Max delay variation as seen by the UE
	Negligible
	Negligible
	Up to +/-40us/sec (may need to be recalculated based on the Max NTN beam foot print diameter and the satellite’s altitude and reletive movement)
	Up to +/-40us/sec (may need to be recalculated based on the Max NTN beam foot print diameter and the satellite’s altitude and reletive movement)
	Up to +/-40us/sec (may need to be recalculated based on the Max NTN beam foot print diameter and the satellite’s altitude and reletive movement)
	Up to +/-40us/sec (may need to be recalculated based on the Max NTN beam foot print diameter and the satellite’s altitude and reletive movement)
	need to be calculated based on the Max HAPS beam foot print diameter and the HAPS’s altitude and reletive movement

	Channel bandwidth
	20MHz for each DL and UL
	800MHz for each DL and UL
	20MHz for each DL and UL
	800MHz for each DL and UL
	20MHz for each DL and UL
	800MHz for each DL and UL
	[20]MHz for each DL and UL

	Terminal type
	Handheld device, PC[3]
	VSAT
	Handheld device, PC[3]
	VSAT
	Handheld device, PC[3]
	VSAT
	Handheld device, PC[3]

	Terminal speed
	need to be defined
	need to be defined
	need to be defined
	need to be defined
	need to be defined
	need to be defined
	need to be defined

	Max differential delay (b/w edge of satellite coverage and Nadir)
Table 5.3.5-1 of TR38.811/ Table 4.2-2 of TR38.821
	16ms/10.3 (may need to be recalculated based on the beam foot print diameter)
	16ms/10.3 (may need to be recalculated based on the beam foot print diameter)
	4.4ms/3.12ms(for 600km and  3.18ms for 1200km) (may need to be recalculated based on the Max NTN beam foot print diameter and the satellite’s altitude and reletive movement)
	4.4ms/3.12ms(for 600km and  3.18ms for 1200km)  (may need to be recalculated based on the Max NTN beam foot print diameter and the satellite’s altitude and reletive movement)
	4.4ms/3.12ms(for 600km and  3.18ms for 1200km)  (may need to be recalculated based on the Max NTN beam foot print diameter and the satellite’s altitude and reletive movement)
	4.4ms/3.12ms(for 600km and  3.18ms for 1200km)  (may need to be recalculated based on the Max NTN beam foot print diameter and the satellite’s altitude and reletive movement)
	0.697ms (may need to be recalculated based on the Max HAPS beam foot print diameter and the HAPS’s altitude and reletive movement)

	Max Doppler shift
	need to be defined
	need to be defined
	need to be defined
	need to be defined
	need to be defined
	need to be defined
	need to be defined

	Max Doppler variation [Hz/sec]
	need to be defined
	need to be defined
	need to be defined
	need to be defined
	need to be defined
	need to be defined
	need to be defined

	UE antenna pattern and polarization
	Quasi Isotropic linear polarization [and Co-phased arrary dual linear polization]
	Circular polarization and Co-phased arrary dual linear polarization
	Quasi Isotropic linear polarization [and Co-phased arrary dual linear polization]
	Circular polarization and Co-phased arrary dual linear polarization
	Quasi Isotropic linear polarization [and Co-phased arrary dual linear polization]
	Circular polarization and Co-phased arrary dual linear polarization
	Quasi Isotropic linear polarization [and Co-phased arrary dual linear polization]



3.	Conclusion
We presented our views on Time/Frequency Accuracy and Mobility and Measurement, and a set of reference models for the further discussion was provided.
Proposal 1: RAN4 to investigate factors that can affect time/frequency pre-compensation accuracy requirements, e.g.
· Residual time/frequency error at UE side due to mobility and inaccurate position information, e.g. GNSS accuracy and frequency of reading GNSS information
· Residual time/frequency error in LEO due to a fast movement of LEO and an inaccurate PVT information in terms of precision and/or update frequency (subject to higher layer design)
· Residual time/frequency error in GEO if there is a non-negligible local position change
· FFS on whether and what effects should be considered for feeder link
· FFS on pre-compensation for HAPs and HIBS
· FFS on whether and how to consider location-based UL transmission power autonomous adjustment

Proposal 2: RAN4 discussion for mobility and measurement requirements should be limited to the following scenarios until RAN4 receives specific inputs from RAN1/2:
· from NTN to NTN for RRC Connected mode
· between NTN and TN for only RRC Inactive/Idle modes
· between GEO type satellites
· between LEO type satellites at the same altitude
· Do not consider a scenario where UE monitors both earth fixed and earth moving cells
· between HAPs (FFS on HIBSs)

Proposal 3: RAN4 to discuss and define a set of reference models including satellite types and corresponding attributes in the table below.
	Attributes
	GEO-S
	GEO-Ka
	LEO-S-f
	LEO-Ka-f
	LEO-S-m
	LEO-Ka-m
	HAPS-S-f

	Satellite altitude
	35786km
	35786km
	600km [and X>600km]
	600km [and X>600km]
	600km [and X>600km]
	600km [and X>600km]
	[50]km

	Carrier frequency of serving link
	S band
	Ka band
	S band
	Ka band
	S band
	Ka band
	S band

	Beam on earh
	Earth fixed beams
	Earth fixed beams
	Earth fixed beams
	Earth fixed beams
	Earth moving beams
	Earth moving beams
	Earth fixed beams [and/or Earth moving]

	Relative speed of satellite/UAS with respect to earth
	Negligible
	Negligible
	7.56km/s for 600km
[and Ykm/s for Xkm]

	7.56km/s for 600km
[and Ykm/s for Xkm]

	7.56km/s for 600km
[and Ykm/s for Xkm]

	7.56km/s for 600km
[and Ykm/s for Xkm]

	[Z]km/s

	Typical Min/Max NTN beam foot print diameter
	[100]km/[3500]km (may need to be redefined for the S band)
	[100]km/[3500]km (may need to be redefined for the Ka band)
	[50]km/[1000]km (may need to be redefined for the S band)
	[50]km/[1000]km (may need to be redefined for the Ka band)
	[50]km/[1000]km (may need to be redefined for the S band)
	[50]km/[1000]km (may need to be redefined for the Ka band)
	need to be defined considering the altitude and the band

	Min/Max propagation delay contribution to the round trip delay on the radio interface between the gNB and the UE
	477.48ms/541.46ms (for the Maximum value, may need to be recalculated based on the Max NTN beam foot print diameter)
	477.48ms/541.46ms (for the Maximum value, may need to be recalculated based on the Max NTN beam foot print diameter)
	8ms/25.77ms (for the Maximum value, may need to be recalculated based on the Max NTN beam foot print diameter and the satellite’s altitude and reletive movement)
	8ms/25.77ms (for the Maximum value, may need to be recalculated based on the Max NTN beam foot print diameter and the satellite’s altitude and reletive movement)
	8ms/25.77ms (for the Maximum value, may need to be recalculated based on the Max NTN beam foot print diameter and the satellite’s altitude and reletive movement)
	8ms/25.77ms (for the Maximum value, may need to be recalculated based on the Max NTN beam foot print diameter and the satellite’s altitude and reletive movement)
	need to be calculated based on the Max HAPS beam foot print diameter and the HAPS’s altitude and reletive movement

	Max delay variation as seen by the UE
	Negligible
	Negligible
	Up to +/-40us/sec (may need to be recalculated based on the Max NTN beam foot print diameter and the satellite’s altitude and reletive movement)
	Up to +/-40us/sec (may need to be recalculated based on the Max NTN beam foot print diameter and the satellite’s altitude and reletive movement)
	Up to +/-40us/sec (may need to be recalculated based on the Max NTN beam foot print diameter and the satellite’s altitude and reletive movement)
	Up to +/-40us/sec (may need to be recalculated based on the Max NTN beam foot print diameter and the satellite’s altitude and reletive movement)
	need to be calculated based on the Max HAPS beam foot print diameter and the HAPS’s altitude and reletive movement

	Channel bandwidth
	20MHz for each DL and UL
	800MHz for each DL and UL
	20MHz for each DL and UL
	800MHz for each DL and UL
	20MHz for each DL and UL
	800MHz for each DL and UL
	[20]MHz for each DL and UL

	Terminal type
	Handheld device, PC[3]
	VSAT
	Handheld device, PC[3]
	VSAT
	Handheld device, PC[3]
	VSAT
	Handheld device, PC[3]

	Terminal speed
	need to be defined
	need to be defined
	need to be defined
	need to be defined
	need to be defined
	need to be defined
	need to be defined

	Max differential delay (b/w edge of satellite coverage and Nadir)
Table 5.3.5-1 of TR38.811/ Table 4.2-2 of TR38.821
	16ms/10.3 (may need to be recalculated based on the beam foot print diameter)
	16ms/10.3 (may need to be recalculated based on the beam foot print diameter)
	4.4ms/3.12ms(for 600km and  3.18ms for 1200km) (may need to be recalculated based on the Max NTN beam foot print diameter and the satellite’s altitude and reletive movement)
	4.4ms/3.12ms(for 600km and  3.18ms for 1200km)  (may need to be recalculated based on the Max NTN beam foot print diameter and the satellite’s altitude and reletive movement)
	4.4ms/3.12ms(for 600km and  3.18ms for 1200km)  (may need to be recalculated based on the Max NTN beam foot print diameter and the satellite’s altitude and reletive movement)
	4.4ms/3.12ms(for 600km and  3.18ms for 1200km)  (may need to be recalculated based on the Max NTN beam foot print diameter and the satellite’s altitude and reletive movement)
	0.697ms (may need to be recalculated based on the Max HAPS beam foot print diameter and the HAPS’s altitude and reletive movement)

	Max Doppler shift
	need to be defined
	need to be defined
	need to be defined
	need to be defined
	need to be defined
	need to be defined
	need to be defined

	Max Doppler variation [Hz/sec]
	need to be defined
	need to be defined
	need to be defined
	need to be defined
	need to be defined
	need to be defined
	need to be defined

	UE antenna pattern and polarization
	Quasi Isotropic linear polarization [and Co-phased arrary dual linear polization]
	Circular polarization and Co-phased arrary dual linear polarization
	Quasi Isotropic linear polarization [and Co-phased arrary dual linear polization]
	Circular polarization and Co-phased arrary dual linear polarization
	Quasi Isotropic linear polarization [and Co-phased arrary dual linear polization]
	Circular polarization and Co-phased arrary dual linear polarization
	Quasi Isotropic linear polarization [and Co-phased arrary dual linear polization]
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