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1. Introduction
In RAN#93-e, a WID on Solutions for NR to support non-terrestrial networks (NTN) was approved [1]. The objective of performance part WI in WID is show as below:
	
Specify necessary UE and network performance requirements for the specified enhancements [RAN4].
Specify RRM test and network conformance tests [RAN4].



In this contribution, we provide our views on satellite access node demodulation requirements.
2. Discussion
Channel model for PUSCH
Referring to LLS parameters for data transmission performance evaluation for NTN in Table 6.1.2-4 of TR 38.821 copied in annex, the channel model for NTN are defined as below:
	Channel model
	For GEO (optional):
Baseline TDL/CDL model in [2], with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor based on the selected channel conditions. These parameters should be provided by the companies.
For LEO:
Baseline TDL/CDL model in [2], with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor based on the selected channel conditions. These parameters should be provided by the companies.


In TS 38.104, the TDLB100-400 Low, TDLC300-100 Low, and TDLA30-10 Low are chosen as channel model for NR　PUSCH demodulation. Form above channel model defined for NR demodulation，it is observed that the maximum DS for NR demodulation is 300ns and maximum Doppler for NR is 400Hz. 
Referring to Impairments due to satellite payload and satellite movement for NTN in Table 6.1.1.1-8 of TR 38.821 copied in annex, if pre/post compensation mechanism is assumed, max Doppler shift for scenario C2/D2 with 600km is 15.82 ppm shown as below:
	Max Doppler shift if pre/post compensation mechanism is assumed at satellite payload side
	Scenario A: n/a
Scenario C2/D2:
●	Satellite alt. = 1200 km
-	beam diameter = 90 km (Set 1 - S-band): 0.91 ppm
-	beam diameter = 40 km (Set 1 - Ka-band): 0.40 ppm
-	beam diameter = 190 km (Set 2 - S-band): 1.91 ppm
-	beam diameter = 90 km (Set 2 - Ka-band): 0.91ppm
-	beam diameter = 1000 km (Max beam foot print size): 9.17ppm

●	Satellite alt. = 600 km
-	beam diameter = 50 km (Set 1 - S-band): 1.05 ppm
-	beam diameter = 20 km (Set 1 - Ka-band): 0.42 ppm
-	beam diameter = 90 km (Set 2 - S-band): 1.88 ppm
-	beam diameter = 50 km (Set 2 - Ka-band): 1.05 ppm
-	beam diameter = 1000 km (max beam foot print size): 15.82 ppm



The Doppler for NR demodulation in TS 38.104 did not consider the Max Doppler shift for NTN. So when it comes to satellite access node PUSCH demodulation, the maximum DS and maximum Doppler for TDL/CDL need to be discussed. 
Proposal 1: To discuss channel model for NTN PUSCH demodulation and its parameters such as maximum DS and maximum Doppler.

Frequency offset for PRACH
Referring to LLS parameters for PRACH performance evaluation for NTN in Table 6.1.2-2 of TR 38.821 copied in annex. The frequency offset for PRACH was considered as below:
	Frequency Offset
	Doppler shift in channel due to satellite movement; max. Doppler shift values provided in Table 6.1.1.1-8
Doppler shift in channel due to UE movement; max. value to be computed based on the UE speed and the elevation angle
Residual frequency offset after synchronization: [0.1] ppm
Note 1: In case the network performs both pre and post common Doppler shift compensation, the final frequency offset is computed as follow:
[image: cid:image004.png@01D56199.E43DBEC0]where
[image: ] denotes the final frequency offset in Hz
[image: ] denotes the residual frequency offset after synchronization in ppm
[image: ] denotes the residual Doppler shift due to satellite movement in ppm after common Doppler compensation
[image: ] denotes the Doppler shift due to UE movement in ppm
[image: ] denotes the central frequency used on the service Up Link in Hz



In TS 38.104, the 400Hz frequency offset for R15 NR PRACH demodulation is considered. The frequency offset for PRACH in TS 38.104 did not consider the frequency offset caused by the satellite. It is need to discuss the channel model with frequency offset for NTN PRACH demodulation.
Proposal 2: To discuss the channel model with frequency offset for NTN PRACH demodulation.

Timing offset for PRACH
The maximal differential delay values are shown in the following table copied from Table 4.2-2 of TR 38.821.
	Scenarios
	GEO based non-terrestrial access network (Scenario A and B)
	LEO based non-terrestrial access network (Scenario C & D)

	Max distance between satellite and user equipment at min elevation angle
	40,581 km
	1,932 km (600 km altitude)
3,131 km (1,200 km altitude)

	Max Round Trip Delay (propagation delay only)
	Scenario A: 541.46 ms (service and feeder links)
Scenario B: 270.73 ms (service link only)
	Scenario C: (transparent payload: service and feeder links)
25.77 ms (600km)
41.77 ms (1200km)

Scenario D: (regenerative payload: service link only)
12.89 ms (600km)
20.89 ms (1200km)

	Max differential delay within a cell (Note 6)
	10.3 ms
	3.12 ms and 3.18 ms for respectively 600km and 1200km



In TS 38.104, R15 PRACH requirements use 0.8us timing offset value to verify gNB functionality of correct propagation delay estimation. Referring to LLS parameters for PRACH performance evaluation for NTN in Table 6.1.2-2 of TR 38.821 copied in annex. It pointed out that a uniform distribution in [0 max differential delay] shall be assumed for NTN PRACH. From above table, the Max differential delay within a cell is 10.3ms for GEO, and 3.18ms for LEO, which is much greater than existing 0.8us timing offset. It is need to discuss timing offset value for NTN PRACH demodulation.
Proposal 3: To discuss timing offset value for NTN PRACH demodulation.

3. Conclusion
This contribution provides analysis on Satellite Access Node demodulation requirements. The following proposals are concluded:
Proposal 1: To discuss channel model for NTN PUSCH demodulation and its parameters such as maximum DS and maximum Doppler.
Proposal 2: To discuss the channel model with frequency offset for NTN PRACH demodulation.
Proposal 3: To discuss timing offset value for NTN PRACH demodulation.
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5. Annex
The LLS parameters for data transmission performance evaluation for NTN in Table 6.1.2-4 of TR 38.821are copied as below:
Table 6.1.2-4: LLS parameters for data transmission performance evaluation
	Parameters
	S-band
	Ka-band

	Carrier frequency
	2 GHz
	DL 20 GHz, UL 30 GHz

	Channel coding scheme
	NR channel coding

	Subcarrier spacing
	15 kHz, 30 kHz
	60 kHz, 120 kHz

	Channel estimation
	Realistic estimation

	Frequency offset 
	Residual Frequency error after DL synchronisation: [0.1] ppm assuming UL pre-compensation

	Frequency drift
	[Doppler rate values provided in Table 6.1.1.1-8]

	Frequency tracking
	Option 1: drift pre-compensation is assumed
Option 2: no pre-compensation is assumed

	UE speed
	3 km/h
	0 km/h, 1000 km/h

	Channel model
	For GEO (optional):
Baseline TDL/CDL model in [2], with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor based on the selected channel conditions. These parameters should be provided by the companies.
For LEO:
Baseline TDL/CDL model in [2], with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor based on the selected channel conditions. These parameters should be provided by the companies.

	Satellite antenna configuration
	1Tx/Rx
	1Tx/Rx

	UE antenna configuration
	(1, 1, 2) with omni-directional antenna element
	VSAT with 60 cm equivalent aperture diameter

	Phase noise Model
	S-band phase noise modelling (optional) 
Ka-band phase noise modelling: phase noise profile according to TR 38.803 

	Metrics
	BLER, Throughput




The LLS parameters for PRACH performance evaluation for NTN in Table 6.1.2-2 of TR 38.821 are copied as below:
Table 6.1.2-2: LLS parameters for PRACH performance evaluation
	Configurations
	S-band
	Ka-band

	Carrier Frequency
	2 GHz
	30 GHz

	Channel Model
	Baseline TDL/CDL-D model in [2], with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor for suburban at corresponding elevation angle for each case 


	Antenna Configuration at the TRP (satellite)
	1 Rx
2 Rx optional
	1 Rx
2 Rx optional

	Antenna Configuration at the UE
	Omni-directional antenna with single linearly polarized antenna element 
	VSAT with 60 cm equivalent aperture diameter

	Frequency Offset
	Doppler shift in channel due to satellite movement; max. Doppler shift values provided in Table 6.1.1.1-8
Doppler shift in channel due to UE movement; max. value to be computed based on the UE speed and the elevation angle
Residual frequency offset after synchronization: [0.1] ppm
Note 1: In case the network performs both pre and post common Doppler shift compensation, the final frequency offset is computed as follow:
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A uniform distribution in [ - FO max value, + FO max value] shall be assumed
Note 2: Doppler spectrum on Rayleigh fading taps based on Jake model should be considered in addition to Doppler shift (see section 6.9.2 in [2])
Note 3: For a Rayleigh fading tap a minimum Doppler of 1 Hz should be considered.

	UE speed
	3 km/h
	0 km/h, 1000 km/h

	Timing Offset
	A uniform distribution in [0 max differential delay] shall be assumed.
Note 1: Ideal common delay compensation is assumed.
Note 2: The maximal differential delay values that should be supported for NTN are provided in Table 4.2-2. The max differential delays expected for specific cases can be computed based on the half power beam width and the target elevation angle.

	Phase noise model
	S-band phase noise modelling (optional) 
Ka-band phase noise modelling: phase noise profile according to in TR38.803.

	PRACH design
	Each company should provide details on configuration (i.e. format, SCS, N_CS, …). New formats are not precluded.

	Metric
	PRACH detection rate, FAR (Based on the preamble pool size is not less than 64), CDF of estimation error for frequency/timing,

	Receiver
	Companies are encouraged to report the receiver for PRACH detection.









The impairments due to satellite payload and satellite movement for NTN in Table 6.1.1.1-8 of TR 38.821 are copied as below:
Table 6.1.1.1-8: Impairments due to satellite payload and satellite movement
	
	S-band
	Ka-band

	Phase noise model (Note 2)
	Optional
	Phase noise profile according to TR38.803

	On-board oscillator long-term drift (Note 3)
	[0.5] ppm
	[0.5] ppm

	Max Doppler shift (Note 1)
	Scenario A: 0.15 ppm
Scenario C2/D2:
●	1200 km: 20 ppm
●	600 km: 24 ppm

	Max Doppler shift if pre/post compensation mechanism is assumed at satellite payload side
	Scenario A: n/a
Scenario C2/D2:
●	Satellite alt. = 1200 km
-	beam diameter = 90 km (Set 1 - S-band): 0.91 ppm
-	beam diameter = 40 km (Set 1 - Ka-band): 0.40 ppm
-	beam diameter = 190 km (Set 2 - S-band): 1.91 ppm
-	beam diameter = 90 km (Set 2 - Ka-band): 0.91ppm
-	beam diameter = 1000 km (Max beam foot print size): 9.17ppm

●	Satellite alt. = 600 km
-	beam diameter = 50 km (Set 1 - S-band): 1.05 ppm
-	beam diameter = 20 km (Set 1 - Ka-band): 0.42 ppm
-	beam diameter = 90 km (Set 2 - S-band): 1.88 ppm
-	beam diameter = 50 km (Set 2 - Ka-band): 1.05 ppm
-	beam diameter = 1000 km (max beam foot print size): 15.82 ppm

	Max Doppler rate
	Scenario A: n/a
Scenario C2/D2:
●	0.09 ppm/s for 1200 km satellite altitude
●	0.27 ppm/s for 600 km satellite altitude

	NOTE 1:	Min. Elevation angle for both sat- user equipment is equal to 10 degree.
NOTE 2:	For regenerative scenario, this can be considered as the phase noise model for the gNB. For transparent scenarios, it should be considered as an additional phase noise w.r.t the phase noise generated by the gNB and the UE.
NOTE 3:	These values are provided for information only and have not been considered in Radio Layer 1 analysis for the following reasons: 1) In the cases where transparent satellite payload are considered, it is assumed that the gNB can detect the frequency shift due to on -board oscillator long-term drift and compensate for it. 2) In the cases where regenerative satellite payload are considered, it is assumed that the on -board oscillator drift is sufficiently decreased to become negligible.
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