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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
In June 2018, the study item “Study on NR to support non-terrestrial networks” was completed. Potential impacts have been identified (see [1] for the full list) and solutions are currently investigated in the study item “Solutions on NR to support non-terrestrial networks”. From a RAN1 perspective, TUs have been allocated starting from April 2019 to November 2019. The following objectives for RAN 1 have been approved in [2] :
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed  [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.
Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1].
This contribution presents preliminary link-level data transmission performance results for NTN, based on a subset of assumptions from Table 6.1.2-3 in TR 38.821 [3]. The effect of residual frequency error after DL synchronization, frequency drift induced by the Doppler rate, and phase noise are incorporated. 
2. Data Transmission Performance in NR NTN
Link-Level Simulation Assumptions

The parameters used for the link-level simulations are provided Table 1. As per the current suggestion in TR 38.821 [3], HPA (high power amplifier) non-linearity modelling is not considered for these simulations.


Table 1: LLS parameters for data transmission performance evaluation
	Parameters
	S-band
	Ka-band

	Carrier frequency
	2GHz 
	 20GHz 

	Subcarrier spacing
	15kHz
	 120kHz

	Channel Bandwidth
	10 MHz
	100 MHz

	Number of RBs
	52
	66

	DMRS
	Type A - additional symbol=3; i.e., 24 REs per RB in a slot.

	# of data REs
	7488
	9504

	Channel coding 
	NR channel coding. LDPC graph index 1

	MCS
	QPSK R = 0.5 and 16QAM rate 0.5
	QPSK R = 0.5

	HARQ
	Disabled

	Channel estimation
	DMRS-based

	Frequency offset (FO)
	Residual Frequency error after DL synchronization: [0.1] ppm assuming UL pre-compensation

	Frequency drift (FD)
	0.27 ppm/s [Doppler rate value provided in Table 6.1.1-8 of TR 38.821]

	Frequency tracking
	Disabled (applied residual FO and FD are not estimated and compensated)

	Fading
	UE speed
	3 km/h
	0 km/h

	
	Channel model
	NTN-TDL-D with 50 degree elation angle; from Table 6.9.2-4  of [4]
Desired delay spread set to 200 ns 

	Satellite antenna configuration
	1 Tx
	1 Tx

	UE antenna configuration
	1 Rx
	1 Rx 

	Phase noise Model
	No phase noise
	According to TR 38.803 [5], Section 6.1.9.6 (Figure 6.1.10-2).

	PT-RS
	Disabled.



The transport block sizes resulting from settings in Table are as follows
· S-band, QPSK rate ½ : TBS = 7448 bits, segmented to one code block of 7744 bits
· S-band, 16QAM rate ½ :  TBS = 14880 bits, segmented to two code blocks of 7744 bits each
· Ka-band, QPSK rate ½ : TBS = 9504 bits, segmented to two code blocks of 4928 bits each

Simulation Results

Block error rate (BLER) results plotted in Figures. 1—3 are computed by counting transport block errors. 
The simulation assumption regarding the frequency errors is that the residual frequency offset (FO) after synchronization, when applied, is not estimated and corrected while the frequency drift (FD) is assumed to be reset to zero every 20 ms assuming resynchronization.
In order to gauge the impact of fading, frequency offset (FO), frequency drift (FD) and phase noise (PN), BLER results under different combinations of these features, and under AWGN are plotted alongside.



Figure 1. BLER vs Es/N0 for S-band settings with QPSK rate ½


Figure 2. BLER vs Es/N0 for S-band settings with 16QAM rate ½



[image: C:\Users\geg\AppData\Local\Microsoft\Windows\INetCache\Content.Word\QPSK.png]
Figure 3. BLER vs Es/N0 for Ka-band settings with QPSK rate ½

The above preliminary results indicate that the impact of frequency drift is minimal provided frequency resynchronization is done every 20 ms, while the performance loss due to the residual frequency error after synchronization is notable if not compensated for. The impact of the considered phase noise model for Ka band is observed to be minimal.
Observation 1: The impact of frequency drift is minimal provided frequency resynchronization is done every 20 ms.
Observation 2: The performance loss due to the residual frequency error after synchronization is notable.
Observation 3: The impact of the considered phase noise model for Ka band is observed to be minimal.
3. Conclusion
Based on the preliminary simulation results, this paper makes the following observations:
Observation 1: The impact of frequency drift on the BLER performance is not significant if frequency synchronization is done every 20 ms (period between adjacent synchronization blocks).
[bookmark: _GoBack]Observation 2: The performance loss due to the residual frequency error after synchronization is notable.
Observation 3: The impact of the considered phase noise model for Ka band is observed to be minimal.
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