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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#104-e and previous meetings, a couple of agreements have been achieved about doppler frequency offset issues.
Agreement:
If DL frequency compensation for the service link Doppler is applied, indication of the amount of frequency compensation is necessary.
FFS: support of DL frequency compensation for the service link Doppler.
Agreement: 
RAN1 should send an LS to RAN4 with the following questions: 
Question 1: RAN1 would like to ask RAN4, to indicate what are the NTN UL time synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State
Question 2: RAN1 would like to ask RAN4, to indicate what are the NTN UL frequency synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State

In this contribution, we provide some further considerations on doppler code deviation caused by doppler effect.
[bookmark: _Ref129681832]Discussion on doppler code deviation
It has been agreed that for NTN scenarios such as LEO satellite communication system, doppler effect will cause the doppler frequency shift, whose magnitude depends on carrier frequency. For a satellite with an 650km orbital altitude and 86.4 orbital inclination, its relative doppler frequency offset in one access period  is shown in Fig 1 when the minimum/maximum access elevation is 40 /90
[image: ]
Figure 1. Doppler frequency offset in one access period
 In multicarrier system, carrier frequency varies between each subcarrier, resulting in different doppler frequency shift, which leads to inevitable change of the signal bandwidth. The sampling rate of the receiver will not match the original signal due to above reasons, known as doppler code deviation, which will cause phase deflection and inter-carrier-interference.
There is a significant cumulative effect of doppler code deviation. If doppler code deviation is not compensated between two timing synchronizations, the influence will gradually increase over the communication time. Lack of mature pre-compensation schemes, both of uplink transmission and downlink transmission will suffer accumulated doppler code deviation, especially in transparent satellite system. We have observed that the above phenomenon has a serious impact on the bit error rate (BER) performance of the whole link.
The simulation parameters are listed in the table below. 
Table 1 System parameters used in simulation
	System Parameter

	Bandwidth
	100MHz /200MHz/400MHz

	Subcarrier Spacing
	60kHz/120kHz

	Channel environment
	Open

	SNR
	6dB

	SFO
	5ppm/20ppm/40ppm

	Number of antennas
	1 Tx and 1 Rx

	Modulation
	QPSK

	Coding rate
	3/4


The simulation results of BER performance under different doppler code deviation, bandwidth and   subcarrier spacing (SCS) are here. 
[image: ]
Figure 2. BER performance with different accumulated doppler code deviation
The periodicity of SS/PBCH blocks for timing synchronization in terrestrial network is usually set to two frames (20ms), or at least half frame (5ms). Simulation time is set to one frame (1ms) for simulating the transmission between two timing synchronizations, and the abscissa is slot number in time order. As shown in Figure 2, the number of initial slots that can be correctly demodulated decreases, and the rise speed of BER becomes faster with the larger doppler code deviation. Finally, BER rises rapidly to close to 0.5, that is, effective information cannot be demodulated at all.
Observation 1: Accumulated doppler code deviation will definitely deteriorate the BER performance of the transmission, no matter what its value is.
Proposal 1: It is necessary to compensate for doppler code deviation in low orbit satellite system.
[image: ]
Figure 3.BER performance with different bandwidth 
As shown in Figure 3, when suffered the same doppler code deviation, transmission with bandwidth=100MHz performs better than transmission with bandwidth=400MHz. Considering that future NTN network will be most likely based on broadband system, the influence of doppler code deviation needs to be taken more seriously.
Observation 2: Doppler code deviation has severe impact on broadband system compared with narrowband systems.
[image: ]
Figure 4.BER performance with different subcarrier spacing
As shown in Figure 4, when transmitted in the same bandwidth, 120kHz subcarrier spacing performs a little bit better than 60 kHz subcarrier spacing, but BER also rises rapidly to close to 0.5.
Observation 3: The larger the subcarrier spacing, the better the resistance to doppler code deviation.
Proposal 2: Configuration of small bandwidth and large subcarrier spacing should be considered to weaken the effect of doppler code deviation.
Our discussion is based on the assumption that original signal is transmitted and received between two timing synchronizations, so further study should be made to verify whether timing and frequency synchronization schemes in terrestrial network can eliminate doppler code deviation when they are applied to NTN.
Proposal 3: Make further study on whether timing and frequency synchronization schemes in terrestrial network can eliminate doppler code deviation.

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discussed code deviation caused by doppler effect in NTN, then we get the following observations and proposals:
Observation 1: Accumulated doppler code deviation will definitely deteriorate the BER performance of the transmission, no matter what its value is.
Proposal 1: It is necessary to compensate for doppler code deviation in low orbit satellite system.
Observation 2: Doppler code deviation has severe impact on broadband system compared with narrowband systems.
Observation 3: The larger the subcarrier spacing, the better the resistance to doppler code deviation.
Proposal 2: Configuration of small bandwidth and large subcarrier spacing should be considered to weaken the effect of doppler code deviation.
Proposal 3: Make further study on whether timing and frequency synchronization schemes in terrestrial network can eliminate doppler code deviation.
References
[1] [bookmark: _Ref46161429][bookmark: _Ref510504022][bookmark: _Ref510814820][bookmark: _Ref174151459][bookmark: _Ref189809556]TR 38.821 v16.0.0 "Solutions for NR to support non-terrestrial networks (NTN)"
[2] TR 38.211 v16.3.0 " Physical channels and modulation"
[3] TR 38.213 v16.5.0 " Physical layer procedures for control"
[4] [bookmark: _Ref51695833]Chairman’s Notes RAN1#104-e
[5] [bookmark: _Ref61093241]R1-2101118	Discussion on UL time and frequency synchronization for NTN (Xiaomi)
[6] R1-2102215	 FL Summary on enhancements on UL time and frequency synchronization for NR NTN	Moderator (Thales)
image3.png
SFO=20ppm,SCS=120kHz
05

045
04
035
03

&

& o2s

02

01 [~ BW=100MHz
—7— BW=200MHz
0.05 —— BW=400MHz

10 20 0 40 50 60 70 80
Slot




image4.png
0s
045
04
035
03

&

& o2s

02

SFO=40ppm,BW=200MHz

—— SCS=60kHz
—7— sCs=120kHz

Slot

30 s 40




image1.emf
0 50 100 150 200 250 300 350

Time/s

-20

-15

-10

-5

0

5

10

15

20

D

o

p

p

l

e

r

 

f

e

r

q

u

e

n

c

y

 

o

f

f

s

e

t

/

p

p

m

Doppler ferquency offset relative to carrier frequency


image2.png
0s
045
04
035
03

&

& o2s

02

BW=400MHz,SCS=120kHz

[~ SFO=5ppm
—=— SFO=20ppm

—— SFO=40ppm

10 20 0 40 50
Slot

60 70 80




