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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.
This contribution focuses on the issue of initial synchronization and SSB detection in presence of high frequency Doppler shift due to satellite mobility. In this contribution, it is assumed that Doppler shift pre-compensation is always applied, which consists in compensating the Doppler shift at the centre of each beam. As Doppler shift pre-compensation was not considered in [1], maximum Doppler shift values after pre-compensation will also be assessed in this contribution.
2. Pre-compensated Doppler shift in LEO/MEO constellations
For LEO and MEO constellations, satellite mobility leading to Doppler shift values that are currently not covered by current 5G specifications [1][2].
In this section, we introduce a simple way to reduce the worst case Doppler shift values proposed in [1] in multi-beam satellite systems. The idea is to operate a “blind” frequency shift compensation on the satellite side. For a multi-beam satellite payload it is possible to know precisely the relative radial velocity noted vrad between the satellite and the center of each beam. Then, the Doppler shift due to satellite mobility fdSatPre-compensated = fc x vrad/c is compensated on board as if all the served UEs were at the beam center. 
Note that this approach is applicable for both DL and UL transmissions and for both earth fixed-beams and moving beams scenario. In the first case, the pre-compensated value must be adjusted with time. In the second case, the same value is applied at all time for a given beam.
An example is illustrated in the following figure for moving beams scenarios :
[image: ]
As a consequence, the Doppler shift due to satellite mobility is partially compensated inside the beam but perfect counterbalance can only be achieved at the beam center.
In fact, the residual frequency error is proportional to the difference between two terms :
1. the relative radial velocity of the satellite in relation to the beam center (in blue on the figure).
2. the relative radial velocity of the satellite in relation to the UE (in green on the figure if the UE is located at edge of the beam).
Remaining Doppler after pre-compensation is therefore highest at beam edge and depends therefore on beam size.
Generally speaking, the maximal residual frequency error after pre-compensation will be observed in beams characterized by high elevation angles.
In the above example, maximal residual frequency error after pre-compensation will be observed in beam 0. Note also that fdSatPre-compensated is null for beam 0.
Worst case Doppler shift values are proposed in the following table with Doppler pre-compensation :
	Satellite altitude [km]
	Beam radius [km]
	Max Doppler shift residual error due to satellite mobility normalized by the carrier frequency [ppm]

	600
	100
	+/- 5

	600
	250
	+/-10



Observation 1 : The Doppler frequency shift due to the satellite mobility experienced in NTN can be partially pre-compensated on the satellite side.



3. SSBlock detection performance
1. Simulations assumptions :
The SSBurst configuration is the following one : 
· block pattern = case B (SCS = 30 kHz)
· only one SSBlock transmitted per half-frame
A basic SISO configuration is considered. 
The system carrier frequency is set at fc = 2 GHz.
The satellite Doppler frequency shift values considered are fdSat  = 10 kHz or 20 kHz. It is a worst case assumption for a given LEO satellite configuration at 600 km with beam radius of 100 km or 250 km if Doppler pre-compensation is implemented on the satellite side based on estimated Doppler shift value at the center of the beam.
The UE velocity is set at v = 1000 km/h.
The UE local oscillator is supposed to be perfect. 
Two channel model are considered : 
· AWGN,
· 3GPPP TDL-E with LoS with delay spread of 10 ns (very short) or 100 ns (nominal)
The SNR target values are -12, -6, 0 dB.
The successful detection criterion is reached when the ncellID is successfully recovered based on PSS and SSS sequences detections and the timing recovery error is inferior to half the CP duration. 
Only one-shot detection performance is evaluated in this study.
A threshold criteria has been defined to keep the false alarm rate inferior to 1% considering :
· AWGN channel
· SNR = - 6 dB
· zero frequency shift error.
Even if it is well acknowledged that most of UE embedded solutions rely on multi-shot detection algorithms to acquire DL sync more quickly, one can use one-shot detection probability to assess a worst-case waiting time after which the UE has 99% of chance to be synchronized for instance.
Let be :
· p : probability of one shot detection
· q : the smaller integer such that (1-p)^q < 1-0.99
Then the required number of attempts after which the UE has 99% of chance to be synchronized is equal to q.
2. Simulation results

Some of the study results have been grouped in the following table :
	channel model
	fdsat [kHz]
	delay spread [ns]
	SNR [dB]
	One-shot detection rate
	 Required number of attempts to reach 99% of chance to be synchronized
	False alarm rate

	AWGN
	10
	-
	-12
	6,97 %
	64
	93,03 %

	
	
	
	-6
	86,87 %
	3
	0,98 %

	
	
	
	0
	98,45 %
	2
	0,00 %

	
	20
	-
	-12
	0,03 %
	> 1000
	99,98 %

	
	
	
	-6
	0,08 %
	> 1000
	2,38 %

	
	
	
	0
	0 %
	> 1000
	0,00 %

	3GPP TDL-E
	10
	10
	-12
	7,41 %
	60
	92,59 %

	
	
	
	-6
	58,72 %
	 6
	4,58 %

	
	
	
	0
	62,83 %
	5
	0,03%

	
	
	100
	-12
	5,60 %
	81
	94,45 %

	
	
	
	-6
	60,10 %
	6
	4,17 %

	
	
	
	0
	64,95 %
	5
	0 %

	
	20
	10
	-12
	0,01 %
	> 1000
	99,99 %

	
	
	
	-6
	0,10 %
	> 1000
	3,27 %

	
	
	
	0
	0,01 %
	> 1000
	0,00 %

	
	
	100
	-12
	0,00 %
	> 1000
	100,00 %

	
	
	
	-6
	0,04 %
	    > 1000
	2,55 %

	
	
	
	0
	0,00 %
	    > 1000
	0,00 %



For a SNR of -12 dB, the one-shot detection rate is pretty low and the false alarm rate is high. It may result to poor initial access performance and UE power consumptions. Multi-shot detection solutions should probably be implemented to achieve good performance for this SNR value.
For higher SNR values, the one-shot detection rate and false alarm rate seems acceptable if the Doppler frequency shift is set to 10 kHz.
One can notice that for fdSat = 20 kHz, the overall detection performance is critical for every SNR values because the satellite Doppler shift becomes higher than half the subcarrier spacing (SCS = 30 kHz).
Observation 2 : The initial synchronization performance drops when the frequency shift error becomes higher than half the subcarrier spacing.
4. Further performance improvements :
As discussed in the first section of the document, one can rely on partial pre-compensation in the satellite payload for each individual beam to mitigate Doppler effects. However, remaining Doppler and local oscillator instabilities may still lead to poor detection performance, especially when low SCS are considered. Two options could then be considered:
· Using Frequency-shifted correlators in parallel is one complementary way to do this as illustrated in the next figure. The complexity cost of the solution increases with the maximal Doppler shift expected value (the number of correlators is proportional to this value) and to the correlator frequency spacing.
Let be :
	Notation
	Definitions

	fdSatMax
	the maximal expected Doppler shift value due to satellite mobility

	fdUEMax
	the maximal expected Doppler shift value due to UE mobility

	floUEMax
	the maximal frequency shift due to UE local oscillator instabilities

	deltaf
	the necessary correlator frequency spacing ensuring that deltaf/2 << SCS 



Then the minimal number of correlators is given by 2n where n =  ciel[(fdSatMax + fdUEMax + folUEMax)/deltaf]. 
[image: ]
· Taking the advantage of the NR signal periodicity (linked to CP) and exploiting the time-domain autocorrelation of the received signal may be another way.
Observation 3 : Even with frequency error pre-compensation in the satellite payload, remaining Doppler and local oscillator instabilities may still lead to poor detection performance. As a consequence, some frequency error compensation must also be implemented on the UE side.
5. Conclusion
Observation 1 : The Doppler frequency shift due to the satellite mobility experienced in NTN can be partially pre-compensated on the satellite side.
Observation 2 : The initial synchronization performance drops when the frequency shift error becomes higher than half the subcarrier spacing.
Observation 3 : Even with frequency error pre-compensation in the satellite payload, remaining Doppler and local oscillator instabilities may still lead to poor detection performance. As a consequence, some frequency error compensation must also be implemented on the UE side.
6. References
 [1] TR38.811 “Study on NR to support non-terrestrial networks”
 [2] TR38.802 “Study on New Radio Access Technology Physical Layer Aspects (Release 14)”


image2.png
corr

e—j2n><n><Af><k><t5

ADC corr

e—j2n><(n—1)><Af><k

~

s

max( abs() )

@L corr
!

e+j2n><n><Af><k><t5

correlator bank




image1.png
Satellite Vsat

ground

BEAM O BEAM 1 BEAM 2 BEAM 3




