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Abstract
The objective of this document is to identify any key impact regarding initial downlink synchronization on the New Radio interface that may need further evaluations.
 



Proposed text for approval

It is proposed to add the following texts in chapter 7.3 “NR modifications to support the Non-Terrestrial Network deployment scenarios” of TR 38.811 “Study on NR to support Non-Terrestrial Networks”.


* * * Start of changes * * * * (new text)
[bookmark: _Toc493127338]
[bookmark: _Toc494837651]7.3	NR modifications to support the Non-Terrestrial Network deployment scenarios

7.3.1	Methodology
[bookmark: _GoBack]For each of the NR Features that may require adaptations to support NR operation via Satellite or HAPS, identified in chapter 7.2, the problem statement in terms of issue will be assessed, possible solution principles will be listed which may depends on the deployment scenarios and potential impacts on NR protocol will be identified including the list of TS (e.g. 38.211), the NR feature (e.g. initial access) and the system element (e.g. UE, RAN, CN).

[bookmark: _Toc494837631]7.3.2	Initial downlink synchronisation
[bookmark: _Toc494837632]7.3.2.1	Problem statement
In order to access the 5G core network, the NTN enabled UE has to detect the Primary Synchronization Signal (PSS) and the Secondary Synchronization Signal (SSS). Those synchronization signals allow time and frequency correction, and Cell Id detection. 
NTN enabled UE categories have been defined with different RF characteristics (see chapter 4.4), leading to various performance levels that can be achieved in NTN systems (see Annex A: Link budget example). 
The SNR minimum requirements at the receiver of the NTN enabled UE matches with the requirements for successful synchronization criteria in 3GPP specifications (TableA.1.5-1 of [1] ) which is 95% of successful rate of PBCH detection and a false error detection probability of 10^-2. This is achieved at -6 dB SNR. 
Note that the SNR level of NTN systems is typically in the range  of -3 to 13 dB SNR.
In cellular networks, transmission equipment (gNodeB or RRH) are usually fixed, except when on board a moving platform such as a train.
In Non-Terrestrial Networks, the transmission equipment is on board the satellite/HAPS. 
· For geostationary systems, the transmission equipment is quasi static with respect to the UE with only small Doppler shift.
· For HAPS, the transmission equipment is moving around or across a theoretical central point but creates small Doppler shift.
· For non-geostationary systems, the satellites move relative to the earth and creates higher Doppler shift than for geostationary systems.
The Doppler shift depends on the relative satellite/HAPS velocity with respect to the UE, and on the frequency band. 
In term of Doppler shift, the worst case for NTN systems corresponds to non-geostationary systems, at lowest altitude (i.e. 600 km), where the speed of the satellite embedding transmission equipment is 7.5 km/s. 

As detailed in clause 5.3, assuming a worst case NTN terminal velocity of 1000 km/h:
- For LEO in S band (2 GHz): Up to +/- 48kHz Doppler Shift in downlink for the whole satellite coverage (spot)
- For LEO in Ka band (20 GHz): Up to +/- 480kHz Doppler Shift in downlink for the whole satellite coverage (spot)

The objective is to evaluate the impact of these high Doppler shifts specific to NTN systems on the synchronization performance with synchronisation signals (PSS/SSS) defined for NR.

7.3.2.2	Solution principles
In NR, the SCS can be adjusted according to the carrier frequency between 15 and 240 kHz. 240 kHz applies only to synchronization signals.
The figure below shows the probability of successful detection of of PSS signals with respectively -10, -6 and 0 dB SNR values (-10/-6/0 dB), and a false error detection probability of 10^-2, for a SCS of 30 kHz:
[image: ]
Figure 1: Typical Detection probability of PSS at various SNR level for SCS of 30 kHz in flat fading propagation channel conditions
It can be seen from the above figure that at -6 dB SNR, up to 14 kHz Doppler shift can be accomodated. In such conditions the 95 % successful detection probability criteria is met. This performance can be extrapolated for other SCS value in the following table:

Table 2: Typical Doppler shift tolerance for different SCS value in flat fading propagation channel conditions
	SCS (kHz)
	PSS or SSS duration (µS)
	Max Doppler shift tolerance at -6 dB SNR (kHz)

	15
	66.67
	7

	30
	33.33
	14

	60
	16.67
	28

	120
	8.33
	56

	240
	4.17
	112



The table above demonstrates that the maximum Doppler shift in LEO systems exceeds the maximum Doppler shift tolerances of NR synchronisation signals. It is therefore recommended to select the highest SCS value. This choice is also optimum to mitigate higher phase noise which typically increases with the frequency band.
Conversely, lower SCS value are best to mitigate the multipath effect. Therefore the recommended SCS value for the different frequency bands are:

	Frequency band
	Recommended SCS value for cellular system
	Recommended SCS value for NTN systems
	Maximum Doppler shift tolerance at -6 dB of NR
	Maximum Doppler shift in NTN systems

	Below 1 GHz
	15 kHz, 30 kHz
	30 kHz
	-
	-

	between 1 GHz and 6 GHz
	15kHz, 30 kHz, 60 kHz
	60 kHz
	~28 kHz
	48 kHz

	above 24GHz and below 52.6GHz
	60 kHz, 120k Hz as well as 240 kHz but the later is only applicable to synchronization signals
	240 kHz for PSS/SSS signals
120 KHz for other signals
	~112 kHz
	480 kHz




Actually, the Doppler shift amplitude to be compensated is less than the values in the table above because in satellite communication systems, all satellites whether GSO or NGSO generate multi beams and each beam foot print coresponds to a cell.
Let us consider the Worst case Doppler shift for LEO satellite at 600 km in Ka band over the whole satellite field of view coverage (see chapter 5.3.4.2):
The Max Doppler shift amplitude observed at the satellite coverage foot print edges will be reduced within each beam footprint. The lower the beam width, the less the Doppler shift amplitude. 

To accommodate the maximum Doppler shift, 2 approaches could be considered:
· Doppler shift pre-compensation in NTN network infrastructure (on board or on ground) or in NTN enable UE (with a GNSS receiver);
· Search for PSS signal with different frequency carrier offsets.

7.3.2.2.2	Doppler shift pre-compensation 
A Doppler shift pre-compensation can be achieved per cell (beam foot print). Knowing the ephemeris of the LEO satellite and the foot print, specific frequency correction can be applied in each beam foot print by the NTN network infrastructure (on board or on ground).
Doppler shift pre-compensation can also or alternatively be a achieved with the implementation of a GNSS receiver in the NTN enabled UE and the processing of ephemeris of the satellite constellation stored.

7.3.2.2.3	Search for PSS signal with different frequency offset 
For example in S band, the maximum Doppler shift is +/- 48 kHz. To fall back on +/-28 kHz residual error offset, different search could be run with k={-1;0;1}, and central frequency of search is: F . 
The same could be done in Ka band: the maximum Doppler shift is +/- 480 kHz. If SCS is 240 kHz, to get good performance, +/-112 kHz residual error offset should be obtained. In that case,  different search could be run with k={-2;-1;0;1;2}, and central frequency of search is: F . There is an increase of processing complexity by doing so, but for satellite, less frequencies have to be scanned compared to terrestrial. Hence the added complexity is limited and expected to be implemented in NTN terminals.

7.3.2.3	NR protocol impacts
To accommodate the high Doppler shift in non-Terrestrial networks during the cell synchronization procedure, different approaches have been introduced, none of them impacting NR technical specifications.
The first approach, is to implement multi beams each allocated a Cell Id’s within the NTN coverage area. Adjusting the number of beams for a given the carrier frequency, will enable to accommodate the maximum Doppler shift.
Alternatively, 2 approaches through specific implementation have been identified:
· The first alternative aproach is to pre-compensate the Doppler shift in the NTN network infrastructure (on board or on ground) or in NTN enable UE (with a GNSS receiver).
· The second alternative aproach is to perform PSS/SSS detection with different frequency offsets with a limited additional complexity in the UE, even for the worst case scenarios in the Ka band), where 5 searches may be required instead of a single one.


[1]: 3GPP TR 38.802 v14.1.0, “Study on New Radio Access Technology Physical Layer Aspects (Release 14)“, June 2016


* * * End of Changes * * * *
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