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Introduction
RAN#80 approved a new SI on solutions evaluation for NR to support Non-Terrestrial Network [1]. This SI description was slightly revised in RAN#83 [2]. 
The objectives of the SI for physical-layer are reported as follows:
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]
A significant difference of Non-Terrestrial Network (NTN) compared to terrestrial network is the simultaneous presence of a very large propagation delay (up to hundreds of milliseconds) and a very large Doppler shift (up to several SCS) due to the fast moving of (LEO) satellites. All necessary timing advance procedures rely on an accurate estimation of the delay, in particular during the initial access, despite the large Doppler shift. A joint time and frequency synchronization is needed, that will rely on both the cyclic prefix (CP) and the reference signals [3]. 
Whether the current sequence and reference signal (PSS, SSS included) design fulfill the requirements of NTN scenario needs to be checked. In this document, we will present some observations on PSS signal suitability for NTN. 

The Doppler issue in NTN
The NTN scenario is characterized with very large time delays combined with large Doppler shifts due to the LEO satellite velocity. 
In practice, with a LEO satellite configuration at 600 km, a speed of 7,6 km/s and a carrier frequency of 2.6 GHz, a Doppler shift of 65.9 KHz is obtained, corresponding for example to 4.4 SCS of 15 KHz [3].
However, this value can be reduced thanks to Doppler pre-compensation in LEO/MEO constellations. For example, [4] proposed to operate a “blind” frequency shift compensation on the satellite side: “Based on the satellite ephemeris and the beam layout it is possible to predict precisely the relative radial velocity between the satellite and the center of each beam. Then, the Doppler frequency shift due to satellite mobility is compensated on board as if all the served UEs were at the beam center.”
The resulting maximal residual frequency error values due to both satellite and UE mobility is represented in Table 1, extracted from [4].
[bookmark: _Ref7718321]Table 1: Maximal residual frequency error values due to both satellite and UE mobility
	Scenario
	Satellite altitude [km]
	Beam footprint diameter [km]
	UE velocity [km/h]
	Max Doppler shift residual error due to both satellite and UE mobility normalized by the carrier frequency [ppm]

	C & D
	600
	200
	1000
	+/-4,30

	C & D
	600
	200
	500
	+/-4,22

	C & D
	600
	200
	0
	+/-4,14

	C & D
	1200
	200
	1000
	+/-2,1

	C & D
	1200
	200
	500
	+/-2,05

	C & D
	1200
	200
	0
	+/-2,01



As noted in [5], the original NR-PSS/SSS design was performed taking into account the following target requirements, extracted from [6]:
· Robustness against initial frequency offset up to 5 ppm
· 10 ppm as optional requirement
· Reasonable complexity for NR-PSS/SSS detection
· Good one-shot detection probability at -6 dB received baseband SNR condition with less than 1% false alarm rate
· …
In a terrestrial network, this value of 5 ppm is mainly due to the UE local oscillator inaccuracy.
Then, it was observed in [5] that in order to avoid an initial AFC lock of the order of one second or less during NTN frequency synchronization, the residual Doppler shift after pre-compensation should be in the order of 5 ppm or less with LEO=600 km. This condition is verified under the hypothesis of Table 1. 
Observation 1: The existence of a scenario with a residual Doppler shift after pre-compensation higher than 5 ppm should be investigated.

NR-PSS signal suitability
A terminal must be able to perform an initial access in these conditions. The quality of this initial synchronization will condition the quality of the whole synchronization process. The difficulty is increased by the fact that a joint time and frequency shift estimation must be performed at the same time, preferably using the same means (i.e. synchronization sequences). 
It has been noted that a UE equipment with GNSS capability should be able to get a better initial estimation of the synchronization.  Therefore, the difficulty is enhanced if one considers a low cost UE with no GNSS capability.
At this step, it can be noted that if the Doppler shift and the local oscillator inaccuracy are proportional to the transmission frequency, the effect on receiver performance is related to the ratio between the frequency shift and the subcarrier spacing (SCS). Moreover, the channel delay spread is reduced when increasing the frequency, which allows increasing the SCS with the frequency.
NR supports different SCS for SSB transmission according to the carrier frequency:
· 15 and 30 KHz below 6 GHz
· 120 and 240 GHz above 6 GHz
Phase noise issues aside, system at 38 GHz with a SCS of 240 KHz will have a similar resilience to Doppler as a system at 4 GHz with a SCS of 30 KHz. 
In version 15.0.0 of TR38.811, which was approved in the RAN plenary meeting in La Jolla in June 2018 [9], it was mentioned: 
The study addresses the whole frequency range between 0.5 – 100 GHz. For channel modelling and for the identification of areas of impact on the NR, the following frequency bands will be in particular considered:
· For VSAT, Ka band: Downlink: 19.7 - 21.2 GHz, Uplink: 29.5 – 30.0 GHz 
· For UE, S band: Downlink: 2170 - 2200 MHz, Uplink: 1980 - 2010 MHz
As a maximum frequency of 30 GHz is considered in the current evaluations, the current SCS values defined for NR synchronization seem adapted in a NTN scenario. 

The first step of this initial synchronization, in time and frequency, is based on PSS signal. 
A difficult issue, when designing a symbol for this purpose, is to avoid a time-frequency ambiguity. For example, most ZC signals (such the ones used in LTE) present such ambiguity.
However, as analyzed in [7], both the proposed NR PSS and SSS are designed to have better time-frequency ambiguity performance than the LTE PSS and SSS, and hence are more robust against large frequency offsets. 
Observation 2: There is no time-frequency ambiguity issue for the NR PSS.
Moreover, several PSS solutions were compared in [8], and the conclusion was that NR-PSS based on pure BPSK M-sequence and other possible designs based on modified or pure ZC sequence provide almost the same detection performance.
Observation 3: In term of performance, no gain can be expected by replacing the M-sequence for NR-PSS, for the same number of subcarriers. 
However, in terrestrial networks, the frequency shift is stable, being related to the local oscillator inaccuracy. This helps determining this shift, with averaging for example. In NTN, the Doppler shift related to the satellite speed will vary in time, due to the variation of the corresponding angle. It is likely that this variation will be slow enough, still allowing a good estimation of this Doppler shift, noting that the CP can also be used for a fine frequency synchronization. This should be checked for completeness.
If some issues appear anyway, then suitability of PSS/SSS should be further analyzed in this context, for example by considering a higher number of subcarriers dedicated to PSS, at the cost of a higher complexity. 
Observation 4: Although there is no evidence at the time being that NR-PSS is not suitable for NTN, a few specific NTN evaluations should be performed, taking into account variations of the Doppler shift. 

Proposal 1: Confirm through evaluation the robustness of NR-PSS design in an NTN scenario, by taking into account the presence of high Doppler variations.


Conclusions
Based on the discussion in this contribution, we make the following observations:
Observation 1: The existence of a scenario with a residual Doppler shift after pre-compensation higher than 5 ppm should be investigated.
Observation 2: There is no time-frequency ambiguity issue for the NR PSS.
Observation 3: In term of performance, no gain can be expected by replacing the M-sequence for NR-PSS, for the same number of subcarriers. 
Observation 4: In term of performance, no gain can be expected by replacing the M-sequence for NR-PSS, for the same number of subcarriers. 
Observation 4: Although there is no evidence at the time being that NR-PSS is not suitable for NTN, a few specific NTN evaluations should be performed, taking into account variations of the Doppler shift. 

Proposal 1: Confirm through evaluation the robustness of NR-PSS design in an NTN scenario, by taking into account the presence of high Doppler variations.
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