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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]. 
In this contribution, several issues related to DL/UL synchronization, UL Timing Advance (TA) and RACH are discussed.

DL/UL synchronization
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. 
In [10] [11], we noted that for the DL, the existence of a scenario with a residual Doppler shift after pre-compensation higher than 5 ppm should be investigated.
The above analysis relies on the hypothesis that the maximum beam footprint diameter is equal to 200km. In last RAN1#98 meeting this value seemed controversial and a refined value/justification is expected in the current meeting. In practice, as noticed in the previous table, the maximum relative Doppler value in a beam depends on the footprint parameter but also on the altitude h. As a result, observe that for a given maximum residual Doppler value after pre-correction, the maximum diameter size depends (increases) of the altitude.
Observation 1: For a given maximum residual Doppler value after pre-correction, the maximum diameter size depends on (increases with) the altitude.
Proposal 1: For residual Doppler limitations, set the maximum acceptable footprint diameter as a function of the altitude. 



UL Timing Advance
Initial TA acquisition and indication
In #98b meeting [12], for Option 1 (i.e. Indication of common TA to all users within the coverage of the same beam with broadcasting as a baseline for signalling, e.g., via SIB/MIB), the following alternatives were agreed:
· Alt-1: Compensation of the full-TA is conducted at the UE. 
· Note: Full-TA includes impact due to service link.
· FFS: impact of feeder link
· Alt-2: Compensation of UE specific differential TA only is conducted at the UE.
· FFS: The reference point(s) for UE specific differential TA calculation

In order to limit the complexity at UE side, we prefer to select the second alternative (Alt-2).
[bookmark: _GoBack]Proposal 2: Compensation of UE specific differential TA only is conducted at the UE. 

TA maintenance
As indicated above, we cannot assume that all UES will be always able to estimate their position accurately. Therefore, for TA maintenance, open loop mechanisms cannot always be robust enough. This implies that closed-loop solution should be kept., with indication of the TA adjustment over time. 
Proposal 3: For TA maintenance, support at least the closed-loop solution. 

RACH
In RAN1#98 and #98b meetings, there have been several discussions on RACH format [7] [8], in particular on the ways to enhance its format to cope with a larger coverage 
It has been agreed that the current RACH format/parameters are not well suited for NTN. Several companies made proposals on how to enhance the current PRACH format [9] [12].
One key point here is the current PRACH is a Zadoff-Chu sequence. In NR, when discussing a new PSS design, it has been accepted that such Zadoff-Chu sequences suffer from time-frequency ambiguity performance [9], and this led to the new PSS sequence, i.e. a M-sequence. For PRACH, the situation is more difficult, as one need to design a set of orthogonal sequences, in order to distinguish between UEs transmitting simultaneously and having a higher time/frequency uncertainty with respect to the terrestrial case. 
Because of this inner weakness of Zadoff-Chu sequences, we doubt that the optimal solution consists in simply modifying some parameters (CP size, subcarrier separation) or by repeating the same sequence. A redesign seems needed. 
Before being able to select a particular proposal for a new PRACH design, two preliminary steps should be fulfilled: 
1. We must precisely define what are the maximum Doppler and maximum time shift that PRACH signals will present in UL
2. The problem concerns the time-frequency ambiguity of PRACH signals. The maximum amount of ambiguity can arrive for any particular (Doppler, time shift) pair, not necessarily the maximum one. This implies that in order check the performance of a given proposal, we cannot rely of simply simulating the maximum values of Doppler and time shifts. Moreover, selecting a few such pairs randomly will not lead to a fair comparison between proposals. Therefore, before any selection, we need to define a detailed selection methodology that takes it into account

Observation 2: For PRACH design, work is still needed before a selection of the best scheme can be performed. 

Proposal 4: Prior to any PRACH signal selection, determine the maximum Doppler and time shifts that will have to be detected. 

Proposal 5: Prior to any PRACH signal selection, take into account the time-frequency ambiguity nature of the problem to define an appropriate comparison methodology. 

Conclusions
Based on the discussion in this contribution, we make the following observations and proposals:
Observation 1: For a given maximum residual Doppler value after pre-correction, the maximum diameter size depends (increases) of the altitude.
Proposal 1: For residual Doppler limitations, set the maximum acceptable footprint diameter as a function of the altitude. 
Proposal 2: Compensation of UE specific differential TA only is conducted at the UE. 
Proposal 3: For TA maintenance, support at least the closed-loop solution. 
Observation 2: For PRACH design, work is still needed before a selection of the best scheme can be performed. 
Proposal 4: Prior to any PRACH signal selection, determine the maximum Doppler and time shifts that will have to be detected. 
Proposal 5: Prior to any PRACH signal selection, take into account the time-frequency ambiguity nature of the problem to define an appropriate comparison methodology. 
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