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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. 
Observation 1: For the DL, the existence of a scenario with a residual Doppler shift after pre-compensation higher than 5 ppm should be investigated.

If a frequency pre-compensation is applied at the satellite side, the UE can only estimate the residual frequency offset after this pre-compensation. Therefore, the UE is assumed to correct its transmitted UL signal on the basis on the received signal, and on the basis of some information received from the base station. 
Observation 2: For an accurate UL frequency correction, the UE must be aware of the pre-compensation value. 

If the UE has a GNSS equipment and has satellite ephemeris information, the UE can evaluate this information, without the need on any particular additional sent information.   
However, it seems impossible to assume that all UEs will have GNSS capabilities. Moreover, even UE equipped with GNSS can be temporarily unable to get their position correctly, due to reception conditions. 
Observation 3: It is not assumed that all UEs will have GNSS capabilities. Moreover, even UE equipped with GNSS can be temporarily unable to get their position correctly. 
Therefore, the corresponding common frequency correction indication should be broadcasted. This should not defend GNSS-equipped UEs to improve the estimation of their UL frequency correction with position information. 
Proposal 1: The common DL frequency correction should be broadcasted to all users within the coverage of same beam.

UL Timing Advance

Initial TA acquisition and indication
In [7], the summary of RAN1#97 discussions on the subject, two options were proposed for the acquisition of the common TA:
· Option 1: Indication of common TA to all users within the coverage of same beam with following
· Broadcasting can be considered as baseline for signalling, e.g., via SIB/MIB
· Additional UE-specific TA indicated in RAR with extension of existing TA range
· FFS on the reference point   for common TA calculation (e.g., with/without consideration on UE altitude)
· Option 2: Autonomous acquisition of the common TA at UE with known location and satellite ephemeris:   
· FFS on the impacts on PRACH procedure
· FFS on how to obtain the common TA, e.g., based on indication of common TA or a common reference distance
· FFS on how to obtain the UE specific TA, e.g., additional UE-specific TA indicated in RAR or UE calculates its UE specific TA based on known location and satellite ephemeris

According to Observation 3, we cannot assume that all UEs will be always able to estimate their position with a good accuracy.  
Therefore, Option 1 should be preferred, and the corresponding common TA indication should be broadcasted. This should not defend GNSS-equipped UEs to improve their acquisition information with position information. 
Proposal 2: The common TA should be broadcasted to all users within the coverage of same beam.

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, the closed-loop solution should be kept. 



RACH
There have been several discussions on RACH format [7], in particular on the ways to enhance its format to cope with a larger coverage. It is clear that further studies are needed on the subject, in particular for UEs having no GNSS capability. 
Proposal 4: Study on a new PRACH format should be considered for NTN. 

Conclusions
Based on the discussion in this contribution, we make the following observations and proposals:
Observation 1: For the DL, the existence of a scenario with a residual Doppler shift after pre-compensation higher than 5 ppm should be investigated.
Observation 2: For an accurate UL frequency correction, the UE must be aware of the pre-compensation value. 
Observation 3: It is not assumed that all UEs will have GNSS capabilities. Moreover, even UE equipped with GNSS can be temporarily unable to get their position correctly. 
Proposal 1: The common DL frequency correction should be broadcasted to all users within the coverage of same beam. 
Proposal 2: The common TA should be broadcasted to all users within the coverage of same beam.
Proposal 3: For TA maintenance, the closed-loop solution should be kept. 
Proposal 4: Study on a new PRACH format should be considered for NTN. 
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