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1. Introduction
At the RAN#80 meeting the new study item on Non Terrestrial Networks (NTN) was agreed [1], the latest study item description can be found in [2]. Objectives of the study item related to physical layer are copied below. 
	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]


In this contribution UL frequency synchronization and PRACH for NTN are discussed.
2. Discussion
2.1. PRACH
The Rel. 15 PRACH preamble consists of cyclic prefix (CP), multiple repetitions of PRACH sequence (PRACH OFDM symbols) and guard period (GP). The CP for the first PRACH OFDM symbol and consecutive repetitions of the same PRACH sequence enable low complexity frequency-domain processing. Thus, conventional PRACH receivers assume that N FFTs are used, where N is the number of PRACH OFDM symbols repetitions. Since the PRACH preamble signal have periodic structure, the delay is estimated with ambiguity if the CP duration and the maximum delay is greater than the duration of PRACH OFDM symbol. If the maximum differential delay within a cell is lower than duration of one PRACH OFDM symbol, the ambiguity is eliminated due to prior knowledge of the maximum differential delay. The conventional receiver structure is schematically represented in the below figure.


Figure 1. Schematic representation of conventional PRACH receiver
In the above example PRACH preamble has three repetitions of the PRACH sequence, hence, 3 FFT windows are used. Matched filtering with all the possible PRACH sequences (in frequency domain) is done after the FFT. The output of matched filters are coherently or non-coherently combined depending on the implementation according to the performance in target scenario. After the accumulation IFFT is done in order to do detection and timing estimation. 
In order to do estimation of large delay the receiver structure presented in the figure 2 can be used.


Figure 2. Schematic representation of PRACH receiver for long delays
For the above receiver the processing is done in the time domain. At the first step time domain filtering is done for the signal within the PRACH reception window. The filter is matched with one repetition of PRACH sequence (PRACH OFDM symbol). The output of the filter is divided to N parts corresponding to N repetitions, all the N parts are coherently or non-coherently combined. Non-coherent accumulation should be used for cases with high Doppler shift. The CP which cover the maximum supported delay is not needed for the above receiver. 
Link level performance evaluations was carried out for NTN LEO scenario in S-band and Ka-band. Receiver structure presented in the figure 2 with non-coherent accumulation is considered for evaluations. The detailed evaluation assumptions are presented in the Appendix. Preliminary results for probability of misdetection are presented in the below figure. 
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Figure 3. Probability of PRACH misdetection for NTN LEO scenario
As it can be observed from the above evaluation results, robust PRACH detection performance can be provided by the Rel. 15 PRACH preamble with the considered receiver structure. 
Observation 1: 
· Robust PRACH detection performance can be provided by the Rel. 15 PRACH preamble with time-domain processing
Proposal 1: 
· Consider Rel. 15 PRACH preamble structure with time-domain PRACH processing for NTN
2.2. UL frequency synchronization
Large UE-specific frequency shift due to Doppler effects for UL transmission is one of the main challenges for NTN. Frequency shift introduce inter-carrier interference which may lead to significant performance degradation especially considering FDM of multiple UEs. One of the solutions which is considered to solve the issue with large UE-specific frequency shift is closed-loop UL frequency control. In this case the value of frequency shift is estimated by the gNB based on UL signals (e.g. PRACH or SRS) and the frequency shift value is indicated to the UE for pre-compensation. The indication of UE-specific frequency shift can be done explicitly or implicitly (using UE-specific DL reference signals, e.g. TRS). Alternatively, post-compensation of UE-specific UL frequency shift can be done at the gNB receiver side. The gNB complexity for such advanced receiver is expected to be higher comparing to conventional receivers, especially considering FDM between multiple UEs, however such approach doesn’t have additional signalling overhead as for closed-loop UL frequency control. 
Proposal 2: 
· Study the following solutions for large UE-specific UL frequency shift
· Closed-loop frequency control, where the value of UE-specific frequency offset is explicitly or implicitly indicated to the UE 
· Advanced gNB receiver with post-compensation of UE-specific UL frequency offset
3. Conclusion
In this contribution UL TA and PRACH for NTN are discussed. The following proposals and observations were made.
Observation 1: 
· Robust PRACH detection performance can be provided by the Rel. 15 PRACH preamble with time-domain processing
Proposal 1: 
· Consider Rel. 15 PRACH preamble structure with time-domain PRACH processing for NTN
Proposal 2: 
· Study the following solutions for large UE-specific UL frequency offset
· Closed-loop frequency control, where the value of UE-specific frequency offset is explicitly or implicitly indicated to the UE 
· Advanced gNB receiver with post-compensation of UE-specific UL frequency offset
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Appendix
	Configurations
	S-band
	Ka-band

	Carrier Frequency
	2 GHz
	30 GHz

	Channel Model
	Baseline TDL/CDL model in TR38.811, with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor for suburban LOS elevation angle 30 deg

	Antenna Configuration at the TRP (satellite)
	1 Rx
	1 Rx

	Antenna Configuration at the UE
	1 Tx

	1 Tx


	Number of users
	The number of UEs that simultaneously access the network in a single random access occasion (RO) is 2 with fixed -3dB power offset between UEs. The SNR is presented for the UE with higher Rx power.

	Frequency Offset
	Random uniform [-7.25, 7.25] kHz for each UE
	[bookmark: _GoBack]Random uniform [-45.3, 45.3] kHz for each UE

	UE speed
	3 km/h
	0 km/h

	Initial timing Offset
	Random uniform [0, 0.5] ms for each UE
	Random uniform [0, 0.3] ms for each UE

	Phase noise model 
	No phase noise

	PRACH design
	Rel. 15 PRACH preamble
Format: 6
SCS: 60 kHz
N_CS: 0
	Rel. 15 PRACH preamble
Format: 6
SCS: 120 kHz
N_CS: 0

	False alarm rate (FAR)
	Target FAR lower than 0.01



[image: ]
Figure 4. Timing estimation error for SNR = -4 dB
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