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1 Introduction
According to the approved SI on NR to support non-terrestrial network (NTN) [1], the following aspects from RAN1 perspective will be studied:
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, analysis and views on some physical aspects for the usage of NTN have been elaborated.
2 Discussion on the SSB configuration
As mentioned in [2], two options as illustrated in Figure 1 on the mapping relationship between the satellite cell and beams are discussed. Based on the current agreement, the selection of them are left for implementation.




However, with consideration of the movement of the satellite, which will dominate the mobility issue in NTN system, 

However, obvious drawbacks can be observed in Option-B. More specifically, as simulation results shown in Figure 2, it can be found, the quality of each serving beam will degraded within short time, e.g., 10 dB within 2.5s and performance of adjacent beam will be better than current serving within even shorter time, e.g., 1.2s, for the fixed UE, which means that for keeping the consistent performance, the switching between two beams should be conducted per seconds due to the high mobility of satellite and directive pattern at Tx side. 

According to these results, if the NTN system is conducted with the association in Option-b, it will be difficult for the system to conduct the fast handover among adjacent cells in such time duration based on existing mechanism. For enhancing the corresponding performance, the Option-A is more preferred in which the multiple beams are considered to be within same cell. In this way, as highlighted in [3], the switching between beams can be achieved via the beam management procedure, which is expected to be much quicker than handover procedure. 
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Figure 2 Illustration on the beam quality of serving beam

Furthermore, in current system, the supported number of SSB is different per frequency range and SCS, e.g., Case A/B/C in [4]. It can be found for S band system, only up to 8 SSBs are supported, which is much less than the typical beams number for single satellite, e.g., 19 beams as the agreement for evaluation [5]. Then, for achieving the association Option-A, extension of the supported SSB number in S-band is also recommended and up to the same value as FR2, can be the start point.

Observation 1: Fasting beam quality degradation will appear within the several seconds, which is not impractical for handover-alike operation.

Proposal 1: The one to X (X>1) mapping between the satellite cell and beams are preferred.

Proposal 2: Extension of supported number of SSB for S-band in NTN can be considered.
3 Discussion on the measurement 

For NR, the L1-RSRP is used as the metric for quantify the beam quality based on either SSB or CSI-RS. According to the current mechanism, the performance with BM highly depends on the accuracy of L1-RSRP measurement, which is characterized the requirement defined in [6]. For example, in FR2, even for the relative accuracy in FR2 measurement, up to (6.5 dB deviation is considered as the normal condition. It implies that in case of results shown in Figure 2, the ambiguity timing region for beam switching will be up to 0.48 s, which is 16% of the serving duration for each beam, and will be even longer considering the potential existence of extreme condition for measurement.  In this case, in order to enhance the performance of measurement, stricter requirement on the measurement should be studied. Moreover, if current design on corresponding RS for measurement, new design on RS or additional assistance information can be considered to achieve the timing beam switching in NTN system.  

Observation 2: Existing requirements on the measurement accuracy is not sufficient to support the timely beams management in NTN system.

Proposal 3: Additional enhancements can be considered to enhance the beam management if stricter requirement on the measurement accuracy cannot be achieved in NTN.

4 Discussion on the PAPR

For the traditional satellite communication system, the single carrier operation is mainly considered, e.g., DVB [7], which is different as the terrestrial system with multiple carrier transmission, e.g., OFDM and DFT-S-OFDM for large throughputs. As a typical characteristic of multiple carrier operation, the PAPR has a significant impacts on the performance for both DL/UL. In order to have a well understanding of the performance of NTN with based on NR structure, especially with existing system in bent-pipe structure, the comparison of the PAPR is conducted with the assumption listed in Table 1, in which, the DVB system is evaluated by assuming the typical bandwidth with rolloff factor, e.g., 0.2. 
Table 1 Simulation assumption for PAPR evaluation

	OFDM/

DFT-S-OFDM
	Bandwidth
	10M/50M

	
	SCS
	60kHz/120kHz

	
	RB number
	60kHz：11/66

120kHz：5/32

	
	Modulation type
	π/2-BPSK

	
	fs
	30.72MHz

	DVB-SC
	Bandwidth
	7.68M

	
	Rolloff factor
	0.2

	
	Modulation type
	QPSK/8PSK/16APSK/32APSK

	
	fs
	30.72MHz


According to the preliminary results shown in Figure 3, it can be found that small PAPR can be found for DVB with QPSK and 8PSK comparing to both DFT-S-OFDM and OFDM. For the DVB with relative higher MCS, e.g., 16APSK, comparable PAPR are expected by DFT-S-OFDM and even larger values for 32APSK. It demonstrates that at least the DFT-S-OFDM can be supported by existing satellite equipment, which is capable of DVB system. 
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Figure 3 Illustration of the comparison for PAPR
For the OFDM part, similar as the terrestrial system, additional operation, e.g., DPD and CFR, can be considered based on PA assumption, e.g., TWTA or SSPA. In this operation, performance evaluation with corresponding EVM value (as listed in Table 2) should be considered.
Table 2 EVM value with Operation power at P1dB point
	Waveform
	PA model
	Modulator
	EVM

	OFDM
	SSPA
	QPSK
	1.7384e-04

	
	
	16QAM
	2.7317e-04

	
	
	64QAM
	2.9445e-04

	
	TWTA
	QPSK
	9.1163e-06

	
	
	16QAM
	1.1275e-04

	
	
	64QAM
	1.1798e-04

	DFT-S-OFDM
	SSPA
	QPSK
	4.2302e-04

	
	
	16QAM
	7.3977e-04

	
	
	64QAM
	8.3098e-04

	
	TWTA
	QPSK
	1.0450e-04

	
	
	16QAM
	4.4312e-04

	
	
	64QAM
	5.4420e-04


Observation 3: Comparable PAPR can be achieved via DFT-S-OFDM to the traditional DVB system for NTN. 
Proposal 4: Performance evaluation on OFDM system with impacts of PAPR can be considered.
5 Conclusions
In this contribution, several aspects on the NTN system are considered for implementation, and following observation and proposals are provided:

Observation 1: Fasting beam quality degradation will appear within the several seconds, which is not impractical for handover-alike operation.

Observation 2: Existing requirements on the measurement accuracy is not sufficient to support the timely beams management in NTN system.

Observation 3: Comparable PAPR can be achieved via DFT-S-OFDM to the traditional DVB system for NTN. 
Proposal 1: The one to X (X>1) mapping between the satellite cell and beams are preferred.

Proposal 2: Extension of supported number of SSB for S-band in NTN can be considered.

Proposal 3: Additional enhancements can be considered to enhance the beam management if stricter requirement on the measurement accuracy cannot be achieved in NTN.

Proposal 4: Performance evaluation on OFDM system with impacts of PAPR can be considered.
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