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In RAN1 #97 meeting [1], a set of agreements were reached on simulation assumptions for calibration purpose and performance evaluation purpose. In this contribution, we provided initial link level results based on agreed link level simulation assumptions.

Discussion 
For NTN scenarios, there are some differences on link budget and channel environment, which cause different performance in physical channel. In this contribution, firstly we make the calculation on link budget and provide some observations. Following the link budget result, the performance of DL synchronization channel, PRACH, PDSCH and PUSCH are evaluated. 
Link budget of NTN    
According to link budget model in [2], we calculate the link budget result for all scenarios, including Ka band, S band, as well different UE type and two different satellite parameter sets.
The CNR calculation equation is as follows [2]:

Where EIRP is effective isotropic radiated power (EIRP),  is antenna-gain-to-noise-temperature,  is Boltzmann constant and equals to -228.6 dBW/K/Hz,   is free space path loss,  is atmospheric path loss due to gases and rain fades,  is shadowing margin,  is additional loss, for example degradation due to feeder links in case of non-regenerative systems, and  is channel bandwidth. 
Based on the table X.1, X.2, X.3 in [1] and Table Y.Z.2-1 in [2], the CNR range can be calculated as the following table. Though inter-cell interference depends on the frequency reuse factor and beam pattern of UE and satellite, in general, if we assume big frequency reuse factor is applied, the CNR range should be similar to CINR range. In the following tables, we use frequency reuse factor 3 for bandwidth calculation.

Table 1: Link budget result for NTN scenarios
	VSAT UE
(CNR, dB)
	DL (GEO)
	UL (GEO)
	DL (LEO1200km)
	UL (LEO1200km)
	DL (LEO600km)
	UL (LEO600km)

	Ka band
(Set-1)
	12.8
	6.4
	9.0
	17.6
	8.4
	22.9

	Ka band
(Set-2)
	4.8
	-1.6
	1.0
	9.6
	0.4
	14.9

	
	
	
	
	
	
	

	Phased array UE
(CNR, dB) 
	DL (GEO)
	UL (GEO)
	DL (LEO1200km)
	UL (LEO1200km)
	DL (LEO600km)
	UL (LEO600km)

	Ka band
(Set-1)
	-16.5
	-3.7
	-20.4
	13.9
	-21.0
	12.8 

	Ka band
(Set-2) 
	-24.6
	-11.7
	-28.4
	-0.6
	-29.0
	4.8

	
	
	
	
	
	
	

	Handheld UE
(CNR, dB)
	DL (GEO)
	UL (GEO)
	DL (LEO1200km)
	UL (LEO1200km)
	DL (LEO600km)
	UL (LEO600km)

	S band
(Set-1)
	2.2
	-10.0
	9.4 
	-1.8
	8.8
	3.6

	S band
(Set-2)
	-3.3
	-15.0
	3.4
	-7.8
	2.8
	-2.4




For the results shown in the table 1, it seems some parameters may not be suitable. More specifically,
· Budgets of DL and UL are unbalanced.
· Phased array based UE will experience very bad DL CNR in all scenarios.

The underlying reasons are identified as follows:
· UE EIRP is constant regardless GEO and LEO, which increases UL CNR in LEO case, but DL CNR is adapted to the satellite antenna configuration.
· Phased array based UE owns the very bad G/T value.

Hence, we propose:
Proposal 1: Define separate UE parameter set for GEO and LEO to balance the budget of UL and DL.
Proposal 2: Revisit the parameter setting for phase-array based UE.
Proposal 3: Capture the table 2 result into the TR38.821. 
Table 2: Link budget result for NTN scenarios
	VSAT UE
(CNR, dB)
	DL (GEO)
	UL (GEO)
	DL (LEO1200km)
	UL (LEO1200km)
	DL (LEO600km)
	UL (LEO600km)

	Ka band
(Set-1)
	12.8
	6.4
	9.0
	17.6
	8.4
	22.9

	Ka band
(Set-2)
	4.8
	-1.6
	1.0
	9.6
	0.4
	14.9

	
	
	
	
	
	
	

	Handheld UE
(CNR, dB)
	DL (GEO)
	UL (GEO)
	DL (LEO1200km)
	UL (LEO1200km)
	DL (LEO600km)
	UL (LEO600km)

	S band
(Set-1)
	2.2
	-10.0
	9.4 
	-1.8
	8.8
	3.6

	S band
(Set-2)
	-3.3
	-15.0
	3.4
	-7.8
	2.8
	-2.4



DL synchronization evaluation    
For synchronization evaluation, the timing offset estimation and frequency offset estimation are the basic metrics, and the cell ID detection is also one basic metric for synchronization performance. Figure 1-3 show one-shot detection results within a SSB burst. 
Case 1: Time synchronization evaluation 
(Assumptions: frequency offset=60khz, time offset=one OFDM symbol (2048Ts).)
[image: ][image: ]
      Figure 1-a TO estimation in SNR -4dB         Figure 1-b TO estimation in SNR -10dB

From the figure 1-a and figure 1-b, it is observed that except 1 SSB case, the residual TO error is less 10 Ts with more than 90% probability.

Case 2: frequency synchronization evaluation 
(Assumptions: frequency offset=60khz)
[image: ][image: ]
    Figure 2-a FO estimation in SNR -4dB         Figure 2-b FO estimation in SNR -10dB

From the figure 2-a and figure 2-b, it is observed that except 1 SSB case, the residual FO error is less 10 Khz with more than 90% probability.

Case 3: Cell ID detection evaluation 
[image: ][image: ]
[bookmark: _GoBack]Figure 3-a Cell ID detection in FO=30Khz             Figure 3-b Cell ID detection in FO=60Khz

From the figure 3-a and figure 3-b, it is observed that SSB repetition can improve cell ID detection performance significantly. 


Observation 1: based on SSB repetition, synchronization performance can meet the performance requirement of NTN if not considering the phased array case.

Table 3: LLS parameters for DL synchronization evaluation 
	
	Ka-band

	Carrier Frequency
	20 GHz

	Subcarrier Spacing(s)
	120kHz

	Channel model
	AWGN

	Antenna Configuration at the TRP (satellite)
	1Tx

	Antenna Configuration at the UE
	VSAT with 60 cm equivalent aperture diameter

	UE elevation angle
	For LEO : 30°

	Frequency Offset
	60Khz

	Timing offset 
	1 OFDM symbol

	Detection method
	Signal combination detection within one SSB burst

	SSB number within a SSB burst
	1, 4, 8

	Metrics
	CDF of timing and frequency residual offset at SNIR point corresponding to 90% likelihood.
FAR requirement = 1%


 

PRACH performance evaluation    
For NTN scenario, we need firstly check if the existing PRACH format is sufficient to meet the NTN needs. Existing PRACH formats are shown in the table 4 and table 5.


Table 4: PRACH preamble formats for  and .
	Format
	

	

	

	

	Support for restricted sets

	0
	839
	1.25 kHz
	
	 
	Type A, Type B

	1
	839
	1.25 kHz
	 
	 
	Type A, Type B

	2
	839
	1.25 kHz
	 
	 
	Type A, Type B

	3
	839
	5 kHz
	 
	 
	Type A, Type B






Table 5: Preamble formats for  and  where .
	Format
	

	

	

	

	Support for restricted sets

	[bookmark: _Hlk494194986]A1
	139
	

	

	

	-

	A2
	139
	

	

	

	-

	A3
	139
	

	

	

	-

	B1
	139
	

	

	

	-

	B2
	139
	

	

	

	-

	B3
	139
	

	

	

	-

	B4
	139
	

	

	

	-

	C0
	139
	

	

	

	-

	C2
	139
	

	

	

	



In terms of detailed PRACH evaluation, we think several issues should be considered. Firstly SINR range is up to link budget result, however, as discussed in section 2, the phase array case should be revisited for its simulation assumption. Secondly the frequency offset evaluation should cover the oscillator error and Doppler shift. 
· Case 1: different frequency offset
We pick up the Format A3 for performance evaluation. When the frequency offset is configured with 1/10 SCS, 1/6 SCS, 1/3SCS, 1/2SCS, the related results are shown in the figure 4.  
[image: ]
                  Figure 4 PRACH performance for different frequency offset

Based on figure 4, it seems the R15 PRACH format A3 is robust for different frequency offset configuration.

Observation 2: NR R15 PRACH format is robust to survive in different frequency offset of NTN scenario.

· Case 2: different SNR range 
If NTN system works in low SINR range, the sequence length would be a dominated factor. If looking at the NR format, the sequence with length-839 is only for low frequency band because of its big PRACH bandwidth. However, if taking into account the performance robustness, the sequence-839 is desired to resist low SINR. Figure 5 shows the performance comparison of sequence-839 and sequence-139.
 
[image: ]
                 Figure 5 PRACH performance for different sequence length

Observation 3: PRACH sequence with length-839 is better than the sequence with length-139 in low SNR case.

In Ka band, the frequency offset would be larger than that of low frequency band, so the bigger SCS for sequence-839 could be considered to support lower SINR range in NTN scenarios.

Proposal 4: Consider the sequence with the length 839 to support big subcarrier spacing in NTN PRACH format design.

· Case 3: different timing offset
In NTN scenario, the cell size is larger than the TN system. But in NR, CP length is less than one OFDM symbol, and the timing offset is possibly larger than one OFDM in case of no accurate location information or no accurate ephemeris information. In this context, the CP length more than one OFDM symbol can be considered. If CP length is longer than one symbol, one simple method is using the Preamble symbol repetition to overcome the larger delay in big NTN cell. 
[image: ]
  Figure 6 New PRACH format for larger TA

Proposal 5: Consider preamble symbol repetition to overcome the larger timing offset in NTN case.

Table 6 : LLS parameters for PRACH performance evaluation
	Configurations
	Ka-band

	Carrier Frequency
	30 GHz

	Channel Model
	AWGN

	Antenna Configuration at the TRP (satellite)
	1 Rx

	Antenna Configuration at the UE
	VSAT with 60 cm equivalent aperture diameter

	Metric
	Miss detection output when FAR is set with 0.1% 

	Note 1: Ideal common delay compensation is assumed.




Conclusions
In this contribution, we provided the link budget analysis and some link level results, and the proposals and observations are summed as the follows:   
Observation 1: Based on SSB repetition, synchronization performance can meet the performance requirement of NTN if not considering the phased array case.
Observation 2: NR R15 format is robust to survive in different frequency offset of NTN scenario.
Observation 3: PRACH sequence with length-839 is better than the sequence with length-139 in low SNR case.
 
Proposal 1: Define separate UE parameter set for GEO and LEO to balance the budget of UL and DL.
Proposal 2: Revisit the parameter setting for phase-array based UE.
Proposal 3: Capture the table 2 result into the TR38.821.
	VSAT UE
(CNR, dB)
	DL (GEO)
	UL (GEO)
	DL (LEO1200)
	UL (LEO1200)
	DL (LEO600)
	UL (LEO600)

	Ka band
(Set-1)
	12.8
	6.4
	9.0
	17.6
	8.4
	22.9

	Ka band
(Set-2)
	4.8
	-1.6
	1.0
	9.6
	0.4
	14.9

	
	
	
	
	
	
	

	Handheld UE
(CNR, dB)
	DL (GEO)
	UL (GEO)
	DL (LEO1200)
	UL (LEO1200)
	DL (LEO600)
	UL (LEO600)

	S band
(Set-1)
	2.2
	-10.0
	9.4 
	-1.8
	8.8
	3.6

	S band
(Set-2)
	-3.3
	-15.0
	3.4
	-7.8
	2.8
	-2.4



Proposal 4: Consider the sequence with the length 839 to support big subcarrier spacing in NTN PRACH format design.
Proposal 5: Consider preamble repetition to overcome the larger timing offset in NTN case.
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