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1 Introduction
In RAN1#99 meeting, the following agreements w.r.t the enhancement for on the PRACH format/sequences have been achieved [2] for NTN.
Agreement: 
1- with assumption on pre-compensation of timing and frequency offset (e.g., if UE knowledge of geo-location of the UE at the requisite level of accuracy is available) at UE side for UL transmission, existing Rel-15 PRACH formats and preamble sequences can be reused. The necessity of additional enhancements, e.g., repetitions and/or larger sub-carrier spacing, to ensure UL coverage can be further discussed in the normative work.

2- In case that pre-compensation of timing and frequency offset is not performed at UE side for UL transmission, enhanced PRACH formats and/or preamble sequences should be supported with following options:

· Option-1: A single Zadoff-Chu sequence based on larger SCS, repetition number. Additional usage of CP and Ncs can be further determined in normative work 

· Option-2: A solution based on multiple Zadoff-Chu sequences with different roots 

· Option-3: Gold/m-sequence as preamble sequence with additional process, e.g., modulation and transform precoding 

· Option-4: A single Zadoff-Chu sequence with combination of scrambling sequence 

2 Physical Random Access Channel for NTN 
We note that the focus of this document is on the cases where the pre-compensation of timing and frequency offset is not performed at UE side. 

In RAN1#98, it was agreed to consider the following cases for evaluation of PRACH.




                   Table 1: PRACH evaluation cases  

	
	Elevation angle
	Differential delay
	UL Frequency offset (Both S- and Ka-band)

(with compensation of common Doppler)
	Beam Set at satellite

	Case 1
	90 degree for LEO
	Small
	Large
	Set-2

	Case 2
	45 degree for LEO
	Medium
	Medium
	Set-2

	Case 3
	10 degree for GEO and 30 degree for LEO
	Large
	Small
	Set-2

	Case 4
	With both open loop timing and frequency compensation
	Small
	Small
	Set-2


The two key deriving factors that influence the design of preambles for NTN is the maximum differential delay and uplink frequency offset.  Given the above considered cases for the evaluation of PRACH and based on the beam set, we summarize the values of the maximum differential delay and uplink frequency offset for case 1 to case 3 and for S- and Ka-band in the following tables for different elevation angles. 

  


Table 2: Max Differential Delay and Max FO; S-Band 

	　
	Elevation angle in degree
	　
	Max differential delay in [us]
	Max UL frequency 

Offset (FO) in [kHz]

UE speed = 3 km/h

	Case 1
	90
	LEO-600
	12.1
	7.7

	
	
	LEO-1200
	29.3
	6.9 

	Case 2
	45
	LEO-600
	825
	6.1

	
	
	LEO-1200
	1675
	6.4

	Case 3
	30 degree LEO 
10 degree GEO
	LEO-600
	1948
	4.9

	
	
	LEO-1200
	3855
	5.56

	
	
	GEO
	13500
	0.2


  


Table 3: Max Differential Delay and Max FO; Ka-Band 
	
	Elevation angle in degree
	
	Max differential delay in [us]
	Max UL frequency offset (FO) in [kHz] UE speed = 0 km/h
	Max UL frequency offset (FO) in [kHz] UE speed = 1000 km/h

	Case 1
	90 
	LEO-600
	3.4
	66
	69

	
	
	LEO-1200
	7
	55
	57

	Case 2
	45 
	LEO-600
	450
	52
	90

	
	
	LEO-1200
	791
	46
	86.2

	Case 3
	30 degree LEO
10 degree GEO
	LEO-600
	1050
	42
	90

	
	
	LEO-1200
	1803
	41
	89

	
	
	GEO
	11746
	3
	6.5


It can be observe that for LEO scenarios the maximum FO can reach up to 7.7 kHz for LEO-600 in S-band  and up to 52 kHz (90 kHz) for LEO-600 in Ka-band with UE speed = 0 km/h (UE speed = 1000 km/h). Since dealing with uplink FO is the most challenging preamble design factor in NTN, in this work, we focus on LEO-600 cases. Specifically, we consider the following scenarios for assessing the performance of PRACH in NTN. 
 


Table 4: Simulation Scenarios for PRACH performance evaluation
	　
	Elevation angle in degree
	　
	Max differential delay in [us]
	Max UL frequency 

Offset (FO) in [kHz]

	Scenario 1
	90
	LEO-600 S-band 
UE speed = 3 km/h
	12.1
	7.7

	Scenario 2
	45
	LEO-600 S-band

UE speed = 3 km/h
	825
	6.1

	Scenario 3
	30
	LEO-600 S-band

UE speed = 3 km/h
	1948
	4.9

	Scenario 4
	45 
	LEO-600 Ka-band

UE speed = 0 km/h
	450
	52

	Scenario 5
	30 
	LEO-600 Ka-band

UE speed = 0 km/h
	1050
	42


Furthermore, at this stage, we consider option-1 approach, i.e., a single-root ZC sequence based on increased subcarrier spacing (SCS) and repetition number. As mentioned in [6] and [7], option-1 requires the minimum standardization effort. 

In order to be able to cope with both large differential delay and large uplink frequency offset, we adopt the receiver structure proposed in [6]. Specifically, the entire processing window of the PRACH receiver is divided into several smaller hypothesis windows and preamble detection is performed over each hypothesis. As discussed in [6], complexity of such receiver increases with increasing maximum differential delay.  
Moreover, to handle the large uplink frequency offset, we adopt short ZC sequences of length 139, as short sequences can support SCS of up to 240 kHz. We propose to use formats B1, B2, B3, and B4 without using fractional cyclic prefix (CP). These formats named N1, N2, N3, and N4 in [8]. Also, as stated in [8], due to the large differential delays the use of cyclic shifts, Ncs, is irrelevant. As a result, to construct the pool of 64 preambles, 64 different ZC sequences with different roots are employed.  Table 5 below shows the adopted preamble for PRACH performance evaluation. 
In release 16, two new ZC sequences with lengths 571 and 1151 are introduced. However, sequence length 571 is only applicable with numerology 1, i.e., SCS of 30 kHz, and sequence length 1151 is only applicable with numerology 0, i.e., SCS of 15 kHz. These new sequences can also be adopted for NTN under the condition that they support numerologies 0,1,2,and 3, similar to ZC sequences with length 139. In that case, due to the larger sequence length, by applying cyclic shifts, root reuse factor can be also increased. 

Observation 1: New ZC sequence lengths, introduced in Release 16, are suitable candidates for employment in NTN, given that they can support all numerologies. The use of new sequences will increase the root sequence reuse factor.




Table 5: Suggested Preamble Formats; [image: image3.png]uw=1{0,1,2,3}
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Proposal 1: RAN1 to consider formats B1, B2, B3, and B4 without CP and with increased number of repetitions for NTN.
As short length ZC sequences do not support restricted sets, the maximum tolerable frequency offset should be smaller than or equal to half of the SCS of preamble. Then, given the proposed preamble formats and FOs in Table 4, we choose SCS of 30 kHz for scenario 1, SCS of 15 kHz for scenarios 2 and 3, and SCS of 120 kHz for scenarios 4 and 5. The miss detection rate (MDR) of the proposed preamble formats for scenarios 1 to 5 are depicted in Figs. 1 to 5. We note that for declaring a miss detection event an accuracy of 2 us is considered. 
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Figure 1: Scenario 1 - PRACH Performance Evaluation
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Figure 2: Scenario 2 - PRACH Performance Evaluation
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Figure 3: Scenario 3 - PRACH Performance Evaluation
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Figure 4: Scenario 4 - PRACH Performance Evaluation
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Figure 5: Scenario 5 - PRACH Performance Evaluation  
We can observe from the above performance analyses that when the FO is large, as in Scenario 1, the performance difference between two UEs is larger compare to the cases where the FO is smaller, as in Scenarios 2 to 5. Furthermore, for all scenarios, we can observe that the performance of both UEs improve substantially by increasing the number of repetitions. 
Comparing the results presented above with the ones reported in [8], a performance lost of 3 dB is observed, which is the result of using hypothesis testing receiver. However, such performance lost can be compensated by further increasing the number of repetitions in the corresponding formats by a factor of 2. 
In summary, we observe that with respect to option-1 of the enhancement of PRACH preambles for NTN, reasonable target MDR can be achieved by increasing the number of repetitions. However, such performance achievement comes at the cost of employing more complex receiver architecture. 
Observation 2: Targeted MDR can be achieved with option-1 of the PRACH enhancements for NTN. 

3 Summary
Observation 1: New ZC sequence lengths, introduced in Release 16, are suitable candidates for employment in NTN, given that they can support all numerologies. The use of new sequences will increase the root sequence reuse factor.
Proposal 1: RAN1 to consider formats B1, B2, B3, and B4 without CP and with increased number of repetitions for NTN.
Observation 2: Targeted MDR can be achieved with option-1 of the PRACH enhancements for NTN. 
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5 Appendix 
                 Table 6: Simulation Parameters 

	Number of TX antenna at UE
	1

	Number of RX antenna at BS
	1

	LEO orbit altitude (km)
	600

	Channel model
	NTN-TDL-D [5]

	Delay offset
	Uniformly distributed between zero and Max differential delay reported in Table 4. 

	Frequency offset [kHz]
	Uniformly distributed in [-FOmax, +FOmax], where FOmax can be obtained from Table 4.

	Number of UEs
	2

	Power offset of UEs [dB]
	-3 
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