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1 Introduction
In RAN1#98bis meeting, the following agreements w.r.t the enhancement for on the PRACH format/sequences and UL TA adjustment have been achieved [1] for NTN.
Agreement:

At least for the case without pre-compensation of timing and frequency offset, at least the following options for enhanced PRACH formats and/or preamble sequences can be considered:

· Option-1: A single Zadoff-Chu sequence based on larger SCS, repetition number

· FFS: CP and Ncs

· 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

Agreement:
W.r.t the Option 1 of a previous agreement on TA adjustment for UL transmission, the following alternatives can be considered: 

· Alt-1: Compensation of the full-TA is conducted at the UE. 

· Note: Full-TA includes impact due to service link.

· FFS: impact of feeder link

· Alt-2: Compensation of UE specific differential TA only is conducted at the UE.

· FFS: The reference point(s) for UE specific differential TA calculation

Agreement:

Indication of timing drift rate by gNB to the UE is beneficial to enable TA adjustment.

· FFS: whether indication of frequency drift rate is beneficial

In this contribution, performance evaluation for enhanced NTN PRACH format and preamble sequence, e.g., Option-1 and Option-2, are conducted. Addition analysis on remaining issues for UL TA compensation methods is also provided.
2 Analysis on PRACH for NTN
2.1 Key target parameters for NTN PRACH design
The methodology on the calculation of key parameters for NTN PRACH design in typical cases are discussed in [2], including both the maximum differential delay and UL frequency offset. The corresponding values are provided in Table 1 and Table 2 for S band and Ka band for each case, respectively.
Table 1 The maximum differential delay and UL frequency offset for PRACH evaluation, S band
	Satellite parameter set
	Elevation angle(degree)
	altitude
	max differential delay(us)
	max UL FO(kHz)
UE speed=3km/h

	
	
	
	
	

	Set-2
	90
	LEO600
	12.3
	7.74

	
	
	LEO1200
	29.8
	7.84

	Set-2
	45
	LEO600
	824
	6.1

	
	
	LEO1200
	1696
	6.52

	Set-2
	30
	LEO600
	1930
	5

	
	
	LEO1200
	3856
	5.66

	
	10
	GEO
	13500
	0.2


Table 2 The maximum differential delay and UL frequency offset for PRACH evaluation, Ka band

	Satellite parameter set
	Elevation angle(degree)
	altitude
	max differential delay(us)
	max UL FO(kHz)
UE speed=0km/h
	max UL FO(kHz)
UE speed=1000km/h

	
	
	
	
	
	

	Set-2
	90
	LEO600
	3.8
	 66
	 66

	
	
	LEO1200
	6.7
	57
	57

	Set-2
	45
	LEO600
	454
	 52
	91.2

	
	
	LEO1200
	793
	47
	86.8

	Set-2
	30
	LEO600
	1050
	42.6
	90.6

	
	
	LEO1200
	1751
	41
	89.1

	
	10
	GEO
	11700
	3
	 6.6


In this contribution, due to the larger max UL FO value, which is considered as the main challenge for NTN RACH design, the corresponding simulation are conducted with focusing on LEO-600 scenarios.
2.2 Performance of enhanced PRACH for NTN

As mentioned above, the Option-1 and 2 are selected to be evaluated based on the assumptions above. 
· Option-1: A single Zadoff-Chu sequence based on larger SCS, repetition number

W.r.t this solution, as described in [2], the existing PRACH are enhanced by introducing larger SCS and repetition number for ensuring the performance in NTN. Moreover, the usage of Ncs and restriction set for MU-multiplexing are identified as invalid configuration due to the larger coverage. Meanwhile, for reducing the overhead, the CP can also be disabled since the delay spread for NTN channel is much smaller. Details on new PRACH formats N1~N4 are proposed in Table 3. 
Table 3 PRACH formats for Solution 1
	Format
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More specifically, repetition of 2/4/6/12 are considered to ensure the detection performance as well as Doppler estimation. A maximum SCS of 240 kHz (i.e., 
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) is supported for simulation case 4. Meanwhile, without support of Ncs, only the root-based sequence are used to construct the RPACH pool (e.g., 64) for UE multiplexing. The simulation cases listed in Table 4 with assuming that the SCS 
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 is no less than 2 times of max UL FO, are defined. 
Table 4 Simulation cases for PRACH performance evaluation
	Simulation case ID
	fc(Hz)
	Nadir beam 

diameter (km)
	Beam center 

elevation (degree)
	UE speed

(km/h)
	Minimum SCS

(kHz)
	Number of available Ncs 

	1
	2.00E+09
	90
	90
	3
	30
	0

	2
	
	
	45
	
	15
	0

	3
	
	
	30
	
	15
	0

	4
	3.00E+10
	50
	90
	0
	240
	0

	5
	
	
	45
	
	120
	0

	6
	
	
	30
	
	120
	0


At the receiver side, the detection threshold is calculated with an assumption of FAR=0.1%, as required in NR specification. To cope with large differential delay and FO, a receiver with sliding correlation is used. Time offset and frequency offset estimation are carried out. Non-SIC reception is considered for multiple-UE detection. The MD rate, TOE and FOE results are provided below.
MD rate without consideration on criteria of TOE and FOE
In this section, MD rate without consideration on criteria of TOE and FOE is provided. The means that if the preamble detection threshold is reached, it is regarded as detected no matter the TOE/FOE is accurate enough or not. 

The required SNR to reach 1% of MD rate is listed in Table 5. It is observed that the robust performance can be reached in most of cases.
Table 5 required SNR at MDR of 1%, for stronger UE
	Simulation case ID
	SCS 
(kHz)
	Required minimum SNR (dB)

	
	
	N1
	N2
	N3
	N4

	1
	30
	-9.9
	-12.8
	-14.5
	-16.9

	2
	15
	-9.1
	-11.7
	-13.2
	-15.5

	3
	15
	-9
	-11.9
	-13.6
	-15.7

	4
	240
	-9.5
	-12.4
	-14.3
	-16.4

	5
	120
	-8.7
	-11.4
	-13
	-15

	6
	120
	-8.7
	-11.6
	-13.1
	-15.4


The detailed results w.r.t the MD rate of 6 simulation cases are shown in Figure 1. It is observed that with SCS larger than 2*max FO, the missed detection rate of the stronger UE reaches benchmark of 1% with the increase of SNR. Since no SIC is applied, the weaker UE’s missed detection rate is higher. With increasing number of repetition (from N1 to N4), significant performance gain is observed due to more energy captured in time domain. 
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Figure 1 MD rate without consideration on accuracy of TOE and FOE
TOE and FOE accuracy
In this section, the TOE/FOE accuracy is provided, which includes all values collected in the simulation without restriction on their values. The CCDF of TOE and FOE are provided in Figure 2 and Figure 3, respectively. The corresponding SNR is selected according to the working SNR at MD rate of 1%.

On one hand, it seems that with the increase of repetition, the TOE performance degrades. The main reason is that more repetition means lower working SNR, which leads to higher time ambiguity. On the other hand, with the increase of repetition, the FOE performance improves, since more repetition brings more correlation entries in FO estimation. 
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Figure 2 CCDF of TOE
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Figure 3 CCDF of FOE

MD rate with TOE<PUSCH CP and FOE<1/2*SCS
Since the accuracy of TOE and FOE is critical for following UL transmission, e.g., pre-compensation of FO and TA by the UE for UL according to the corresponding value indicated from network, the performance of MD rate with consideration on TOE/FOE accuracy is further provided in this section. 
In this case, to facilitate following PUSCH transmission, TOE<PUSCH CP and FOE<1/2*SCS (SCS refer to the configuration PUSCH) are selected as extra criteria for the identification on correct detection. For example, in case of the simulation case 2, same SCS, e.g., SCS = 15 kHz are assumed and the CP length is equating to 4.7 us. Then, the updated required SNR to reach 1% of MD rate is in Table 6, and no much difference can be observed comparing to the values in Table 5. It has further justified that with above solution for PRACH enhancement, promising performance on FOE/TOE detection can be achieved to support the follow-up UL transmission.
Table 6 required SNR at MDR of 1%, for stronger UE

	Simulation case ID
	SCS 
(kHz)
	Required minimum SNR (dB)

	
	
	N1
	N2
	N3
	N4

	1
	30
	-9.8
	-12.7
	-14.4
	-16.7

	2
	15
	-8.9
	-11.4
	-12.6
	-12.8

	3
	15
	-9
	-11.7
	-12.6
	-13.1

	4
	240
	-9.5
	-12.4
	-14.3
	-16.4

	5
	120
	-8.2
	-11.2
	-12.3
	-13.2

	6
	120
	-8.7
	-11.4
	-12.5
	-12.9


Observation 1: The proposed NTN PRACH formats N1 to N4 (using Zadoff-Chu sequence based on larger SCS and repetition) can provide the robust performance on both MD and FO/TO estimation.
· Option-2: A solution based on multiple Zadoff-Chu sequences with different roots

W.r.t this solution, as described in [2], the PRACH based on two-root ZC sequences are considered to cope with integral frequency offset ranged in (-
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). More specifically, two alternatives can be considered for achieving the benefits of two-root sequence as below:

· Alt-1: Single PRACH preamble consisting of two-roots sequence

In this way, a new PRACH sequence can be constructed by the sequences based on different roots. Timing domain concatenation can be considered. 

· Alt-2: Multiple preambles (e.g., 2) transmission from single UE with different roots
In this way, multiple transmission of Msg-1 from UE for each access trial should be supported with different root-based preamble per transmission. The different Msg-1 can be mapped to different ROs.
Details on the PRACH design with taking the Alt-1 as one example are shown in Table 7. More specifically, NTN PRACH formats N5 and N6 are proposed for S band, and formats N7 and N8 are proposed for Ka band. PRACH ZC sequence length of 
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 and repetition of 2/4 is inherited from current NR specification. In Table 7, the supported integral frequency offset range is provided, which is much larger than the maximum UL frequency offset. Therefore, short ZC sequence with length of 139 can be further studied, which occupies narrower bandwidth and results in better link budget. 
MD rate without consideration on criteria of TOE and FOE

Same as the evaluation for solution-1, MD rate without consideration on criteria of TOE and FOE is provided firstly. At the receiver side, the first repetition of the whole preamble is used as conventional CP to overcome the differential time delay. With this restriction, only simulation cases 1 and 4 (with elevation angle of 90 degrees) can be handled due to their smaller maximum differential time delay.

Table 7 PRACH formats for Solution 2

	Applicability 
	Format
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	Number of roots used
	Supported integral frequency offset range
	Resource allocation for two sequence

	S band
	N5
	839
	1.25kHz
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	2
	(-524, +524)kHz
	Flexible in both time/frequency domain

	
	N6
	839
	1.25kHz
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	Flexible in both time/frequency domain

	Ka band
	N7
	839
	5 kHz
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	2
	(-2097,+2097)kHz
	Flexible in both time/frequency domain

	
	N8
	839
	5 kHz
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The required SNR to reach 1% of MD rate is listed in Table 8. It is observed that comparable results can be achieved based on this design.
Table 8 required SNR at MDR of 1%, for stronger UE

	Simulation case ID
	SCS (kHz)
	Required minimum SNR (dB)

	
	
	N5
	N6
	N7
	N8

	1
	1.25
	-12
	-15.8
	N/A
	N/A

	4
	5
	N/A
	N/A
	-12
	-15.9


Furthermore, according to the detailed MD rate results shown in Figure 4, similar to Option 1, significant performance gain is observed with increasing number of repetition (from N5 to N6) due to more energy captured in time domain. At the benchmark of MD rate of 1%, the SNR gain between 4 repetitions and 2 repetitions is 3~4.5 dB. 
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Figure 4 MD rate without consideration on accuracy of TOE and FOE
TOE and FOE accuracy

In this section, the TOE/FOE accuracy is provided, which includes all values collected in the simulation without restriction on their values. The CCDF of TOE and FOE are provided in Figure 5 and Figure 6, respectively. Two SNR values are used in these figures: (1) the working SNR at MD rate of 1%, and (2) a SNR value to guarantee TOE/FOE without error floor.
When the peak positions of the two roots are correctly identified, the FOE and TOE accuracy is satisfying. However, fake peaks due to noise is the major reason for inaccurate TOE and FOE, which can be effectively handled by the increase of SNR.
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Figure 5 CCDF of TOE
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Figure 6 CCDF of FOE
MD rate with consideration on criteria of TOE and FOE

The updated MD rate with consideration on the same criteria of TOE and FOE are also evaluated for Solution 2. The required SNR to reach 1% of MD rate in Table 9 is quite close to those values in Table 8.
Table 9 required SNR at MDR of 1%, for stronger UE

	Simulation case ID
	SCS (kHz)
	Required minimum SNR (dB)

	
	
	N5
	N6
	N7
	N8

	1
	1.25
	-12
	-15.9
	N/A
	N/A

	4
	5
	N/A
	N/A
	-12
	-15.9


And the detailed statistics of the updated MD rate are shown in Figure 7. 
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Figure 7 MD rate with consideration on accuracy of TOE and FOE
Observation 2: The proposed NTN PRACH formats N5 to N8 (using 2-root Zadoff-Chu sequences with repetition) can provide the robust performance on both MD and FO/TO estimation.
Observation 3: The usage of short sequence (i.e., length of 139) with 2-root can be further studied.
Proposal 1: For the PRACH format and/or preamble sequence enhancement with multiple Zadoff-Chu sequences with different roots, following to alternative can be considered:
· Alt-1: Single PRACH preamble consisting of two-roots sequence

· Alt-2: Multiple preambles (e.g., 2) transmission from single UE with different roots

3 Analysis on UL TA compensation for NTN
As mentioned in the agreement above, differential options for UL TA compensation can be considered, e.g., (1) full TA or (2) UE specific differential TA only. Further analysis on these approaches are given in this section.
Since the coverage of a satellite can be quite large, satellites with multiple beams + frequency/polarization reuse is a common solution to improve resource efficiency. The common TA of a beam is determined by the beam’s elevation. Assume the reference point is at the beam center on the Earth surface, as illustrated in Figure 8. Common TA is determined by the distance Lcs, i.e., common TA=Lcs/c*2, where c is the light speed of 3e8m/s.
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Figure 8 An illustration on common TA for a given beam
As demonstrated in the above illustration, it can be observed that the common TA values of different beams vary significantly. If UE only compensates its specific differential TA, the UL signal misalignment among multiple beams at a satellite BS will be suffered. To handle this UL signal misalignment among multiple beams, extra processing complexity is required at the satellite BS. In addition, UL signal misalignment among beams with the same frequency/polarization may interfere each other severely. Furthermore, if UL signal timing can be aligned among beams, it would be desirable to facilitate inter-beam coordination at BS side in the future. So it is preferred to have full TA (common TA + UE specific differential TA) compensation conducted at the UE side in its UL transmission.

Moreover, for the common compensation, the whole impacts of the service link should be considered in case of re-generative payload and for others, the feeder link propagation delay should also be part of the common TA to cover the complete propagation path between BS and UE. Moreover, indication of timing variant rate by gNB should include both service link and feeder link impact. 
Observation 4: Indication of timing drift can be used to handle the timing variant Doppler due to the impact of both service and feeder link.
Proposal 2: Full-TA compensation instead of UE-specific differential TA only should be considered.

Proposal 3: For transparent payload, the common TA should be calculated with consideration both service and feeder link.
4 Conclusions
In this contribution, possible NTN PRACH formats are evaluated based on the agreed simulation assumptions. Analysis on UL TA compensation methods is provided. Following observations and proposals are listed:

Observation 1: The proposed NTN PRACH formats N1 to N4 (using Zadoff-Chu sequence based on larger SCS and repetition) can provide the robust performance on both MD and FO/TO estimation.

Observation 2: The proposed NTN PRACH formats N5 to N8 (using 2-root Zadoff-Chu sequences with repetition) can provide the robust performance on both MD and FO/TO estimation.
Observation 3: The usage of short sequence (i.e., length of 139) with 2-root can be further studied.
Observation 4: Indication of timing drift can be used to handle the timing variant Doppler due to the impact of both service and feeder link.
Proposal 1: For the PRACH format and/or preamble sequence enhancement with multiple Zadoff-Chu sequences with different roots, following to alternative can be considered:
· Alt-1: Single PRACH preamble consisting of two-roots sequence

· Alt-2: Multiple preambles (e.g., 2) transmission from single UE with different roots

Proposal 2: Full-TA compensation instead of UE-specific differential TA only should be considered.

Proposal 3: For transparent payload, the common TA should be calculated with consideration both service and feeder link.
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