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1 Introduction
In RAN1#98 meeting, the following agreements on the simulation cases to evaluate the proposed PACH design have been achieved [1] together with the updated assumption, e.g., calculation of the FO.
Agreement:
Companies are encouraged to provide the evaluations based on agreed assumptions for the following cases to justify their proposed PRACH design: 

	
	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 ccompensation
	Small
	Small
	Set-2

	Note 1: For channel model, NTN TDL-D is considered. Delay scaling factors equals to the mean delay spread and mean K factor for suburban LOS at corresponding elevation angle for each case. Omni-directional antenna with single antenna element is considered for UL transmission.
Note 2: Companies are encouraged to report the receiver for PRACH detection.

Note 3: As the baseline, the number of UEs that simultaneously access the network in a single random access occasion (RO) is 2.

The two UEs may have different timing offsets/Doppler, which are randomly picked within the [0 Max_differential_delay]/[-max_UL_frequency_offset  max_UL_frequency_offset] per case;

Note 4: Fixed power offset between UEs is 3dB.

Note 5: Metrics including CDF of estimation error for frequency/timing, FAR (Based on the preamble pool size is not less than 64), MDR, are considered.

Note 6: The SINR of the stronger UE for simulation is based on the SNR from link budget (with bandwidth for UL = 1MHz for VSAT in Ka, and Handheld for S) with additional offset (e.g., [-6 - log10(Bandwidth [MHz])] dB) per case.


Moreover, for the TA adjustment, following progress has been obtained [1]:

Agreement:
Following options can be considered to support TA adjustment for UL transmission:

· Option 1

· Autonomous acquisition of the TA at UE with known location and satellite ephemeris:   

· FFS: how to compensate the TA, e.g., full TA or only UE-specific differential TA 

· Note: If only UE-specific differential TA is compensated, timing offset between gNB DL and UL frame should be managed by network and acquisition of common TA is needed.

· FFS: additional TA signalling from BS considering the potential inaccuracy.

· Option 2

· Indication of common TA to all users within the coverage of the same beam with broadcasting as a baseline for signalling, e.g., via SIB/MIB

· FFS: additional UE-specific differential TA signalling from BS.

· FFS: the reference point(s)  for common TA calculation

· Additional enhancements to existing TA signaling in Rel-15 can be considered for TA maintenance

· Parameters indicated by gNB to enable the TA adjustment

· Cell/UE-group specific signalling

In this contribution, discussion on the PRACH format for the NTN case based on the agreed simulation assumption are conducted. Additional analysis on the remaining issue for the TA maintenance are also discussed.
2 Analysis on PRACH for NTN
2.1 Key target parameters for the PRACH design
For achieving the successful UL access together with the accurate TA and frequency estimation, the PRACH design of the typical use case for supporting the application of certain system, e.g., terrestrial system and NTN, should be able to cover the key target parameters, e.g., maximum differential delay and Doppler offset.

In this contribution, the analyses of these parameters based on the agreed cases listed above are conducted with the typical satellite parameters. More specially, as illustrated in Error! Reference source not found. the maximum differential delay, i.e., the uplink timing uncertainty seen by the BS on satellite, is calculated as 2*(L2-L1)/c. L2 is the longest distance from the satellite to the beam. L1 is the shortest distance from the satellite to the beam. c is the light speed.
W.r.t the maximum residual Doppler due to satellite movement, which is calculated as max(|Doppler A - Common Doppler|, |Doppler B - Common Doppler|), here the Doppler A, B, common Doppler, refer to the observed Doppler by the UE at the A,B,C point, respectively. And it implies that compensation of the common Doppler is assumed in the evaluation. 

Based on above calculation, the maximum UL frequency offset is further calculated based on the agreed method in [1] without assumption on the additional pre-compensation of Doppler at gNB side, e.g., based on the GNSS information.
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Figure 1 Illustration of the beam with a given elevation angle at its center
2.2 PRACH formats for NTN

According to the aforementioned assumptions, it can be found that around 10 ms differential delay and more than ten KHz Doppler shift should be overcome for NTN scenarios, e.g., case 1~3 in the agreed cases, without assumption of any pre-compensation.  

Since according to the analysis in [2], the existing NR PRACH design is failed to support the application in NTN, following two approaches on PRACH design are considered:
Solution 1: 

In order to combat the larger Doppler offset without sacrificing the coverage, the maximum supported SCS of PRACH format, especially for the short sequence, are considered with additional numerology up to 240 KHz. Moreover, since the differential delay for the NTN case is much larger, the existing method for UE multiplexing via the Ncs is invalid. Then, only the roots based sequence are considered as the RPACH pool (e.g., 64) for UE selection.

Moreover, based on the previous analysis in [2], for NTN case, the usage of shorter CP, i.e., shorter than an OFDM symbol in existing PRACH design is meaningless. The reason is that the propagation channel is mainly dominant by the LoS condition with less number of multiple path, it will lead to much smaller delay spread. Moreover, in order to overcoming the large CL in NTN, the repetition will be certainly used in the PRACH design to improve the UL coverage as well as Doppler estimation, with such assumption, additional repetition of PRACH sequence is more preferred than the legacy CP.

According to the above analysis, the following new PRACH format N1~N4 are proposed with corresponding parameters listed in Table 1.

Table 1 PRACH formats for Solution 1
	Format
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Solution 2: 

In this solution, the preamble design with two-root ZC sequences are considered. Theoretically, with assumption of the SCS equating to
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 is the ZC root. It is easy to know the range of integral frequency offset that can be estimated is less than 
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 of 1.25 kHz, the integral frequency offset that can be estimated by two-root ZC sequences is less than 524.4kHz, which is sufficient to the NTN scenarios.

Moreover, similar as the solution, in order to combat large path loss in NTN scenario, repetition is also considered and the legacy CP is removed. Such kind of the preamble format with two sequences can be constructed via either concatenating in time domain or different RO allocation in frequency domain. Based the above analysis, the new PRACH formats N5, N6 with corresponding parameters are listed in Table 2.
Table 2 PRACH formats for Solution 2

	Format
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	CP
	Number of root based sequence
	Resource allocation for two sequence

	N5
	839
	1.25kHz
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	Flexible in both time/frequency domain

	N6
	839
	1.25kHz
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2.3 Performance evaluation of NTN PRACH
Based on the agreed assumption listed in section 1, following prioritized simulation cases with the assumption listed in Table 3 are further considered to evaluate the performance of proposed PRACH design above. The remaining assumptions is listed in Table 5.

Table 3 Important parameters used in the PRACH performance evaluation
	Case ID in

 RAN1#98
	Simulation

case ID
	satellite
	elevation

angle(degree)
	fc(Hz)
	Set-2 beam

diameter(km)
	UE speed

(km/h)

	1
	1
	LEO-600
	90
	2.00E+09
	90
	3

	
	4
	LEO-600
	90
	3.00E+10
	50
	0

	
	-
	LEO-600
	90
	3.00E+10
	50
	1000

	2
	2
	LEO-600
	45
	2.00E+09
	90
	3

	
	5
	LEO-600
	45
	3.00E+10
	50
	0

	
	-
	LEO-600
	45
	3.00E+10
	50
	1000

	3
	3
	LEO-600
	30
	2.00E+09
	90
	3

	
	6
	LEO-600
	30
	3.00E+10
	50
	0

	
	-
	LEO-600
	30
	3.00E+10
	50
	1000

	
	-
	GEO
	10
	2.00E+09
	450
	3

	
	-
	GEO
	10
	3.00E+10
	280
	0

	
	-
	GEO
	10
	3.00E+10
	280
	1000


The evaluation for both solutions are discussed in following part, respectively:

Solution 1: 
Based on the proposed methods, configuration of SCS for each simulation is listed in Table 4.

Table 4 Configuration of solution-1 based NTN PRACH formats 
	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
	2

	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, for harvesting the repetition gain, the sliding correlation is considered. For each detection, the he received signal is correlated with PRACH preambles in the preamble pool. The corresponding estimation of TO and FO are carried out using the correlation result. Non-SIC operation is considered for multiple-UE detection. And th the threshold used in preamble detection is calculated with an assumption of FAR=0.1%, as required in NR specification. Then, the corresponding results for MD rate and FOE are listed below.

MD rate
According to the results shown in Figure 2, 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, especially in case-1 due to the large variation of the channel gain between two UEs introduced by the large Doppler. Moreover, with cross-comparison among four formats, significant performance gain can be achieved with increased number of repetition. 
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Figure 2 Missed detection rate of NTN PRACH format N1~N4 in 6 cases

FOE accuracy
The frequency offset estimation performance, i.e., the CCDF of FOE error, is shown in Figure 3 with PRACH format N1/N4 in simulation case 1 (i.e., the worst case with the largest maximum FO value due to the largest elevation angle of 90 degree). The SNR is selected near the working point of 1% MD rate (corresponding to red line). It can be observed that although the required SNR of format N4 to achieve the lower FOE is lower, repetition can still be used to enhance the estimation accuracy.
Observation 1: The large frequency offset in NTN scenarios can be handled with SCS larger than 2*max FO in most simulation cases. 

[image: image31.png]CCDF of Frequency Offset Estimation Error (FOE>x)

10

107

CCDF of FOE of Format N1 for case 1
T T T T T

—&— UE 1, SNR=-6 dB
—&— UE 1, SNR=-4 dB
~—#—— UE 1, SNR=2 dB

500

1000

1500 2000 2500 3000 3500
x (Hz)

4000 4500

5000



[image: image32.png]CCDF of Frequency Offset Estimation Error (FOE>x)

CCDF of FOE of Format N4 for case 1
T T T T

10

T T
—=&— UE 1, SNR=-11 dB
—&— UE 1, SNR=-9 dB
~—#—— UE 1, SNR=7 dB

0 500 1000 1500 2000 2500 3000 3500 4000 4500
x (Hz)




Figure 3 FOE of the PRACH format N1/N4 in simulation case-1

Solution 2: 
In this solution, the simulation has been conducted by assuming the SCS = 1.25 KHz with the proposed two RACH format N5 and N6 before. Two repeated ZC sequences are concatenated in the time domain with same assumption on the receiver as solution. Moreover, fixed roots combination is assumed.

MD rate
The missed detection rate of the two-root ZC sequences is provided in Figure 4. The two parts in the preamble corresponding to the two roots are respectively detected by the receiver. The miss detection is decided by the first part since the second root is known with pre-defined combination. The corresponding time offsets of the between two sequences are used to estimate the integral part of the frequency offset.
Based on these results, it can also be found improvement on the detection can be achieved with increased number of repetition. Moreover, comparing to the solution-1 with same repetition number, due to the longer sequence and multiple concatenated sequence, better performance can be achieved in the MD rate.
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Figure 4 Missed detection rate of NTN PRACH format N5/N6 in 6 cases

FOE accuracy
The frequency offset estimation performance is shown in Figure 5 with PRACH format N5/N6 in simulation case 1. It can be found that the FOE is improved comparing to the results based on solution-1 in Figure 3. W.r.t large FOE part, it’s mainly introduced due to the estimation error in the integral part of frequency offset. Moreover, it’s obvious that within enlarged repetition number, the FOE performance is improved since the estimation of fractional part of frequency offset is enhanced. 
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Figure 5 FOE of the PRACH format N5/N6 in simulation case-1
Observation 2: PRACH format with larger number of repetition will enhance the performance for both detection and FO/TO estimation.
Observation 3: Multiple roots based PRACH design can support the UE detection in NTN cases with small SCS.

Proposal 1: New PRACH design with following approaches can be considered in NTN:

· Approach 1: Single root based sequence with large SCS/repetition number and no CP/Ncs 

· Approach 2: Multiple roots based sequence without CP

3 Analysis on Timing advanced for NTN
As mentioned in the previous agreement, Option-1 with assumed knowledge on the UE location and satellite ephemeris to conduct the autonomous Timing advanced adjustment is considered in addition to the traditional methods based on the indication from gNB only. 

However, w.r.t the this solution, the accuracy on the TA adjustment is still FFS since there is no pre-study or requirements on the self-adjustment of TA since details e.g., how to quantize the detailed information of satellite information with limited overhead (this parameter is more preferred to be broadcasted to all UE) on the SIB, is not touched yet. Moreover, whether the information of ground station is feasible to UE is still not clear due to the potential security issue. If this value is not available, the self-compensation of TA is not valid.

Additionally, w.r.t the compensation on only UE specifically differential delay is proposed by companies. But, it’s clear that un-aligned frame boundary, even SFN (w.r.t the value of common delay), should be kept at the BS side. It’s not aligned with the design principle of NR and more complicated gNB implementation will be needed for certain cases, e.g., coordination between multiple satellites or service continuity between TN and NTN.
Proposal 2: Deprioritize the Option-1 of TA adjustment for UL transmission.

Proposal 3: Full-TA compensation instead of UE-specific differential TA only should be considered.

For the Option-2 solution, as indicated by the Figure 6, it clear that in addition to the broadcasted common delay for compensation, additional indication of the differential delay should also be indicated to UE via the same mechanism of NR, e.g., via RAR.to further align the UL signaling from different UEs.
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Figure 6 Illustration of coverage of NTN with common TA

Moreover, w.r.t. the reference points for common TA calculation, value with assumption of single reference point can be considered as the baseline since in most of cases, only single type of UEs are served. Even in case of multiple UEs types, the single reference point can still work with well-designed value range of UE differential TA in the indication field of RAR.

Proposal 4: W.r.t the Option-2 of TA adjustment for UL transmission in NTN, additional UE-specific differential TA signaling from BS should be supported.

Proposal 5: W.r.t the Option-2 of TA adjustment for UL transmission in NTN, assumption on the single reference point for common TA calculation can be considered as the baseline.
4 Conclusions
In this contribution, with consideration on the key target parameters in NTN case, the design and corresponding simulation of new PRACH formats are provided. Moreover, analysis on the remaining issues for TA part is also elaborated. In general, following observations and proposals are listed:

Observation 1: The large frequency offset in NTN scenarios can be handled with SCS larger than 2*max FO in most simulation cases. 

Observation 2: PRACH format with larger number of repetition will enhance the performance for both detection and FO/TO estimation.
Observation 3: Multiple roots based PRACH design can support the UE detection in NTN cases with small SCS.

Proposal 1: New PRACH design with following approaches can be considered in NTN:

· Approach 1: Single root based sequence with large SCS/repetition number and no CP/Ncs 

· Approach 2: Multiple roots based sequence without CP

Proposal 2: Deprioritize the Option-1 of TA adjustment for UL transmission.

Proposal 3: Full-TA compensation instead of UE-specific differential TA only should be considered.

Proposal 4: W.r.t the Option-2 of TA adjustment for UL transmission in NTN, additional UE-specific differential TA signaling from BS should be supported.

Proposal 5: W.r.t the Option-2 of TA adjustment for UL transmission in NTN, assumption on the single reference point for common TA calculation can be considered as the baseline.
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Appendix

Table 5 Simulation settings for PRACH performance evaluation
	Number of tx antenna at UE
	1

	Number of rx antenna at BS
	1

	LEO orbit altitude (km)
	600

	Channel model
	NTN-TDL-D

	Time offset range (Ts)
	Uniformly distributed in [0, Tmax], where Tmax equals to the maximum differential delay in Table 1. 

	Frequency offset (Hz)
	Uniformly distributed in [-FOmax, +FOmax], where FOmax equals to the maximum FO in Table 1.

	Number of UE
	2

	Power offset of UE (dB)
	[0,-3]
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