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1 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]The agreements achieved in previous meeting are listed in below,
	Agreement:
For DL initial synchronization in NTN, 
· SSB design in Rel-15 can provide robust performance in the following cases
· GEO
· With pre-compensation for LEO 
· Note: The above observation can be revised if proved by other results
· FFS: Whether SSB design in Rel-15 can provide robust performance for LEO without Doppler pre-compensation
· Factors that need to be considered include at least latency and complexity for SSB detection

Agreement:
Companies are encouraged to evaluate whether Rel-15 mechanisms are sufficient for time/frequency tracking

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 compensation
	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.













In this contribution, we provide our views on several aspects, including,
· The PRACH sequence design by considering the non-ZC based sequence
· The PRACH preamble format design
· The TA aspect
· The range of the critical parameters, such as differential delay, beam diameter and residual frequency offset, for a satellite beam under a certain elevation angle


2 PRACH sequence analysis: ZC sequence
It is well known that the correlation peak of ZC sequence is shifted under frequency offset. The shifting amount is as a function of the root index and frequency offset. The correlation peak generally represents the start timing of the received signal. Once the peak position is further shifted due to a certain reason, a mechanism is needed to “revert” the shifting.

In [1], the concept of differential detection by transmitting two sequences with different root index (double rooted ZC), is introduced. It is also observed that the overhead is increasing since the two CP periods, each for one sequence, maybe needed.

When the frequency offset is not exactly equal to the frequency of multiples of subcarrier spacing, the harmonic peaks are induced, which can be observed in Fig. 2-2. When the frequency offset is nearly equal to half of subcarrier spacing, two peaks with nearly equal power can be observed. It is expected to observe more peaks under multipath channel which will impact the robustness of the differential detection.

Observation 2-1: The ZC sequence may induce harmonic peaks during correlation when frequency offset is not exactly equal to the frequency of multiples of subcarrier spacing

Observation 2-2: The double-rooted ZC sequence for transmission may require two CP periods. Therefore the overhead is increasing  
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 Fig. 2-1: correlation output when frequency offset = 0   Fig. 2-2: correlation output when frequency offset = 550Hz


3 PRACH sequence analysis: non-ZC based sequence
We consider non-ZC based sequence for PRACH transmission. It is expected that the sequence has the following properties,
· No shift of the correlation peak under frequency offset
· No harmonic peaks
The concept of low PAPR RS defined in Rel-16 maybe leveraged. Fig. 3-1 shows the generation flow for transmission. Note that, the flow is quite similar to that for ZC sequence as shown in Fig. 3-2. Each function in the flow is explained in the following,
· (a) Sequence:
· The M-sequence with length 1023 can be considered
· The Gold sequence with the generation by 5.2.1 of 38.211 can be considered. The sequence length can be more flexible. The length can be equal to 139 or 839 which is the current length of ZC, or it can be a value to facilitate FFT/IFFT operation
· Let’s represent the sequence by [ cu(0), cu(1),… cu(LRA – 1) ]. For Gold sequence, the subscript u denotes a certain c_init value. For M sequence, this subscript maybe ignored
· (b) Time domain cyclic shift:
· Same function as the existing ZC sequence generation for PRACH
· Note that, for ZC sequence under same root index, the spacing between two valid cyclic shift values may need to consider the additional shifting amount due to frequency offset. The M- and Gold sequence don’t shift the correlation peak under frequency offset and as such the spacing can be smaller and equal
· Let tcs denote the time domain cyclic shift value. Mathematically we have cu,tcs(n) = cu( (n + tcs) mod LRA)
· (c ) Modulation: 
· The pi/2-BPSK or BPSK can be considered
· Mathematically we have du,tcs(n) = Modulation( cu,tcs(n) )
· (d) Transform precoding: 
· Same function as the existing ZC sequence generation for PRACH
· Mathematically we have yu,tcs(0: LRA – 1) = Transform_precoding( du,tcs(0:LRA – 1) )
· (e) Frequency domain cyclic shift:
· Let fcs denote the frequency domain cyclic shift value. Mathematically we have yu,tcs,fcs(n) = yu, tcs( (n + fcs) mod LRA)
· (f) Resource allocation: same function as the existing ZC sequence generation for PRACH
· (g) IDFT: same function as the existing ZC sequence generation for PRACH


Besides the property of without additional shifting on the correlation peak under frequency offset, the non-ZC based sequence also has the property that during detection the magnitude of the correlation peak is suppressed under frequency offset. This property can also be used for the frequency offset estimation at least for the integer part of the frequency offset in terms of subcarrier spacing, when the receiver forms multiple hypothesis branches for different frequency correction.

Fig. 3-3 and Fig. 3-4 show the correlation output of Gold sequence based transmission. We don’t see the harmonic peaks, and also, the peak position is not shifted under frequency offset.

The PAPR and CM property have been justified during the low PAPR RS design in Rel-16. In the next section, the PAPR and CM performance are evaluated for the ZC, M- and Gold sequences.

Observation 3-1: The Gold sequence or M-sequence based method do not shift the correlation peak under frequency offset

Observation 3-2: During detection, the Gold sequence or M-sequence based method may suppress the magnitude of the correlation peak under frequency offset. This property can be further used for the frequency offset estimation at least for the integer part of the frequency offset in terms of subcarrier spacing, when the receiver forms multiple hypothesis branches for different frequency correction  

Observation 3-3: The Gold sequence or M-sequence based method do not induce harmonic peaks during correlation when frequency offset is not exactly equal to the frequency of multiples of subcarrier spacing

Proposal 3-1: Study new PRACH preamble sequence design options robust to frequency offset, where at least the following candidates can be considered:
· Gold sequence
· M-sequence
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Fig.3-1: Generation flow for non-ZC based sequence for transmission
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Fig.3-2: Generation flow for ZC sequence for transmission
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 Fig. 3-3, correlation output of Gold sequence.                   Fig. 3-4, correlation output of Gold sequence. 
        freq offset = 0Hz, SNR = 0dB                                 freq offset = 550Hz, SNR = 0dB

4 PRACH sequence analysis: initial simulation results
The general setting for the evaluation of the detection performance is as follows,
· AWGN channel (single LOS path), carrier frequency = 2GHz, PRACH SCS=1.25KHz 
· Detection on a specific (weak) UE during simultaneous transmission of 3 UEs
· Two interfering (and stronger) UEs are configured with SNR = 3dB and 6dB, respectively. For the specific UE, say UE1, the corresponding SNR is adjusted from -6dB to 10dB
· Sequence and modulation setting
· For double-rooted ZC sequence
· Each UE transmits in concatenation the two sequences with different root index. Two CP periods are inserted
· The specific (weak) UE (UE1) fixes the root index for all the trials
· For each interfering UE, the transmission adopts a different pair of root index for each trial, which is also different from that of UE1
· For all the UEs, the time domain cyclic shift is assumed 0
· For M-sequence
· Each UE transmits in concatenation the two sequences with same frequency domain cyclic shift value. One CP period is inserted
· The specific (weak) UE (UE1) fixes the frequency domain cyclic shift value for all the trials
· For each interfering UE, the transmission adopts different frequency domain cyclic shift value for each trial, which is also different from that of UE1
· For all the UEs, the time domain cyclic shift is assumed 0
· BPSK modulation is adopted
· For Gold sequence, 
· Each UE transmits in concatenation the two sequences with same c_init. One CP period is inserted
· The specific (weak) UE (UE1) fixes the c_init value for all the trials
· For each interfering UE, the transmission adopts different c_init value for each trial, which is also different from that of UE1
· For all the UEs, both the time domain and frequency domain cyclic shift are assumed 0
· pi/2-BPSK modulation is adopted
· Frequency offset and time delay setting
· For each trial, different frequency offset less than 7500Hz is applied to each UE
· Note that the pre-compensation on beam center has been considered
· For all the trials, same time delay is applied to each UE, and the UEs are configured with different time delay
· Detection algorithm
· For double-rooted ZC sequence, determine for each sequence the delay of the strongest peak when the peak power is over a threshold. The difference of the two delays is used for frequency offset estimation in terms of multiples of subcarrier spacing. Finally the actual time delay can be determined when the peak shift amount due to frequency offset is estimated
· For M- and Gold sequence, the receiver forms multiple hypothesis branches in order to detect the frequency offset. For each hypothesis branch, the non-coherent combining is performed for determining the delay of the strongest peak when the peak power is over a threshold. The branch output with best SNR is adopted for time delay estimation. The detail is illustrated in Fig. 4-1

The initial result can be seen in TABLE 4-1. The detection rate is defined as that, after receiver processing, the UE power is above a threshold, and the corresponding estimate of time delay is within a range.

For double-rooted ZC sequence method, the erroneous detection may happen when detecting the maximal peak for each sequence. This is due to the presence of strong harmonic peak. After being perturbed by interference and noise, the harmonic peak maybe larger than the preferred peak for each sequence, independently.

The CDF curve of PAPR and Cubic Metric (CM, [2]) for three waveforms are shown in Fig. 4-2 and Fig. 4-3 respectively. The waveform configurations are,
· ZC sequence + DFT with different root index
· M-sequence + BPSK + DFT + with different frequency domain cyclic shift
· Gold sequence + pi/2-BPSK + DFT with different initial seeds

It is seen that the M-sequence exhibits very close CM distribution to the ZC sequence.


	
	SNR= -6dB
	SNR= -2dB
	SNR= 2dB
	SNR= 6dB
	SNR= 10dB

	Double-rooted ZC seq. Len=839
	89.1%
	93.6%
	96.1%
	97.6%
	98.3%

	M seq. Len=1023
	98.5%
	100%
	100%
	100%
	100%

	Gold seq. Len=839
	99.4%
	100%
	100%
	100%
	100%


TABLE 4-1: Initial performance in terms of detection rate


Observation 4-1: For initial simulation results. The detection rate is defined as that, after receiver processing, the UE power is above a threshold, and the corresponding estimate of time delay is within a range

Observation 4-2: For initial simulation results. It is observed that, for double-rooted ZC sequence method, the erroneous detection may happen when detecting the maximal peak for each sequence. This is due to the presence of strong harmonic peak. After being perturbed by interference and noise, the harmonic peak may become larger than the preferred peak for each sequence, independently

Observation 4-3: The M-sequence exhibits very close CM distribution to the ZC sequence, while the Gold sequence with pi/2-BPSK modulation has the best CM distribution 

[image: ]
Fig. 4-1: The receiver for detection on non-ZC based PRACH. K is the number of subcarriers considering the maximum frequency offset observed at the receiver. The number of 2 in front of K is to consider positive and negative frequency offset. In this figure, K=2 as example
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       Fig 4-2: PAPR analysis                              Fig. 4-3 Cubic Metric analysis


5 Satellite beam analysis
The beam diameter, maximum differential delay, and maximum residual frequency offset under pre-compensation are the crucial parameters for each satellite beam under a certain elevation angle. 

Besides the elevation angle, another key factor to determine the above-mentioned parameters is the angle of defining half power from the boresight for the antenna radiation. According to the Set-2 satellite parameters, the antenna diameter is given as 1 meter for LEO. This 1 meter value may lead to 4.4o as the half-power angle from the boresight.

TABLE 5-1 lists the corresponding values for these parameters under different elevation angle.


	
	Beam diameter
( Km)
	Maximum
differential delay*2 (us)
	Maximum residual frequency offset *2 (Hz)

	elevation angle 
= 90o
	93Km
	52.1us
	7670Hz

	elevation angle 
= 45o
	153.2Km
	654.4us
	6060Hz

	elevation angle 
= 30o
	256.2Km
	1390us
	4950Hz


TABLE 5-1: LEO 600Km orbit, carrier frequency=2GHz (S band)

[image: ]
Fig. 5-1, the analysis for deriving satellite beam parameters

Observation 5-1: The beam diameter, maximum differential delay, and maximum residual frequency offset under pre-compensation are the crucial parameters for each satellite beam under a certain elevation angle

Observation 5-2: Besides the elevation angle, another key factor is the angle of defining half power from the boresight for the antenna radiation

Observation 5-3: According to the Set-2 satellite parameters, the antenna diameter is given as 1 meter for LEO. This value may lead to 4.4o as the half-power angle from the boresight

Observation 5-4: For 600Km orbit, 2GHz carrier frequency and elevation angle = 90o, the corresponding beam diameter, two times of the maximum differential delay, and two times of the maximum residual frequency offset are 93Km, 52.1us and 7670Hz

Observation 5-5: For 600Km orbit, 2GHz carrier frequency and elevation angle = 45o, the corresponding beam diameter, two times of the maximum differential delay, and two times of the maximum residual frequency offset are 153.2Km, 654.4us and 6060Hz

Observation 5-6: For 600Km orbit, 2GHz carrier frequency and elevation angle = 30o, the corresponding beam diameter, two times of the maximum differential delay, and two times of the maximum residual frequency offset are 256.2Km, 1390us and 4950Hz


6 PRACH preamble analysis
A PRACH preamble consists of three parts, CP, sequence with possible repetition, and GT. There is no transmission during the GT period.

The PRACH preamble design in LTE and NR actually links the CP length and GT length. It is observed that CP length is equal to GT length + maximum delay spread. Moreover, the GT length is related to the maximum RTT. Terminology-wise, the GT length maybe related to the two times of the maximum differential delay under NTN scenario.

The possible reason to link CP length and GT length could be the simplification of PRACH receiver. During the uplink slot, the gNB receiver may just apply a fixed window to detect the PRACH with all possible delays, as shown in Fig. 6-1. When CP length is smaller than the GT length, as seen in Fig. 6-2, a sliding window or multiple fixed windows maybe needed to improve the detection performance. This is due to that a fixed window may not contain a complete sequence period, thereby reducing the received SINR. 

Fig. 6-3 shows that, when CP length is equal to half of the GT length and GT length is equal to max RTT, two fixed windows maybe needed to ensure that at least one window can contain a complete sequence period.

The NTN scenario may require larger GT length than the terrestrial scenario. Therefore, we consider CP length < GT length for overhead reduction. 

Observation 6-1: The PRACH preamble design in LTE and NR actually links the CP length and GT length. It is observed that CP length is equal to GT length + maximum delay spread. Moreover, the GT length is related to the maximum RTT

Observation 6-2: The GT length maybe related to the two times of the maximum differential delay under NTN scenario

Observation 6-3: The possible reason to link CP length and GT length could be the simplification of PRACH receiver. During the uplink slot, the gNB receiver may just apply a fixed window to detect the PRACH with all possible delays

Observation 6-4: When CP length is smaller than the GT length, a sliding window or multiple fixed windows maybe needed to improve the detection performance. This is because that a fixed window may not contain a complete sequence, thereby reducing the received SINR

Proposal 6-1: Consider CP length < GT length for overhead reduction, when assuming GT length = max RTT
  [image: ]    [image: ]
               Fig. 6-1, CP length = GT length                    Fig. 6-2, CP length < GT length
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     Fig. 6-3, CP length = 1/2 GT length

7 Timing Advance aspect
7a Initial timing advance command
Following the RAN1#98 agreement, the Max differential delay within a cell is 3.12ms and 3.18ms for  LEO=600km and LEO=1200km (instead of 0.65ms) respectively. For GEO, it is 10.3ms (instead of 1.6ms).

The gNB estimates initial TA from PRACH preamble and indicates TAC TA with 12 bits in Random Access Response message in message 2 of RA procedure. For NR-NTN, the gNB can estimate the maximum differential delay that is UE specific from the RACH preamble transmission. The range of TA is {1, 2, .., 3846}.  The initial TA command, NTA=TA*16*64*2-μ *Tc, depends on the subcarrier spacing 2μ*15 kHz, where Tc=0.509 ns and μ is numerology. The maximum NTA can be 2ms, 1ms, 0.5ms, 0.25ms for μ =0, 1, 2, 3 (i.e. sub-carrier spacing 15 kHz, 30 kHz, 60 kHz, and 120 kHz) respectively. This is not sufficient to indicate to the UE an initial timing advance to advance time by up to 3.12ms for LEO or up to 10.3ms for GEO. 

A solution to increase the range of NTA is to use a coarser granularity than 16*64*2-μ *Tc  = 1024*2-μ *Tc = 0.512 us*2-μ (i.e. 0.512 us , 0.256 us, 0.128 us, and 0.064 us for SCS=15 kHz, 30 kHz, 60 kHz, and 120 kHz respectively). Assuming the number of bits to indicate TA in the RAR is kept to 12, the granularity will need to be decreased by a factor ceil(3.12ms / 2ms)=2 for LEO or ceil(10.3ms / 2ms) = 6 for GEO. This corresponds to 1.026 us*2-μ (=2048*2-μ *Tc ) for LEO and 3.072 us*2-μ (6144*2-μ *Tc). The normal CP in NR NTN is 4.69 us *2-μ . For LEO, the coarser TA granularity could be roughly 1 4 of the normal CP duration and almost 3 / 4 of the normal CP duration. Assuming extended CP of duration 4,16 us (only supported with numerology u=2 for SCS=60 kHz) the TA granularity of TA is a similar proportion of the extended CP. This is likely to result in significant inter carrier interference between PUSCH transmissions for Msg3 as the cyclic convolution property may not hold at the gNB receiver. 

Another solution is to increase the number of bits to indicate the initial TA in the RAR. Based on analysis above, using an additional 3 bits should be sufficient. This increases the range of TA to {1, 2, .., 30768}, which allows a maximum TA of up to 16 ms.


Observation 7-1: The maximum initial TA command in RAR is not sufficient to advance UL transmission timing for any of the NTN scenarios

Observation 7-2: Using a coarser granularity for the initial TA granularity is likely to result in significant inter carrier interference due to loss of orthogonality between PUSCH transmissions for Msg3

Observation 7-3: Using 3 additional bits to indicate the initial TA in the RAR increases the range of TA to {1, 2, .., 30768}, which allows a maximum TA of up to 16 ms

Proposal 7-1: For NTN, the initial TA command is indicated with 15 bits in the Random Access Response message

7b TA update in connected mode
Consider the worst-case for the time drift impact for TA update in connected mode for satellite deployment scenario with LEO=600 km. The satellite speed is 7.6 km/s and velocity of light c=3.108 m/s.

The time drift per RTT=28 ms is approximately 0.71μs, where
· d=v*t= 7600 m/s * 28 ms=212.8 m
· t=d/c = 212.8/3.108 = 0.71 us

We envisage two issues for the TA update, 
Issue 1: Impact on signalling of frequent TA update

The TA adjustment NTA is indicated in a TAC with 6 bits in MAC CE, where TA={0,1,2,…,63}. A max TA adjustment of 32*16*64*Tc*2-μ = 32768*Tc *2-μ = 16.67 us *2-μ. Upon receiving a TAC in time slot n, UE shall adjust the timing from the beginning of slot n+6. The new NTA value is determined from the old NTA value as 


To maintain UL timing alignment, the gNB may need to send a new MAC CE with new timing advance every RTD*16.67 us*2-μ /0.71 us. With SCS=15 kHz, this could be every 328 ms (=28 ms*16.67 us/0.71 us) in best case. With SCS=120 kHz, this could be up to every 82 ms (=28 ms*16.67 us*2-8/0.71 us).

Observation 7-4: Impact of time drift on TA update could result in significant signaling overhead

Issue 2: Timing drift within NTN RTD exceeds the maximum specified transmission timing error

This time drift of 0.71 us per RTT in the considered example is within range of release 15 UE Timing Advance adjustment accuracy as shown in Table 1. The TA accuracy is ±256.Tc=0.13 μs for SCS=15 kHz and 30 kHz, ±128.Tc=0.065 μs for SCS=60 kHz, and ±32.Tc=0.01625 μs for SCS=120 kHz

	Sub Carrier Spacing, SCS kHz
	15
	30
	60
	120

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc


Table 1: UE Timing Advance adjustment accuracy (TR 38.133 Table 7.3.2.2-1)

However, it is greater than specified maximum transmission timing error ±Te = ± 0.39 μs (=12*64*Tc) as shown in Table 2.

	Frequency Range
	SCS of SSB signals (KHz)
	SCS of uplink signals s(KHz)
	Te

	1
	15
	15
	[12]*64*Tc

	
	
	30
	[10]*64*Tc

	
	
	60
	[10]*64*Tc

	
	30
	15
	[8]*64*Tc

	
	
	30
	[8]*64*Tc

	
	
	60
	[7]*64*Tc

	2
	120
	60
	[3.5]*64*Tc

	
	
	120
	[3.5]*64*Tc

	
	240
	60
	[3]*64*Tc

	
	
	120
	[3]*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]

Editor’s note: The final values of Te for 120KHz SSB SCS are subject to further discussions in further meeting, and may not be outside 3*64*Tc to 3.5*64*Tc.


Table 2: Te Timing Error Limit (TR 38.133 Table 7.1.2-1)

One solution is to relax of transmission timing error ±Te from 0.39 μs to 0.71μs for NR NTN UL transmission. This may be reasonable way. However, it is not clear what the impact on the PUSCH and PUCCH detection performance could be.

The timing drift can be known at the gNB as it depends on the satellite motion which is entirely deterministic. The gNB could estimate what the timing drift could be between transmission at gNB at time t1 of the TA in a MAC CE on PDSCH and reception at UE at time t2=t1+tRTD-drift. The gNB can indicate a TA that corresponds t2=t1+tRTD-drift. Assuming the gNB would also schedule an UL grant shortly after indicate a TAC in MAC CE, the UE could advance its UL transmit timing in a timely way before transmitting. The considered solution would be up to the gNB implementation. It seems an effective way to mitigate the negative impact of the timing drifts for the two issues discussed above. As an option, the network can indicate the UE the time drift rate. The UE can adjust the UL timing transmission accordingly and no need for the gNB to include expected timing drift in TA command for UE in connected mode. Such mechanisms may require additional signalling.

Observation 7-5: Impact of timing drift can result in higher transmission timing error than ±Te

Proposal 7-2: gNB includes expected timing drift in TA command for UE in connected mode based on satellite ephemeris

8 Conclusion
Based on the above, we have,

Observation 2-1: The ZC sequence may induce harmonic peaks during correlation when frequency offset is not exactly equal to the frequency of multiples of subcarrier spacing

Observation 2-2: The double-rooted ZC sequence for transmission may require two CP periods. Therefore the overhead is increasing  

Observation 3-1: The Gold sequence or M-sequence based method do not shift the correlation peak under frequency offset

Observation 3-2: During detection, the Gold sequence or M-sequence based method may suppress the magnitude of the correlation peak under frequency offset. This property can be further used for the frequency offset estimation at least for the integer part of the frequency offset in terms of subcarrier spacing, when the receiver forms multiple hypothesis branches for different frequency correction  

Observation 3-3: The Gold sequence or M-sequence based method do not induce harmonic peaks during correlation when frequency offset is not exactly equal to the frequency of multiples of subcarrier spacing

Observation 4-1: For initial simulation results. The detection rate is defined as that, after receiver processing, the UE power is above a threshold, and the corresponding estimate of time delay is within a range

Observation 4-2: For initial simulation results. It is observed that, for double-rooted ZC sequence method, the erroneous detection may happen when detecting the maximal peak for each sequence. This is due to the presence of strong harmonic peak. After being perturbed by interference and noise, the harmonic peak may become larger than the preferred peak for each sequence, independently

Observation 4-3: The M-sequence exhibits very close CM distribution to the ZC sequence, while the Gold sequence with pi/2-BPSK modulation has the best CM distribution 

Observation 5-1: The beam diameter, maximum differential delay, and maximum residual frequency offset under pre-compensation are the crucial parameters for each satellite beam under a certain elevation angle

Observation 5-2: Besides the elevation angle, another key factor is the angle of defining half power from the boresight for the antenna radiation

Observation 5-3: According to the Set-2 satellite parameters, the antenna diameter is given as 1 meter for LEO. This value may lead to 4.4o as the half-power angle from the boresight

Observation 5-4: For 600Km orbit, 2GHz carrier frequency and elevation angle = 90o, the corresponding beam diameter, two times of the maximum differential delay, and two times of the maximum residual frequency offset are 93Km, 52.1us and 7670Hz

Observation 5-5: For 600Km orbit, 2GHz carrier frequency and elevation angle = 45o, the corresponding beam diameter, two times of the maximum differential delay, and two times of the maximum residual frequency offset are 153.2Km, 654.4us and 6060Hz

Observation 5-6: For 600Km orbit, 2GHz carrier frequency and elevation angle = 30o, the corresponding beam diameter, two times of the maximum differential delay, and two times of the maximum residual frequency offset are 256.2Km, 1390us and 4950Hz

Observation 6-1: The PRACH preamble design in LTE and NR actually links the CP length and GT length. It is observed that CP length is equal to GT length + maximum delay spread. Moreover, the GT length is related to the maximum RTT

Observation 6-2: The GT length maybe related to the two times of the maximum differential delay under NTN scenario

Observation 6-3: The possible reason to link CP length and GT length could be the simplification of PRACH receiver. During the uplink slot, the gNB receiver may just apply a fixed window to detect the PRACH with all possible delays

Observation 6-4: When CP length is smaller than the GT length, a sliding window or multiple fixed windows maybe needed to improve the detection performance. This is because that a fixed window may not contain a complete sequence, thereby reducing the received SINR

Observation 7-1: The maximum initial TA command in RAR is not sufficient to advance UL transmission timing for any of the NTN scenarios

Observation 7-2: Using a coarser granularity for the initial TA granularity is likely to result in significant inter carrier interference due to loss of orthogonality between PUSCH transmissions for Msg3  

Observation 7-3: Using 3 additional bits to indicate the initial TA in the RAR increases the range of TA to {1, 2, .., 30768}, which allows a maximum TA of up to 16 ms

Observation 7-4: Impact of time drift on TA update could result in significant signaling overhead

Observation 7-5: Impact of timing drift can result in higher transmission timing error than ±Te

Proposal 3-1: Study new PRACH preamble sequence design options robust to frequency offset, where at least the following candidates can be considered:
· Gold sequence
· M-sequence

[bookmark: _GoBack]Proposal 6-1: Consider CP length < GT length for overhead reduction, when assuming GT length = max RTT

Proposal 7-1: For NTN, the initial TA command is indicated with 15 bits in the Random Access Response message

Proposal 7-2: gNB includes expected timing drift in TA command for UE in connected mode based on satellite ephemeris
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