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1 [bookmark: _GoBack]Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]The following agreements are achieved in previous meeting,
	Agreement:
· If pre-compensation of timing and frequency offset is assumed (e.g., if UE knowledge of geo-location of the UE at the requisite level of accuracy is available), existing Rel-15 PRACH formats and preamble sequences can be reused in NTN.
· FFS: Whether enhancements based on existing formats and sequences, e.g., repetitions and/or larger sub-carrier spacing may be necessary in certain conditions to ensure coverage.
· If pre-compensation of timing and frequency offset is not performed, introduction of enhanced PRACH formats and/or preamble sequences is beneficial.
· 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:
Capture the following in the TR:
Additional complexity is needed at the UE receiver to achieve robust performance on synchronization based on Rel-15 SSB for the case of LEO without pre-compensation of Doppler shift by the network

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:
W.r.t the Option 2 of TA adjustment from a previous agreement for UL transmission in NTN, 
· Single reference point per beam for common TA calculation is considered as the baseline.
· FFS: Multiple reference points per beam for common TA calculation
· In addition to the signalling of the common TA, Rel-15 signaling for UE-specific differential TA indication from BS can be considered
· Extension of range (explicit or implicit) for TA indication in RAR can be considered.
· FFS: Negative values of TA

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

Agreement:
If compensation of the frequency offset is conducted by the network in the uplink and/or the downlink respectively, indication of compensated frequency offset values by the network is beneficial.





In this contribution, we provide our views on several aspects, including,
· The concern on re-using Rel-15 PRACH design under “pre-compensation” 
· The PRACH sequence design and performance analysis
· The PRACH preamble format design


2 Concern on re-using Rel-15 PRACH design under “pre-compensation”
We would like to revisit the following agreement,
	Agreement:
· If pre-compensation of timing and frequency offset is assumed (e.g., if UE knowledge of geo-location of the UE at the requisite level of accuracy is available), existing Rel-15 PRACH formats and preamble sequences can be reused in NTN.
· FFS: Whether enhancements based on existing formats and sequences, e.g., repetitions and/or larger sub-carrier spacing may be necessary in certain conditions to ensure coverage.



First, the definition of pre-compensation in the agreement is not clear. Basically the pre-compensation can be performed at both the network side and UE side. The example of UE knowledge of geo-location of the UE is actually the UE side pre-compensation.

When the pre-compensation is conducted at the network side only, the maximum residual frequency offset observed at uplink can be still up to around 8KHz for S band with large elevation angle. So the time domain cyclic shift functionality needs to be disabled due to large peak shift amount for the single rooted ZC sequence transmission. Even though each UE can be configured to transmit ZC sequence with different root index, the actual propagation delay still can’t be estimated with certain accuracy at base station. The justification can be made based on the following equation. The peak position relative to the starting point for gNB reception window can be expressed as,
· Peak position = d (actual round trip propagation delay) + m*du,
where the parameter du denotes the shift amount for root index u under frequency offset equal to 1 SCS, and m is an integer accounting for multiples of SCS closest to the actual frequency offset. Obviously there are two unknown parameters d and m to influence the peak position. Therefore the delay estimation accuracy could be compromised.


Observation 2-1: Under network side pre-compensation, the accuracy of propagation delay estimation is doubtful for re-using the existing Rel-15 PRACH sequence (single rooted ZC sequence) because there are two unknown parameters on influencing the peak position, which are actual propagation delay and frequency offset

Proposal 2-1: The definition on pre-compensation needs to be further clarified. It should be clear on pointing out the type of pre-compensation as UE side pre-compensation, network side pre-compensation or both

Proposal 2-2: The option-2 and option-3 of PRACH sequence enhancement for the case of without pre-compensation can be extended to support the condition of network side pre-compensation

3 PRACH sequence design and performance analysis
There are at least three options for PRACH sequence enhancement,
	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




The analysis on option-1 and option-2 is shown below.

3.a Analysis on option-1 and option-2
The single rooted ZC sequence together with large SCS is in order to mitigate the impact of large frequency offset on the shift of peak position. The conventional PRACH transmission bandwidth is around 1MHz (1.25KHz*839).

The PRACH SCS=15KHz may be applied to S band when largest residual frequency offset is up to 8KHz under pre-compensation. This also means the transmission bandwidth could be up to 12MHz. Whether the large PRACH transmission bandwidth is practical needs further justification. Another consideration is to apply ZC sequence length = 139 to reduce the transmission bandwidth.

The short PRACH sequence duration due to large SCS allows the increase of repetitions. However a fixed detection window may have difficulty in utilizing all the repetition gain, as shown in Fig. 3-1. Therefore a sliding window is needed.

The double rooted ZC sequence together with differential detection in option-2 also serves same purpose as option-1: to mitigate the effect of peak positon shift under frequency offset. The two CPs, each for one sequence associated with a root index may be needed to facilitate the detection based on fixed window, as shown in Fig. 3-2. This also means the potential increase of transmission overhead.

When only one CP is inserted as shown in Fig. 3-3, a sliding window maybe needed to reduce interference when finding the second sequence.

Observation 3-1: For the structure of single rooted ZC sequence together with large SCS, the PRACH SCS=15KHz may be applied to S band when largest residual frequency offset is up to 8KHz under pre-compensation. This also means the transmission bandwidth could be up to 12MHz. Whether the large PRACH transmission bandwidth is practical needs further justification

Observation 3-2: For the structure of single rooted ZC sequence together with large SCS, the short PRACH sequence duration allows the increase of repetitions. However a fixed detection window may have difficulty in utilizing all the repetition gain. Therefore a sliding window is needed

Observation 3-3: For the structure of the double rooted ZC sequence together with differential detection, the two CPs, each for one sequence associated with a root index may be needed to facilitate the detection based on fixed window. This also means the potential increase of transmission overhead

Observation 3-4: For the structure of the double rooted ZC sequence together with differential detection, when only one CP is inserted, a sliding window maybe needed to reduce interference when finding the second sequence
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Fig. 3-1, a fixed detection window for short PRACH duration may not fully utilize the repetition gain
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Fig. 3-2, two CPs are inserted to facilitate fixed window detection
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Fig. 3-3, 



3.b Performance analysis on detection rate and false alarm rate for option-2 and option-3
The proposed option-3 is to utilize the sequence having the property of without shifting the correlation peak under frequency offset. The Rel-16 low PAPR RS structure is leveraged [1].

The performance evaluation on the detection rate and the false alarm rate is conducted. TABLE 3-1 lists the simulation setting and the receiver behaviour of the 3 sequence candidates. TABLE 3-2 further lists the properties of the sequence candidates. It is noted that,
· The constellation of Gold sequence + pi/2-BPSK + DFT in frequency domain is non-constant modulus. To derive the cyclic correlation of the channel, the constellation needs to be removed from the received signal in the subcarrier. Let Yi = Hi*Xi + Ni represent the received signal from the subcarrier. The operation of conj(Xi)*Yi is performed for the detection of all sequence candidates
· Multiple hypothesis branches are formed for the detection of M- and Gold sequence. Fig. 3-4 shows the example. The selected branch for further detection also represents the preferred frequency correction amount from gNB perspective. The frequency correction amount can be further signalled to the UE
· Multiple hypothesis branches for detection has been widely applied in downlink. For example for the detection of SSB
· For the detection of M- and Gold sequence by coherent combining, the digital frequency shifter for frequency correction of ½ SCS can be applied to improve the combining gain. The number of branches is doubled accordingly
· The combining is not performed for the detection of double rooted ZC sequence
· There are multiple harmonic peaks at the CIR observation for ZC sequence when frequency offset is present. Besides the main peak, one additional peak is also selected as the signal candidate for each sequence. Then there are 4 pairs for 2 peaks in each of the two sequences with different root index. The peak pairing is conducted for the peak belonging to difference sequence. The purpose of doing so is to improve the detection performance for the double rooted ZC sequence transmission
· For detection rate evaluation, the presence of weak UE is considered
· For false alarm rate evaluation, the presence of strong signal is considered in order to observe the correlation property of sequences

The detection rate and false alarm rate performance is shown in TABLE 3-3 and 3-4, respectively. It is observed that the detection rate of the double rooted ZC sequence is inferior to the M- and Gold sequence with transform precoding. The main reasons could be that, there is no combining gain for double rooted ZC sequence and also the residual frequency offset actually destroys the good correlation property of ZC sequence significantly.

It is also observed that under same receiver structure, M- sequence has slightly better detection performance than the Gold sequence. The seed selection for Gold sequence can be considered as the future work.

The false alarm rate evaluation may require more trials for accumulation. The detection threshold based on SNR of the channel impulse response of received signal is actually a good metric for preventing the false alarm. The simulation is still on going after finishing this contribution. 

Observation 3-5: The constellation of Gold sequence + pi/2-BPSK + DFT in frequency domain is non-constant modulus

Observation 3-6: Multiple hypothesis branches are formed for the detection of M- and Gold sequence. The selected branch for further detection also represents the preferred frequency correction amount from gNB perspective

Observation 3-7: Multiple hypothesis branches for detection has been widely applied in downlink. For example for the detection of SSB

Observation 3-8: For the detection of M- and Gold sequence by coherent combining, the digital frequency shifter for frequency correction of ½ SCS can be applied to improve the combining gain

Observation 3-9: It is observed that the detection rate of the double rooted ZC sequence is inferior to the M- and Gold sequence with transform precoding. The main reasons could be that there is no combining gain for double rooted ZC sequence and also the residual frequency offset actually destroys the good correlation property of ZC sequence significantly

Observation 3-10: It is also observed that under same receiver structure, M- sequence has slightly better detection performance than the Gold sequence. The seed selection for Gold sequence can be considered as the future work

Observation 3-11: The false alarm rate evaluation may require more trials for accumulation. The detection threshold based on SNR of the channel impulse response of received signal is actually a good metric for preventing the false alarm

Proposal 3-1: The network can signal the frequency correction to the UE and the granularity of which is at least one subcarrier spacing for PRACH. The finer granularity, for example half of subcarrier spacing may depend on gNB receiver capability

Proposal 3-2: The smaller SCS for PRACH is preferred when frequency correction is considered

Proposal 3-3: The following sequence candidates, together with modulation, transform precoding and cyclic shift functionality are considered in work item phase for PRACH sequence generation
· M- sequence
· Gold sequence




TABLE 3-1: simulation setting and receiver behaviour for the 3 sequence candidates
	Candidate
	M- sequence + BPSK 
+ DFT
	Gold sequence 
+ pi/2-BPSK + DFT
	Double rooted ZC sequence + DFT

	Sequence length
	1023
	839
	839

	Preamble structure
	1 CP
+ 2 sequences with same freq domain cyclic shift (fcs)
	1 CP 
+ 2 sequences with same initial seed
	2 CPs
+ 2 sequences with different root index

	Sequence generation for different UE
	The allowed fcs is evenly spaced. Assign different fcs to each UE
	Assign different seed to each UE by 
( 210*(2*nid+1)+ nid ) %231
	Assign different root index to each UE. Time domain cyclic shift (tcs) is assumed 0

	Window for detection
	Single fixed window to transform the signal to frequency domain

	Method of deriving the channel impulse response
	· For each subcarrier carrying PRACH signal in frequency domain, it can be expressed as Yi = Hi*Xi + Ni
· Perform conj(Xi)*Yi for each subcarrier carrying PRACH to remove constellation effect
· The CIR can be observed equivalently in frequency domain, or is observed in time domain through IDFT

	Combining method
	· When multiple hypothesis branches are formed
· For the branches following the order, it is equivalent to have incremental frequency correction of 1 SCS on each branch
· The non-coherent combining is performed on the CIR derived from 2 received sequences
· When digital frequency shifter is additionally applied before FFT, the branch number is doubled and it is equivalent to have incremental frequency correction of ½ SCS on each branch
· The coherent combining is performed on the CIR derived from 2 received sequences
	· No combining is performed since the 2 sequences are associated with different root index

	Detection method
	· For each branch, observe the combined CIR, find the strongest peak as signal, and treat other points as noise. The SNR is derived accordingly
· Check whether SNR is above a threshold for all branches
· Detection is announced when a branch with highest SNR is over the threshold. This selected branch also represents the preferred frequency correction amount. The frequency correction amount can be further signalled to the UE
	· For each sequence, observe the CIR and find the two strongest peaks as signal candidates, and others as noise. Derive SNR for the 2 peaks
· There are 4 pairs for 2 peaks in each of 2 sequences, respectively. Pair the peaks belonging to difference sequence
· Check for each pair whether the SNR is over the threshold for each sequence as condition 1
· Check whether the peak distance for each pair is reasonable (multiples of du1-du2) as condition 2
· Detection is announced when both condition 1 and condition 2 are met

	Threshold for detection and false alarm evaluation
	· The threshold is based on SNR of the observed CIR. Basically the strongest peak is treated as signal and other points are treated as noise. Then SNR is derived
· Same threshold is applied for detection rate and false alarm rate evaluation. Also same threshold is applied to all the sequence candidates 

	Simulation setting
	· Determine the fixed noise level Noc and adjust the signal power according to SNR for each UE
· There are 3 UEs, UE0, UE1 and UE2 for simultaneous transmission in same time-frequency occasion
· For each trial, the frequency offset of each UE is changed. The propagation delay of each UE is changed for a group of consecutive trials
· Single signal path channel is assumed 
· For detection rate check, UE1 and UE2 have fixed SNR at 3dB and 6dB respectively, and UE0 has a range of SNR level from -4dB to 0dB. Check the detection rate of UE0
· The gNB receiver only applies same fcs/seed/root index as that of UE0
· For false alarm rate check, UE1 and UE2 have fixed SNR at 9dB and 12dB respectively, and UE0 has a range of SNR level from 15 dB to 21dB. Check the false alarm rate of UE0
· The gNB receiver applies 3 fcs/seed/root index which are completely different from that of the 3 UEs
· For each trial, the fcs/seed/root index are changed






TABLE 3-2: property of the sequence candidates
	Candidate
	M- sequence + BPSK 
+ DFT
	Gold sequence 
+ pi/2-BPSK + DFT
	Double rooted ZC sequence + DFT

	Constellation in frequency domain
	Almost constant modulus except one point
	Non-constant modulus
	Constant modulus

	Sequence generation methods for different UEs
	· Evenly spaced time domain cyclic shift
· Evenly spaced frequency domain cyclic shift
	· Initial seed
· Evenly spaced time domain cyclic shift under same initial seed
· Evenly spaced Frequency domain cyclic shift under same initial seed
	· Root index
· Time domain cyclic shift under same root index

	Correlation peak property under frequency offset
	· Peak position is not changed
· The peak power is reduced in a branch when frequency offset is larger. However, the peak power is getting larger in another branch
	· Peak position is shifted
· A number of harmonic peaks can be observed
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Fig. 3-4: Example of receiver structure for multiple hypothesis branches

TABLE 3-3: detection rate performance (fix UE1 SNR=3dB, UE2 SNR=6dB, and detect UE0)
	UE0 SNR
	-4dB
	-2dB
	0dB

	ZC sequence
(differential detection
Identify 2 peaks for each seq.)
	39.4%
	79.1%
	96.6%

	M- sequence
(coherent combining)
	96.2%
	99.9%
	100%

	M- sequence
(non-coherent combining)
	77.7%
	99.9%
	100%

	Gold sequence
(coherent combining)
	93.3%
	99.5%
	100%

	Gold sequence
(non-coherent combining)
	75.7%
	99.5%
	100%



TABLE 3-4: false alarm rate performance (fix UE1 SNR=9dB, UE2 SNR=12dB, and detect UE0)
(More simulation trials for accumulation are still on going. This is what we have so far based on 10000 trials)
	UE0 SNR
	15dB
	18dB
	21dB

	ZC sequence
(differential detection
Identify 2 peaks for each seq.)
	0%
	0%
	0%

	M- sequence
(coherent combining)
	0%
	0%
	0%

	M- sequence
(non-coherent combining)
	0%
	0%
	0%

	Gold sequence
(coherent combining)
	0%
	0%
	0%

	Gold sequence
(non-coherent combining)
	0%
	0%
	0%


4 PRACH preamble analysis
The following contents have been presented in previous contribution for describing the concept of considering shorter CP length in order to reduce transmission overhead. 

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. 4-1. When CP length is smaller than the GT length, as seen in Fig. 4-2, 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. 4-3 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 4-1: 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 4-2: The GT length maybe related to the two times of the maximum differential delay under NTN scenario

Observation 4-3: 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 4-4: 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 4-1: Consider CP length < GT length for overhead reduction, when assuming GT length = max RTT
  [image: ]    [image: ]
               Fig. 4-1, CP length = GT length                    Fig. 4-2, CP length < GT length
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     Fig. 4-3, CP length = 1/2 GT length

5 Conclusion
Based on the above, we have,

Observation 2-1: Under network side pre-compensation, the accuracy of propagation delay estimation is doubtful for re-using the existing Rel-15 PRACH sequence (single rooted ZC sequence) because there are two unknown parameters on influencing the peak position, which are actual propagation delay and frequency offset

Observation 3-1: For the structure of single rooted ZC sequence together with large SCS, the PRACH SCS=15KHz may be applied to S band when largest residual frequency offset is up to 8KHz under pre-compensation. This also means the transmission bandwidth could be up to 12MHz. Whether the large PRACH transmission bandwidth is practical needs further justification

Observation 3-2: For the structure of single rooted ZC sequence together with large SCS, the short PRACH sequence duration allows the increase of repetitions. However a fixed detection window may have difficulty in utilizing all the repetition gain. Therefore a sliding window is needed

Observation 3-3: For the structure of the double rooted ZC sequence together with differential detection, the two CPs, each for one sequence associated with a root index may be needed to facilitate the detection based on fixed window. This also means the potential increase of transmission overhead

Observation 3-4: For the structure of the double rooted ZC sequence together with differential detection, when only one CP is inserted, a sliding window maybe needed to reduce interference when finding the second sequence

Observation 3-5: The constellation of Gold sequence + pi/2-BPSK + DFT in frequency domain is non-constant modulus

Observation 3-6: Multiple hypothesis branches are formed for the detection of M- and Gold sequence. The selected branch for further detection also represents the preferred frequency correction amount from gNB perspective

Observation 3-7: Multiple hypothesis branches for detection has been widely applied in downlink. For example for the detection of SSB

Observation 3-8: For the detection of M- and Gold sequence by coherent combining, the digital frequency shifter for frequency correction of ½ SCS can be applied to improve the combining gain

Observation 3-9: It is observed that the detection rate of the double rooted ZC sequence is inferior to the M- and Gold sequence with transform precoding. The main reasons could be that there is no combining gain for double rooted ZC sequence and also the residual frequency offset actually destroys the good correlation property of ZC sequence significantly

Observation 3-10: It is also observed that under same receiver structure, M- sequence has slightly better detection performance than the Gold sequence. The seed selection for Gold sequence can be considered as the future work

Observation 3-11: The false alarm rate evaluation may require more trials for accumulation. The detection threshold based on SNR of the channel impulse response of received signal is actually a good metric for preventing the false alarm

Observation 4-1: 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 4-2: The GT length maybe related to the two times of the maximum differential delay under NTN scenario

Observation 4-3: 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 4-4: 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 2-1: The definition on pre-compensation needs to be further clarified. It should be clear on pointing out the type of pre-compensation as UE side pre-compensation, network side pre-compensation or both

Proposal 2-2: The option-2 and option-3 of PRACH sequence enhancement for the case of without pre-compensation can be extended to support the condition of network side pre-compensation

Proposal 3-1: The network can signal the frequency correction to the UE and the granularity of which is at least one subcarrier spacing for PRACH. The finer granularity, for example half of subcarrier spacing may depend on gNB receiver capability

Proposal 3-2: The smaller SCS for PRACH is preferred when frequency correction is considered

Proposal 3-3: The following sequence candidates, together with modulation, transform precoding and cyclic shift functionality are considered in work item phase for PRACH sequence generation
· M- sequence
· Gold sequence

Proposal 4-1: Consider CP length < GT length for overhead reduction, when assuming GT length = max RTT
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7 Appendix
	The following is the proposed sequence generation structure by leveraging Rel-16 low PAPR RS design. The contents have been presented in previous contribution R1-1909983.

·  (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
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Figure: Generation flow for non-ZC based sequence for transmission
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Figure: Generation flow for ZC sequence for transmission


The CDF curve of PAPR and Cubic Metric for three waveforms are shown below. 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
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           Figure: PAPR analysis                              Figure: Cubic Metric analysis
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