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1. Introduction
In RAN1 #97 meeting, the following agreements are made [1].
Agreement:
For a new enhanced design of NR-U PRACH in addition to the Rel-15 design (sequence length of 139) further discussion is limited to the following options
· ZC sequence of the following lengths
· 15 kHz: Choose one of L_RA = [571, 1151]
· 30 kHz: Choose one of L_RA = [283, 571]
· Repetition of Rel-15 PRACH sequences in frequency domain with potentially some mechanisms to improve the cubic metric
· Consider one of 2 and 4 repetitions for 30 kHz and one of 4 and 8 repetitions for 15 kHz
· Note: Decision will be based on previously agreed evaluation metrics, capacity per cell (i.e., number of preambles per RACH occasion and number of RACH occasions) for the same time and frequency resources, specification impact and implementation complexity.
· Note: Companies should state any deviations in assumptions from the agreed evaluation assumptions.
In this paper, we will discuss the CM reduction mechanism for enhanced PRACH with preamble repeated in frequency domain.
2. [bookmark: _Ref498564494]Discussion
1. 
2. 
[bookmark: _Ref521492551]In unlicensed band, the transmitted signal should cover at least 80% of the channel bandwidth in frequency domain to meet the OCB regulatory. Besides, there is also PSD limitation for unlicensed spectrum that the transmission power should not be greater than a predefined threshold in certain channel bandwidth. However, the PRACH preamble is mapped to consecutive REs confined in 12 RBs. If the PRACH design in Rel-15 are reused, the OCB regulatory can not be met. Furthermore, due to the limited bandwidth of the preamble and the PSD limitation, the coverage for PRACH would be limited by the maximum transmission power in unlicensed spectrum.
In this case, two alternatives have been proposed to achieve the aforementioned targets.
Alt 1: repetition of length 139 preamble
Alt 2: long preamble sequence across the sub band
As discussed in our companion paper [2], preamble repetition across the whole sub band can achieve similar performance as the long preamble sequence with limited impact to the specification. However, similar to the case for PUCCH format 0/1, the signal PAPR/CM will be greatly increased if sequence is simply repeated in frequency domain, which also leads to coverage loss. In this case, PAPR/CM reduction mechanism should be studied for preamble repetition scheme.
In this contribution, we will discuss the PAPR/CM mechanism based on simulation. 8 repetitions and 4 repetitions are assumed for 15kHz and 30kHz subcarrier spacing, respectively.
· Method to reduce PAPR/CM of preamble repetition
In [3], two PAPR/CM reduction scheme are mentioned for PRACH preamble, 
Option 1: different phase rotation applied to different repetition
Option 2: cycling of cyclic shift for different repetition
[bookmark: _GoBack]In this section, we will discuss these two options from perspective of performance and implementation impact to the legacy PRACH receiver.
· Option 1: different phase rotation applied to different repetition
For PRACH detection at gNB, the preamble is detected through sequence correlation non-coherently, the detailed detection procedure are given in the Annex. According to equation (A-1), the maximum time domain sample is calculated based on the squared correlation value, which is not impacted by any single phase rotation applied across the whole preamble. In other words, the preamble can be detected without knowing the channel estimation on PRACH resources. In other words, the phase rotation applied to preamble can be transparent to gNB, the same implementation can be expected for detection of each preamble repetition. 
For the phase rotation scheme, it is impossible to select the best phase rotation combination from non-discrete phase sets. In this contribution, we traverse the phase rotation combinations in four quadrature phases, i.e. {1 ,-1, j, -j} to limit the computation burden. Besides, the complex signal rotated by phases selected from {1 ,-1, j, -j} can be realized by simply rotate the bit indicating the positive/negative of real/imaginary part of signal in the register, no multiplications between complex values are needed. 
[bookmark: OB1]Observation 1: The phase rotation applied to repeated preambles in frequency domain can be transparent to gNB, and can be easily implemented if the phase rotation combinations are selected from {1, -1, j, -j}.
Based on the simulation, {1, -1, j, j} is selected for 4 preamble repetitions for 30kHz SCS, and {1, j, -j, -j, -j, -1, 1, -j} is selected for 8 repetitions for 15kHz SCS, the ccdf curves of cubic metric are shown in Figure 2.
[image: ]          [image: ]
[bookmark: _Ref20819667][bookmark: _Ref20819662]Figure 1 Cubic metric of preamble repetition with phase rotation
As shown in the above figure, the cubic metric of signal of repeated preambles can be greatly reduced after applied by phase rotations selected in {1 ,-1, j, -j}.
[bookmark: _Hlk20823465][bookmark: OB2]Observation 2: The cubic metric is reduced by about 7dB and 4dB for preamble repeated 8 times and 4 times in frequency respectively, with the selected phase rotation combination applied to the repeated preambles.
· Option 2: different cyclic shift for different repetition
For option 2, different cyclic shifts are applied to different repetitions. For preamble existence detection, the cyclic shift may not impact the detection performance, since the preamble with different cyclic shifts share the same preamble root index. However, not only the existence of preamble should be identified at gNB, the TA estimation should be performed by preamble detection simultaneously, different cyclic shift may lead to incorrect TA estimation if the cyclic shift pattern is not known at gNB. Therefore, the cyclic shift scheme can not be transparent to gNB.
In legacy PRACH design, the allowed cyclic shifts are given by

Assuming  (zeroCorrelationZoneConfig=3 for unrestricted sets), 23 cyclic shifts can be supported by a single ZC root sequence. For the 23-th preamble, the cyclic shift value is . To achieve reliable TA estimation accuracy for UEs in the cell edge, the  should be no less than . In this case, the maximum allowed  value is 133 considering the TA estimation accuracy, which means the maximum allowed  difference for different preamble repetitions is 1. In other words, even if the cyclic shift pattern for preamble repetitions can be predefined, the cyclic shift values that can be used are still limited. 
[bookmark: OB3]Observation 3: The maximum allowed cyclic shift value difference among different preamble repetitions is 1. Otherwise, TA estimation accuracy cannot be ensured.
Based on the discussion above, we assume the cyclic shift pattern for preamble repetitions is [a, a+1, a, a+1 …] for preamble repetition scheme. The CCDF curves of cubic metric for this scheme are shown in Figure 2.
[image: ]        [image: ] 
[bookmark: _Ref20830165]Figure 2 Cubic metric of preamble repetition with phase rotation
[bookmark: OB4]Observation 4: The cubic metric is reduced by about 2dB for preamble repeated 8 times and 4 times in frequency, with cycling of cyclic shift for the repeated preambles.
Based on the simulation and analyzation above, the phase rotation scheme can achieve more obvious CM reduction compared with that of the cycling of cyclic shift for repeated preambles. Besides, due to the transparent property of the phase rotation scheme, the receiver of Rel-15 PRACH can be almost reused with limited implementation impact.
[bookmark: PP10][bookmark: PP1]Proposal 1: Phase rotations can be applied for the repeated preambles to reduce the PAPR/CM of PRACH signal, if the preamble repetition scheme is adopted for NRU PRACH.
3. Conclusion
In this contribution, we studied and evaluated the potential mechanisms to reduce the cubic metric for the preamble repetition scheme for NRU PRACH, and have the following observations and proposals.
Observation 1: The phase rotation applied to repeated preambles in frequency domain can be transparent to gNB, and can be easily implemented if the phase rotation combinations are selected from {1, -1, j, -j}.
Observation 2: The cubic metric is reduced by about 7dB and 4dB for preamble repeated 8 times and 4 times in frequency respectively, with the selected phase rotation combination applied to the repeated preambles.
Observation 3: The maximum allowed cyclic shift value difference among different preamble repetitions is 1. Otherwise, TA estimation accuracy cannot be ensured.
Observation 4: The cubic metric is reduced by about 2dB for preamble repeated 8 times and 4 times in frequency, with cycling of cyclic shift for the repeated preambles.
Proposal 1: Phase rotations can be applied for the repeated preambles to reduce the PAPR/CM of PRACH signal, if the preamble repetition scheme is adopted for NRU PRACH.
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Annex
The PRACH detection algorithm is described as follows.
Step 1: the receiving signal is transformed to frequency domain through FFT.
Step 2: the Receiving signal is correlated with the 64 hypothetical preamble sequences to get the channel estimation in frequency domain.
Step 3: the frequency domain channel estimation coefficients for each preamble sequence hypothesis are transferred to time domain through IFFT to get the power delay profile.
                       (A-1)
where is the frequency domain received signal, and  is the root sequence of preamble in frequency domain.
Step 4: for each preamble sequence hypothesis, subtract the PDP samples in a window duration with different start position related to Ncs and the index of candidate sequence with the same root index, the number of samples depends on Ncs and IFFT length. 
Step 5: The time domain sample with the maximum power in the window duration is compared with a certain threshold to make sure the false alarm rate of PRACH below 0.001 in noise only scenario. 
· If there is at least one sample in the window is greater than the threshold, TA is estimated based on the location of the maximum sample in the window, and the TA estimation error is less than half of the normal CP, the preamble is determined as transmitted.
· If there is no sample in the window greater than the threshold, or the TA estimation error is greater than half of the normal CP, the preamble is determined as not transmitted.
For preamble repetition scheme, step 1 - step 4 are still applied to receiver for each preamble repetition. While in step 5, power of the max time domain samples, obtained from correlation for each repetition, are added up and compared with the threshold, which are recalculated based on the number of repetitions.
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