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1 Introduction

In RAN1#88 [1], following agreements were achieved for PRACH design. 
Agreements:
· Regarding multiple/repeated PRACH preamble formats, NR at least supports option 1

· RAN1 studies other options and consider option 1 as baseline for comparison with other options
· For RACH capacity enhancements, 

· Option 2 with/without OCC and/or option 4 with different sequences can be considered
· Note: for option 4, combination with different sequences can be studied

· Note: for option 4, two-stage or multiple-stage UE detection can be studied for possible complexity reduction for PRACH detection
· All options will consider beam switching time
· FFS : Number of Preambles/Symbols, Length of CP/GT 

· The region for PRACH transmission should be aligned to the boundary of uplink symbol/slot/subframe

In RAN1#89 [2], following agreements were achieved for PRACH design. 

Agreements:
· For the shorter sequence length than L=839, NR supports sequence length of L = 127 or 139 with subcarrier spacing of {15, 30, 60, 120}kHz
· Note: this is based on the assumption that 240 kHz subcarrier spacing is not available for data/control

· FFS: 7.5 kHz subcarrier spacing

In this contribution, problem to support latency bigger than one OFDM symbol is pointed out for Option 1 and possible solutions are discussed. 
2 Discussion
As described in [3], Option 1 is generated by repeating the same OFDM symbol without CP between the repetitions while Option 2/4 has CP before each OFDM symbol. For Option 1, any front symbol acts as a CP for the following symbol and this design has two unique benefits, first, it can support latency bigger than the CP length which enables a much longer coverage distance and second, it enables the gNB to receive PRACH and PUSCH/PUCCH simultaneously with one FFT. Option 2 has the same sequence in each symbol while Option 4 has different sequences in different symbols, but due to the existing of CP, it is not possible for Option 2/4 to support a distance with corresponding latency bigger than the CP length. 
It is understood that the reason for NR PRACH to use a different design from LTE is due to the beam sweeping especially for high frequency. Since if the LTE PRACH design is reused, the gNB has to configure the beam duration long enough to cover the whole PRACH length, and as a result, a slow beam sweeping has to be used, for instance, each beam has to last at least 3 ms when LTE PRACH format 3 is configured. For options under discussion, it is possible for all to detect the PRACH by receiving only a segment of the whole burst only if the segment is at least one symbol long for Option 1 or including at least one complete symbol for Option2/4. 
With analogue beamforming, there is less chance for the gNB to multiplex multiple UEs in the frequency domain unless they are located in the same beam by chance so it is assumed that different UEs will be multiplexed more often in the time domain. During the discussion of mini-slot, the intention to support mini-slot for over 6 GHz band is to reduce the time/frequency resource block size so that UEs can be TDM multiplexed more flexibly and efficiently. With mini-slot, a fast beam sweeping is possible with the beam duration as short as the mini-slot length. 
When PRACH is scheduled, there are some remaining resources can be scheduled for PUSCH/PUCCH. As illustrated in Figure 1, long duration PRACH and mini-slot PUSCH are multiplexed together. The gNB can let the beam point to the UE whose PUSCH is scheduled and at the same time, a segment of PRACH transmission from another UE in the same beam is received. When PUSCH is scheduled to a different UE, the beam is switched to this new UE. It can be seen that short duration beam provides lot flexibility to PUSCH scheduling. 
To cover PRACH in the whole cell, the gNB needs to make sure everywhere of the cell is swept by at least one beam in the duration of the PRACH set (the gNB may use more than one PRACH in time to cover the whole cell). 
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Figure 1 Beam sweeping with PRACH and PUSCH/PUCCH multiplexing
Proposal 1: it is proposed to confirm the assumption that the beam direction could be changed in the PRACH duration. 

The corresponding coverage distance is about 1.25 Km per symbol with 120 KHz SCS, and according to the estimation based on a LOS pathloss model of 30 GHz carrier frequency, it is possible for the gNB to cover no less than 2 Km. It is expected the GT could consist of more than one OFDM symbol so a coverage distance of bigger than 1.25 Km can be achievable. 
With the above assumption, a segment of PRACH burst will be received for Option 1 as shown in Figure 2 and latency less than 1 OFDM symbol only can be detected. If the latency is bigger than 1 OFDM symbol, only the additional part beyond the 1st symbol can be detected so for Option 1, it cannot support coverage distance with over 1 symbol round trip propagation delay. 
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Figure 2 TA ambiguity for over 1 symbol latency
Obviously this problem was noticed in [2], it was proposed to detect if the latency is over 1 symbol or not by comparing the received signals from the first two FFT time windows and the last two FFT time windows. It implies that the whole PRACH burst is received by the gNB which is not in line with the assumption made above. Several possible solutions are discussed below with shorter beam duration assumption. 
3 Possible Solutions
A TA can be described by the formula below: 

TA = (t + n∙T

where 0 ≤ (t <T, T is the OFDM symbol length and n = 0, 1, 2… n_max,  the value of n_max is determined by the GT length of the configured PRACH format. 
As discussed above, (t is detectable, when TA = (t is indicated to a terminal, the corresponding UL transmission will be n symbols behind the correct timing and it will collide with the UL transmission with correct TA in the next slot as shown in Figure 3. Since RS will be mapped to the beginning of the slot, the damage to the RS may cause the UL transmission in the next slot unrecoverable. So the first proposed solution is for the gNB to indicate the terminal to blank the last n_max symbols. 
When the first scheduled UL transmission is received, the gNB can obtain the number of delayed symbols by detecting the position of RS and a correct TA = (t + n∙T can be indicated to the terminal in the second scheduling message with no symbol blanked.  

n_max can be obtained from the configured PRACH format, so there is no need to indicate the terminal the exact number of symbols to be blanked and a single bit indicator can be used to inform the terminal if blanking is required or not. This gives the gNB flexibility to blank symbol(s) for some UEs and not for others and the decision could be a gNB’s implementation. Or if such flexibility is considered unnecessary, no indicator is needed but all terminals need to blank the last n_max symbols by default for the UL transmission scheduled by a RAR. When n_max = 0 for some PRACH formats, no symbol needs to be blanked. 
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Figure 3 Options compared with simulation
Alternatively, the gNB can request the terminal to send another PRACH to help to solve the TA ambiguity problem. For this 2nd PRACH, Option 4 can be used and the different sequence in different OFDM symbol can help the gNB to decide the number of delayed symbols. Since (t is already obtained in the 1st PRACH, the 2nd PRACH will be received by the gNB with symbol level synchronization and the same FFT can be used to receive the 2nd PRACH and PUSCH/PUCCH together. 
This second solution will increase the latency of the PRACH procedure so the first one is preferred. 

Proposal 2: it is proposed to blank the last a few symbols of an UL transmission when TA ambiguity problem is predicted. 

4 Conclusion
In this contribution, a problem of Option 1 is pointed out that a TA ambiguity problem may happen when the potential latency is bigger than one OFDM symbol. Two possible solutions are shared for solving the problem. 
Based on above discussions, we have the following proposals: 

Proposal 1: it is proposed to confirm the assumption that the beam direction could be changed in the PRACH duration. 

Proposal 2: it is proposed to blank the last a few symbols of an UL transmission when TA ambiguity problem is predicted. 
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