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Introduction
During RAN1#89, RAN1 captured the following agreements regarding RACH preamble design[1].
Agreements:
· For L = 839, NR at least supports subcarrier spacing of:
· 1.25 kHz
· FFS: which one of 2.5 kHz or 5 kHz will be supported

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

Based on agreements, this contribution considers NR PRACH design. 

Discussion on RACH preamble design with shorter sequence
The features of Zadoff-chu sequence are well-known, especially it has two important properties: 
· 
Constant envelope: A sequence is generated by formula, it is in the form of . It means the amplitude of sequence is constant. So, Zadoff-chu sequence provides better PAPR performance compared to that of m-sequence. 
· Zero Autocorrelation: Correlation between a sequence using formula and another sequence generated by shifting the same sequence by Ncs(Ncs :1 ~ Nseq-1) become zero.
As the Zadoff-Chu sequence defined in LTE has good correlation properties and shows low PAPR, it can be reused in NR as well. Other sequences were proposed for capacity enhancements and high speed. However, for capacity enhancement, we can consider other options such as supporting option 2/4 or allocating different time/frequency resource if necessary. Also, Doppler effect can be mitigate to adopt relative larger SCS in preamble format. Thus it is unnecessary to adopt another sequence as a RACH preamble sequence considering complexity and feasibility.
Proposal 1: Considering good correlation properties and low PAPR characteristic, NR supports only Zadoff-chu sequence as a RACH preamble sequence. 
The long preamble sequence with smaller SCS is not adequate for above 6GHz, especially when beamforming to overcome path-loss is considered. When both TRP and UE use beamforming, the beam between transmitter and receiver need to be aligned in the right direction to obtain maximum beam gain. The time required for achieving this TX-RX beam alignment could be different depending on the number of combinations of TRP beams and UE beams. It would be desirable to have short beam training period for the initial access and/or handover from the latency reduction perspective. For the purpose of beam sweeping in RACH procedure, relative short preamble sequence duration is desirable. That is relative larger SCS as compared to SCS for below 6GHz should be considered. However, considering maximum occupied bandwidth, relative short preamble sequence compared with the sequence length for below 6GHz is desired. Two alternatives among four alternatives for preamble sequence are down selected into 127 and 139 at #89 meeting. 
Sequence length 127 and 139 may have very similar characteristics in terms of correlation, occupied BW, etc. Those two sequences occupy 12 RBs including 144 subcarriers as shown in Figure 1. 


 Figure 1. Occupied BW and guard band for two alternatives (127 and 139)

In LTE, one subcarrier in data channel point of view can act guard band between RACH and data channel. For each case, 17 and 5 subcarriers can be assigned for guard band, respectively. Compared to LTE, in case of length 139, 5 subcarriers with larger subcarrier spacing are sufficient for the guard band. For the supportable number of cyclic shifts, the length of 127 and 139 can provide the similar number of cyclic shift values. The length of 139 can slightly support more cyclic shift values than the sequence with length of 127. 
Further since two sequences are the prime number and have almost same lengths, cross correlation properties are similar as well. Figure 2 shows the miss detection performance of different sequence lengths. As shown in this gifure, the sequence length of 139 shows the better performance than it with length of 127. It is because the longer preamble sequence provide better cross correlation property as the cross correlation falls off as 1/sqrt(Nzc). Hence, it is preferred that 139 be chosen as the shorter PRACH sequence than L=839. 
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Figure 2. Miss detection performance of different sequence lengths, with beam sweeping

Proposal 2: Support sequence length of 139 for the shorter RACH sequence than L=839. 
Based on #89 agreements, on top of shorter sequence length, several subcarrier spacing values, {15,30,60,120}KHz, were discussed. However, lots of preamble formats can be defined depends on the number of subcarrier spacing values. Though bunch of preamble formats can provide more flexibility to gNB scheduling, it may result significantly complexity burden to detect RACH preamble at gNB side. Fewer preamble formats can be more helpful for system operation even though it is not optimal. Since some of usage cases of subcarrier spacing of {15,30,60,120}, especially for high speed, seemed already covered with long sequence. For example, subcarrier spacing values of {15,30} are not adequate for above 6GHz because their symbol length seem quite long for supporting beam sweeping. And they can be used for the scenario considering high speed for below 6GHz, but it is already covered with preamble format that uses sequence length of 839 with subcarrier spacing of 5kHz[2]. For the sake of avoiding over-designed RACH preamble format and reducing detection complexity at gNB side, it would not be necessary to have so many preamble formats for below 6GHz. 
Proposal 3: For the sake of avoiding over-designed preamble format and reducing detection complexity at gNB, it would not be necessary to have so many preamble formats for below 6GHz.  
Table 1 shows the proposed RACH format that uses sequence length 139 with subcarrier spacing of 60kHz. 
Table 1. Proposed PRACH format with subcarrier spacing of 60kHz for above 6GHz
	 PRACH format
	Sequence Length
	Subcarrier spacing [KHz]
	Transmission BW [MHz]
	N_OS
	N_RP
	Ts
(ms)
	Tseq
(Ts) 
	Tcp
(Ts)
	GT
(Ts)
	Max.Cell coverage

	S60-1
	139
	60
	8.64
	1
	1
	1/(30720)
	512
	256
	256
	1.25km

	S60-4
	139
	60
	8.64
	1
	1
	1/(30720)
	4*512
	512
	512
	2.5km

	S60-13
	139
	60
	8.64
	1
	1
	1/(30720)
	13*512
	512
	512
	2.5km



As NR discussed two different scenarios, the case that TRP has beam correspondence and the case that TRP doesn’t have beam correspondence, appropriate preamble format should be supported for each case. For the TRP with beam correspondence, a UE transmit RACH preamble format on selected RACH resource which is associated with estimated SS block. RACH preamble format S60-1 is used for normal operation for the case with beam correspondence. The largest number of beam sweeps can be supportable at gNB during constant duration for the case that TRP with beam correspondence. RACH preamble format S60-4 can be used for coverage extension and performance enhancement sacrificing the number of beam sweeps compared to S60-1. RACH preamble format S60-4 also can be used for the case that TRP doesn’t have beam correspondence and it has fewer Rx beams. Note that depending on gNB scheduling, proposed preamble formats can be used for different purposes, such as beam sweeps or coverage enhancement. RACH preamble format S60-13 can be used for the case without beam correspondence. A UE should transmit multiple/repeated RACH symbols to cover all or part of Rx beams at TRP.

 Figure 3 Proposed preamble formats for the case that TRP with/without beam correspondence

Figure 4 shows the miss detection performances on preamble formats with subcarrier spacing of 60kHz depending on mobility. Transmitting preamble format of S60-4  on same Tx beam improves around 6dB due to both 4 times repetitions and time-diversity than S60-1. For the case that TRP without beam correspondence, it is assumed that the RACH detection succeeds when the TRP detects at least one RACH symbol during the period that RACH preamble format is transmitted. Using such a RACH receiver, it is observed that the performance improves as mobility increases because time-domain diversity is expected as mobility increases. For the case that TRP with beamcorrespondence, it is assumed that the beam direction between a UE and a TRP is aligned to right direction. Thus, performance of S60-4 can be represented as shift of performance of S60-1 according to the number of repetitions while the performance of S60-13 can be shown as getting diversity gain. Table 2 shows the MCLs derived from the proposed preamble formats with subcarrier spacing of 60kHz. 
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Figure 4. Miss detection performance of proposed preamble format with subcarrier spacing of 60kHz

Table 2 : MCL of proposed preamble format with subcarrier spacing of 60kHz
	SCS
	S60-1
	S60-4
	S60-13

	(1) Max. Tx power (dBm)
	23
	23
	23

	(2) Thermal noise density(dBm/Hz)
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5

	(4) Interference margin (dB)
	0
	0
	0

	(5) Occupied RACH bandwidth (Hz)
	8640000
	8640000
	8640000

	(6) Effective noise power 
   (2) + (3) +(4)+10log((5)) (dBm)
	-99.96
	-99.96
	-99.96

	(7) Required SINR (dB)
	-6
	-11.8
	-9.2

	(8) Receiver sensitivity
  ( (6) + (7) ) (dBm)
	-105.96
	-111.76
	-109.16

	(9) MCL 
   ( (1) – (8) ) (dB)
	128.96
	134.76
	132.16



Table 3 shows the proposed RACH preamble format with subcarrier spacing of 120kHz. 

Table 3. Proposed PRACH format with subcarrier spacing of 60kHz for above 6GHz
	 PRACH format
	Sequence Length
	Subcarrier spacing [KHz]
	Transmission BW [MHz]
	N_OS
	N_RP
	Ts
(ms)
	Tseq
(Ts) 
	Tcp
(Ts)
	GT
(Ts)
	Max.Cell coverage

	S120-1
	139
	60
	17.28
	1
	1
	1/(30720)
	256
	128
	128
	0.625km

	S120-4
	139
	60
	17.28
	1
	1
	1/(30720)
	4*256
	256
	256
	1.25km

	S120-13
	139
	60
	17.28
	1
	1
	1/(30720)
	13*256
	256
	256
	1.25km



As TRP has lots of Tx/Rx beams, up to 64, preamble format with subcarrier spacing of 120kHz should be supported in order to reduce required time for RA procedure. Figure 5 shows the miss detection performances on preamble formats with subcarrier spacing of 120kHz.Similar performance trend between three preamble formats can be observed compared to performances of preamble formats represented in figure 4. Table 4 shows the MCL derived from proposed preamble format with subcarrier spacing of 120kHz
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Figure 5. Miss detection performance of proposed preamble format with subcarrier spacing of 120kHz

Table 4 : MCL of proposed preamble format with subcarrier spacing of 120kHz
	SCS
	S120-1
	S120-4
	S120-13

	(1) Max. Tx power (dBm)
	23
	23
	23

	(2) Thermal noise density(dBm/Hz)
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5

	(4) Interference margin (dB)
	0
	0
	0

	(5) Occupied RACH bandwidth (Hz)
	17280000
	17280000
	17280000

	(6) Effective noise power 
   (2) + (3) +(4)+10log((5)) (dBm)
	-96.96
	-96.96
	-96.96

	(7) Required SINR (dB)
	-6
	-12
	-9.2

	(8) Receiver sensitivity
  ( (6) + (7) ) (dBm)
	-102.96
	-108.96
	-106.16

	(9) MCL 
   ( (1) – (8) ) (dB)
	125.96
	131.96
	129.16



Proposal 4: Support subcarrier spacing of 60 and 120 kHz with sequence length of 139 for above 6GHz in NR.  
Conclusions
This contribution discusses the RACH preamble design for shorter sequence than L=839. The proposals are as follows:
Proposal 1: Considering good correlation properties and low PAPR characteristic, NR supports only Zadoff-chu sequence as a RACH preamble sequence. 
Proposal 2: Support sequence length of 139 for the shorter RACH sequence than L=839. 
Proposal 3: For the sake of avoiding over-designed preamble format and reducing detection complexity at gNB, it would not be necessary to have so many preamble formats for below 6GHz.  
Proposal 8: Support subcarrier spacing of 60 and 120 kHz with sequence length of 139 for above 6GHz in NR
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Appendix
Table 6-1. Simulation assumption 
	Parameter
	Value

	Carrier frequency
	4GHz, 30 GHz

	Subcarrier spacing
	60, 120 kHz

	CFO 
	0.15 ppm at TRP

	Channel model
	CDL-C with 30 ns delay spread

	Mobility
	3, 60, 120 km/h

	RACH sequence
	ZC-sequence with length 139

	Number of RACH preamble ID 
	64

	Antenna Configuration at TRP
	(M,N,P,Mg,Ng) = (1,1,2,1,1) for sub-6GHz and (4,8,2,2,2). (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (2.0, 4.0)λ

	Antenna Configuration at UE
	(1,1,2) for sub-6GHz and (4,8,2) for above-6GHz
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