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Introduction
In RAN1# NR Ad-Hoc #2 [1], some details regarding the NR RACH long and short preamble design were agreed as follows.
Agreements:
· Confirm the working assumption on supporting format 3
· For formats with L=839
· Unrestricted sets are supported
· For restricted sets
· 1.25 kHz: Restricted set A supported, Restricted set B is FFS 
· 5 kHz: Restricted set is supported with FFS if Restricted set A, B or both are supported
· For L=127/139 with option 1, formats with 1,2,4,6, and 12 OFDM symbols are supported
· Number of symbols can be adjusted if problems are identified

Agreements:
· For 15 kHz subcarrier spacing,
· Agree on following preamble formats A2, A3, B4
· Working assumption on following preamble formats A0, A1, B0, B1, B2, B3, C0, C1
	Preamble
format
	# of 
Sequence
	TCP
	TSEQ
	TGP
	Path profile 
(Ts)
	Path profile 
(us)
	Maximum 
Cell radius
(meter)
	Use case

	A
	0
	1
	144
	2048
	0
	48 
	1.56 
	469
	TA is already known or Very small cell

	
	1
	2
	288
	4096
	0
	96 
	3.13 
	938
	Small cell

	
	2
	4
	576
	8192
	0
	144 
	4.69 
	2,109
	Normal cell

	
	3
	6
	864
	12288
	0
	144 
	4.69 
	3,516
	Normal cell

	B
	0
	1
	144
	2048
	0
	48 
	1.56 
	469
	TA is already known or Very small cell

	
	1
	2
	192
	4096
	96
	96 
	3.13 
	469
	Small cell

	
	2
	4
	360
	8192
	216
	144 
	4.69 
	1,055
	Normal cell

	
	3
	6
	504
	12288
	360
	144 
	4.69 
	1,758
	Normal cell

	
	4
	12
	936
	24576
	792
	144 
	4.69 
	3,867
	Normal cell

	C
	0
	1
	1240
	2048
	0
	144
	4.69
	5300
	Normal cell

	
	1
	2
	1384
	4096
	0
	144
	4.69
	6000
	Normal cell


· Note 1: Unit is Ts, where Ts = 1/30.72MHz
· Note 2: PRACH preamble are aligned with OFDM symbol boundary for data with same numerology
· Note 3: Additional 16Ts for every 0.5ms should be included in TCP when RACH preamble is transmitted across 0.5ms boundary or from 0.5ms boundary
· Note 4: For format A, GP can be defined within the last RACH preamble among consecutively transmitted RACH preambles
· For 30/60/120 kHz subcarrier spacing, preamble format can be scaled according to subcarrier spacing. 
· Ts =1/(2*30720) ms for 30 kHz subcarrier spacing 
· Ts =1/(4*30720) ms for 60 kHz subcarrier spacing
· Ts =1/(8*30720) ms for 120 kHz subcarrier spacing
· Note that some of the formats may not be applicable to all subcarrier spacings

This contribution discusses the design of NR long and short preamble sequence length. In our companion contribution [2] and [3], we study the NR RACH preamble format for capacity enhancement and NR 4-step RA procedures, respectively.

Design of restricted set of NR PRACH long sequence
Subcarrier spacing (SCS) for PRACH is highly related to robustness against maximum Doppler spread in high speed scenario. In LTE, Ncs restricted set is used for high speed scenario at the expense of decreased capacity. In NR, while using restricted sets significantly reduces the number of available RACH signatures, wider subcarrier spacing can be used for PRACH to address Doppler spread in high speed scenario instead of restricted set However, maximum UL Doppler spread in initial access process should be compared with available SCS. In initial access process, the maximum UL Doppler spread () is twice of the maximum DL Doppler spread (), which is given as

As shown in Table I, for below 6GHz, the maximum UL Doppler spread  may exceed even 5 KHz at 6GHz. Therefore, SCS = 5 KHz and the restricted set should be both supported for high speed scenario.
Table I. Maximum UL Doppler spread under different speed and frequency 
	
speed
	3GHz
	4GHz
	6GHz 
	30GHz 

	3km/h 
	16.67 Hz
	22.22 Hz
	33.33 Hz
	166.7 Hz

	300km/h 
	1.67 KHz
	2.22 KHz
	3.33 KHz
	16.67 KHz

	500km/h 
	2.78 KHz
	3.70 KHz
	5.56 KHz
	27.78 KHz



Considering the typical system level evaluation assumptions for high-speed train from TR 38.802, the maximum mobility speed is 500km/h and carrier frequency is 4GHz. It can be found in Table I that the maximum UL Doppler spread  =3.70 KHz. Further consider the clock accuracy of the gNB (0.05 ppm) and UE (0.1 ppm), which introduce additional carrier frequency offset at the gNB receiver. Then, the total carrier frequency offset at the gNB receiver due to Doppler and clock inaccuracies is about 4.3 KHz.
As given is TS 36.211, for SCS = 1.25 KHz, PRACH preamble with restricted set A can support the maximum frequency offset of [-1.25 KHz, +1.25 KHz]. PRACH preamble with restricted set B can support the maximum frequency offset of [-2.5 KHz, +2.5 KHz], which can support almost twice UE speed than set A. Therefore, for SCS = 1.25 KHz, both restricted set A and B should be supported.
For SCS = 5 KHz, PRACH preamble with restricted set A can support the maximum frequency offset of [-5KHz, +5KHz], which can cover the total carrier frequency offset of 4.3 KHz. Therefore, PRACH preamble with restriction A with SCS = 5 KHz needs to be used, and PRACH preamble with restriction B needs not to be supported.
Thus we have the following proposals:
Proposal 1: For NR PRACH preamble formats L=839, SCS = 1.25 KHz and Ncs restricted set A and set B should be both supported for high speed scenario.
Proposal 2: For NR PRACH preamble formats L=839, SCS = 5 KHz and Ncs restricted set A should be supported for 500km/h scenario for below 6GHz bands, and restriction set B needs not to be supported.

The simulation assumptions are given in Table II.
Table II. Simulation assumptions
	Carrier Frequency
	2 GHz

	Antenna Configuration
	1Tx 2Rx

	Channel Model
	AWGN

	Frequency Offset
	250Hz, 625Hz, 1000Hz

	FFT size
	2048

	SCS
	1.25 KHz, 5 KHz

	Sampling Frequency
	30.72 MHz

	Ncs
	38 with restricted set A



Figure 1 illustrates the miss detection performance in AWGN channel with restricted set A. For SCS = 1.25kHz, the miss detection performance with 250Hz and 625Hz is similar. When the frequency offset is 625Hz, that is, the normalized frequency offset is 0.5 (625/1250), the detection performance is worst. Since the peak energy of the correlation function in the main window of the receiver decreases continuously as the normalized frequency offset increases from 0 to 1. In AWGN channel, when normalized frequency offset of 0.5, the detection performance is poorest. For SCS = 5kHz, the detection performance is quite similar in the cases of three frequency offset 250, 625, and 1000 Hz, and the detection performance with frequency offset 625Hz is better than when the SCS is 1.25kHz, with a SNR gain of 2.5dB at BLER = 1%.
[image: ]
Figure 1. Miss detection performance of NR preamble with restricted set A

Design of NR PRACH short sequence 
In RAN1# NR Ad-Hoc #2 [1], preamble format A2, A3, B4 in Table III are agreeed as agreements and all others are as working assumption.

Table III   Agreements and work assumption for NR PRACH short sequence preamble format
	Preamble
format
	# of 
Sequence
	TCP
	TSEQ
	TGP
	Path profile 
(Ts)
	Path profile 
(us)
	Maximum 
Cell radius
(meter)
	Use case

	A
	0
	1
	144
	2048
	0
	48 
	1.56 
	469
	TA is already known or Very small cell

	
	1
	2
	288
	4096
	0
	96 
	3.13 
	938
	Small cell

	
	2
	4
	576
	8192
	0
	144 
	4.69 
	2,109
	Normal cell

	
	3
	6
	864
	12288
	0
	144 
	4.69 
	3,516
	Normal cell

	B
	0
	1
	144
	2048
	0
	48 
	1.56 
	469
	TA is already known or Very small cell

	
	1
	2
	192
	4096
	96
	96 
	3.13 
	469
	Small cell

	
	2
	4
	360
	8192
	216
	144 
	4.69 
	1,055
	Normal cell

	
	3
	6
	504
	12288
	360
	144 
	4.69 
	1,758
	Normal cell

	
	4
	12
	936
	24576
	792
	144 
	4.69 
	3,867
	Normal cell

	C
	0
	1
	1240
	2048
	0
	144
	4.69
	5300
	Normal cell

	
	1
	2
	1384
	4096
	0
	144
	4.69
	6000
	Normal cell



PRACH preambles are aligned with OFDM symbol boundary for data with same numerology as shown in Figure 2. 
For format A, when two short preambles are consecutively transmitted in time, GT between PRACH preambles does not need to be defined since the CP of the second RACH preamble can be used as GT of first PRACH preamble. However, if the data channel is transmitted after PRACH preamble transmission, the GT is necessary to protect them from RTT delay. The example of format B3 is shown in Figure 3.



Figure 2. Examples of PRACH preamble format A2 and A3 in one slot 




Figure 3. Examples of PRACH preamble format B3


For short length preamble (L=127/139 with option 1), different lengths of the NR-RACH preamble can be used for different coverage requirements or for different number of receiver beam sweeping. As shown in Table III, format A0, A1, B0, B1, B2, B3 are proposed for the scenarios with small coverage and small number of beams in beam sweeping. If all formats in Table III are supported, there will be total 11 formats, which cause the configuration complexity as the UE side to adjust the RACH parameters and the detection complexity at TRPs / gNBs. Considering that the scenarios for the formats A0, A1, B0, B1, B2, B3 can be covered by the formats A2, A3 and B4, and formats A2, A3 and B4 are already agreed, we see there is no need to support the additional formats A0, A1, B0, B1, B2, B3.

Observation 1: The application scenarios for formats A0, A1, B0, B1, B2, B3 can be covered by the agreed formats A2, A3 and B4. 

Proposal 3: There is no need to support formats A0, A1, B0, B1, B2, B3.

For some use cases, it is reasonable to have a PRACH preamble format fitting into 2 OFDM symbols duration. For the SCS of SS block with 15/120 kHz and the number of SS block being 8/64, SS blocks are transmitted in every slot during 4ms within 5ms window for SS burst set. If there is no preamble format suitable for preamble transmission with the 4ms duration, it may lead a long delay in random access transmission. Figure 4 shows the pattern of SS block transmission with 15 kHz SCS. As shown in the figure, after reserving the OFDM symbols for DL control region, the time duration for each preamble transmission is limited only to two OFDM symbols. In another word, we need a PRACH preamble format fitting into the 2 OFDM symbols duration. Considering that format C1 takes more than 2 OFDM symbols in time, format C0 seems to be the only suitable choice.
[image: ]
Figure 4. SS block pattern of 15 kHz SCS

Proposal 4: Formats C0 can be supported.

 Conclusion
This contribution discussed NR RACH long and short preamble sequence length. We have the following proposals.
Observation 1: The application scenarios for formats A0, A1, B0, B1, B2, B3 can be covered by the agreed formats A2, A3 and B4.
Proposal 1: For NR PRACH preamble L=839, SCS = 1.25 KHz and Ncs restricted set A and set B should be both supported for high speed scenario.
Proposal 2: For NR PRACH preamble L=839, SCS = 5 KHz and Ncs restricted set A should be supported for 500km/h scenario for below 6GHz bands, while restriction set B needs not to be supported.
Proposal 3: There is no need to support formats A0, A1, B0, B1, B2, B3.
Proposal 4: Formats C0 can be supported.
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