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1. Introduction

In RAN4 #88, NR BS PRACH demodulation requirements were discussed and WF was approved [1]. In this contribution, we provide our views on PRACH demodulation parameters.
2. Discussion

2.1 Preamble format

In RAN4 #88, the following preamble formats were agreed in WF [1].

· Preamble Format (For Rel-15)

· For long sequence, requirements are defined for:

· [Format 0]
· For short sequence, requirements are: 

· [A1, A2, A3, B4, C0 and C2]
In the last meeting, proposals from companies are summarized in ad-hoc minutes in NR BS demodulation [2]. 

· For short sequence, requirements are defined for:

· Option 1: format A1, B4, C2  (China Telecom)
· Option 2: format A1 and C2 (Samsung)
· Option 3: at least format B4 and C0 (NTT DOCOMO)
· Option 4: format A2, B4 and C2 (Nokia)
· Option 5: format B4 and C2 (Huawei)
· Option 6: format A3 and B4 (Ericsson)
	Format
	China Telecom
	Samsung
	NTT DOCOMO
	Nokia
	Huawei
	Ericsson
	Number of supporting companies

	A1
	√
	√
	
	
	
	
	2

	A2
	
	
	
	√
	
	
	1

	A3
	
	
	
	
	
	√
	1

	B4
	√
	
	√
	√
	√
	√
	5

	C0
	
	
	√
	
	
	
	1

	C2
	√
	√
	
	√
	√
	
	4


For format B4, since this format is the most majority proposal in short sequence, it is reasonable to define format B4.

For format C0, there are some advantages on cell coverage and RACH occasion in FR2. In general, cell coverage depends on cyclic prefix (CP) and guard period (GP) length, and these lengths become shorter depending on larger SCS. In FR2, it is expected that 120kHz SCS will be used mainly. In other words, format with shorter CP and GP is useful for FR2, i.e. format C0 or C2. 
Table 6.3.3.1-2: Preamble formats for 
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In comparison with format C2, format C0 can be configured large number of RACH occasions as shown in Figure 1. The number of RACH occasions per one slot is 2 for format C2 and 7 for format C0. In FR2, basically analogue beam forming will be used for UE multiplexing, so that the large number of RACH occasions has advantage on fast assignment to all UEs. Therefore, for FR2, format C0 is better formant than format C2. 


[image: image35]
Figure 1. Preamble format for NR 120kHz SCS (Short sequence)
From above discussion, we propose format B4 and C0 as short sequence format.

Proposal 1: For PRACH performance requirements, preamble format B4 and C0 should be defined.
2.2 Timing offset
In RAN4 #88, the following timing offset setting was agreed in WF [1].

· Timing offset
· For conformance test, we reuse the LTE timing offset scheme for preamble transmission, i.e., 
· The timing offset base value is set to 50% of Ncs. This offset is increased within the loop, by adding in each step a value of [0.1us], until the end of the tested range, which is [0.9us]. Then the loop is being reset and the timing offset is set again to 50% of Ncs.
· Frequency offset
· Frequency offset for FR1
· Option 1: 500 Hz 
· Other options are not precluded
In general, the frequency offset depends on assumed frequency. The operating bands for NR are specified as below [4].

Table 5.2-1: NR operating bands in FR1

	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit

FUL_low   –  FUL_high
	Downlink (DL) operating band
BS transmit / UE receive

FDL_low   –  FDL_high
	Duplex Mode

	n1
	1920 MHz – 1980 MHz
	2110 MHz – 2170 MHz
	FDD

	n2
	1850 MHz – 1910 MHz
	1930 MHz – 1990 MHz
	FDD

	n3
	1710 MHz – 1785 MHz
	1805 MHz – 1880 MHz
	FDD

	n5
	824 MHz – 849 MHz
	869 MHz – 894 MHz
	FDD

	n7
	2500 MHz – 2570 MHz
	2620 MHz – 2690 MHz
	FDD

	n8
	880 MHz – 915 MHz
	925 MHz – 960 MHz
	FDD

	n12
	699 MHz – 716 MHz
	729 MHz – 746 MHz
	FDD

	n20
	832 MHz – 862 MHz
	791 MHz – 821 MHz
	FDD

	n25
	1850 MHz – 1915 MHz
	1930 MHz – 1995 MHz
	FDD

	n28
	703 MHz – 748 MHz
	758 MHz – 803 MHz
	FDD

	n34
	2010 MHz – 2025 MHz
	2010 MHz – 2025 MHz
	TDD

	n38
	2570 MHz – 2620 MHz
	2570 MHz – 2620 MHz
	TDD

	n39
	1880 MHz – 1920 MHz
	1880 MHz – 1920 MHz
	TDD

	n40
	2300 MHz – 2400 MHz
	2300 MHz – 2400 MHz
	TDD

	n41
	2496 MHz – 2690 MHz
	2496 MHz – 2690 MHz
	TDD

	n50
	1432 MHz – 1517 MHz
	1432 MHz – 1517 MHz
	TDD

	n51
	1427 MHz – 1432 MHz
	1427 MHz – 1432 MHz
	TDD

	n66
	1710 MHz – 1780 MHz
	2110 MHz – 2200 MHz
	FDD

	n70
	1695 MHz – 1710 MHz
	1995 MHz – 2020 MHz
	FDD

	n71
	663 MHz – 698 MHz
	617 MHz – 652 MHz
	FDD

	n74
	1427 MHz – 1470 MHz
	1475 MHz – 1518 MHz
	FDD

	n75
	N/A
	1432 MHz – 1517 MHz
	SDL

	n76
	N/A
	1427 MHz – 1432 MHz
	SDL

	n77
	3300 MHz – 4200 MHz
	3300 MHz – 4200 MHz
	TDD

	n78
	3300 MHz – 3800 MHz
	3300 MHz – 3800 MHz
	TDD

	n79
	4400 MHz – 5000 MHz
	4400 MHz – 5000 MHz
	TDD

	n80
	1710 MHz – 1785 MHz
	N/A
	SUL 

	n81
	880 MHz – 915 MHz
	N/A
	SUL 

	n82
	832 MHz – 862 MHz
	N/A
	SUL 

	n83
	703 MHz – 748 MHz
	N/A
	SUL

	n84
	1920 MHz – 1980 MHz
	N/A
	SUL

	n86
	1710 MHz – 1780 MHz
	N/A
	SUL


Table 5.2-2: NR operating bands in FR2

	NR operating band
	Uplink (UL) and Downlink (DL) operating band
BS transmit/receive
UE transmit/receive 

FUL_low   –  FUL_high

FDL_low   –  FDL_high
	Duplex Mode

	n257
	26500 MHz – 29500 MHz
	TDD

	n258
	24250 MHz – 27500 MHz
	TDD

	n260
	37000 MHz – 40000 MHz
	TDD

	n261
	27500 MHz – 28350 MHz
	TDD


The frequency error requirement is specified by ppm regardless of frequency band, so that 

Band n77, 78 and 79 are specified as NR new bands and it is expected to be mainly deployed, so that it is reasonable to assume 5GHz, which is the highest frequency of band n79, for frequency offset. Therefore, 500Hz should be defined as frequency offset for PRACH demodulation. Similarly, for FR2, 4000Hz should be defined as frequency offset for PRACH demodulation.

Proposal 2: For PRACH demodulation, frequency offset 500Hz for FR1 and 4000Hz for FR2 should be defined.

In addition, in RAN plenary #81, the following agreement can be seen. According to this agreement, HST will be specified as a late drop of Rel-15. Therefore, restricted set should be considered as a late drop.

Proposal 3: According to RAN plenary decision, PRACH requirements for restricted set should be specified as a late drop in Rel-15.
2.3 Logical sequence index
In RAN4 #88, the following logical sequence index was agreed in WF [1].

· Logical sequence index
· Option 1: 22 for long sequence, 0 for short sequence
· Note that this resulting in root sequence = 1 for both long and short sequences. 
· Other options not precluded
Considering alignment with LTE specification, option 1 is suitable option.

Proposal 4: For logical sequence index, option 1 (22 for long sequence and 0 for short sequence) should be adopted.

2.4 Logical sequence index
In RAN4 #88, the following Ncs values were agreed in WF [1].

· Ncs
· Long sequence: 13
· Short sequence:
· Option 1: 46 for FR1, 0 for FR2
· Option 2: 23 for FR1, 69 for FR2
· Option 3: 0 for FR1, 0 for FR2
· Other options are not precluded
· Intension next meeting to narrow to one option for requirement
In general, Ncs is related to assumed cell coverage. Considering realistic deployment, for short sequence, Ncs = 23 for FR1 and 69 for FR2 are proposed.

Proposal 5: For Ncs values, option 2 (Ncs = 23 for FR1 and Ncs = 69 for FR2) should be adopted.

3. Conclusion
In this contribution, we provide our views on PRACH BS demodulation. Our proposals are summarized below.
Proposal 1: For PRACH performance requirements, preamble format B4 and C0 should be defined.

Proposal 2: For PRACH demodulation, frequency offset 500Hz for FR1 and 4000Hz for FR2 should be defined.

Proposal 3: According to RAN plenary decision, PRACH requirements for restricted set should be specified as a late drop in Rel-15.
Proposal 4: For logical sequence index, option 1 (22 for long sequence and 0 for short sequence) should be adopted.

Proposal 5: For Ncs values, option 2 (Ncs = 23 for FR1 and Ncs = 69 for FR2) should be adopted.
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