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1   Background
As per the agreed WF [1~2], RAN4 agreed to introduce demodulation performance requirements for PRACH format 0 because it is comes from LTE refarming and is widely used in real LTE network; But all other formats are FFS.
In this contribution, we analyze the pros and cons of different NR PRACH formats and share our view about which PRACH formats need to be considered for the NR PRACH demodulation performance requirements definition.

2   Discussion

As per RAN1 agreements, the following PRACH preamble formats for long sequence length L = 939 and short sequence length L = 139 are defined:
Table 1: Preamble format for long sequence length L = 839

	Format
	L
	SCS(kHz)
	BW (MHz)
	N_OS
	N_RP
	T_SEQ (Ts)
	T_CP (Ts)
	T_GP (Ts)
	Use case

	0
	839
	1.25
	1.08
	1
	1
	24576
	3168
	2975
	LTE refarming format 0

	1
	839
	1.25
	1.08
	2
	1
	2*24576
	21024
	21904
	LTE refarming format 3

Large cell, up to 100km

	2
	839
	1.25
	1.08
	4
	1
	4*24576
	4688
	4528
	Coverage enhancement 

	3
	839
	5
	4.32
	4
	1
	4*6144
	3168
	2976
	High speed case


Table 2: Preamble format for short sequence length L = 139
	Preamble
format
	NOS(#of 
Sequence)
	TCP
	TSEQ
	TGP
	Path profile 
(Ts)
	Path profile 
(us)
	Maximum 
Cell radius
(meter)
	Use case

	A
	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
	1
	2
	216
	4096
	72
	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
	1096
	144
	4.69
	5300
(660 in case of 120 kHz SCS)
	Normal cell

	
	2
	4
	2048
	8192
	2916
	144
	4.69
	9200

(1160 in case of 120 kHz SCS))
	Normal cell


The corresponding information captured in TS 38.211 is as following:
Table 6.3.3.1-1: PRACH preamble formats for 
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	Type A, Type B
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Table 6.3.3.1-2: Preamble formats for 
[image: image15.wmf]139

RA

=

L

 and 
[image: image16.wmf]kHz

 

2

15

RA

m

×

=

D

f

 where 
[image: image17.wmf]{

}

3

,

2

,

1

,

0

Î

m

.

	Format
	
[image: image18.wmf]RA

L


	
[image: image19.wmf]RA

f

D


	
[image: image20.wmf]u

N


	
[image: image21.wmf]RA

CP

N


	Support for restricted sets

	A1
	139
	
[image: image22.wmf]kHz

 

2

15

m

×


	
[image: image23.wmf]m

k

-

×

×

2

2048

2


	
[image: image24.wmf]m

k

-

×

2

288


	-

	A2
	139
	
[image: image25.wmf]kHz

 

2

15

m

×


	
[image: image26.wmf]m

k

-

×

×

2

2048

4


	
[image: image27.wmf]m

k

-

×

2

576


	-

	A3
	139
	
[image: image28.wmf]kHz

 

2

15

m

×


	
[image: image29.wmf]m

k

-

×

×

2

2048

6


	
[image: image30.wmf]m

k

-

×

2

864


	-

	B1
	139
	
[image: image31.wmf]kHz

 

2

15

m

×


	
[image: image32.wmf]m

k

-

×

×

2

2048

2


	
[image: image33.wmf]m

k

-

×

2

216


	-

	B2
	139
	
[image: image34.wmf]kHz

 

2

15

m

×


	
[image: image35.wmf]m

k

-

×

×

2

2048

4


	
[image: image36.wmf]m

k

-

×

2

360


	-

	B3
	139
	
[image: image37.wmf]kHz

 

2

15

m

×


	
[image: image38.wmf]m

k

-

×

×

2

2048

6


	
[image: image39.wmf]m

k

-

×

2

504


	-

	B4
	139
	
[image: image40.wmf]kHz

 

2

15

m

×


	
[image: image41.wmf]m

k

-

×

×

2

2048

12


	
[image: image42.wmf]m

k

-

×

2

936


	-

	C0
	139
	
[image: image43.wmf]kHz

 

2

15

m

×


	
[image: image44.wmf]m

k

-

×

2

2048


	
[image: image45.wmf]m

k

-

×

2

1240


	-

	C2
	139
	
[image: image46.wmf]kHz

 

2

15

m

×


	
[image: image47.wmf]m

k

-

×

×

2

2048

4


	
[image: image48.wmf]m

k

-

×

2

2048


	


If we check the characters of all formats, we can know that the applied scenarios is different for different formats. RAN4#78 agreed to only define performance for subset of PRACH preamble format, it is a feasible way to go. 

From Table 6.3.3.2-2 and Table 6.3.3.2-3 of TS 38.211, the supported PRACH preamble formats are:

· Preamble Format

· Long sequence: 0-3

· Short sequence: A1, A2, A3, A1/B1, A2/B2, A3/B3, B1, B4, C0, C2

If we agree not to introduce demodulation performance requirements for format A in combination with format B, i.e. A1/B1, A2/B2, A3/B3, the left preamble formats are:

· Left Preamble Format

· Long sequence: 0-3

· Short sequence: A1, A2, A3, B1, B4, C0, C2

As per the experience in LTE, not all preamble formats will be used in the real network, so only the typical formats should be considered to reduce the RAN4 workload and speed up the work progress. We think that the performance and coverage should be the main factors to consider to select the suitable formats for PRACH performance requirements definitions.
Long sequence: In LTE, format 0 and 3 are used in the real network, we think the corresponding format 0 and 1 defined in NR should be considered to ensure the same capability as LTE. 

For format 3 is very similar with format 0 but with 5kHz instead of 1.25kHz subcarrier spacing, it is mainly designed for high speed (up to 500 km/h) and large cell radius(up to 14km).
Format 2 is within the middle of the format 1 and 3, it is not so typical from our point of view.
Short sequence: scalable preamble formats from 15kHz SCS to 30/60/120kHz SCS for short sequence (L = 139) are defined and mainly designed for high-speed, high frequency and beam-based transmission with larger SCS.

Format B4 has the longest sequence of 12*2048 among the formats for short sequence, it should have the best performance, and the related performance requirements should be defined;

Coverage point of view: Format C2 has the largest CP, i.e. the largest coverage compared to other formats, it can be used in the coverage enhancements scenario, the related performance requirements should be considered to define;

Proposal: The following PRACH preamble formats shall be considered:
· Long sequence: 0, 1 and 3

· Short sequence: B4 and C2

3   Proposals
In this contribution, we analyses the pros and cons of different PRACH preamble formats, and give our proposal is:

Proposal: The following PRACH preamble formats shall be considered:

· Long sequence: 0, 1 and 3

· Short sequence: B4 and C2
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