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Introduction
In RAN4#87, in [1], one WF is approved for BS PRACH demodulation. In this paper, we provide our view on some details setup for PRACH. In RAN4#AH1807, one new WF was approved for BS PRACH. In this paper, we further discuss how to define the performance requirements for PRACH. 
[bookmark: _Ref513556193]Background
In RAN1, Four PRACH formats with long sequence are defined and nine PRACH formats with short sequence are defined. In Table 1, the PRACH formats with long sequence are given and the PRACH formats with short sequence are given in Table 2.


[bookmark: _Ref513555545]Table 1: PRACH preamble formats for  and .
	Format
	

	

	

	

	Support for restricted sets

	0
	839
	1.25 kHz
	

	

	Type A, Type B

	1
	839
	1.25 kHz
	

	

	Type A, Type B

	2
	839
	1.25 kHz
	

	

	Type A, Type B

	3
	839
	5 kHz
	

	

	Type A, Type B






[bookmark: _Ref517096837]Table 2: Preamble formats for  and  where .
	Format
	

	

	

	

	Support for restricted sets

	[bookmark: _Hlk494194986]A1
	139
	

	

	

	-

	A2
	139
	

	

	

	-

	A3
	139
	

	

	

	-

	B1
	139
	

	

	

	-

	B2
	139
	

	

	

	-

	B3
	139
	

	

	

	-

	B4
	139
	

	

	

	-

	C0
	139
	

	

	

	-

	C2
	139
	

	

	

	



For PRACH formats with short sequence, each format can have potential 4 different subcarrier spacing (SCS). 
Discussion
According to the agreements in [2], RAN4 strive to define performance requirements based on the following agreements:
· For long sequence, requirements are defined for:
· Format 0
· FFS for format 1 and Format 3
· For short sequence, the following formats will be considered, but further down selection is needed: 
· A1, A2, A3, B4, C0 and C2
For the long sequence, according to the discussion for long sequence, the usage for format 1/2/3 is shown in Table 3.
[bookmark: _Ref513559834]Table 3: Usage scenarios for PRACH with long sequence
	Format
	

	

	

	

	Usage scenarios

	0
	839
	1.25 kHz
	

	

	LTE refarming 

	1
	839
	1.25 kHz
	

	

	Large cell, up to 100 km

	2
	839
	1.25 kHz
	

	

	Coverage enhancement

	3
	839
	5 kHz
	

	

	High speed case



For format 1, it is used for large cell. For format 3, it is used for high speed case. We can see that format 1, format 3 are used for special scenarios. Due to limited time, we prefer to only define performance requirements for Format0 and down prioritize format 1/2/3 in Rel-15. If necessary, we can further discuss in future release for Format 1, 2 and 3. 

[bookmark: _Toc517099700][bookmark: _Toc517705858][bookmark: _Toc517706397][bookmark: _Toc517706904][bookmark: _Toc521503590][bookmark: _Toc521681760]For long sequence, requirements are defined only for format 0 in Rel-15. Format 1/2/3 can be discussed in future release if needed. 
According to the latest discussion in RAN4#AH1807, the group agreed to define performance requirements for at most A1, A2, A3, B4, C2, C0 in Rel-15. 
According to Table 2, we can see that A1 and B1 only have two OFDM symbols. When 30KHz is used for the numerology, the actual transmitted timing is equivalent to 1 OFDM symbols of LTE. While in LTE, at least 12 OFDM symbols are configured for PRACH, as shown in Table 4. Thus, roughly, the coverage of A1 and B1 will become 11 dB (10*log10(12)) smaller compared with LTE without considering other loss. When you consider other loss, such as pathloss of NR, the coverage can be further reduced. For C0, the coverage is even worse. 

[bookmark: _Ref517098121]Table 4: Random access preamble parameters (LTE)
	Preamble format
	

	


	0
	

	


	1
	

	


	2
	

	


	3
	

	


	4 (see Note)
	

	


	

NOTE:	Frame structure type 2 and special subframe configurations with UpPTS lengths and only assuming that the number of additional SC-FDMA symbols in UpPTS X in Table 4.2-1 is 0.



Based on current operator’s deployment plan, the coverage shall be comparable with LTE in mid-band in Rel-15. Thus, we shall prioritize A3 and B4 in PRACH performance requirements over A1 and B1. 
Further, for A1~A3, A3 have 6 sequences and A1 only have 2 sequences, thus, A3 is more general than A1 from verifying receiver behaviour point of view. In other words, if gNB can have good performance for A3, it should have good performance for A1 too. The same principle can be applied for B1 and B4. Thus, A3 and B4 is a good candidate for the PRACH format. 
[bookmark: _Toc517099701][bookmark: _Toc517705859][bookmark: _Toc517706398][bookmark: _Toc517706905][bookmark: _Toc521503591][bookmark: _Toc521681761]Compared A1, B1 and C0, A3 and B4 shall be prioritized as the selected PRACH format with short sequence

· Logical sequence index
To generate the PRACH sequence, we need give the number of root sequences (u) required and the cyclic shift length (NCS).  The number of root sequences (u) required and the cyclic shift length (NCS) are dependent on the cell size. For small cell size, only one root sequence can be used to generate all preambles. In Rel-8, we use Ncs=13 for the simulation for format 0. We can reuse the same assumption for Format 0 in NR. For PRACH with short sequence, the cell size is scaled according to the SCS of PRACH. The Ncs value shall be decided based on the configured SCS. As a general principle,  shall satisfy the following condition:

Where  and  is the PRACH sequence length and duration (measured in s),  is 139 for short sequence, and  is the maximum delay spread,  is the cell size and  is the number of additional guard samples due to the receiver pulse shaping filter. For example, the coverage for each SCS and Ncs value is given in Table 5. From the table, we can see that Ncs value shall be selected properly, otherwise, the coverage is too small. 
[bookmark: _Ref521504310]Table 5: Coverage analysis for different Ncs
[image: ]

when 30KHz is used and Ncs=27, the cell size is about 100 m and Ncs=46, the coverage is about 800m for FR1. Thus, Ncs=46 is more reasonable. For high band FR2, when the subcarrier spacing is 120KHz,  becomes shorter, thus,  need to be enlarged. As another alternative, we don’t use cyclic shift and just set  for high band FR2. 
Conclusion
In this paper, we share our view on how to define PRACH performance requirements, we have the following observations: 
Based on the discussion, we propose the following:
Proposal 1	For long sequence, requirements are defined only for format 0 in Rel-15. Format 1/2/3 can be discussed in future release if needed.
Proposal 2	Compared A1, B1 and C0, A3 and B4 shall be prioritized as the selected PRACH format with short sequence
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