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1	Introduction
During RAN4 #88 meeting, the NR BS demodulation performance requirements are further discussed on the general issue and performance requirements test. Some general issue about NR PRACH performance requirements are captured and agreed in the WF [1] as follow:
· There are no test cases for restricted sets in Rel-15
· 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]
· SCS 
· Keep the previous agreement and cover 15kHz, 30kHz, 60kHz (FR2) and 120kHz for short sequence
· Apply the performance requirements for short sequence based on BS declaration
· 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
· [bookmark: OLE_LINK19][bookmark: OLE_LINK20]Frequency offset for FR1
· [bookmark: OLE_LINK21][bookmark: OLE_LINK22]Option 1:500Hz
· Other options are not precluded
· Logical sequence index
· Option 1:  22 for long sequence, 0 for short sequence
· Other options not precluded
· 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 this contribution, based on above agreement, we provide our view on the remained issues for the performance requirement of NR PRACH. Also, the initial simulation results are provided for alignment purpose.
2	Discussion
For PRACH format with short sequence, there are four SCS for each format. Considering that there are four different SCS scheme for each PRACH format with short sequence, we have at least about 40 formats with all the SCS and PRACH format combination. Aiming to reduce of payloads, our preference is that 15 KHz, for FR1, and 120 KHz for FR2.
According to previous agreements, preamble formats with SCS of 15/30 kHz are used only for below 6 GHz, and on the other hand preamble formats with SCS of 60/120 kHz are used only for above 6 GHz. 15KHz is using for LTE reframing. 120 KHz is most typical scenario, which will be deployed. In terms of receiver complexity, it may be beneficial that FFT processing for reception of RACH preamble is operated in a unit of OFDM symbol aligned with PUSCH or PUCCH.
Based on above analysis, our initial preferred subset for combination of preamble formats and SCS for FR1 and FR2 is provided in Table 1.
[bookmark: _Ref510541283]Proposal 1: Recommend combination of preamble formats and SCS for performance requirement in Rel-15
Table 1 Recommended combination of preamble formats and SCS
	
	[bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: _Hlk510603430]Burst format
	SCS(kHz)

	FR1
	0
	[bookmark: OLE_LINK41][bookmark: OLE_LINK42]1.25

	
	A1
	15

	
	C2
	15

	FR2
	A1
	120

	
	C2
	120



In LTE RACH, each cell has its own unique set of preambles generated from a pre-defined set of 64 Zadoff-Chu sequences.  The set is first constructed from cyclic-shifts of a single root sequence, and then by cyclic shifts of consecutive roots if necessary. The cyclic shift offset  must be selected to allow unambiguous round-trip time estimation at the eNB in the worst case when the UE is located at the cell edge including the expected maximum delay spread, i.e.,

where the PRACH subcarrier spacing   determines the sequence length  and  are additional guard samples due to the receiver pulse shaping filter. 
Normally, larger cell size requires a larger cyclic shift in order to generate orthogonal sequences, and consequently, a higher number of ZC root sequences is necessary in order to provide the 64 required preambles. While for short sequence, the cell size is small than LTE, So, we prefer Ncs =0 for the short sequence, especially in FR2, considering the CP length is very short. For FR1, Ncs=23 is preferred.
[bookmark: OLE_LINK1]Proposal 2: Recommend Ncs=0 for the performance requirement of PRACH with short sequence format in FR2, and Ncs=23 in FR1.
[bookmark: _GoBack]
3	Simulation Results
In this section, the initial simulation results for NR PRACH are provided as shown in Table 2 and Table 3 for FR1 and FR2.
Table 2: Simulation assumption for NR PRACH in FR1
	[bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK18]Parameters
	Format0
	Format A1
	Format A2
	Format A3
	Format B4
	Format C0
	FormatC2

	Bandwidth
	10MHz,
40MHz
	10MHz, 40MHz
	10MHz,
40MHz
	10MHz, 40MHz
	10MHz, 40MHz
	[bookmark: OLE_LINK16][bookmark: OLE_LINK17]10MHz, 40MHz
	10MHz, 40MHz

	SCS
	1.25KHz
	15KHz, 30KHz
	15KHz
 30KHz
	15KHz
 30KHz
	15KHz
 30KHz
	15KHz
 30KHz
	15KHz
 30KHz

	Rx
	2
	2
	2
	2
	2
	2
	2

	Propagation  channel
	AWGN
	AWGN
	AWGN
	AWGN
	AWGN
	AWGN
	AWGN

	Logical sequence index
	22
	0
	0
	0
	0
	0
	0

	Preamble index
	32
	0
	0
	0
	0
	0
	0

	Ncs
	13
	23
	23
	23
	23
	23
	23

	Set type
	Unrestricted
	Unrestricted
	Unrestricted
	Unrestricted
	Unrestricted
	Unrestricted
	Unrestricted



Table 3: Simulation assumption for NR PRACH in FR2
	Parameters
	Format A1
	Format A2
	Format A3
	Format B4
	Format C0
	FormatC2

	Bandwidth
	100MHz
	100MHz
	100MHz
	100MHz
	100MHz
	100MHz

	SCS
	60KHz, 120KHz
	60KHz
 120KHz
	60KHz
 120KHz
	60KHz
 120KHz
	60KHz
 120KHz
	60KHz
 120KHz

	Rx
	2
	2
	2
	2
	2
	2

	Propagation  channel
	AWGN
	AWGN
	AWGN
	AWGN
	AWGN
	AWGN

	Logical sequence index
	0
	0
	0
	0
	0
	0

	Preamble index
	0
	0
	0
	0
	0
	0

	Ncs
	69
	69
	69
	69
	69
	69

	Set type
	Unrestricted
	Unrestricted
	Unrestricted
	Unrestricted
	Unrestricted
	Unrestricted



As for test metric, we follow the legacy way defined in LTE. Both the false alarm probability and missed detection probability are given as the performance requirement for NR PRACH. The initial simulation results can be referred as Table 4 and Table 5 in FR1 and FR2, respectively.
Table 4: Simulation results for NR PRACH in FR1 (to be updated)
	Format 
	SCS&BW
	Missed detection probability (<=1%)

	Format 0
	1.25KHz, 10MHz
	-16.44

	Format 0
	1.25KHz, 40MHz
	-16.48

	Format A1
	15KHz, 10MHz
	-10.86

	Format A2
	15KHz, 10MHz
	-13.27

	Format A3
	15KHz, 10MHz
	

	Format B4
	15KHz, 10MHz
	

	Format C0
	15KHz, 10MHz
	

	Format C2
	15KHz, 10MHz
	-13.28

	Format A1
	30KHz, 40MHz
	-10.88

	Format A2
	[bookmark: OLE_LINK23][bookmark: OLE_LINK24]30KHz, 40MHz
	-13.31

	Format A3
	30KHz, 40MHz
	

	Format B4
	30KHz, 40MHz
	

	Format C0
	30KHz, 40MHz
	

	Format C2
	30KHz, 40MHz
	-13.31



Table5: Simulation results for NR PRACH in FR2 
	Format 
	SCS&BW
	Missed detection probability (<=1%)

	Format A1
	60KHz, 100MHz
	-10.6

	Format A2
	60KHz, 100MHz
	-13.2

	Format A3
	60KHz, 100MHz
	-14.5

	Format B4
	60KHz, 100MHz
	-16.5

	Format C0
	60KHz, 100MHz
	-8.1

	Format C2
	60KHz, 100MHz
	-13.0

	Format A1
	120KHz, 100MHz
	-10.6  (Ncs =69)

	Format A1
	120KHz, 100MHz
	-10.3  (Ncs  = 0)

	Format A2
	120KHz, 100MHz
	-13.2

	Format A3
	120KHz, 100MHz
	-14.5

	Format B4
	120KHz, 100MHz
	-16.5

	Format C0
	120KHz, 100MHz
	-8.1

	Format C2
	120KHz, 100MHz
	-13.0 (Ncs = 69)

	Format C2
	120KHz, 100MHz
	-13.0 (Ncs =0)



From both tables, Format B4 can achieve better performance compared with all the short sequence. Format C2 and A2 has the similar performance, C0 has the worst performance.
3	Conclusion
In this contrition, we provide our view about the remained issue on performance requirement of NR BS PRACH.
Proposal 1: Recommend combination of preamble formats and SCS for performance requirement in Rel-15
Table 1 Recommended combination of preamble formats and SCS
	
	Burst format
	SCS(kHz)

	FR1
	0
	1.25

	
	A1
	15

	
	C2
	15

	FR2
	A1
	120

	
	C2
	120



Proposal 2: Recommend Ncs=0 for the performance requirement of PRACH with short sequence format in FR2, and Ncs=23 in FR1.
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