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1	Introduction
According to the NR WID [1], the performance part of the WI includes following objectives:
	Specify the following requirements [RAN4]
· Base station performance requirements
· UE performance requirements
· Radio Resource Management performance requirements
· Base station conformance testing (conducted and/or radiated for Range 1, radiated only for Range 2)


For BS performance requirements, we have discussed the high-level principles in our companion paper [2], where we propose to define demodulation requirements for UL channels PUSCH, PUCCH and PRACH. 
PRACH is the UL control channel. In 36.104, the PRACH requirements are defined in section 8.4 which can be used as baseline for the work in NR. Compared to LTE there are some new aspects in NR PRACH design and they need to be specifically discussed and taken into account when defining the performance tests for NR. 
In this paper, we will provide our initial views on NR PRACH performance requirements, in particular the new features in NR PRACH as compared to LTE. Based on the discussion, we will also give our suggestions on the simulation assumptions to progress the work.
A lot of assumptions are common to all uplink simulations and these are outlined in [1]. In order to facilitate discussions we refer to the assumptions made for PRACH as much as possible and only elaborate on the differences.
2	Discussion
[bookmark: _Hlk510439626]As discussed in [2], our general view for the NR BS demodulation work is that RAN4 should first focus on conducted requirements. As only radiated requirements apply for FR2, we will only consider FR1 in the following discussions. We will focus on the essential normal mode and High speed mode could be added later.
2.1	Test scope and performance metric
In 36.104, PRACH requirements are defined for two categories:
· PRACH false alarm probability
· PRACH detection requirements
Basically, the performance requirements are defined for all the supported PRACH preamble formats. The performance metrics used are
· False alarm probability < 0.1%
· Missed detection probability <1% 
For the performance metric, we think both “False alarm probability” and “Missed detection probability” can be reused in NR.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]For AWGN, the condition of timing estimation error occurring can be same as LTE. But for the new propagation channels and SCS, we propose to seek the suitable condition by step of TA adjustment to get a stable reference point.

NR PRACH performance metric is the SNR for False alarm probability < 0.1% and Missed detection probability <1%
The requirements on timing estimation error should be further studied

2.2	General parameters
NR PRACH is transmitted from 1 antenna port, and there is no transmit diversity scheme defined. Therefore, the performance tests can only be defined for 1Tx. For the Rx, as discussed in [2] we think 2Rx, 4Rx and 8Rx should be tested. 
[bookmark: OLE_LINK26][bookmark: _Hlk510510959][bookmark: _Hlk510511035]There are more channel bandwidths defined in NR. Since the performance of RACH is independent of the channel bandwidth in ideal simulations we think the applicable channel bandwidths for each preamble format can be used for the ideal simulation.
SCS is a new aspect in NR. Since the SCS will impact the PRACH performance, we think all SCS supported for FR1 should be tested.
[bookmark: OLE_LINK12]We propose a frequency offset of 400Hz when taking into account UE frequency error (0.1ppm @ 4GHz). 
[bookmark: _Ref510381381]NR PRACH performance requirements are defined
· For 1Tx
· For some but not all the supported cell BWs in 38.104
· SCS of 1.5kHz, 5kHz, 15kHz and 30kHz
· Frequency offset of 400Hz

2.3	Format specific parameters


[bookmark: _Hlk510451382][bookmark: OLE_LINK28]There are 4 PRACH preamble formats for  and 9 PRACH preamble formats for  to consider. In order to avoid too many test cases for large payloads, we think RAN4 should consider these preamble formats for that PRACH performance may be different. Several factors may impact on PRACH performance, e.g. the time of preamble sequence duration, sequence length and SCS. Our initial proposal for the combinations of preamble formats and SCS is provided in Table 1.
[bookmark: _Ref510541283]Table 1 Recommended the combinations of preamble formats and SCS
	[bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: _Hlk510603430]Burst format
	SCS(kHz)

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

	1
	1.25

	2
	1.25

	3
	5

	A1
	15

	A2
	15/30

	A3
	15/30

	B4
	30

	C0
	15



The parameters of PRACH test preambles that are defined in 36.104 can be reused in NR. Since the number of root sequences required and the cyclic shift length (Ncs) are dependent on the cell size, we design test preambles for different cell radius. An example of the test parameters is provided in Table 2. 

[bookmark: _Ref510541334]Table 2 Recommended test preambles
	[bookmark: _Hlk510603546]Burst format
	Ncs
	Logical sequence index
	v

	0
	13
	22
	32

	1
	0
	22
	0

	2
	167
	22
	0

	3
	93
	22
	2

	A1
	2
	0
	0

	A2
	10
	0
	7

	A3
	27
	0
	2

	B4
	27
	0
	2

	C0
	10
	0
	0



[bookmark: OLE_LINK50]consider the format specific parameters as below for NR PRACH performance tests
· Burst format 0: SCS  1.25kHz, Ncs 13, Logical sequence index 22, v 32
· Burst format 1: SCS  1.25kHz, Ncs 0, Logical sequence index 22, v 0
· Burst format 2: SCS  1.25kHz, Ncs 167, Logical sequence index 22, v 0
· Burst format 3: SCS  5kHz, Ncs 93, Logical sequence index 22, v 2
· Burst format A1: SCS  15kHz, Ncs 2, Logical sequence index 0, v 0
· Burst format A2: SCS  15kHz and 30kHz, Ncs 10, Logical sequence index 0, v 7
· Burst format A3: SCS  15kHz and 30kHz, Ncs 27, Logical sequence index 0, v 2
· Burst format B4: SCS  30kHz, Ncs 27, Logical sequence index 0, v 2
· Burst format C0: SCS  15kHz, Ncs 10, Logical sequence index 0, v 0

3	Simulation assumptions
Based on discussions on section 2, our suggested simulation assumptions for NR PRACH performance requirements are summarized in Table 3.
[bookmark: _Ref510350872]Table 3: Simulation assumptions for NR PRACH performance requirements.
	[bookmark: OLE_LINK15]Parameter
	Value
	Remarks

	[bookmark: _Hlk510603715]Number of Tx
	1
	no transparent Tx diversity considered

	Number of Rx
	2, 4, 8
	number of diversity branches in baseband

	SCS (kHz)
	[bookmark: OLE_LINK32][bookmark: OLE_LINK33]1.25, 5, 15, 30
	

	channel bandwidth (MHz)
	1.25kHz SCS: 10
5kHz SCS: 10
15kHz SCS: 20
30kHz SCS: 20
	part of the supported BWs is tested

	[bookmark: OLE_LINK34]Carrier frequency (GHz)
	4
	

	Burst format
	0, 1, 2, 3, A1, A2, A3, B4, C0
	part of the format is tested

	Propagation channel
	AWGN, TDL-C (RMS 300ns, UE speed 30km/h)
	

	Frequency offset(Hz)
	400
	Assume 0.1 ppm at UE



4	Conclusion
In this paper, we provided our initial views on the NR PRACH performance requirements, and gave our suggestion on the simulation assumptions.
1. [bookmark: OLE_LINK1]NR PRACH performance metric is the SNR for False alarm probability < 0.1% and Missed detection probability <1%
The requirements on timing estimation error should be further studied
[bookmark: OLE_LINK2]NR PRACH performance requirements are defined
· For 1Tx
· For some but not all the supported cell BWs in 38.104
· SCS of 1.5kHz, 5kHz, 15kHz and 30kHz
· Frequency offset of 400Hz
consider the format specific parameters as below for NR PRACH performance tests
· Burst format 0: SCS  1.25kHz, Ncs 13, Logical sequence index 22, v 32
· Burst format 1: SCS  1.25kHz, Ncs 0, Logical sequence index 22, v 0
· Burst format 2: SCS  1.25kHz, Ncs 167, Logical sequence index 22, v 0
· Burst format 3: SCS  5kHz, Ncs 93, Logical sequence index 22, v 2
· Burst format A1: SCS  15kHz, Ncs 2, Logical sequence index 0, v 0
· Burst format A2: SCS  15kHz and 30kHz, Ncs 10, Logical sequence index 0, v 7
· Burst format A3: SCS  15kHz and 30kHz, Ncs 27, Logical sequence index 0, v 2
· Burst format B4: SCS  30kHz, Ncs 27, Logical sequence index 0, v 2
· Burst format C0: SCS  15kHz, Ncs 10, Logical sequence index 0, v 0

References
[1] [bookmark: _Ref431017336]RP-180536, Revised WID on New Radio Access Technology, NTT DOCOMO
[2] [bookmark: _GoBack]R4-1805081, On general issues for NR BS demodulation requirements, Nokia, Nokia Shanghai Bell

image2.wmf
139

RA

=

L


oleObject2.bin

image1.wmf
839

RA

=

L


oleObject1.bin

