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Introduction
This paper extends the discussion with Nokia’s views on PRACH BS  demodulation requirements on [4] considering the outcome of RAN4 #96-e meeting on that topic [2][3]. Among the topics discussed on this paper, are which PRACH formats to include in the performance requirements. The discussion on this paper is supported by preliminary simulation results and a test scenario is proposed to be used as baseline for discussion on RAN4. 

PRACH demodulation requirements
PRACH formats
In NR-U, in order to be compliant with regional OCB regulatory requirements [5], in addition to the Rel-15 PRACH sequence, wideband PRACH transmission with longer Zadoff-Chu sequences were introduced. In 15 kHz, the sequence length is 1151, and in 30 kHz, the sequence length is 571. Related to the time domain behavior of PRACH, all Rel-15 PRACH formats remain supported. The longer sequences apply for the short PRACH formats A1, A2, A3, B1, B2, B3, B4, C0, and C2. 
[bookmark: _Toc47724693][bookmark: _Toc54371206]In addition to all Rel-15 PRACH sequences, longer Zadoff-Chu sequences were introduced in NR-U for 15 kHz and 30 kHz SCS.
[bookmark: _Toc54371207]New PRACH sequences for operation on unlicensed bands were designed for PRACH formats A1, A2, A3, B1, B2, B3, B4, C0, and C2 with 15 kHz and 30 kHz SCS.
[bookmark: _GoBack]An overview of the time domain behaviour of the PRACH sequences is shown in Figure 1, where the length of the cyclic prefix, and the number of sequence repetitions are described. From these sequences, C0 and C2 are the ones that provide support for wider cells. The applicability of NR-U is already agreed by RAN4 to cover local area BS and medium range BS in n46, local are BS in n96, and medium range BS in n96 is under discussion during RAN4 #97-e [8]. 
[bookmark: _Toc54371208]NR-U is applicable to both LA BS and MR BS. 


[bookmark: _Ref54004186]Figure 1 Overview of the PRACH short formats
Existing Rel-15 PRACH requirements in FR1 apply for PRACH formats 0, A1, A2, A3, B4, C0, and C2 for both 15 kHz and 30 kHz with applicability rules depending on manufacturer declarations D.103 [6]. For Rel-16 HST, the performance requirements are defined for formats A2, B4 and C2 with applicability rule D.110  [6]. 
[bookmark: _Toc54371209]RAN4 has Rel-15 BS demodulation performance requirements for short PRACH formats A1, A2, A3, B4, C0 and C2 with 15 kHz and 30 kHz SCS in FR1. 
[bookmark: _Toc54371210]RAN4 has Rel-16 HST BS demodulation performance requirements for short PRACH formats A2, B4, and C2 with 15 kHz and 30 kHz SCS in FR1. 
[bookmark: _Toc54371211]RAN4 to define NR-U BS demodulation performance requirements for 15 kHz and 30 kHz and formats A2, B4, and C2.

Test scenario
In order to progress with the discussion on the test environment, we propose using the parameters from the PRACH Rel. 15 performance requirements as a baseline for the discussion. Considering that, we propose the parameters in  Table 1. 
[bookmark: _Toc54371212]RAN4 to consider Rel. 15 PRACH for Normal Mode testing parameters as a baseline for the discussion on the parameters for NR-U performance requirements as in the table below: 
[bookmark: _Ref54288036][bookmark: _Ref54288032]Table 1 Proposed parameters for PRACH BS demodulation performance requirements
	Parameter
	Value

	Subcarrier spacing
	15 kHz and 30 kHz

	Antenna configuration
	1x2, 1x4, 1x8

	Propagation channel
	AWGN and TDLC300-100

	Frequency Offset
	0 (AWGN) and 400 (TDLC300-100)

	Test metric
	SNR at Pfa < 0.1 % and Pd > 99%



Preliminary simulation results
Preliminary NR-U PRACH simulation results with parameters in Table 2 are shown in Table 3. In these results the Rel. 15 PRACH results are represented in the column L = 139, and the results for NR-U are in the columns L=571 and L=1151. Considering the same sequence, the PRACH using longer NR-U sequences presents a performance improvement of 8 to 9 dB for 15 kHz for both of the tested formats. 

[bookmark: _Ref54288209]Table 2 Simulation parameters
	Parameter
	Value

	Carrier Frequency
	3.5 GHz

	Antenna configuration
	1x2

	Propagation channel
	AWGN
TDLC300-0

	UE speed
	0kph. 

	Sequence length (L)
	139
571 (limited to μ=1)
1151 (limited to μ=0)

	PRACH format
	A2, B4

	Subcarrier spacing 
	15 kHz
30 kHz for L=571

	Frequency offset
	No 

	Time Offset
	No 

	Detection criteria
	1% maximum mis-detection probability
0.1% maximum false alarm probability



[bookmark: _Ref54288212]Table 3 Simulation results
	
	AWGN
	TDLC-300-0

	
	L = 139
SCS = 15 kHz 
	L = 571
SCS = 30 kHz
	L = 1151
SCS = 15 kHz
	L = 139
SCS = 15 kHz 
	L = 571
SCS = 30 kHz
	L = 1151
SCS = 15 kHz

	Format A2
	-15,30
	-21,40
	-24,10
	-9.4
	-15.0
	-17,8

	Format B4
	-20,00
	-26,20
	-28,90
	-14.0
	-19,8
	-22,6




[bookmark: _Hlk31794208]Conclusion
In this contribution we provided Nokia’s views on the demodulation performance of PRACH for NR-U. Among the conclusions and observations derived from this discussion are the following: 
Observation 1: In addition to all Rel-15 PRACH sequences, longer Zadoff-Chu sequences were introduced in NR-U for 15 kHz and 30 kHz SCS.
Observation 2: New PRACH sequences for operation on unlicensed bands were designed for PRACH formats A1, A2, A3, B1, B2, B3, B4, C0, and C2 with 15 kHz and 30 kHz SCS.
Observation 3: NR-U is applicable to both LA BS and MR BS.
Observation 4: RAN4 has Rel-15 BS demodulation performance requirements for short PRACH formats A1, A2, A3, B4, C0 and C2 with 15 kHz and 30 kHz SCS in FR1.
Observation 5: RAN4 has Rel-16 HST BS demodulation performance requirements for short PRACH formats A2, B4, and C2 with 15 kHz and 30 kHz SCS in FR1.
Proposal 1: RAN4 to define NR-U BS demodulation performance requirements for 15 kHz and 30 kHz and formats A2, B4, and C2.
Proposal 2: RAN4 to consider Rel. 15 PRACH for Normal Mode testing parameters as a baseline for the discussion on the parameters for NR-U performance requirements as in the table below:
 Proposed parameters for PRACH BS demodulation performance requirements
	Parameter
	Value

	Subcarrier spacing
	15 kHz and 30 kHz

	Antenna configuration
	1x2, 1x4, 1x8

	Propagation channel
	AWGN and TDLC300-100

	Frequency Offset
	0 (AWGN) and 400 (TDLC300-100)

	Test metric
	SNR at Pfa < 0.1 % and Pd > 99%
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