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	Introduction 
During RAN4#86bis meeting in April the Way forward on NR BS demodulation performance has been approved, and general open issues in test configuration and issues for FFS for PRACH performance requirements are listed as below [1]. This contribution will discuss NR PRACH performance requirements and some of these issues.
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· PRACH
· Preamble Format 
· Whether all formats or a subset of them are tested
· FFS: whether type of restricted sets are to be tested 
· FFS: Test metric
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LTE PRACH performance requirements have been defined as below [2]:
· The minimum requirement of the false alarm probability shall be less than or equal to 0.1%. The false alarm probability is the conditional total probability of erroneous detection of the preamble (i.e. erroneous detection from any detector) when input is only noise. 
· The minimum requirement for probability of detection shall be equal to or exceed 99% for the SNR levels listed in Tables 8.4.2.1-1 to 8.4.2.1-5 in [2].

Proposal 1: Similar as LTE, the following NR PRACH performance requirements should be defined:
· The minimum requirement of the false alarm probability. 
· For FR1, less than or equal to 0.1% as LTE could be considered.
· For FR2, needs further check due to possible differences of RF components in FR2 and FR1.
· The minimum requirement for probability of detection. 
· For FR1, equal to or exceed 99% needs to be confirmed due to possible higher frequency offset than 270 Hz in LTE.
· For FR2, needs further study due to possible high frequency offsets.
· FFS for the required SNR levels for different antenna configurations, propagation conditions and frequency offsets. 
For antenna configurations in FR1, it’s reasonable to reuse LTE antenna configurations. For FR2, more discussions are needed to confirm if LTE antenna configuration could be reused or not. 
Comparing to LTE, significant more number of BWs [2] and SCSpreamble (PRACH preamble SCS) have been specified in NR as shown in Tables 6.3.3.1-1 and 6.3.3.1-2 below [3]. To limit the test efforts, only a few combinations should be selected. 
For UE frequency error, the NR UE modulated carrier frequency shall be accurate to within ±0.1 ppm observed over a period of 1 msec (for UL-MIMO in FR1 [4] ) and TBD (for TX signal quality in FR1 [4]) and [1 msec] (for TX signal quality in FR2 [5]) compared to the carrier frequency received from the NR gNB. For defining PRACH performance requirements, it’s reasonable to assume NR UE modulated carrier frequency shall be accurate to within ±0.1 ppm for preamble transmission observed over a period of [1 msec]. Frequency offset could be determined based on this assumption.


Table 6.3.3.1-1 [3]: 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






Table 6.3.3.1-2 [3]: 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
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Proposal 2: For NR PRACH performance requirements the following could be considered:
· Antenna configuration for FR1:
· Number of UE TX: 1
· Number of BS RX: 2, 4, 8 
· Antenna configuration for FR2:
· Discuss and confirm if LTE antenna configuration could be reused or not.
· Combinations of BW@SCSRA: only a few combinations will be selected in FR1 and FR2. 
· Frequency offset:  could be determined assuming UE modulated carrier frequency is accurate to within ±0.1 ppm observed over a period of [1 msec] compared to the carrier frequency received from the NR gNB.

For preamble formats, NR specified 13 formats and most of the formats has several SCSpreamble specified, which are significantly complicated than LTE. To limit the test efforts, only a subset of preamble format will be tested. 
Proposal 3: A subset of preamble formats will be tested. FFS for which formats will be tested.
The test preamble format parameters should also be specified for each tested formats. For the formats with multiple SCSs in Table 6.3.3.1-2 [3], RAN4 should discuss which SCSs should be specified.
Proposal 4: RAN4 shall decide the test preamble format parameters in the table below.
Table: Test preamble format parameters
	Preamble format
	SCSpreamble (kHz)
	Ncs
	Logical sequence index
	v

	Format 1
	TBD
	TBD
	TBD
	TBD

	Format 2
	TBD
	TBD
	TBD
	TBD

	…
	…
	…
	…
	…

	Format n
	TBD
	TBD
	TBD
	TBD



Conclusions

Based on the discussions in this contribution, we have the following proposals:
Proposal 1: Similar as LTE, the following NR PRACH performance requirements should be defined:
· The minimum requirement of the false alarm probability. 
· For FR1, less than or equal to 0.1% as LTE could be considered.
· For FR2, needs further check due to possible differences of RF components in FR2 and FR1.
· The minimum requirement for probability of detection. 
· For FR1, equal to or exceed 99% needs to be confirmed due to possible higher frequency offset than 270 Hz in LTE.
· For FR2, needs further study due to possible high frequency offsets.
· FFS for the required SNR levels for different antenna configurations, propagation conditions and frequency offsets. 
Proposal 2: For NR PRACH performance requirements the following could be considered:
· Antenna configuration for FR1:
· Number of UE TX: 1
· Number of BS RX: 2, 4, 8 
· Antenna configuration for FR2:
· Discuss and confirm if LTE antenna configuration could be reused or not.
· Combinations of BW@SCSRA: only a few combinations will be selected in FR1 and FR2. 
· Frequency offset:  could be determined assuming UE modulated carrier frequency is accurate to within ±0.1 ppm observed over a period of [1 msec] compared to the carrier frequency received from the NR gNB.
Proposal 3: A subset of preamble formats will be tested. FFS for which formats will be tested.
Proposal 4: RAN4 shall decide the test preamble format parameters in the table below.
Table: Test preamble format parameters
	Preamble format
	SCSpreamble (kHz)
	Ncs
	Logical sequence index
	v

	Format 1
	TBD
	TBD
	TBD
	TBD

	Format 2
	TBD
	TBD
	TBD
	TBD

	…
	…
	…
	…
	…

	Format n
	TBD
	TBD
	TBD
	TBD
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Propagation Condition

— Option1: Consider to use the conclusions from UE demod discussions, if
feasible

— Option 2: consider the BS demod independently from UE discussion
Duplex mode

TDD UL DL configuration
— Consider only semi-statically configured UL DL configurations

Antenna configuration
BW
SCS
Reference receiver
— only noise is modeled in the tests (no explicit interferer modeled) in Rel-15
Consider how to capture CA, EN-DC and SUL based on single carrier cases

Study multiple user test cases after single user tests cases are completed,
if needed
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