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1	Introduction
During RAN4 AH07 meeting, the NR BS demodulation performance requirements are further discussed on the general issue and performance requirements test cases. Some general issues 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
· 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
· SCS 
· 15 KHz
· 30 KHz
· 60 KHz (FR2)
· 120 KHz
· Apply the performance requirements based on BS declare
· Simulation Assumption
· SCS and Bandwidth
· 15kHz, 10MHz,
· 30kHz,40MHz
· 60kHz(FR2), 100MHz
· 120kHz, 100MHz
· Channel
· AWGN,
· Antenna Configuration
· 1TX, 2Rx
· Ncs
· Format 0: Ncs =[13] and v=22 (for simulation alignment)
· Short sequence: FFS  Ncs, v=[0]

In this contribution, based on above agreement, we provide our view on the remaining issues for the performance requirement of NR PRACH.
2	Discussion
Compared with LTE, two different lengths of random access preamble sequences are supported, with 4 PRACH formats for    and 9 PRACH formats for., as shown in the table 1 and Table2, respectively. In Table 2, the value of maximum cell coverage is calculated based on 15 KHz subcarrier spacing, the value for other SCS should be scaled with the ratio of 15 KHz.


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

	

	

	

	Support for restricted sets
	Coverage(km)
	Use case

	0
	839
	1.25 kHz
	

	

	Type A, Type B
	14.53
	LTE reframing

	1
	839
	1.25 kHz
	

	

	Type A, Type B
	107.34
	Large cell

	2
	839
	1.25 kHz
	

	

	Type A, Type B
	142.89
	Coverage enhancement

	3
	839
	5 kHz
	

	

	Type A, Type B
	14.53
	High speed case






Table 2: Preamble formats for  and  where.
	Format
	

	

	

	

	Coverage(m) (15KHz)
	Use case

	[bookmark: _Hlk494194986]A1
	139
	

	

	

	938
	Small cell

	A2
	139
	

	

	

	2109
	Normal cell

	A3
	139
	

	

	

	3516
	Normal cell

	B1
	139
	

	

	

	469
	Small cell

	B2
	139
	

	

	

	1055
	Normal cell

	B3
	139
	

	

	

	1758
	Normal cell

	B4
	139
	

	

	

	3867
	Normal cell

	C0
	139
	

	

	

	5300
	Normal cell

	C2
	139
	

	

	

	9200
	Normal cell



As captured in the WF [1], some format for long sequence and short sequence are selected for performance requirements setting. Considering the combination of SCS and BW for each format, the number of test cases is still need to be reduced.
As indicated in the table 1, for format 0, it is same with LTE format 0 for LTE reframing case. For format 1, it is used for large cell case; the cell radius can be up to 100km, which is same with LTE format 3, which is same with LTE format 3. For format 2, it is used for coverage enhancement. For format 3, it is used for high speed case. Obviously, format 0 is more essential format compared with other formats for NR operation, while for other formats; they are only used for specific scenario.
As agreed in last meeting, the performance requirement of format 0 will be define in Rel-15. In order to avoid too many cases for large payloads, we think we only focus on the more essential norm mode in Rel-15. So, our preferred is not define the performance requirement for format 1/2/3 with long sequence.
For short sequence, the motivation of design is to coverage enhancement and beam weeping. Generally, CP duration and guard duration is related to the cell radius, and preamble duration has a relation to link budget. Different CP length per sub-carrier is to cover small, medium and large cell coverage. 
In terms of cell coverage, as indicated in table 2, C2 has the largest CP length, compared with other short sequences, thus, it should have the large cell coverage. As for typical cases, fixed wireless access (FWA) is also discussed in RAN4, which is with 1km cell radius. This cell radius is not enough using excepting format C2.
Preamble duration can be increased by sequence repetition for the purpose of beam scanning operation at gNB side in multi-beam scenario, where the repetition factor is dependent on the number of receiving beams at gNB. NR system may use multiple beams in mmWave environment. In this situation, signals for initial access (e.g. synchronization signal, RACH signal, etc) should be transmitted in each direction of beams, and a subset of RACH resources may be linked with SS block in same beam direction for initial beam acquisition. For beam-sweeping, current RAN1 has the follow assumption:
1. Beam-sweeping, in both below and above 6GHz
0. For below 6GHz, there can be scenarios with a few number of beams e.g up to 4
0. For above 6GHz, there can be scenarios with a large number of beams. In order to support a large number of beams.

For Format B4, the motivation is for beam sweeping operation, although it has the largest number of repetition. Current there is no speciation for beam correspondence at gNB, it depends on the UE capability. In case of without beam correspondence, gNB should select the available beam with beam sweeping operation. For example, UE transmits 12 symbol periods (B4) with unknown beam index, gNB should find beam index for symbol 1, 2 with beam0, symbol 2, 3 with beam1. In our view, whether combing these 12 symbol depends on the BS impractical implementation. 
Also whether this combination again can be achievable depends on given environment, such as existed frequency offset, high frequency Doppler shift. In this environment, the achievable combing again should be limited.
Thus, different implementation method will result in the very large gap of minimum performance for each company. So, how to guarantee the BS pass the test, in case of there is no combination implementation, is need to be further discussion. In order to reduce the Rx receiver implementation complexity and effort for pass the requirement, we recommend that there is no performance requirement for Format B4 in Rel-15
In terms of Number of Occasion, current RAN1 agreement is 
· For preamble format,  at least the following # of occasions:
· A1: 6
· A2: 3
· A3: 2
· B4: 1
· B1: 6 or 7
· C0: 4
· C2: 2
· A1/B1: 6 or 7
· A2/B2: 3
· A3/B3: 2

Since RAN4 group has no consideration the performance requirement of hybrid format, such as Format A1/B1, A2/B2 or A3/B3, Format A1 has the largest number of occasions in one slot, which can have the flexible benefit for scheduling.
For Format A1, in case of beam-sweeping, it has the short sweeping operation, where the large number of beams for mm Wave environment can be utilized. Thus, we recommend that Format A1 can be regarded as candidate for defining performance requirement.
Compare with A2 and A3, considering the coverage, Rx receiver implementation complexity, the available number of occasion as well as beam sweeping period, we prefer the performance requirement in Rel-15 should be low priority.
For format C0, the number of occasion and the period of beam sweeping is less than Format A1. Also, the drawback of C0 is that RACH resources are not aligned with symbol boundary. In our view, RACH resources should be reserved with the symbol alignment with other channels, such as PUCCH and PUSCH, otherwise it causes UL scheduling restrictions. Two time multiplexed preambles of C0 are aligned to 3 PUSCH OFDM symbols respectively.
Base on above analysis, we prefer the performance requirement of Format A1 and C2 should be considered in Rel-15 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 1: For PRACH format with long sequence format, only define the performance requirement for Format 0 with aiming to focus on the more essential normal mode in Rel-15. For PRACH format with short sequence format, the performance requirement of Format A1 and C2 should be considered in Rel-15.
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 3.
[bookmark: _Ref510541283]Proposal 3: Recommend combination of preamble formats and SCS for performance requirement in Rel-15
Table 3 Recommended combinations 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.
[bookmark: OLE_LINK1]Proposal 3: Recommend Ncs=0 for the performance requirement of PRACH with short sequence format.

3	Conclusion
In this contrition, we provide our view about the remained issue on performance requirement of NR BS PRACH.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Proposal 1: For PRACH format with long sequence format, only define the performance requirement for Format 0 with aiming to focus on the more essential normal mode in Rel-15. For PRACH format with short sequence format, the performance requirement of Format A1 and C2 should be considered in Rel-15.
Proposal 2: Recommend combination of preamble formats and SCS for performance requirement in Rel-15
Table 3 Recommended combinations of preamble formats and SCS
	
	Burst format
	SCS(kHz)

	FR1
	0
	1.25

	
	A1
	15

	
	C2
	15

	FR2
	A1
	120

	
	C2
	120



Proposal 3: Recommend Ncs=0 for the performance requirement of PRACH with short sequence format.
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