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1. Introduction
In the last RAN4# meeting, the test scope and test setup for BS demodulation requirement for further coverage enhancement was under discussion.  The related agreement was captured in the WF [1] as following
	· Multiple PRACH transmission requirement 
· Coverage of frequency range (FR) for Multiple PRACH transmission
· FR2-1 agreed and with priority, and cover FR1 for 1x2 only
· PRACH repetition number for BS performance requirements for Multiple PRACH transmission
· Companies to further check the simulation assumptions including TDD pattern, PRACH repetition interval for both FR1 and FR2.
· For the repetition number, keep the previous meeting agreement before simulation assumption agreed.
· Channel Model for BS performance requirements for Multiple PRACH transmission
· TDLA30-300 Low for FR2-1
· TDLC 300-100 Low for FR1
· Companies to provide simulation results for both AWGN and fading channels for simulation results alignment purpose
· Sub Carrier Spacing for BS performance requirements for PRACH repetitions
· If FR1 is agreed to be introduced with PRACH repetition, 15 kHz and 30 kHz should be included.
· For FR2-1 agreed 120KHz, 60KHz is FFS. Encourage operators to provide input.



 In this contribution, the view on the remaining issue on the test setup was provided, and the initial simulation results are provided for alignment purpose based on our proposed PRACH configuration index.
2	Discussion
Sub Carrier Spacing for BS performance requirement for PRACH repetitions 
As agreed in the last meeting, both FR1 and FR2-1 were considered for specifying PRACH requirement with repetitions. As for FR2-1, it is FFS for 60KHz SCS. Although there is no any limitation about SCS, considering the practical deployment in the field, our preference is to only specify the PRACH requirement with multiple repetition with 120KHz SCS.
Proposal 1: only consider 120KHz SCS for specifying the PRACH requirement

PRACH configuration index
In LTE eMTC for coverage enhancement, given the performance is different with different PRACH configuration indexes, the PRACH configuration index was defined to align the simulation results as following note
	· Under fading channel, the PRACH detection performance maybe significantly different with different PRACH configuration indexes. The requirements in this table are defined based on the simulation results with PRACH configuration indexes (3, 19, 35,51) for format 0, format 1, format 2 and format 3, respectively.



Observation 1: PRACH configuration index was defined for requirements derivation for LTE eMTC coverage enhancement. The interval between two ROs is 10ms
With multiple PRACH transmission, the interval between multiple PRACH transmission is pending on the RO patten based on PRACH configuration. The PRACH detection performance in fading channel depends on the interval between two ROs.  With large value interval comparing doppler frequency, the performance is similar regardless of the interval. While in terms of the interval value is close to the doppler frequency, the performance can be worse. Therefore, we propose to apply the same interval between two ROs as 10ms for simulation alignment and requirement derivation 
Proposal 2: Similar as LTE eMTC, applying the interval between two ROs as 10ms for requirement derivation of PRACH with repetition transmission.   
Regarding the PRACH configuration index, it determines the PRACH RO in time domain. For example, assuming TDD FR1 PRACH Config =160, SCS =30KHz, Format B4, then, the related PRACH configuration index context as  
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Based on this table, the related PRACH RO in time domain can be indicated as following, where only one RO is available within 10ms,
[image: ]
Different LTE, there is only one RO for all possible RACH preambles, different SSB index is associated with one RO for PRACH transmission in NR. The mapping between SSB and RACH Occasion is defined by the following two RRC parameters
· Msg1-FDM
· ssb-perRACH-OccasionAndCB-PreamblesPerSSB

For simplicity, we propose to configure Msg1-FDM as 1.  As for ssb-perRACH-Occasion, 8 values can be supported, it can support one SSB mapping to one RO, or one SSB mapping to multiple ROs, or multiple SSB mapping to one RO. Since it was agreed to that BS conformance test for multiple PRACH transmission with different Tx beams will not be covered, then the same Tx beams will be considered for multiple PRACH transmission, where a set of consists of N valid PRACH occasions that are consecutive in time, use same frequency resources.  We prefer to set one SSB mapping to one RO. 
Meanwhile, in the practical deployment, it is too dense if multiple RO transmission within 10ms, therefore, we prefer to choose the proper PRACH confirmation index, where less RO is transmitted within 10ms.
Regarding the valid PRACH occasions, it also depends on FDD or TDD configuration. For FDD, all the PRACH occasion are valid, and for TDD, if configured the TDD pattern, only UL slot is valid for PRACH occasion. For example, for TDD pattern as DDDSU in FR1 with 15KHz, only slot 4 or slot 9 are valid for UL transmission.
Proposal 3:  The following principle can be considered for choosing PRACH configuration index 
· Msg1-FDM =1
· ssb-perRACH-Occasion =four (one to one mapping)
· TDD pattern
· 15KHz:  3D1S1U
· 30KHz:  7D1S2U
· 120KHz: 3D1S1U
· Less ROs are transmitted within 10ms, e.g., less than 8 

In summary, as our preference to guarantee the interval between 2ROs is 10ms, the following PRACH configuration index can be considered as 
Proposal 4:  The following PRACH configuration index can be considered as 
· 15KHz SCS
· Format A2
· PRACH configuration index, 127, number of RO within 10ms =3, number of SSB within 10ms=3
· Format B4
· PRACH configuration index, 210, number of RO within 10ms =1, number of SSB within 10ms=1
· Format C2
· PRACH configuration index, 246, number of RO within 10ms =2, number of SSB within 10ms=2
· 30KHz SCS
· Format A2
· PRACH configuration index 96, number of RO within 10ms =3, number of SSB within 10ms=3
· Format B4
· PRACH configuration index, 156, number of RO within 10ms =1, number of SSB within 10ms=1
· Format C2
· PRACH configuration index, 201, number of RO within 10ms =2, number of SSB within 10ms=2

· 120KHz SCS
· Format A2
· PRACH configuration index 41, number of RO within 10ms=4, number of SSB within 10ms =4
· Format B4
· PRACH configuration index, 124, number of RO within 10ms=4, number of SSB within 10ms =4
· Format C2
· PRACH configuration index, 185, number of RO within 10ms =4, number of SSB within 10ms=4


3	Simulation Results 
In this part, the initial simulation results for PRACH repetition are provided for both FR1 and FR2-1 based on the interval of 2ROs as 10ms
Table 1: initial simulation for PRACH with repetition transmission in FR1
	Test cases
	SCS&BW
	Format
	length
	Channel
	Frequency 
offset (Hz) 
	Number of Rep
	Number of 
Tx and Rx
	Time error  
tolerance 
	Ncs
	Logical sequence 
index
	v
	SNR@1%Missing detection

	1
	15KHz
	B4
	139
	AWGN
	0
	2
	1T2R
	0.52 us
	23
	0
	0
	-21.62

	2
	15KHz
	A2
	139
	AWGN
	0
	2
	1T2R
	0.52 us
	23
	0
	0
	-16.85

	3
	15KHz
	C2
	139
	AWGN
	0
	2
	1T2R
	0.52 us
	23
	0
	0
	-16.80

	4
	30KHz
	B4
	139
	AWGN
	0
	2
	1T2R
	0.26 us
	46
	0
	0
	-21.43

	5
	30 KHz
	A2
	139
	AWGN
	0
	2
	1T2R
	0.26 us
	46
	0
	0
	-16.78

	6
	30 KHz
	C2
	139
	AWGN
	0
	2
	1T2R
	0.26 us
	46
	0
	0
	-16.69

	7
	15 KHz
	B4
	139
	TDLC 300-100 
	400
	2
	1T2R
	2.33us 
	23
	0
	0
	-15.32

	8
	15 KHz
	A2
	139
	TDLC 300-100 
	400
	2
	1T2R
	2.33us 
	23
	0
	0
	-10.54

	9
	15 KHz
	C2
	139
	TDLC 300-100 
	400
	2
	1T2R
	2.33us
	23
	0
	0
	-10.67

	10
	30KHz
	B4
	139
	TDLC 300-100 
	400
	2
	1T2R
	1.77 us
	46
	0
	0
	-16.58

	11
	30KHz
	A2
	139
	TDLC 300-100 
	400
	2
	1T2R
	1.77us
	46
	0
	0
	-12.11

	12
	30KHz
	C2
	139
	TDLC 300-100 
	400
	2
	1T2R
	1.77us
	46
	0
	0
	-12.30



Table 2: initial simulation for PRACH with repetition transmission in FR2-1
	Test cases
	SCS&BW
	Format
	length
	Channel
	Frequency 
offset(Hz) 
	Number of Rep
	Number of 
Tx and Rx
	Time error  
tolerance 
	Ncs
	Logical sequence 
index
	v
	SNR@1%Missing detection

	1
	120KHz
	B4
	139
	AWGN
	0
	2
	1T2R
	0.07 us
	69
	0
	0
	-20.90

	2
	120KHz
	A2
	139
	AWGN
	0
	2
	1T2R
	0.07 us
	69
	0
	0
	-16.70

	3
	120KHz
	C2
	139
	AWGN
	0
	2
	1T2R
	0.07 us
	69
	0
	0
	-16.61

	4
	120KHz
	B4
	139
	TDLA30-300
	4000
	2
	1T2R
	0.22 us
	69
	0
	0
	-15.45

	5
	120KHz
	A2
	139
	TDLA30-300
	4000
	2
	1T2R
	0.22 us
	69
	0
	0
	-11.81

	6
	120KHz
	C2
	139
	TDLA30-300
	4000
	2
	1T2R
	0.22 us
	69
	0
	0
	-11.69

	7
	60KHz
	B4
	139
	AWGN
	0
	2
	1T2R
	0.13us
	69
	0
	0
	-20.90

	8
	60KHz
	A2
	139
	AWGN
	0
	2
	1T2R
	0.13us
	69
	0
	0
	-16.65

	9
	60KHz
	C2
	139
	AWGN
	0
	2
	1T2R
	0.13us
	69
	0
	0
	-16.64

	10
	60KHz
	B4
	139
	TDLA30-300
	4000
	2
	1T2R
	0.28 us
	69
	0
	0
	-13.76

	11
	60KHz
	A2
	139
	TDLA30-300
	4000
	2
	1T2R
	0.28 us
	69
	0
	0
	-10.88

	12
	60KHz
	C2
	139
	TDLA30-300
	4000
	2
	1T2R
	0.28 us
	69
	0
	0
	-10.92




4	Conclusion
In this contribution, the view on the remaining issue of BS demodulation requirement for further coverage enhancement is provided. And the initial results are provided based on our preference for PRACH configuration index
Proposal 1: only consider 120KHz SCS for specifying the PRACH requirement
Observation 1: PRACH configuration index was defined for requirements derivation for LTE eMTC coverage enhancement. The interval between two ROs is 10ms
Proposal 2: Similar as LTE eMTC, applying the interval between two ROs as 10ms for requirement derivation of PRACH with repetition transmission.   
Proposal 3:  The following principle can be considered for choosing PRACH configuration index 
· Msg1-FDM =1
· ssb-perRACH-Occasion =four (one to one mapping)
· TDD pattern
· 15KHz:  3D1S1U
· 30KHz:  7D1S2U
· 120KHz: 3D1S1U
· Less ROs are transmitted within 10ms, e.g., less than 8 

Proposal 4:  The following PRACH configuration index can be considered as 
· 15KHz SCS
· Format A2
· PRACH configuration index, 127, number of RO within 10ms =3, number of SSB within 10ms=3
· Format B4
· PRACH configuration index, 210, number of RO within 10ms =1, number of SSB within 10ms=1
· Format C2
· PRACH configuration index, 246, number of RO within 10ms =2, number of SSB within 10ms=2
· 30KHz SCS
· Format A2
· PRACH configuration index 96, number of RO within 10ms =3, number of SSB within 10ms=3
· Format B4
· PRACH configuration index, 156, number of RO within 10ms =1, number of SSB within 10ms=1
· Format C2
· PRACH configuration index, 201, number of RO within 10ms =2, number of SSB within 10ms=2

· 120KHz SCS
· Format A2
· PRACH configuration index 41, number of RO within 10ms=4, number of SSB within 10ms =4
· Format B4
· PRACH configuration index, 124, number of RO within 10ms=4, number of SSB within 10ms =4
· Format C2
· PRACH configuration index, 185, number of RO within 10ms =4, number of SSB within 10ms=4
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