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1. Introduction
In RAN4 #92, WF on NR BS HST was approved [1]. In this contribution, we provide views on PRACH requirements and parameters for HST. 
	
RAN4 #92
· Channel model
· Option 2: AWGN and TDL-C fading channel 
· Option 3: AWGN
· PRACH format
· For 350km/h velocity, use PRACH format 0
· For 500km/h velocity, further evaluate PRACH format from 0, A2, A3, B4 and C2.
· Other formats are not precluded for evaluations
· Restricted set for PRACH format 0
· Option 1: Type A
· Option 2: Type B
· Option 3: both Type A and Type B
· Antenna configuration
· 1x2, 1x4 and 1x8
· Test metric
· False alarm probability: 0.1% 
· missed detection: 99% 
· Frequency offset under AWGN for PRACH format 0
· Frequency offset for restricted set Type A 
· Option 1: 1340Hz with AWGN
· Option 2: 0Hz and 1340Hz with AWGN
· Frequency offset for restricted set Type B 
· Option 1: 1944Hz
· Option 2: 1875Hz
· Option 3: 2334Hz
· Frequency offset under fading for PRACH format 0
· Frequency offset for restricted set Type A and B 
· TDLC300-100 with FO 400 Hz
· Frequency offset for PRACH formats with short sequence length targeting 500km/h velocity
· To align with PUSCH maximum Doppler shift
· 15kHz SCS
· Option 1: 1944
· Option 2: 1500Hz
· Option 3: 1400Hz
· Option 4: 1250Hz
· Other options are not precluded
· 30KhZ SCS
· Option 1: 3334Hz
· Option 2: 2600Hz
· Option 3: 3000Hz
· Option 4: 2300Hz
· Other options are not precluded


2.	Discussion
2.1	Long sequence
First of all, the work scope of NR BS HST was captured in [2]. It was eobviously agreed to specify preamble format 0 PRACH requirements for both limited sets A and B. Therefore, there is no need to discuss further about the following options:
· Restricted set for PRACH format 0
· Option 1: Type A
· Option 2: Type B
· Option 3: both Type A and Type B
Proposal 1: Based on the RAN plenary decision, the PRACH format 0 requirements for restricted set type A and B shall be specified.

In LTE, PRACH requirements for restricted set type A and B are defined as below. Basically, restricted set type A has better performance than type B. As described as below, the performance difference of preamble format 0 between restricted set type A and B is 1.3dB as a maximum (Restricted set type A has better perforamnce). Thus, if the maximum possible Doppler shift is within the window size, it may be possible to use a restricted set type A. In other words, the restricted set type A can be used up to 1340 Hz Doppler shift.
Observation 1: PRACH restricted set type A has better performance than restricted set type B.

Table 8.4.2.1-2 PRACH missed detection requirements for High speed Mode restricted set type A
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and
correlation matrix (Annex B)
	Frequency offset
	SNR [dB]

	
	
	
	
	Burst format 0
	Burst format 1
	Burst format 2
	Burst format 3

	1
	2
	AWGN
	0
	-14.1
	-14.2
	-16.3
	-16.6

	
	
	ETU 70 Low
	270 Hz
	-7.4
	-7.3
	-9.3
	-9.5

	
	
	AWGN
	625 Hz
	-12.4
	-12.3
	-14.4
	-14.4

	
	
	AWGN
	1340 Hz
	-13.4
	-13.5
	-15.5
	-15.7

	
	4
	AWGN
	0
	-16.9
	-16.6
	-18.9
	-18.8

	
	
	ETU 70 Low
	270 Hz
	-11.8
	-11.4
	-13.7
	-13.7

	
	
	AWGN
	625 Hz
	-14.9
	-14.6
	-16.8
	-16.8

	
	
	AWGN
	1340 Hz
	-15.9
	-15.5
	-17.8
	-17.8

	
	8
	AWGN
	0
	-19.3
	-19.1
	-20.9
	-21.0

	
	
	ETU 70 Low
	270 Hz
	-15.6
	-15.1
	-17.0
	-17.0

	
	
	AWGN
	625 Hz
	-17.7
	-17.4
	-19.3
	-19.4

	
	
	AWGN
	1340 Hz
	-18.7
	-18.4
	-20.5
	-20.5



Table 8.4.2.1-5 PRACH missed detection requirements for High speed Mode restricted set type B
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and
correlation matrix (Annex B)
	Frequency offset
	SNR [dB]

	
	
	
	
	Burst format 0
	Burst format 1
	Burst format 2
	Burst format 3

	1
	2
	AWGN
	0
	-14.5
	-14.1
	-16.7
	-16.8

	
	
	AWGN
	625
	-12.0
	-11.7
	-13.9
	-13.9

	
	
	ETU 70 Low
	270 Hz
	-7.3
	-6.9
	-9.1
	-9.2

	
	
	AWGN
	1875 Hz
	-11.8
	-11.4
	-13.8
	-14.0

	
	4
	AWGN
	0
	-17.1
	-16.6
	-19.1
	-19.1

	
	
	AWGN
	625
	-14.4
	-14.1
	-16.1
	-16.2

	
	
	ETU 70 Low
	270 Hz
	-11.8
	-11.3
	-13.5
	-13.4

	
	
	AWGN
	1875 Hz
	-14.2
	-13.8
	-15.9
	-16.3

	
	8
	AWGN
	0
	-19.6
	-19.1
	-21.2
	-21.2

	
	
	AWGN
	625
	-16.4
	-16.3
	-18.1
	-18.2

	
	
	ETU 70 Low
	270 Hz
	-15.3
	-15.1
	-17.1
	-17.5

	
	
	AWGN
	1875 Hz
	-16.3
	-16.0
	-18.0
	-18.4



In general, NR FR1 deployment scenarios are similar to LTE, especially NR deployment using a refarming band is expected to align with LTE deployment due to using the same frequency band as LTE. In addition, considering migration phase from LTE to NR, it is possible to reuse the same passive components such as RF cable, antennas and so on already deployed for LTE. Therefore, it is important to consider alignment with LTE deployment scenarios and the configurations as LTE. 
Observation 2: It is important to align to LTE test cases and configurations considering migration phase from LTE to NR.
In LTE, for PRACH requirements, the test cases with frequency offset up to 1340Hz and up to 1875Hz are defined for restricted set type A and type B, respectively. In general, the frequency offset value for PRACH requirement is corresponding to the Doppler frequency shift. In the last meeting, 1340Hz and 2334Hz were agreed for the maximum Doppler shift for HST scenario up to 350km/h for 15kHz SCS and 30kHz SCS, respectively. Potentially, PRACH restricted set type B has +/-2500Hz window size and can achieve the performance up to 2500Hz frequency offset. Therefore, restricted set type A for 15kHz SCS and restricted set type B for 30kHz can reach required performance under HST conditions up to 350km/h. 
Observation 3: For HST up to 350km/h, PRACH format 0 with restricted set type A and B can be used for 15kHz SCS and 30kHz SCS, respectively.
In addition, the candidate maximum Doppler shift for HST up to 500km/h, up to 1944 Hz for 15kHz and up to 3334Hz are considered and under discussion. PRACH restricted set type B also cover 15kHz SCS and UE velocity up to 500km/h. However, for 30kHz SCS, it is not enough since the window size of restricted set type B (i.e., +/-2500Hz) is smaller than expected frequency offset (i.e., +/-3334Hz). It might need to use other preamble format.
Observation 4: For HST up to 500km/h, PRACH format 0 with restricted set type B can be used for 15kHz SCS, but need further evaluation for 30kHz SCS.
From above observations, the PRACH format 0 requirements for both restricted set type A and B are beneficial for NR deployment. Table 1 summarize our proposals for the test cases of PRACH restricted set type A and B.
Proposal 2: Introduce the test cases for PRACH format 0 with restricted set type A and B as shown in Table 1.
Table 1: Summary of proposed test cases for PRACH restricted set type A and B
	
	Foramt 0
Restricted set type A 

	Foramt 0
Restricted set type B

	
	Use cases
SCS=15kHz, 350km/h (fd = 1340Hz)
	Use cases
SCS=30kHz, 350km/h (fd = 2334Hz)
SCS=15kHz, 500km/h (fd = up to 1944Hz)
[SCS=30kHz, 350km/h (fd = up to 3334Hz)]

	TX 
	RX
	Propagation conditions 
	Frequency offset
	Propagation conditions
	Frequency offset

	1
	2
	AWGN
	0
	AWGN
	0

	
	
	TDL300-100
	400 Hz
	TDL300-100
	400 Hz

	
	
	AWGN
	625 Hz
	AWGN
	625 Hz

	
	
	AWGN
	1340 Hz
	AWGN
	2334 Hz

	
	4
	AWGN
	0
	AWGN
	0

	
	
	TDL300-100
	400 Hz
	TDL300-100
	400 Hz

	
	
	AWGN
	625 Hz
	AWGN
	625 Hz

	
	
	AWGN
	1340 Hz
	AWGN
	2334 Hz

	
	8
	AWGN
	0
	AWGN
	0

	
	
	TDL300-100
	400 Hz
	TDL300-100
	400 Hz

	
	
	AWGN
	625 Hz
	AWGN
	625 Hz

	
	
	AWGN
	1340 Hz
	AWGN
	2334Hz



2.2	Short sequence
For short sequence, the following formats were captured in WF as candidate options.
· PRACH format
· For 500km/h velocity, further evaluate PRACH format from 0, A2, A3, B4 and C2.
· Other formats are not precluded for evaluations
Currently, PRACH requirements are defined for the following short sequence in normal mode.
· A1, A2, A3, B4, C0, C2
PRACH preamble short format have 15kHz or 30kHz SCS, which is much larger than 1.25kHz of long format. So in the HST scenario beyond the 2500Hz maximum Doppler shift, the performance of short format may better than long formant. In Rel.15, short sequences have already been narrowed down, so all formats specified in the current specification should be considered even in high-speed mode. The frequency-offset value should be defined taking into account the maximum possible Doppler shift (3334 Hz based on 500 km / h at 3.6 GHz). 
Proposal 3: Introduce all PRACH short sequence specified in the current specification, and consider up to 3334Hz frequency offset. 
3.	Conclusion
In this contribution, we provide parameters for PRACH for high speed. The following observations and proposals are obtained.
Proposal 1: Based on the RAN plenary decision, the PRACH format 0 requirements for restricted set type A and B shall be specified.
Observation 1: PRACH restricted set type A has better performance than restricted set type B.
Observation 2: It is important to align to LTE test cases and configurations considering migration phase from LTE to NR.
Observation 3: For HST up to 350km/h, PRACH format 0 with restricted set type A and B can be used for 15kHz SCS and 30kHz SCS, respectively.
Observation 4: For HST up to 500km/h, PRACH format 0 with restricted set type B can be used for 15kHz SCS, but need further evaluation for 30kHz SCS.
Proposal 2: Introduce the test cases for PRACH format 0 with restricted set type A and B as shown in Table 1.
Table 1: Summary of proposed test cases for PRACH restricted set type A and B
	
	Foramt 0
Restricted set type A 

	Foramt 0
Restricted set type B

	
	Use cases
SCS=15kHz, 350km/h (fd = 1340Hz)
	Use cases
SCS=30kHz, 350km/h (fd = 2334Hz)
SCS=15kHz, 500km/h (fd = up to 1944Hz)
[SCS=30kHz, 350km/h (fd = up to 3334Hz)]

	TX 
	RX
	Propagation conditions 
	Frequency offset
	Propagation conditions
	Frequency offset

	1
	2
	AWGN
	0
	AWGN
	0

	
	
	TDL300-100
	400 Hz
	TDL300-100
	400 Hz

	
	
	AWGN
	625 Hz
	AWGN
	625 Hz

	
	
	AWGN
	1340 Hz
	AWGN
	2334 Hz

	
	4
	AWGN
	0
	AWGN
	0

	
	
	TDL300-100
	400 Hz
	TDL300-100
	400 Hz

	
	
	AWGN
	625 Hz
	AWGN
	625 Hz

	
	
	AWGN
	1340 Hz
	AWGN
	2334 Hz

	
	8
	AWGN
	0
	AWGN
	0

	
	
	TDL300-100
	400 Hz
	TDL300-100
	400 Hz

	
	
	AWGN
	625 Hz
	AWGN
	625 Hz

	
	
	AWGN
	1340 Hz
	AWGN
	2334Hz



Proposal 3: Introduce all PRACH short sequence specified in the current specification, and consider up to 3334Hz frequency offset. 
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