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1. Introduction
In the recent RAN4#92 meeting, a WF [1] on NR HST BS demodulation requirements was approved. There are some open issues for PRACH demodulation needing to be solved in RAN4 #92bis shown as follows:
	· 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


This paper will give our view on frequency offset for NR HST PRACH based on evaluation results for HST PRACH.
2. Discussion
According to our another contribution[2] and agreed WF[1], the detail simuation asumptions for evaluating the frequency offset and PRACH format for NR HST PRACH in Table A-1 in Annex.
The evaluation results of Format 0 for 350km/h and 500km/h are shown in Table 2-1, and the evaluation results of Format A2, A3, B4 and C2 for 500km/h are shown in Table 2-2.

Table 2-1 Evaluation results of Format 0 for 350km/h and 500km/h
	Format
	Tx/Rx
	frequency(GHz)
	SCS
	restricted set type
	Ncs
	v
	Logical sequence index
	Propagation condition
	Frequency offset (Hz)
	Proposed time estimation error for AWGN/TDL
	SNR@ missed detection: 99%

	Format 0
	1T2R
	2.1
	1.25kHz
	type A
	15
	0
	384
	AWGN
	0
	1.04us
	-16.52

	Format 0
	1T2R
	2.1
	1.25kHz
	type A
	15
	0
	384
	AWGN
	1340
	1.05us
	-16.41

	Format 0
	1T2R
	2.1
	1.25kHz
	type A
	15
	0
	384
	TDLC300-100 low
	400
	2.55us
	-7.77

	Format 0
	1T2R
	2.1
	1.25kHz
	type B
	15
	30
	30
	AWGN
	1875
	1.04us
	-13.07

	Format 0
	1T2R
	2.1
	1.25kHz
	type B
	15
	30
	30
	AWGN
	1944
	1.05us
	-13.25

	Format 0
	1T2R
	2.1
	1.25kHz
	type B
	15
	30
	30
	AWGN
	1750
	1.06us
	-13.61

	Format 0
	1T2R
	2.1
	1.25kHz
	type B
	15
	30
	30
	TDLC300-100 low
	400
	2.55us
	-6.79

	Format 0
	1T2R
	3.6
	1.25kHz
	type A
	15
	0
	384
	AWGN
	0
	1.04us
	-16.52

	Format 0
	1T2R
	3.6
	1.25kHz
	type A
	15
	0
	384
	AWGN
	2334
	1.05us
	-16.27

	Format 0
	1T2R
	3.6
	1.25kHz
	type A
	15
	0
	384
	TDLC300-100 low
	400
	2.55us
	-7.84

	Format 0
	1T2R
	3.6
	1.25kHz
	type B
	15
	30
	30
	AWGN
	3334
	1.04us
	-7.65

	Format 0
	1T2R
	3.6
	1.25kHz
	type B
	15
	30
	30
	AWGN
	3000
	1.05us
	-13.48

	Format 0
	1T2R
	3.6
	1.25kHz
	type B
	15
	30
	30
	AWGN
	2334
	1.06us
	-15.67

	Format 0
	1T2R
	3.6
	1.25kHz
	type B
	15
	30
	30
	TDLC300-100 low
	400
	2.55us
	-6.79



From Table 2-1, for 1.25 kHz format 0 at restricted set type B at 2.1GHz, the SNR@ missed detection 99% at AWGN with 1944Hz, 1875Hz, and 1750Hz are -13.25dB, -13.07dB and -13.61dB, which are similar. So maximum 1944Hz for AWGN for 1.25 kHz format 0 at restricted set type B at 2.1GHz is reasonable. 
Observation 1: maximum 1944Hz for AWGN for 1.25 kHz format 0 at restricted set type B at 2.1GHz is reasonable.
From Table 2-1, for 1.25 kHz format 0 at restricted set type B at 3.6GHz, the SNR@ missed detection 99% at AWGN with 3334Hz is -7.65dB, which is greater and worse than SNR@ missed detection 99% at AWGN with 3000Hz(-13.48dB). As a result, 1.25 kHz format 0 at restricted set type B at 3.6GHz is not applicable at AWGN with 3334Hz, and maximum 3000Hz for AWGN for 1.25 kHz format 0 at restricted set type B at3.6 GHz is reasonable. 
Observation 2: maximum 3000Hz for AWGN for 1.25 kHz format 0 at restricted set type B at3.6 GHz is reasonable.
From Table 2-1, the evaluation results show the maximum frequency offset for 1.25 kHz format 0 at restricted set type B at2.1GHz and 3.6 GHz are reasonable.
Observation 3: maximum 1340Hz for AWGN for 1.25 kHz format 0 at restricted set type A at 2.1GHz is reasonable.
Observation 4: maximum 2334Hz for AWGN for 1.25 kHz format 0 at restricted set type A at3.6 GHz is reasonable.
Based on above discussion, we have the following proposals.
Proposal 1: the following PRACH format and maximum frequency offset are approved by RAN4.
	Format
	frequency(GHz)
	SCS
	restricted set type
	Ncs
	v
	Logical sequence index
	Propagation condition
	Maximum Frequency offset (Hz)

	Format 0
	2.1
	1.25kHz
	type A
	15
	0
	384
	AWGN
	1340

	Format 0
	2.1
	1.25kHz
	type A
	15
	0
	384
	TDLC300-100 low
	400

	Format 0
	3.6
	1.25kHz
	type A
	15
	0
	384
	AWGN
	2334

	Format 0
	3.6
	1.25kHz
	type A
	15
	0
	384
	TDLC300-100 low
	400

	Format 0
	2.1
	1.25kHz
	type B
	15
	30
	30
	AWGN
	1944

	Format 0
	2.1
	1.25kHz
	type B
	15
	30
	30
	TDLC300-100 low
	400

	Format 0
	3.6
	1.25kHz
	type B
	15
	30
	30
	AWGN
	3000

	Format 0
	3.6
	1.25kHz
	type B
	15
	30
	30
	TDLC300-100 low
	400
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Table 2-2 Evaluation results of Format A2,A3, B4 and C2 for 500km/h
	Format
	Tx/Rx
	frequency(GHz)
	SCS
	restricted set type
	Ncs
	v
	Logical sequence index
	Propagation condition
	Frequency offset (Hz)
	Proposed time estimation error for AWGN/TDL
	SNR@ missed detection: 99%

	Format A2
	1T2R
	2.1
	15kHz
	unrestricted
	23
	0
	0
	AWGN
	1944
	0.52us 
	-10.19

	Format A2
	1T2R
	2.1
	15kHz
	unrestricted
	23
	0
	0
	AWGN
	1750
	0.53us
	-10.95

	Format A3
	1T2R
	2.1
	　15kHz
	unrestricted
	23
	0
	0
	AWGN
	1944
	0.54us
	-8.46

	Format A3
	1T2R
	2.1
	　15kHz
	unrestricted
	23
	0
	0
	AWGN
	1750
	0.55us
	-8.03

	Format B4
	1T2R
	2.1
	　15kHz
	unrestricted
	23
	0
	0
	AWGN
	1944
	0.56us
	-7.06

	Format B4
	1T2R
	2.1
	　15kHz
	unrestricted
	23
	0
	0
	AWGN
	1750
	0.57us
	-10.11

	Format C2
	1T2R
	2.1
	　15kHz
	unrestricted
	23
	0
	0
	AWGN
	1944
	0.58us
	-10.21

	Format C2
	1T2R　
	2.1
	　15kHz
	unrestricted
	23
	0
	0
	AWGN
	1750
	0.59us
	-11.49

	Format A2
	1T2R
	3.6
	30kHz
	unrestricted
	46
	0
	0
	AWGN
	3334
	0.26us
	-11.98

	Format A2
	1T2R
	3.6
	30kHz
	unrestricted
	46
	0
	0
	AWGN
	3000
	0.27us
	-12.1

	Format A3
	1T2R　
	3.6
	30kHz
	unrestricted
	46
	0
	0
	AWGN
	3334
	0.28us
	-8.26

	Format A3
	1T2R　
	3.6
	　30kHz
	unrestricted
	46
	0
	0
	AWGN
	3000
	0.29us
	-10.16

	Format B4
	1T2R　
	3.6
	　30kHz
	unrestricted
	46
	0
	0
	AWGN
	3334
	0.30us
	-10.55

	Format B4
	1T2R　
	3.6
	　30kHz
	unrestricted
	46
	0
	0
	AWGN
	3000
	0.31us
	-12.32

	Format C2
	1T2R　
	3.6
	　30kHz
	unrestricted
	46
	0
	0
	AWGN
	3334
	0.32us
	-11.78

	Format C2
	1T2R　
	3.6
	　30kHz
	unrestricted
	46
	0
	0
	AWGN
	3000
	0.33us
	-12.1



From Table 2-2, for 15 kHz SCS at AWGN with 1944Hz, SNR@ missed detection 99% of format A3 and B4 are -8.46dB and -7.06dB respectively, greater than -10.19dB and -10.21dB that are SNR@ missed detection 99% of format A2 and C2 respectively. So for 15 kHz SCS, format A2 and C2 are more applicable.  For 15kHz SCS, SNR@ missed detection 99% of format A2 at AWGN with 1944Hz is -10.19dB, which is reasonable and slightly greater and worse than SNR@ missed detection 99% of format A2 at AWGN with 1750Hz(-10.95dB). So 1944Hz for 15 kHz SCS for 500km/h is reasonable. 
Observation 5: 1944Hz for 15 kHz SCS for 500km/h is reasonable, and for 15 kHz SCS, format A2 and C2 are more applicable.
From Table 2-2, for 30kHz SCS at AWGN with 3334Hz, SNR@missed detection 99% of format A3 is -8.26dB is greater than -11.98dB, -10.55dB, and -11.78dB, which are NR@missed detection 99% of format A2, B4 and C2 respectively. So for 30kHz SCS, format A2, B4 and C2 are more applicable. For 30 kHz SCS, SNR@ missed detection 99% of format A2 at AWGN with 3334Hz is -11.98dB, which is reasonable and slightlygreater and worse than SNR@ missed detection 99% of format A2 at AWGN with 3000Hz(-12.1dB). So 3334Hz for 30 kHz SCS for 500km/h is reasonable. 
Observation 6: 3334Hz for 30 kHz SCS for 500km/h is reasonable, and for 30 kHz SCS, format A2, B4 and C2 are more applicable.
Based on above discussion, we have the following proposals.
Proposal 2: the following PRACH format and maximum frequency offset are approved by RAN4.
	Format
	frequency(GHz)
	SCS
	Ncs
	v
	Logical sequence index
	Propagation condition
	Maximum Frequency offset (Hz)

	Format A2,C2
	2.1
	15kHz
	23
	0
	0
	AWGN
	1944

	Format A2,B4,C2
	3.6
	30kHz
	46
	0
	0
	AWGN
	3334




3. Conclusion
This paper provided evaluation results for HST. Based on our evaluation results for NR HST PRACH, we have the following observations and proposals.

Observation 1: maximum 1944Hz for AWGN for 1.25 kHz format 0 at restricted set type B at 2.1GHz is reasonable.
Observation 2: maximum 3000Hz for AWGN for 1.25 kHz format 0 at restricted set type B at3.6 GHz is reasonable.
Observation 3: maximum 1340Hz for AWGN for 1.25 kHz format 0 at restricted set type A at 2.1GHz is reasonable.
Observation 4: maximum 2334Hz for AWGN for 1.25 kHz format 0 at restricted set type A at3.6 GHz is reasonable.
Proposal 1: the following PRACH format and maximum frequency offset are approved by RAN4.
	Format
	frequency(GHz)
	SCS
	restricted set type
	Ncs
	v
	Logical sequence index
	Propagation condition
	Maximum Frequency offset (Hz)

	Format 0
	2.1
	1.25kHz
	type A
	15
	0
	384
	AWGN
	1340

	Format 0
	2.1
	1.25kHz
	type A
	15
	0
	384
	TDLC300-100 low
	400

	Format 0
	3.6
	1.25kHz
	type A
	15
	0
	384
	AWGN
	2334

	Format 0
	3.6
	1.25kHz
	type A
	15
	0
	384
	TDLC300-100 low
	400

	Format 0
	2.1
	1.25kHz
	type B
	15
	30
	30
	AWGN
	1944

	Format 0
	2.1
	1.25kHz
	type B
	15
	30
	30
	TDLC300-100 low
	400

	Format 0
	3.6
	1.25kHz
	type B
	15
	30
	30
	AWGN
	3000

	Format 0
	3.6
	1.25kHz
	type B
	15
	30
	30
	TDLC300-100 low
	400



Observation 5: 1944Hz for 15 kHz SCS for 500km/h is reasonable, and for 15 kHz SCS, format A2 and C2 are more applicable.

Observation 6: 3334Hz for 30 kHz SCS for 500km/h is reasonable, and for 30 kHz SCS, format A2, B4 and C2 are more applicable.
Proposal 2: the following PRACH format and maximum frequency offset are approved by RAN4.
	Format
	frequency(GHz)
	SCS
	Ncs
	v
	Logical sequence index
	Propagation condition
	Maximum Frequency offset (Hz)

	Format A2,C2
	2.1
	15kHz
	23
	0
	0
	AWGN
	1944

	Format A2,B4,C2
	3.6
	30kHz
	46
	0
	0
	AWGN
	3334
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5. Annex

Table 5-1 Test Parameters for HST PACH
	Parameter
	PRACH formats with long sequence length 
	PRACH formats with short sequence length

	
	value
	value

	
	FR1
	FR1

	Number of Tx
	1
	1

	Number of Rx
	2
	2

	Preamble format
	Format 0,
	Format A2, A3, B4 and C2

	restricted set type
	restricted set type A, 
restricted set type B
	restricted set type A, 
restricted set type B

	SCS
	1.25kHz (only for Format 0)
	15kHz, 30kHz

	Ncs
	for restricted set type A: 15, 
for restricted set type B: 15
	23(only for 15kHz)
46(only for 30kHz)

	v
	for restricted set type A: 0, 
for restricted set type B: 30
	0

	Logical sequence index
	for restricted set type A: 384, 
for restricted set type B: 30
	0

	Proposed time estimation error for AWGN/TDL
	1.04usfor AWGN
2.55usforTDLC300ns-100Hz
	0.52us at AWGN for 15kHz,
0.26us at AWGN for 30kHz,
2.03us at TDLC300ns-100Hz for 15kHz,
1.77us at TDLC300ns-100Hz for 30kHz,

	Propagation condition
	AWGN,
TDLC300-100，
	AWGN

	Frequency offset
	1) For AWGN
-for 2.1GHz
for restricted set type A:
· 0Hz
· 1340Hz
for restricted set type B: 
· 1944Hz
· 1875Hz
· 1750Hz
        -for 3.6GHz
  for restricted set type A:
·  0Hz
·  2334Hz
for restricted set type B: 
· 2334Hz
· 3334Hz
· 3000Hz

2) For fading Channel
      400Hz for any fading channel for restricted set type A and restricted set type B
	1) For AWGN
· 15kHz SCS(for 2.1GHz)
· 1944Hz
· 1750Hz
· 30KHz SCS(for 3.6GHz)
· 3334Hz
· 3000Hz


	Test metric
	False alarm probability: 0.1%
missed detection: 99%
	False alarm probability: 0.1%
missed detection: 99%

	Carrier frequency (GHz)
	2.1GHz
3.6GHz
	2.1GHz
3.6GHz




