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1. Introduction
In the recent RAN4#92bis 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 #93.
This paper will give our views on these open issues for NR HST PRACH based on evaluation results.
2. Discussion
Timing error tolerance for AWGN and TDLC 300-100:
	· Timing error tolerance for AWGN and TDLC 300-100
· Other values are not precluded.
	Format 
	Scs
	AWGN
	TDLC300-100

	0
	1.25
	1.04us
	2.55us

	A2,B4,C2
	15
	0.52us
	2.03us

	
	30
	0.26us
	1.77us






The timing error tolerance for AWGN and TDLC300-100 are agreed and used for NR PRACH demodulation, which is more reasonable to be used for NR HST PRACH demodulation. The above timing error tolerance for AWGN are used in our evaluation asuumption for NR HST PRACH.
Proposal 1:  Use timing error tolerance for AWGN agreed for NR PRACH demodulation for NR HST PRACH demodulation.

Test Preamble Parameters for Format 0:
	· Format 0
· Restricted set type A
· Option 1:  {Ncs,  logical sequence index, V} ={15, 384,30}  (Reusing the existing LTE format 0 parameters with type A )
· Option 2: {Ncs,  logical sequence index, V} ={15, 384,36}
· Other options are not precluded
· Sequence should not have unusually good performance
· Restricted set type B
· Option 1:  {Ncs,  logical sequence index, V} ={15, 30,30}  (Reusing the existing LTE format 0 parameters with type B)
· Option 2: {Ncs,  logical sequence index, V} ={15, 384,36}
· Other options are not precluded
· Sequence should not have unusually good performance



The existing LTE format 0 parameters with type A  {Ncs,  logical sequence index, V} should be {15, 384,0} instead of {15, 384,30}. So {15, 384,0} was chosen to evaluate test preamble parameters for Format 0 with restricted set type A. From Table 2-1, the SNR@ missed detection 99% gain of {15, 384, 36} relative to {15, 384, 0} is 0dB, which indicates the performance of {15, 384,0} and {15, 384,0} are similar. Reusing the existing LTE format 0 parameters with type A {15, 384,0}  is enough.
Proposal 2:  Choose Option 1:  {Ncs,  logical sequence index, V} ={15, 384,0} for Format 0 with restricted set type A.

Table 2-1 Evaluation results of test preamble parameters for Format 0 with restricted set type A
	Format
	Tx/Rx
	frequency(GHz)
	SCS
	restricted set type
	Propagation condition
	Frequency offset (Hz)
	SNR@ missed detection 99% of {Ncs,  logical sequence index, v} ={15, 384,0}
	SNR@ missed detection 99% of {Ncs,  logical sequence index, v} ={15, 384,36}
	SNR@ missed detection 99% gain of {15, 384,36} relative to  {15, 384,0}

	Format 0
	1T2R
	2.1
	1.25kHz
	type A
	AWGN
	0
	-16.42
	-16.42
	0

	Format 0
	1T2R
	2.1
	1.25kHz
	type A
	AWGN
	1340
	-16.35
	-16.35
	0



From Table 2-2, the SNR@ missed detection 99% gain of {15, 384, 36} relative to {15, 30, 30} is about 0.07~0.22dB, which indicates the performance of {15, 384, 36} is slightly better than that of {15, 30, 30}. The performance gain of {15, 384, 36} relative to {15, 30, 30} is less than 0.5dB. So there is no need to select a new sequence {15, 384, 36}, reusing the existing LTE format 0 parameters with type B {15, 30, 30}  is enough.
Proposal 3:  Choose Option 1:  {Ncs,  logical sequence index, V} ={15, 30, 30} for Format 0 with restricted set type B.

Table 2-2 Evaluation results of test preamble parameters for Format 0 with restricted set type B
	Format
	Tx/Rx
	frequency(GHz)
	SCS
	restricted set type
	Propagation condition
	Frequency offset (Hz)
	SNR@ missed detection 99% of {Ncs,  logical sequence index, v} ={15, 30,30}
	SNR@ missed detection 99% of {Ncs,  logical sequence index, v} ={15, 384,36}
	SNR@ missed detection 99% gain of {15, 384,36} relative to  {15, 30,30}

	Format 0
	1T2R
	2.1
	1.25kHz
	type B
	AWGN
	0
	-15.74
	-15.85
	0.11

	Format 0
	1T2R
	2.1
	1.25kHz
	type B
	AWGN
	1875
	-12.76
	-12.98
	0.22

	Format 0
	1T2R
	2.1
	1.25kHz
	type B
	AWGN
	1944
	-13.01
	-13.11
	0.1

	Format 0
	1T2R
	2.1
	1.25kHz
	type B
	AWGN
	1750
	-13.38
	-13.53
	0.15

	Format 0
	1T2R
	2.1
	1.25kHz
	type B
	AWGN
	2334
	-15.51
	-15.58
	0.07




Frequency offset under AWGN for PRACH format 0 for 350km/h:
	· Frequency offset under AWGN for PRACH format 0 for 350km/h
· Restricted set Type A
· High-mobility scenario: 1340Hz
· FFS: Low mobility scenario with 0Hz
· Restricted set Type B
· High-mobility scenario
· Option 1: 2334Hz
· Option 2: 1875Hz
· FFS: Low mobility scenario with 0Hz


From Table 2-3, the SNR @missed detection 99%  of 1875Hz and 2334Hz are -12.76dB and -15.51dB respectively,  which indicates that the performance of 2334Hz is better than that of 1875Hz.  So the frequency offset value of 2334Hz for restricted type B is acceptable.
Proposal 4:  Choose Option 1: 2334Hz for PRACH format 0 with restricted set type B.

In  LTE HST PRACH demodulation performance in TS 36.104, the values of 0Hz, 625Hz, and 1340Hz were chosen as frequency offsets under AWGN for PRACH format 0 with restricted set type  A,  and  the values of 0Hz, 625Hz, and 1875Hz were chosen as frequency offsets under AWGN for PRACH format 0 with restricted set type  B. The same principle should apply to NR HST PRACH demodulation. The minimum frequency offset 0Hz, and newly defined maximm frequency offset should be used as mandatory frequency offsets. The fequency offset value between 0Hz and newly defined maximm frequency offset, such as the existing LTE frequency offset value for LTE HST can also be selected as a frequency offset for NR HST PRACH format 0 for 350Km/h. So, {0Hz, 625Hz, 1340Hz} can be chosen as frequency offsets for PRACH format 0 with restricted set type A for 350km/h, while {0Hz, 625Hz, 1875Hz,2334Hz} can be chosen as frequency offsets for PRACH format 0 with restricted set type B for 350km/h.
Proposal 5: {0Hz, 625Hz, 1340Hz} can be chosen as frequency offsets for PRACH format 0 with restricted set type A for 350km/h.
Proposal 6: {0Hz, 625Hz, 1875Hz, 2334Hz} can be chosen as frequency offsets for PRACH format 0 with restricted set type B for 350km/h.

Table 2-3 Evaluation results of frequency offset under AWGN for PRACH format 0 for 350km/h
	Format
	Tx/Rx
	frequency(GHz)
	SCS
	restricted set type
	Ncs
	v
	Logical sequence index
	Propagation condition
	Frequency offset (Hz)
	SNR@ missed detection 99% 

	Format 0
	1T2R
	2.1
	1.25kHz
	type A
	15
	0
	384
	AWGN
	0
	-16.42

	Format 0
	1T2R
	2.1
	1.25kHz
	type A
	15
	0
	384
	AWGN
	1340
	-16.35

	Format 0
	1T2R
	2.1
	1.25kHz
	type B
	15
	30
	30
	AWGN
	0
	-15.74

	Format 0
	1T2R
	2.1
	1.25kHz
	type B
	15
	30
	30
	AWGN
	1875
	-12.76

	Format 0
	1T2R
	2.1
	1.25kHz
	type B
	15
	30
	30
	AWGN
	2334
	-15.51




PRACH format 0 for 500km/h:
	· PRACH format
· For 500km/h velocity, use PRACH format A2/B4/C2
· FFS if PRACH format 0 shall be used


In theory, for the PRACH format 0 with restricted set type A with 3 timing detection windows, the largest maximum frequency offset that can be detected should be less than 1.25kHz. For the PRACH format 0 with restricted set type B with 5 timing detection windows, the largest maximum frequency offset that can be detected should be less than 2.5kHz. But in terms of LTE HST PRACH demodualtion in TS 36.104, the 1340Hz chosen as maximum frquency offset for PRACH foramt 0 with restricted set type A is larger than 1.25kHz, which indicates the PRACH format 0 with restricted set type A can detect the frequency offset that is larger than 1.25kHz. From Table 2-4, the evaluation results from companies show the PRACH format 0 with restricted set type A can detect the frequency offset (1340Hz) that is larger than 1.25kHz. From Table 2-5, the evaluation results show the the PRACH format 0 with restricted set type B can detect the frequency offset (3000Hz) that is larger than 2.5kHz. But for frequecy offset 3334Hz, the SNR @ missed detection 99% drops by about 6dB. 

Observation 1: The PRACH format 0 with restricted set type B can detect the maximum frequency offset that is larger than 2.5kHz.

Table 2-4 Summarized evaluation results from companies for format 0 with restricted set type A
	Format
	Tx/Rx
	frequency(GHz)
	SCS
	restricted set type
	Propagation condition
	Frequency offset (Hz)
	 CATT[2]
	Huawei[3]
	NOKIA[4]
	Samsung[5]
	Ericsson[6]

	Format 0
	1T2R
	2.1
	1.25kHz
	type A
	AWGN
	0
	-16.52
	　
	-15.31
	-16.14
	-16.8

	Format 0
	1T2R
	2.1
	1.25kHz
	type A
	AWGN
	1340
	-16.41
	-16.55
	-15.2
	-16.09
	-15.7




Table 2-5 Evaluation results of frequency offsets under AWGN for PRACH format 0 with restricted set type B for 500km/h
	Format
	Tx/Rx
	frequency(GHz)
	SCS
	restricted set type
	Ncs
	v
	Logical sequence index
	Propagation condition
	Frequency offset (Hz)
	 SNR@ missed detection 99% 

	Format 0
	1T2R
	3.6
	1.25kHz
	type B
	15
	30
	30
	AWGN
	3334
	-7.33

	Format 0
	1T2R
	3.6
	1.25kHz
	type B
	15
	30
	30
	AWGN
	3000
	-13.14




Frequency offset for PRACH formats with short sequence length targeting 500km/h:
	· Frequency offset for PRACH formats with short sequence length targeting 500km/h
· Align with PUSCH maximum Doppler shift


The maximum Doppler shifts for PUSCH agreed in WF[2] in RAN492bis are used for evaluation shown below:
	· Maximum Doppler shift
· Single tap HST 500km/h 
· 15kHz SCS : 
· Option 1: 1944Hz
· Option 2: 1750Hz
· 30kHz SCS:  
· Option 1: 3334Hz
· Option 2: 3000Hz



From Table 2-6, the maximum SNR @ missed detection 99% gain of 1750Hz relative to 1944Hz for format A2, B4 and C2 at 15kHz SCS is 0.04dB and is less than 0.5dB, which indicates the performance degradation caused by increased Doppler shift(194Hz) of 1944Hz relative to 1750Hz  is very small. So the maximum Doppler shift 1944Hz for 15kHz SCS is reasonable.
From Table 2-7, the maximum SNR @ missed detection 99% gain of 3000Hz relative to 3334Hz for format A2, B4 and C2 at 30kHz SCS is -0.03dB and is less than 0.5dB, which indicates the performance degradiation caused by increased Doppler shift (334Hz) of 3334 relative to 3000Hz is very small. So the maximum Doppler shift 3334Hz for 30kHz SCS is reasonable.
Porposal 7: Choose Option 1: 1944Hz for 15kHz SCS and Option 1: 3334Hz for 30kHz SCS.

From Table2-6 and Table 2-7, for SNR @ missed detection 99% of format A2 and C2, evaluation results in the following four cases show format A2 and C2 have similar performance.  The format C2 has longer CP than format  A2, which can avoid ICI for TDLC fading channel. So format C2 should be chosen as one of short sequence for NR HST.  The evaluation results show the SNR @ missed detection 99% of format B4 is about 3dB less than that of format C2, which indicates the peformace of format B4 is better than that of format C2. The format B4 can provide greater coverage, so it is required to choose format B4 as one of short sequence for NR HST. 
Proposal 8: Choose format B4, C2 for NR HST PRACH for 500km/h.

Table 2-6 Evaluation results of Format A2, B4 and C2 at 15 kHz for 500km/h
	Format
	Tx/Rx
	frequency(GHz)
	SCS
	Ncs
	v
	Logical sequence index
	Propagation condition
	Frequency offset (Hz)
	SNR@ missed detection 99%
	SNR@ missed detection 99% gain of 1750Hz relative to 1944(dB)

	Format A2
	1T2R
	2.1
	15kHz
	23
	0
	0
	AWGN
	1944
	-13.25
	

	Format A2
	1T2R
	2.1
	15kHz
	23
	0
	0
	AWGN
	1750
	-13.29
	0.04

	Format B4
	1T2R
	2.1
	15kHz
	23
	0
	0
	AWGN
	1944
	-16.55
	

	Format B4
	1T2R
	2.1
	15kHz
	23
	0
	0
	AWGN
	1750
	-16.52
	-0.03

	Format C2
	1T2R
	2.1
	15kHz
	23
	0
	0
	AWGN
	1944
	-13.3
	

	Format C2
	1T2R　
	2.1
	15kHz
	23
	0
	0
	AWGN
	1750
	-13.31
	0.01



Table 2-7 Evaluation results of Format A2, B4 and C2 at 30 kHz for 500km/h
	Format
	Tx/Rx
	frequency(GHz)
	SCS
	Ncs
	v
	Logical sequence index
	Propagation condition
	Frequency offset (Hz)
	SNR@ missed detection 99%
	SNR@ missed detection 99% gain of 3000Hz relative to 3334(dB)

	Format A2
	1T2R
	3.6
	30kHz
	46
	0
	0
	AWGN
	3334
	-13.19
	

	Format A2
	1T2R
	3.6
	30kHz
	46
	0
	0
	AWGN
	3000
	-13.19
	0

	Format B4
	1T2R　
	3.6
	30kHz
	46
	0
	0
	AWGN
	3334
	-16.41
	

	Format B4
	1T2R　
	3.6
	30kHz
	46
	0
	0
	AWGN
	3000
	-16.38
	-0.03

	Format C2
	1T2R　
	3.6
	30kHz
	46
	0
	0
	AWGN
	3334
	-13.19
	

	Format C2
	1T2R　
	3.6
	30kHz
	46
	0
	0
	AWGN
	3000
	-13.21
	0.02



Test Preamble Parameters for short sequence format (A2/B4/C2):
	· Short sequence format
· 15kHz
· Option 1:  {Ncs,  logical sequence index, V} ={23, 0, 0}  (Reusing the existing NR parameters  for short format under 15KHz)
· Other options are not precluded
· 30KHz
· Option 1:  {Ncs,  logical sequence index, V} ={46, 0, 0}  (Reusing the existing NR parameters  for short format under 30KHz)
· Other options are not precluded


The existing NR test preamble parameters for short format under 15kHz and 30kHz can be reused for NR HST. There is no need to use other test preamble parameters, because the performance improvement is determined by the PRACH format instead of the test preamble parameters.
Proposal 9: Choose Option 1: {Ncs,  logical sequence index, V} ={23, 0, 0} for short sequence format under 15kHz SCS.
[bookmark: _GoBack]Proposal 10: Choose Option 1: {Ncs,  logical sequence index, V} ={46, 0, 0} for short sequence format under 30kHz SCS.

3. Conclusion
This paper provides evaluation results for NR HST. Based on our evaluation results for NR HST PRACH, we have the following observations and proposals.
Proposal 1:  Use timing error tolerance for AWGN agreed for NR PRACH demodulation for NR HST PRACH demodulation.
Proposal 2:  Choose Option 1:  {Ncs,  logical sequence index, V} ={15, 384, 0} for Format 0 with restricted set type A.
Proposal 3:  Choose Option 1:  {Ncs,  logical sequence index, V} ={15, 30, 30} for Format 0 with restricted set type B.
Proposal 4:  Choose Option 1: 2334Hz for PRACH format 0 with restricted set type B.
Proposal 5: {0Hz, 625Hz, 1340Hz} can be chosen as frequency offsets for PRACH format 0 with restricted set type A for 350km/h.
Proposal 6: {0Hz, 625Hz, 1875Hz, 2334Hz} can be chosen as frequency offsets for PRACH format 0 with restricted set type B for 350km/h.
Observation 1: The PRACH format 0 with restricted set type B can detect the maximum frequency offset that is larger than 2.5kHz.
Porposal 7: Choose Option 1: 1944Hz for 15kHz SCS and Option 1: 3334Hz for 30kHz SCS.
Proposal 8: Choose format B4, C2 for NR HST PRACH for 500km/h.
Proposal 9: Choose Option 1: {Ncs,  logical sequence index, V} ={23, 0, 0} for short sequence format under 15kHz SCS.
Proposal 10: Choose Option 1: {Ncs, logical sequence index, V} ={46, 0, 0} for short sequence format under 30kHz SCS.
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