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Introduction
In the RAN4#92-bis meeting, the foundations of Rel-16 PUSCH HST BS demodulation performance requirements were discussed and the next steps were captured in a WF [1].
For 350kph, a baseline test case configuration was agreed, with some open questions concerning the exact preamble Ids, low mobility scenarios, and restricted set Type B max FO.
Also, for 500kph a baseline test case configuration was agreed. Open questions persist with respect to usage of format 0 and exact preamble Ids.
A further open question is the re-use of timing error tolerances from non-HST testing.
In this contribution we will discuss the above listed open points, mainly based the simulation results captured in our simulation companion contribution [2]. Additional simulation results can be found in our earlier contribution [3].



Format 0 preamble choice
In the WF [1], it was captured that the chosen PRACH format 0 preamble should not have “unusually good performance”:
	· 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 back ground of this constraint is that we have observed surprisingly good performance of the LTE derived preamble ID, even outside of the designed FOE capture range [4]. For a requirement claiming to represent real world performance of a feature, the tested performance should be achievable by all the randomly chosen preamble IDs, and not just the best one.
Hence, we have taken to further simulate PRACH preamble performance in [2], with the result that the demodulation performance is very different for both restricted sets:
Table 1: PRACH FR1 1T2R, Preamble ID options.
	PRACH FR1 1T2R
	Propagation condition
	Frequency offset (Hz)
	Nokia
	Ncs
	LogRootId
	SignatureId

	
	
	
	Ideal
	
	
	

	Format 0 (SetA)
	1.25kHz
	AWGN
	0
	-15.31
	15
	384
	0

	
	
	AWGN
	1340
	-15.2
	
	
	

	
	
	TDLC300-100
	400
	-7.52
	
	
	

	
	
	AWGN
	0
	-15.33
	15
	384
	36

	
	
	AWGN
	1340
	-14.98
	
	
	

	
	
	TDLC300-100
	400
	-7.38
	
	
	

	Format 0 (SetB)
	1.25kHz
	AWGN
	0
	-14.74
	15
	30
	30

	
	
	AWGN
	1875
	-13.8
	
	
	

	
	
	AWGN
	2334
	-14.61
	
	
	

	
	
	TDLC300-100
	400
	-6.89
	
	
	

	
	
	AWGN
	0
	-14.68
	15
	384
	36

	
	
	AWGN
	1875
	-13.74
	
	
	

	
	
	AWGN
	2334
	-14.37
	
	
	

	
	
	TDLC300-100
	400
	-6.92
	
	
	



For the highest maximum Doppler shift of 2334Hz in setB, we observe a 0.3dB difference.
Still, we would prefer to use the preamble with worst performance to achieve reliable performance planning for the NR system, and thus we make the following proposal:
RAN4 to consider using {Ncs, logical sequence index, V} ={15, 384,36} as the preamble for HST PRACH testing.


Timing error tolerance
In the way forward of RAN4#92-bis, the following was captured for PRACH testing maximum timing error tolerances [1]:
	· 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







In the non-HST discussions on time estimation error tolerances the technical discussion focused on the path delay of the TDL channel model and neglected the max Doppler shift and frequency offset [5] [6].
In general the AWGN results were derived as the timing error being less than the PUSCH/PUCCH/SRS CP length, but larger than the time resolution of the PRACH signal. The TDL results were then derived from AWGN, by adding the delay of the second to last path. For example [5],
		PRACH Preamble
	PRACH SCS
	PUSCH/PUCCH CP duration (normal CP)
	PRACH signal time resolution
	Proposed time error tolerance for AWGN
	Proposed time error tolerance for TDL channel

	Long sequence
	1.25kHz
	144/(15*10^3*2048) *10^6=4.69us
	0.95 us
	1.04 us
	1.04 us + 1.51 us = 2.55 us


 


Note that the 11th tap of TDLC300 is 1510ns.
We don’t see a reason to change the previous way of deriving the error tolerance for HST. Hence,
RAN4 to consider re-using the timing error tolerances from non-HST PRACH for AWGN and TDLC channel models. The maximum Doppler frequency does not need to be taken into account.


350kph baseline
Since the 350kph PRACH baseline is well defined in our understanding (see Section 6), we have taken to simulate its performance in [2]. We have observed no feasibility issues for any of the options.
The 350kph HST PRACH baseline configuration does not have feasibility issues.

Thus, the remaining options can be decided:
Concerning the frequency offset under AWGN for PRACH format 0 for 350km/h, we propose to stick to the values justified by physics:
· Set A: 350kph/2.1GHz -> 1362Hz
· Set B: 350kph/3.6GHz -> 2335Hz
For maximum Doppler frequency offset under AWGN for PRACH format 0 for 350km/h, chose 1362 Hz for set A and 2335Hz for set B.

Furthermore, we propose not include low mobility/0Hz Doppler requirements in the high-speed train scenario, since this performance and implementation was already check in, and is unchanged from, the non-HST PRACH requirements.
RAN4 to not include low mobility/0Hz Doppler requirements in HST PRACH testing.


500kph baseline
Since the 500kph PRACH baseline is well defined in our understanding (see Section 6), we have taken to simulate its performance in [2]. We have observed no feasibility issues for any of the options.
The 500kph HST PRACH baseline configuration does not have feasibility issues.

Concerning the maximum Doppler shift for format 0 in 500kph, we make the following observation:
The maximum Doppler shift for 500kph and long format was not captured in the RAN4#92-bis WF. We have assumed that the max Doppler shift is to be aligned with HST PUSCH decisions, as has been captured for short formats.


Baseline summary
For convenience, we summarize in the following table the current baseline configuration as per our understanding:
Table 1: PRACH baseline summary
	Parameter
	Value

	
	v = 350km/h
	v = 500km/h

	Frequency range
	FR1

	Number of Tx
	1

	Number of Rx
	2Rx, [4Rx], [8 Rx]

	Formats
	0
	A2, B4, C2, [0]
(B3 option not in WF)

	SCS
	1.25kHz
	15kHz, 30kHz, [1.25kHz]

	Restricted set format 0
	{Type A, Type B}
	{Type A, Type B}

	(Ncs, logical sequence index, v)
	Set A:
Option 1: (15, 384, 0)
Option 2: (15, 384, 36)
Set B:
Option 1: (15, 30, 30)
Option 2: (15, 384, 36)
	Short - 15kHz:
(23, 0, 0)
Short - 30kHz:
(46, 0, 0)

[Long: See 350km/h.]

	Max timing error
	Format 0, AWGN: 1.04us
Format 0, TDLC300: 2.55us
	15kHz, AWGN: 0.52us
15kHz, TDLC300: 2.03us
30kHz, AWGN: 0.26us
30kHz, TDLC300: 1.66us
[Format 0: See 350km/h]

	Maximum Doppler shift
	Set A: 1340 Hz, [0Hz]
Set B:
Option 1: 2334 Hz, [0Hz]
Option 2: 1875 Hz, [0Hz]
	Short: Align with HST PUSCH.
[Long: Not discussed.]

	Carrier frequency (GHz)
	Set A:  2.1GHz
Set B: 3.6GHz
	Short: Align with HST PUSCH.
Long: See 350km/h.

	Propagation condition
	{AWGN with max Doppler shift from above, TDLC[300-100] with FO=400Hz}

	Testing metric
	SNR @ 0.1% false alarm probability and 99% detection probability.





Conclusion
In this contribution we have provided our views on the Rel-16 PRACH HST BS demodulation requirement issues of exact preamble IDs, low mobility scenarios, restricted set B maximum FOE, and timing error tolerance. We have made the following proposals and observations:

Format 0 preamble choice
1. RAN4 to consider using {Ncs, logical sequence index, V} ={15, 384,36} as the preamble for HST PRACH testing.

Timing error tolerance
RAN4 to consider re-using the timing error tolerances from non-HST PRACH for AWGN and TDLC channel models. The maximum Doppler frequency does not need to be taken into account.

350kph baseline
1. The 350kph HST PRACH baseline configuration does not have feasibility issues.
For maximum Doppler frequency offset under AWGN for PRACH format 0 for 350km/h, chose 1362 Hz for set A and 2335Hz for set B.
RAN4 to not include low mobility/0Hz Doppler requirements in HST PRACH testing.

500kph baseline
The 500kph HST PRACH baseline configuration does not have feasibility issues.
The maximum Doppler shift for 500kph and long format was not captured in the RAN4#92-bis WF. We have assumed that the max Doppler shift is to be aligned with HST PUSCH decisions, as has been captured for short formats.
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