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1. Introduction
During the RAN4#92 meeting, the following plan was agreed, 
· Provide simulation results for HST when the velocity is at around 350km/h in the coming meetings 
· Check if the simulation assumptions (agreed only to align simulations) are reasonable.
· Study the feasibility of the HST scenario when the velocity is around 500km/h
According to the Way Forward (WF) on the NR HST BS demodulation requirements [1], some aligned simulation assumptions (among all) are as listed below.
· 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
· Channel model
· Option 2: AWGN and TDL-C fading channel
· Option 3: AWGN
· Frequency offset under AWGN for PRACH format 0
· Frequency offset for restricted set Type A
· Option 1: 1340Hz
· Option 2: 0Hz and 1340Hz 
· Frequency offset for restricted set Type B
· Option 1: 1944Hz
· Option 2: 1875Hz
· Option 3: 2334Hz
· Frequency offset for PRACH formats with short sequence length targeting 500km/h velocity
· To align with PUSCH maximum Doppler shift
· 15kHz SCS
· Option 1: 1944Hz
· 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
· Number of receiver antennas: 2 Rx, 4 Rx, 8 Rx
· Test metric
· False alarm probability: 0.1%
· Missed detection probability: 1%
Above, we highlight the simulation assumptions associated with the simulation results in this contribution, by greying out the unused ones. Nonetheless, it is worth noting that such combinations of assumptions, instead of showing any preference, are chosen only for the purpose of increasing lucidity.
In this contribution, we will study essentially the feasibility of 500km/h and discuss the simulation assumptions.
2. Discussion
In the coming parts, we will present some simulation results, based on which performance analysis and discussions are provided. Afterwards, discussion on the test assumptions will follow.

Simulation results and performance analysis
According to the contribution [2], we can see that the frequency offsets for restricted set Type A in WF [1] could not be associated to the velocity of 500km/h. Note that the relation among Doppler offset  at BS side, carrier frequency , and target velocity  follows the law as,

where . Thus, we can include 1944Hz at 2.1GHz and 3334Hz at 3.6Ghz frequency offsets for restricted set Type A. In addition, the frequency offsets for restricted set Type B do not include 500km/h at 3.6GHz, hence, we include 3334Hz for restricted set Type B. 
Before we get to the simulation plots, some extra assumptions are described here as per conventions and implicit consensus.
· Sub-carrier spacing: 
· Long sequence format (format 0): 1.25kHz
· Short sequence format (format B4)
· 30kHz for carrier frequency 3.6GHz (aligned with PUSCH)
· Number of transmitter antennas: 1 Tx
· Total number of PRACH preambles: 64
· Ncs value
· 15 for both restricted set Type A and Type B
· 46 (Ncs index 14) for short sequence formats
· Logical root sequence index 
· Restricted set Type A: 384
· Restricted set Type B: 30
· Short sequence formats: 0
· Preamble index
· Restricted set Type A: 36
· Restricted set Type B: 30
· Short sequence formats: 0
The related performances figures are shown below, i.e., Figure 1-Figure 3 are for format 0 with restricted set Type A/B, Figure 4 is for format B4.
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[bookmark: _Ref20903431]Figure 1 Performance for format 0 with restricted set Type A
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Figure 2 Performance for format 0 with restricted set Type B (2.1GHz carrier frequency)
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[bookmark: _Ref20903443]Figure 3 Performance for format 0 with restricted set Type B (3.6GHz carrier frequency)
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[bookmark: _Ref20906018]Figure 4 Performance for format B4 (3.6GHz carrier frequency)
In practice, there exists some other impactors on the received signal’s frequency. Hence, it is fair to add a margin on the target frequency offset, though it will not have a significant influence on the performance.
The plots show clearly that 
· Restricted set Type A achieves 1% missed detection at a SNR larger than 5dB with 3333Hz at 3.6GHz, which makes it not suitable for such scenario. This conforms with the theoretical prediction as restricted set Type A are only designed for handling frequency offset less than 1.25kHz. For 1944Hz at 2.1GHz, Type A reaches 1% miss rate at around -11dB, which means a 4~5dB loss against its performance at 350km/h (1340Hz, close to the designed frequency offset, i.e., 1.25kHz);
· Restricted set Type B provides a reasonable performance at 2.1GHz carrier frequency. It operates at around -14.5dB for 500km/h (1944Hz) and around -15.7dB for 600km/h (2333Hz). Type B set has 5 detection intervals, that is, around 0Hz shift, around ±1.25kHz shift, and around ±2.5kHz shift. In principle, closer the frequency offset locates to the mentioned detection intervals, the high probability that BSs can detection the preamble without any ambiguity. Therefore, Type B can support 500km/h, or even higher speed scenarios, when carrier frequency is 2.1GHz;
· At 3.6GHz carrier frequency, Type B set can support 350km/h quite well while 500km/h performance is, though much better than Type A performance, suffering a lot (7~8dB loss compared to 350km/h case).
· Format B4 reaches 1% missed detection rate with SNR≈-14dB for 500km/h at 3.6GHz carrier frequency. 

Observation 1. Restricted set Type A with format 0 is not suitable for supporting velocity of 500km/h.
Observation 2. At 2.1GHz carrier frequency, restricted set Type B with format 0 provides a good performance for 500km/h, while at 3.6GHz, it has a 7~8dB loss for 500km/h case compared to 350km/h case.
Observation 3. At 3.6GHz, format B4 provides a good performance for 500km/h.
Proposal 1: We could use format 0 with restricted set Type B and/or format B4 for 500km/h case at 2.1GHz carrier frequency.
Proposal 2: We could use format B4 for 500km/h case at 3.6GHz carrier frequency.

Test assumption: subcarrier spacing
To simplify the simulations, we could align the subcarrier spacing (SCS) with PUSCH.
Proposal 3: We could use the following subcarrier spacing, to align with PUSCH, a) 15kHz for 2.1GHz carrier frequency, and b) 30kHz for 3.6GHz.

Test assumption: Ncs value
For short sequence formats, the Ncs values are linked to cell coverage because the adjacent preambles’ distance is Ncs and time domain shift within the length of Ncs will result in detection ambiguity. 
The Ncs affects the cell radius through the formula shown below [3].

Where  and  is the PRACH sequence length and duration (measured in s), respectively,  is 139 for short sequence, , and  is the maximum delay spread,  is the cell size and  is the number of additional guard samples due to the receiver pulse shaping filter (set to 2 by convention). Due to the uncertainty of the necessity of fading channels, the concentration here will be only on AWGN, thus, the delay spread is set to zero. The cell radius limited by Ncs (in [4]) are listed in the following table.
Table 1 Cell radius versus Ncs for difference SCS
	ZeroCorrZoneConfig
	Ncs value
	15kHz SCS
	30kHz SCS

	0
	0 (equivalent 139)
	9856.12
	4928.06

	1
	2
	0
	0

	2
	4
	143.88
	71.94

	3
	6
	287.77
	143.88

	4
	8
	431.65
	215.83

	5
	10
	575.54
	287.77

	6
	12
	719.42
	359.71

	7
	13
	791.36
	395.68

	8
	15
	935.25
	467.62

	9
	17
	1079.14
	539.57

	10
	19
	1223.02
	611.51

	11
	23
	1510.79
	755.40

	12
	27
	1798.56
	899.28

	13
	34
	2302.16
	1151.08

	14
	46
	3165.46
	1582.73

	15
	69
	4820.14
	2410.07



From the WF [1], the single tap channel models for PUSCH are defined as,
Table 2 Channel models' parameters for PUSCH HST
	Parameter
	Value
	Value

	
	Scenario 1
	Scenario X

	(Ds, Dmin)
	Option 1: (1000m, 50m)
Option 2: (700m, 150m)
	(300m, 2m)

	v
	FFS
	FFS

	
	FFS
	FFS



With the parameters in above scenarios, we calculate the coverage of each RRH implied by scenarios.
Table 3 RRHs coverage for different scenarios
	
	With one RRH

	Scenario 1 Option 1
	502.5m

	Scenario 1 Option 2
	380.8m

	Scenario X
	300m


In the case where more than one RRH are connected to one cell, the cell coverage can be extended. However, if we determine Ncs value only based on coverage with one RRH, 	Ncs value smaller than 10 should not be chosen for 15kHz and smaller than 17 should not be chosen for 30kHz.
Proposal 4: We could use Ncs{10, 12, 13, 15, 17, 19, 23, 27, 34, 46, 69, 0} for SCS=15kHz and Ncs  {17, 19, 23, 27, 34, 46, 69, 0} for SCS=30kHz.
For format 0 with restricted set, unlike short sequence format, the distance between two adjacent preambles are not simply Ncs. In fact, it depends on the chosen root sequence index and the preamble index. We will leave it until the root sequence index and preamble are decided, see [2] for some discussions.
Regarding the cell radius, it is limited not only by Ncs values, but also by CP length.
The CP length for different formats are listed in the following table.
Table 4 CP length for different formats
	Format 
	CP length

	0
	

	A1
	

	A2
	

	A3
	

	B4
	

	C0
	

	C2
	



where ,  is numerology, and  is a constant. Since we will focus only on SCS being 15kHz () and 30kHz (), the cell radius  can be calculated with the following formula,
,
where  This gives us 
Table 5 Cell radius for different SCS and different formats limited by CP length
	SCS (kHz)
	15
	30

	Format 0
	15468.75 m
	

	Format A1
	1406.25 m
	703.13 m

	Format A2
	2812.50 m
	1406.25 m

	Format A3
	4218.75 m
	2109.38 m

	Format B4
	4570.31 m
	2285.16 m

	Format C0
	6054.69 m
	3027.34 m

	Format C2
	10000.00 m
	5000.00 m



Test assumption: systematic frequency error/offset
Apart from the Doppler shift/frequency offset caused by high speed, systematic frequency error can also impact the receiver, e.g., oscillator instability. According to [5], the frequency error minimum requirement is given in the Ch6.4.1, as shown below. 
“The UE modulated carrier frequency shall be accurate to within ± 0.1 PPM observed over a period of 1 ms compared to the carrier frequency received from the NR Node B.”
With 3.6GHz carrier frequency, the maximum Doppler shift should include a margin of ; with 2.1GHz carrier frequency, the maximum Doppler shift should include a margin of .
Proposal 5: Add a margin of 210Hz to the frequency offset for carrier frequency 2.1GHz; add a margin of 360Hz to the frequency offset for carrier frequency 3.6GHz. 
3. Conclusion
Observation 1. Restricted set Type A with format 0 is not suitable for supporting velocity of 500km/h.
Observation 2. At 2.1GHz carrier frequency, restricted set Type B with format 0 provides a good performance for 500km/h, while at 3.6GHz, it has a 7~8dB loss for 500km/h case compared to 350km/h case.
Observation 3. At 3.6GHz, format B4 provides a good performance for 500km/h.
Proposal 1: We could use format 0 with restricted set Type B and/or format B4 for 500km/h case at 2.1GHz carrier frequency.
Proposal 2: We could use format B4 for 500km/h case at 3.6GHz carrier frequency.
Proposal 3: We could use the following subcarrier spacing, to align with PUSCH, a) 15kHz for 2.1GHz carrier frequency, and b) 30kHz for 3.6GHz.
Proposal 4: We could use Ncs{10, 12, 13, 15, 17, 19, 23, 27, 34, 46, 69, 0} for SCS=15kHz and Ncs  {17, 19, 23, 27, 34, 46, 69, 0} for SCS=30kHz.
Proposal 5: Add a margin of 210Hz to the frequency offset for carrier frequency 2.1GHz; add a margin of 360Hz to the frequency offset for carrier frequency 3.6GHz.  
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