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1. [bookmark: _Ref20754618]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 for aligning 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
· Number of receiver antennas: 2 Rx, 4 Rx, 8 Rx
· Test metric
· False alarm probability: 0.1%
· Missed detection probability: 1%
In this contribution, we will provide the simulation results of HST with speed being 350km/h for discussion.
2. Discussion
In Section. 1, 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 addition to the assumptions captured in the WF [1], some other simulation setups were agreed implicitly during RAN4#92 as well, based on convention. Some of them are shown as below.
· Carrier frequency for velocity at 350km/h: 2.1GHz
· Sub-carrier spacing: 1.25kHz for format 0
· Number of transmitter antennas: 1 Tx
· Total number of PRACH preambles: 64
· Ncs value: 15 for both restricted set Type A and Type B
· Logical root sequence index 
· Restricted set Type A: 384
· Restricted set Type B: 30
· Preamble index
· Restricted set Type A: 0
· Restricted set Type B: 30
The logical root sequence index and preamble index setups were the reuse of LTE choices, i.e., in Table A.6-2 [2]. In [3], it has been shown that such combination of the logical root sequence index and preamble index do not give representative performance in high frequency offset scenarios. The plots therein are recited here.
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Figure 1 Restricted set A performance with root sequence id=384 and preamble=0
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Figure 2 Restricted set A performance with root sequence id=384 and preamble=36
The performance gap varies over different frequency offset and a straightforward observation is that the gap between over-optimistic curve (with preamble id=0) and the normal curve enlarges as the frequency offset increases. Therefore, the frequency offset chosen in LTE was such that the difference was not so visible to be noticed. However, in NR, frequency offset might go far beyond the ones in LTE, which yields the gap inevitable.
Moreover, the UE traffic follows more a pulse-like pattern, rather than random distribution, e.g.,  Poisson distribution, due to the fact that UE are located within carriages moving along the tracks. Consequently, there will be higher chances that more than one UE are initiate the access via different preambles, chosen randomly. This means the performance will be strongly limited by the worst performance preamble than by the best preamble, if the failing UE will repeatedly initiate the access.
Observation 1. The test pattern, that is, assuming test_preamble_id=0 and logical_root_sequence_id=384, used in LTE and Rel. 15 study cannot show a fair performance for restricted set A at high speed scenario.
Proposal 1: use the test pattern of the combination logical_root_sequence_id=384 and test_preamble_id=36, for restricted set Type A.
The simulation results provided in this contribution follow the assumptions: logical_root_sequence_id=384 and test_preamble_id=36, for restricted set Type A.
The proposed frequency offsets are converted to velocity as follows.
Table 1 The respective velocity for restricted set Type A
	        Carrier frequency(GHz)
	2.1
	3.6

	Frequency offset (Hz)
	
	

	1340
	345km/h
	200km/h



Table 2 The respective velocity for restricted set Type B
	        Carrier frequency(GHz)
	2.1
	3.6

	Frequency offset (Hz)
	
	

	1875
	482km/h
	282km/h

	1944
	500km/h
	292km/h

	2334
	600km/h
	350km/h



Given that we will focus on the 350km/h scenario in this discussion, the simulation results for restricted set type A with 1340Hz at 2.1GHz carrier frequency and for restricted set type B with 2334Hz at 3.6GHz carrier frequency are provided here. To be specific, the targeted SNR values for missed detection probability being 1% are summarized in the following Table 3-Table 6.
[bookmark: _Ref20837145][bookmark: _Ref20837136]Table 3 ideal results for restricted set Type A
	Rx
	Frequency offset (Hz)
	SNR (dB)

	2
	0
	-16.8

	
	1340
	-15.7

	
	1361 (corresp 350km/h)
	-15.7

	4
	0
	-19.3

	
	1340
	-18.2

	
	1361 (corresp 350km/h)
	-18.2

	8
	0
	-21.5

	
	1340
	-20.5

	
	1361 (corresp 350km/h)
	-20.5



Table 4 ideal simulation results for restricted set Type B with 350km/h
	Rx
	Frequency offset (Hz)
	SNR (dB)

	2
	2333 (corresp 350km/h)
	-15.7

	4
	2333 (corresp 350km/h)
	-18

	8
	2333 (corresp 350km/h)
	-20.2



Table 5 impaired results for restricted set Type A
	Rx
	Frequency offset (Hz)
	SNR (dB)

	2
	0
	-14.7

	
	1340
	  -13.4

	
	1361 (corresp 350km/h)
	  -13.4

	4
	0
	  -16.9

	
	1340
	  -15.8

	
	1361 (corresp 350km/h)
	  -15.8

	8
	0
	  -19.3

	
	1340
	  -18.1

	
	1361 (corresp 350km/h)
	  -18.1



[bookmark: _Ref20837278]Table 6 impaired simulation results for restricted set Type B with 350km/h
	Rx
	Frequency offset (Hz)
	SNR (dB)

	2
	2333 (corresp 350km/h)
	-13.6

	4
	2333 (corresp 350km/h)
	  -15.9

	8
	2333 (corresp 350km/h)
	  -17.9



Observations from above tables are enumerated.
Observation 2. Regardless of number of receiving antennas, for the restricted set Type A, supporting 350km/h yields an approximate 1dB loss, when we compare it to the case with 0km/h velocity (0Hz frequency offset). Note that one applicability rule was discussed during the RAN4#92 meeting as “The BSs shall be exempted from the tests related to velocity of 350km/h if they pass the tests related to velocity of 500km/h”. Thus, given the strong connection between the performance of 350km/h and 0km/h, a similar applicability rule should be formulated.
Proposal 2: Define the performance requirements for format 0 with restricted set Type A and/or with restricted set Type B at 350km/h velocity. 
Proposal 3: The BSs shall be exempted from the tests related to 0Hz frequency offset (static) if they pass the tests related to 1340Hz frequency offset (velocity of 350km/h).
3. Conclusion
Observation 1. The test pattern, that is, assuming test_preamble_id=0 and logical_root_sequence_id=384, used in LTE and Rel. 15 study cannot show a fair performance for restricted set A at high speed scenario.
Proposal 1: use the test pattern of combination logical_root_sequence_id=384 and test_preamble_id=36, for restricted set Type A.
Observation 2. Regardless of number of receiving antennas, for the restricted set Type A, supporting 350km/h yields an approximate 1dB loss, when we compare it to the case with 0km/h velocity (0Hz frequency offset). Note that one applicability rule was discussed during the RAN4#92 meeting as “The BSs shall be exempted from the tests related to velocity of 350km/h if they pass the tests related to velocity of 500km/h”. Thus, given the strong connection between the performance of 350km/h and 0km/h, a similar applicability rule could be formulated.
Proposal 2: Define the performance requirements for format 0 with restricted set Type A and/or with restricted set Type B at 350km/h velocity.
Proposal 3: The BSs can be exempted from the tests related to 0Hz frequency offset (static) if they pass the tests related to 1340Hz frequency offset (velocity of 350km/h).
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