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1. Introduction
As per the agreement of RAN#84 plenary meeting, BS demodulation on high speed train scenarios for NR will be further studied in WI. In particular, the following issues, according to the report [1], will be investigated and discussed for BS/UE demodulation performance requirements in FR1. 
· Maximum carrier frequency (FR1)
· Option 1: up to 3.6GHz for Doppler calculation and channel modeling purpose
· Option 2: further discuss in WI
· Maximum target speed (FR1)
· Option 1: up to 500km/h, the exact target speed (either band agnostic or band specific) will be decided in WI based on the maximum Doppler decision
· Option 2: up to 350km/h, the exact target speed (either band agnostic or band specific) will be decided in WI based on the maximum Doppler decision
· Channel model:
· HST-SFN scenarios
· Single tap channel model is for BS/UE requirements
· Other deployment scenarios are not precluded
In this contribution, the discussion will focus on the target speed, test pattern, and channel model for PRACH.
2. Discussion
Before UE first launches random access, BS will multicast some agreed system information to UEs, e.g., preamble format, restricted set type, logical root sequence, etc. Such parameters are crucial in determining the maximum target speed and carrier frequency that PRACH can support. 
In the following subsections, we will discuss 
· maximum supported target speed from theoretical point of view,
· the impact of the choice of logical root sequence and test preamble based on some simulation observation,
· the channel model.

Target speed
In [2] [3], the preamble set 1 and set 3 were selected to support very high speed scenarios, where the set 1 and set 3 corresponds to the restricted set A and B, respectively. The design principle of the restricted set A can be summarized as shown here: 
· one or several preamble sequences are obtained by cyclic shifting a given root sequence; 
· for preambles to support high target speed (thus high frequency offset), they should not be confused with other preambles generated from the same root sequence, i.e., the detection zone of the preamble and its cyclic shifted detection zone (shifting one SCS) should not overlap with those of other preambles in the same root sequence;
· in case no such cyclic shifted version can be found, there will be no preamble sequence associated with the given root sequence.
The restricted set B are essentially the same except the detection zone can shift one or two SCS. Therefore, the restricted set A and B can support the HST scenario with Doppler offsets of [-1.25KHz, 1.25KHz] and with Doppler offset of [-2.5KHz, 2.5KHz], respectively. Note that the relation among Doppler offset  at BS side, carrier frequency , and target velocity  follows the law as,

where . We calculate the maximum target speed and list here.
Table 1 Maximum target speed (km/h) against carrier frequency (GHz) for Restricted set A
	Carrier frequency
	2.1 (n1)
	2.6 (n7)
	3.6 (n77)

	Max target speed
	321.4
	259.6
	187.5


Table 2 Maximum target speed (km/h) against carrier frequency (GHz) for Restricted set B
	Carrier frequency
	2.1 (n1)
	2.6 (n7)
	3.6 (n77)

	Max target speed
	642.8
	519.2
	375



From Table 1 and Table 2, we observe that neither Restricted set A nor B was designed to support 500km/h at band n77 (3.6GHz). This means that the restricted sets will have degraded performances with such high frequency offset. Consequently, it is necessary to verify to which extent such degradedness is and whether they can still provide acceptable performances or not.
Observation 1. The restricted set type A and type B were not designed to support up to 500km/h at 3.6GHz carrier frequency, i.e., frequency offset of 3333Hz.
Proposal 1: Check the performances of the restricted set A/B with format 0 at 3.6GHz when the target speed is 500km/h.
Logical root sequence and test preamble
From LTE (Table A.6-2 in [4]) and WF in Rel.15 [5], the test assumptions for PRACH HST scenario with burst format 0 restricted set A are listed here. 
	Ncs
	Logical root sequence index
	Data preamble (v)

	15
	384
	0


From the previous subsection, we know that the restricted set A was not designed to support frequency offset beyond 1.25kHz. The performance needs to be investigated further. Surprisingly, for the preamble indicated above, an outlier performance is observed with the above test assumption, i.e., in Figure 1. To be specific, the operation SNR point is at around -15.6dB for AWGN channel with 3333Hz frequency offset while it is at around -14.5dB with 1000Hz frequency offset. However as discussed below, this result is not representative or performance for all preambles.
Since, during the initial access procedure, one UE will choose 1 preamble out of 64 at random to avoid contention and send a sequence corresponding to the selected preamble to BS. Such a good performance with root sequence index=384 and preamble id=0 can be considered as valid only if all the 64 preambles for root sequence index=384 have an equivalent good performance. Figure 2 shows the performance when the logical root sequence index=384 and preamble id=36. Obviously, the restricted set A performance degrades as the frequency offset increases, that is, around -14dB, -10dB, -4.5dB, and 0dB for 1000Hz/2000Hz/3000Hz/3333Hz frequency offset, respectively. 
Some other test patterns reveal similar degradation, as seen in Figure 3 (logical root sequence=20) and Figure 4 (logical root sequence=262). More work is needed to determine the spread of performance depending on preambles.
We observe that the performance of restricted set A relies strongly on the choice of root sequence and the preamble. For a reasonable demodulation requirement, a representative preamble should be selected. Therefore, it is nature to raise a question: which test pattern can show a representative performance?
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Figure 1 Restricted set A performance with root sequence id=384 and preamble=0
[image: ]
Figure 2 Restricted set A performance with root sequence id=384 and preamble=36
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Figure 3 Restricted set A performance with root sequence id=20 and preamble=0
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Figure 4 Restricted set A performance with root sequence id=262 and preamble=0
Here, we think the criteria below should be considered.
· The test patterns that provide extremely good performance shall NOT be chosen, unless a substantial number of 64 preambles with similar performance (generated from a set of root sequences whose indices are consecutive) can be find.
· The test patterns that shows the worst performance might be considered. 
· Several test patterns could be chosen, and the final requirements will be based on the average of their performances.
Observation 2. 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 2: Check the performances of the restricted set A at high frequency offset for different combinations of test preamble id and the logical root sequence, e.g., logical_root_sequence_id=384 and test_preamble_id=0, 18, 36; logical_root_sequence_id=262, 264, 382 and test_preamble_id=0. Re-consider choosing other test patterns for restricted set A.
Channel model
The channel model proposed for HST study in Rel. 15 [5] and for WI [1] is not aligned between PUSCH and PRACH. In particular, simplified TDL-C fading channel was proposed for PRACH while HST-SFN was proposed for PUSCH.
Proposal 3: Align channel models for PRACH and PUSCH. 
3. Conclusion
Observation 1. The restricted set type A and type B were not designed to support up to 500km/h at 3.6GHz carrier frequency, i.e., frequency offset of 3333Hz.
[bookmark: _GoBack]Proposal 1: Check the performances of the restricted set A/B with format 0 at 3.6GHz when the target speed is 500km/h. 
Observation 2. 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 2: Check the performances of the restricted set A at high frequency offset for different combinations of test preamble id and the logical root sequence, e.g., logical_root_sequence_id=384 and test_preamble_id=0, 18, 36; logical_root_sequence_id=262, 264, 382 and test_preamble_id=0. Re-consider choosing other test patterns for restricted set A.
Proposal 3: Align channel models for PRACH and PUSCH. 
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Appendix: Simulation parameters
 In the following table, we furnish some simulation parameters for illustration purpose.
	Carrier frequency
	3.6 GHz

	Number of Tx antennas
	1

	Number of Rx antennas
	2

	Total number of PRACH preambles
	64

	Subcarrier spacing
	1.25kHz

	Burst format
	Format 0
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