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1. [bookmark: _Ref20754618]Introduction
A subset of the agreements on PRACH HST with 500km/h, captured in [1], is listed here as a reminder for all intended readers.
· PRACH format
· For 500km/h velocity, use PRACH format A2/B4/C2
· Frequency offset for PRACH formats with short sequence length targeting 500km/h
· Align with PUSCH maximum Doppler shift
Since the maximum Doppler shift for PUSCH has not yet been agreed, all the candidates [2] are provided below.
· Frequency offset for PUSCH targeting 500km/h
· Carrier frequency: 2.1GHz
· FO option 1: 1750Hz
· FO option 2: 1944Hz
· Carrier frequency: 3.6GHz
· FO option 1: 3000Hz
· FO option 2: 3334Hz
Despite the fact that the recently agreed short sequence formats (A2, B4, C2) are sufficient for 500km/h HST scenarios (with each format emphasizing on different sub-cases), the feasibility of using format 0 with restricted sets in 500km/h case needs to be verified.
Hence, in this contribution, we will discuss the performance of format 0 with restricted sets in 500km/h and exhibit the impact of test pattern choices.
2. Discussion
Upon last meeting RAN4#92bis at Reno, some of the attendees have recognized the issue on the test pattern for PRACH format 0 restricted set A. That is, reusing LTE parameters might not always work well. However, such a statement did not come to an agreement where one might doubt if it impacts restricted set B or whether the test pattern truly delivers unusually good performance. This requires further study, as suggested in the WF of RAN4#92bis [1].
To be concrete, the test pattern referred to consists of {root sequence id, cyclic shift value (N_cs), preamble id}. The LTE test pattern are as described in the following tables.
Table 1 test pattern for PRACH format 0  restricted set A
	Root sequence id
	384

	N_cs
	15

	Preamble id
	0



Table 2 test pattern for PRACH format 0 restricted set B
	Root sequence id
	30

	N_cs
	15

	Preamble id
	30



The alternative of the test patterns to be check, as suggested in the WF [1], are shown below.
Table 3 alternative test pattern for PRACH format 0  restricted set A from WF
	Root sequence id
	384

	N_cs
	15

	Preamble id
	36



Table 3 alternative test pattern for PRACH format 0 restricted set B from WF 
	Root sequence id
	384

	N_cs
	15

	Preamble id
	36



Some more assumptions are provided here.
· Carrier frequency: 3.6GHz
· Sub-carrier spacing: 1.25kHz for format 0
· Number of transmitter antennas: 1 Tx
· Number of receiver antennas: 2 Rx
· Total number of PRACH preambles: 64
The simulated performance of the restricted sets with different test patterns is included.
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Figure 1 performance of restricted set A with different preamble id
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Figure 2 performance of restricted set B with different root sequence and preamble id
From the Figure 1, the performance of the restricted set A with the LTE test pattern ranges from -14dB to -17dB with frequency offset (FO) being in {1000Hz, 2000Hz, 3000Hz, 4000Hz} for 1% miss detection, while the alternative test pattern will yield a performance deteriorates as the FO increases largely. When the FO grows from 1000Hz to 2000Hz, the performance of the restricted set A with the alternative test pattern decreases from -14dB, which is considered as acceptable, to -10dB, which is much worse than performance of restricted set B. The deterioration enlarges to 6dB given that the FO increases from 2000Hz to 3000Hz. If the FO is set to 4000Hz, the miss detection will be quite close to 100% even with 0dB SNR. Notably, the performance with the LTE test pattern even improves while FO increases.
One may argue that not all the possible FO values have been simulated and the performance might be different for the FO values in between the simulated ones. That sounds right, but we can never simulate for all. So, let us focus on the point: whether restricted set A should have such a good performance when the FO is 4000Hz? Let us recall the introduction of restricted set B. The restricted set A was designed to support the FO up to 1.25kHz. It was believed that the higher FO will seriously impact the performance of the restricted set A and to address a much higher FO, another type of restricted sets is needed, i.e., restricted set B targeting at FO up to 2.5kHz. It is possible that the restricted set A can function when FO is slightly over the boundary. However, at a FO of 3000Hz (slightly beyond the target FO of the restricted set B), the restricted set A should not provide an as good performance as the restricted set B, not to mention an even better performance. In contrast, from the figures, the restricted set A requires around -15dB to obtain 1% miss detection, which is 3dB better than that of restricted set B. The deteriorated performance when preamble id is 36 looks more consistent to the theoretical prediction.
The above analysis holds when Ncs=15. Though the Ncs values for both test patterns are the same and the curves are for Ncs=15, there’s no evidence showing that the above statement is not true for other Ncs values.
Observation 1. The LTE test pattern (Ncs=15, preamble id=0, and root sequence id=384) for the restricted set A shows an unusually good performance with high FO. The performance gap between the LTE test pattern and the alternative test pattern is visible for 2000Hz and beyond. Although the effect is seen at higher Doppler, we propose that the alternative pattern should also be applied for 350km/h requirements. The reason is that even if 500km/h format is not supported in the specs, it is undesirable to retain a corner case configuration. There would otherwise be a risk in the future that the test may be re-used for exploring performance with increased frequency or Doppler and would not show correct performance.  
Proposal 1: Use the alternative test pattern (Ncs=15, preamble id=36, and root sequence id=384) suggested in WF RAN4#92bis for restricted set Type A for both 350km/h and 500km/h cases if applicable.
For restricted set B, the performances are more aligned. When the FO is picked from {1000Hz, 2000Hz, 3000Hz, 3500Hz}, both test patterns yield alike behavior. Although 4500Hz FO will, nevertheless, lead to an obvious gap between different test patterns’ curves, such a deviation does neither nullify its deteriorating property against FO, nor change our focus on under 3500Hz (corresp. approximately 500km/h) case for the moment.
Observation 2. The LTE test pattern (Ncs=15, preamble id=30, and root sequence id=30) has a similar performance to the alternative test pattern with high FO up to 3500Hz. The performance gap is negligible.
Proposal 2: Reuse the LTE test pattern (Ncs=15, preamble id=30, and root sequence id=30) for NR HST tests from the LTE spec for restricted set Type B.
As agreed, the feasibility of exploiting format 0 in the 500km/h case is explored. The simulation results of both restricted set A and B are show below, with the above proposed test patterns.
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Figure 3 performance of the format 0 restricted sets targeting 500km/h
Following the principle of how PUSCH decides the maximum Doppler for 350km/h, we can choose the FO to be 1944Hz and 3334Hz, as shown in figure 3.
In figure 3, both restricted sets achieve 1% miss detection rate with an SNR between -10dB and -14dB when carrier frequency is 2.1GHz, see red curves. For higher carrier frequency at 3.6GHz, the required SNRs are around 6dB and -8dB ~ -7dB for restricted set A and B, respectively.
Recall that the short sequence formats will only need around -17dB ~ -13dB to reach the same performance. The performance gap between short sequence format and long sequence format (with restricted sets) are at least 6dB with 3334Hz FO. If the systematic frequency error () is taken into account in the further evaluation, such a gap will become even more striking. It is at least 8dB, e.g., see figure 2.
Observation 3: Short sequence formats are performing much better than format 0 with restricted sets when velocity is 500km/h.
Proposal 3: Use only short sequence formats to target 500km/h scenarios.

3. Conclusion
Observation 1. The LTE test pattern (Ncs=15, preamble id=0, and root sequence id=384) for the restricted set A shows an unusually good performance with high FO. The performance gap between the LTE test pattern and the alternative test pattern is visible for 2000Hz and beyond. Although the effect is seen at higher Doppler, we propose that the alternative pattern should also be applied for 350km/h requirements. The reason is that even if 500km/h format is not supported in the specs, it is undesirable to retain a corner case configuration. There would otherwise be a risk in the future that the test may be re-used for exploring performance with increased frequency or Doppler and would not show correct performance. 
[bookmark: _GoBack]Proposal 1: Use the alternative test pattern (Ncs=15, preamble id=36, and root sequence id=384) suggested in WF RAN4#92bis for restricted set Type A for both 350km/h and 500km/h cases if applicable.
Observation 2. The LTE test pattern (Ncs=15, preamble id=30, and root sequence id=30) has a similar performance to the alternative test pattern with high FO up to 3500Hz. The performance gap is negligible.
Proposal 2: Reuse the LTE test pattern (Ncs=15, preamble id=30, and root sequence id=30) for NR HST tests from the LTE spec for restricted set Type B.
Observation 3: Short sequence formats are performing much better than format 0 with restricted sets when velocity is 500km/h.
Proposal 3: Use only short sequence formats to target 500km/h scenarios.

Reference
[1] 	Samsung, R4-1912729, Way forward on NR HST PRACH, Chongqing, China, October 14-18, 2019.
[2] 	Huawei, R4-1912809, Way forward on NR HST PUSCH demodulation requirements, Chongqing, China, October 14-18, 2019.
[3] 	3GPP TS38.211, V15.7.0, 2019.09. 


image2.png
PRACH missed detection

PRACH format 0, 2Rx, Res Set B, AWGN, 3.6GHz

10°

REEN

—&— 1000Hz, preamble=30
—©—2000Hz, preamble=30
< 3000Hz, preambl
—&— 3500Hz, preambl
= 4500Hz, preambl
—— 1000Hz, preambl
—— 2000Hz, preambl
- 3000Hz, preambl
—#— 3500Hz, preamble=36

| 4500Hz, preamble=36

107
-20

-15

0 5 10
SNR [dB]

-10

15 20





image3.png
10°
1071
—5—SetA 1944mz
= Set A 3334Hz
g ol —e—setB 194aHz 4
3 o setB 333aHz
°
£
E sl ]
5 10
&
1074 F 1
105 . . . . . .
25 20 15 -10 -5 0 s 10

SNR [dB]




image1.png
10%

PRACH missed detection

107

PRACH format 0, 2Rx, Res Set A, AWGN, 3.6GHz

—6— 1000Hz, prea
—&— 2000Hz, prea
—6—3000Hz, prea
< 4000Hz, prea
—— 1000Hz, prea
—— 2000Hz, prea
—— 3000Hz, prea
| 4000Hz, prea

-10

-8
SNR [dB]

-6





