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1. Introduction
At the RAN plenary meeting #84, a WI on high-speed train (HST) scenario was approved for Rel.16 NR discussion [1]. Table 1 shows parameters for HST single tap UE demodulation tests, which were introduced in Rel. 15. Table 2 shows propagation condition for normal demodulation tests with HST single tap and high Doppler in Rel.15. This contribution presents our views on HST tests for NR. Our views on BS demodulation specification is discussed with our companion contributions [2, 3].
Table 1: HST single tap tests for Rel. 15 NR UE demodulation
	Parameter
	Value

	
	HST-750
	HST-1000

	

	300 m
	300 m

	

	2 m
	2 m

	

	300 km/h
	300 km/h

	

	750 Hz for 15 kHz SCS test
	1000 Hz for 30 kHz SCS test



Table 2: Propagation condition for normal demodulation tests with HST single tap and high Doppler in Rel.15
	Duplex mode
	Propagation condition

	FDD
	HST-750 and TDL-B (400Hz Doppler shift)

	TDD
	HST-1000 and TDL-B (400Hz Doppler shift)



2. Discussion 
2.1 Deployment scenario
For the HST model, we assume multiple TRPs are deployed along the railway. There are two possible deployment scenarios depending on cell IDs for the TRPs. If the cell IDs are different among TRPs, the deployment scenario is called as HST single tap, while cell ID is common among TRPs for HST-SFN scenario. For deployment point of view, both of the HST single tap and HST-SFN are the typical. Thus, it is important to introduce the test cases of those two scenarios in Rel.16 NR as in LTE.
Proposal 1: Performance requirements for HST-SFN (bi-directional) and HST single tap scenarios should be introduced.


2.2 Target Speed
In Japan, high speed trains (Shinkansen) have been deployed since 1964. It spreads all across in Japan and is still expanding its service areas. Shinkansen is very common as a long-range transportation system and used by more than 350 million people per year. Its maximum operation speed can reach up to 320 km/h. In addition, maglev is under construction targeting commercial launch in mid-2020s, where the maximum operation speed can reach up to 500 km/h. This kind of high-speed transportation systems are currently very common all around the world, e.g., China, Europe, Korea, etc., and it is very important to make cellular coverage for the passengers in the high-speed trains, especially for FR1.
With this condition, Rel.15 HST requirements should be enhanced to guarantee performance with more than 300km/h. In the Rel. 16 standardization, we think it is necessary to introduce HST test cases with up to 500 km/h in Rel.16 NR. If we only introduce the test cases with 500 km/h, it is not possible to optimize performance for legacy HSTs with the speed of such as 320 or 350 km/h. In this sense, we think it is important to have HST test not only for 500 km/h but also for 350 km/h, although necessity to have both of the 300km/h (specified in Rel. 15) and 350km/h can be further discussed.
Proposal 2: For HST-SFN, target speed is 350 km/h and 500 km/h.
Proposal 3: For HST single tap downlink, target speed is 500 kmh. For HST single tap uplink, target speed is discussed in [2].
2.3 Carrier frequency and SCS 
As mentioned above, it is important to make cellular coverage for HST scenarios especially for FR1. We think it is possible to reuse the carrier frequency and SCS that was specified in Rel. 15. In addition, for the FDD band, we can consider to apply 30 kHz SCS, since larger SCS has better tolerance to UE mobility.
Proposal 4: Reuse Rel. 15 carrier frequency and SCS. E.g., for downlink, following carrier frequency and SCS should be applied.
· FDD: 2.7 GHz with SCS=15 kHz
· TDD: 3.6 GHz with SCS=30 kHz
Proposal 5: Study necessity of FDD with 30 kHz SCS. 
2.4 High Doppler test with multipath fading channel
In the test cases of HST single tap and HST-SFN, we can guarantee the tolerance to the quick variation of Doppler shift and largely separated positive and negative Doppler shifts, respectively. However, it is designed with AWGN channel model and not possible to perform test with fading channel condition. Thus, normal demodulation tests with higher Doppler frequency, e.g., 350 and/or 500 km/h, with non-AWGN channel model can be considered.
Proposal 6:  Study necessity of normal demodulation tests with higher Doppler frequency, e.g., 350 and/or 500 km/h, using fading channel, e.g., TDL model. 
3. Conclusion
 In this contribution, we present our views on HST tests for NR. 
Proposal 1: Performance requirements for HST-SFN (bi-directional) and HST single tap scenarios should be introduced.
Proposal 2: For HST-SFN, target speed is 350 km/h and 500 km/h.
[bookmark: _GoBack]Proposal 3: For HST single tap downlink, target speed is 500 kmh. For HST single tap uplink, target speed is discussed in [2].
Proposal 4: Reuse Rel. 15 carrier frequency and SCS. E.g., for downlink, following carrier frequency and SCS should be applied.
· FDD: 2.7 GHz with SCS=15 kHz
· TDD: 3.6 GHz with SCS=30 kHz
Proposal 5: Study necessity of FDD with 30 kHz SCS. 
Proposal 6:  Study necessity of normal demodulation tests with higher Doppler frequency, e.g., 350 and/or 500 km/h, using fading channel, e.g., TDL model.
References 
[1] 3GPP, CMCC, RP-191512 New WID on NR support for high speed train scenario, June. 2019. 
[2] 3GPP, NTT DOCOMO, R4-1908658 NR PUSCH requirements for high speed, Aug, 2019
[2] 3GPP, NTT DOCOMO, R4-1908659 NR PRACH requirements for high speed, Aug, 2019
image3.wmf
min

D


oleObject2.bin

image4.wmf
v


oleObject3.bin

image5.wmf
d

f


oleObject4.bin

image2.wmf
s

D


oleObject1.bin

