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1 Introduction
In the agreed WID [1], following objectives are included:

	· 	The following new scenario are considered for non-CA case [RAN4]
· [bookmark: OLE_LINK38]The target speed is 500km/h
· SFN scenario defined in TS36.101 and TR36.878 with bidirectional coverage for tunnel and open space 
· SFN scenario defined in TS36.878 with unidirectional coverage for tunnel and open space
· More discussion on how to specify the general unidirectional antenna pattern 
· In addition to SFN scenarios, other deployment scenarios are not precluded



In Japan, the linear motor train will be launch in the near future, and the target speed is 500km/h or even higher. For such high speed train, the tunnels will be deployed on most of the line. In this contribution, we provide the information on linear motor train in Japan and the views on possible high speed scenarios and maximum Doppler shift for 500km/h velocity, especially demodulation part.
2 Discussion
2.1 Linear motor train in Japan
In Japan, the linear motor train, which is a kind of maglev train, will be launch in the near future. The target speed will be 500km/h or even higher and about 90% of the line will be covered by the tunnel. As an example, Figure 1 shows the tunnel environment for linear motor train. Both directions will be covered by one tunnel, which is like existing bullet train. Also, the size of tunnel will be similar as that of bullet train since the size of linear motor train is smaller than that of bullet train.

[image: ]
Figure.1: The example of tunnel environment for linear motor train

Observation 1:
Summary of the characteristics on linear motor train in Japan are as follows:
· A kind of maglev train.
· The target speed will be 500km/h or even higher.
· About 90% of the line will be covered by the tunnel.
· Both directions will be covered by one tunnel.

2.2 Possible high speed scenarios for 500km/h velocity
In Rel.14 WI, the target speed was up to 350km/h. Based on such scope, 600Hz was considered as the largest Doppler frequency under multi-path fading scenario for UE/BS demodulation [2][3] and 875Hz was considered as the largest Doppler shift under HST-SFN scenario with bidirectional coverage for UE demodulation [2]. In this WI, All of requirements specified in Rel.14 WI should be updated in terms of the amount of Doppler shift, otherwise some bottlenecks would be generated in terms of test coverage for 500km/h velocity. In addition, original HST test specified in Rel.8 should be updated since UE demodulation performance is covered up to only 300km/h velocity with 750Hz Doppler shift in the latest spec.

Proposal 1:
Regarding UE demodulation part, following scenarios should be revisited:
· HST-SFN scenario with bidirectional coverage (TS36.101 B.3A)
· HST scenario (TS36.101 B.3)
· Multi-path fading scenario, i.e., ETU channel with higher Doppler shift than 600Hz

Regarding HST and HST-SFN scenario, some parameters, e.g., Dmin and Ds, need to be specified. The main purpose of PDSCH demodulation test under HST scenario is to ensure whether UE can handle the change of Doppler shift from positive to negative value drastically. Since smaller value of Dmin causes steep switching of Doppler shift and the value of Dmin in existing HST scenario is enough small, reusing the parameters of existing HST scenario would be enough for 500km/h velocity.

Proposal 2:
Introduce PDSCH demodulation test under HST scenario using following parameters:

	Parameter
	Value

	

	300 m

	

	2 m

	

	500 km/h



On the other hand, one of the purposes of PDSCH demodulation test under HST-SFN scenario with bidirectional coverage is to ensure the performance between RRHs, therefore some companies proposed the parameters assuming practical HST-SFN scenarios in Rel.13 SI [4]. As we explained in section 2.1, since about 90% of the line will be covered by the tunnel for the linear motor train in Japan, we would like to apply the parameters assuming the tunnel environment to HST-SFN scenario.

Proposal 3:
Introduce PDSCH demodulation test under HST-SFN scenario using following parameters:

	Parameter
	Value

	

	500 m

	

	5 m

	

	500 km/h



In addition, there was a scenario which has been discussed but not been specified in Rel.14, i.e., HST-SFN scenario with unidirectional coverage for UE demodulation [4]. Although this scenario was discussed for higher velocity than 350km/h in Rel.14, it could not be specified due to lack of time. We think that this scenario would be reasonable in this WI since the target speed is matched with objectives of WID. 

Proposal 4:
HST-SFN scenario with unidirectional coverage for UE demodulation can be considered in this WI in terms of target velocity.

2.3 Doppler shift for 500km/h velocity
Regarding maximum Doppler shift, we simply calculate the amount of Doppler shift with each RF frequency and velocity as table 1.
Table.1: Doppler shift under velocity and frequency
	Velocity 
(km/h)
	
	Doppler Shift (Hz)
	

	
	Band 1
(2.1GHz)
	Band 7
(2.7GHz)
	Band 42
(3.5GHz)

	
	DL
	UL
	DL
	UL
	DL
	UL

	350
	681
	1362
	875
	1750
	1135
	2270

	400
	778
	1556
	1000
	2000
	1250
	2500

	450
	875
	1750
	1125
	2250
	1459
	2918

	500
	972
	1944
	1250
	2500
	1621
	3242



Band 7 is often assumed for the maximum Doppler frequency in UE demodulation part [2]. Therefore, it is straightforward that maximum Doppler shift calculated by Band 7 should be also considered for 500km/h velocity, i.e., 1250Hz for downlink.

Proposal 5:
As maximum Doppler shift, 1250Hz should be considered for downlink.

3 Conclusion
In this contribution, we provided our view on high speed scenarios for 500km/h velocity. Our observations and proposals are as follows:

Observation 1:
Summary of the characteristics on linear motor train in Japan are as follows:
· A kind of maglev train.
· The target speed will be 500km/h or even higher.
· About 90% of the line will be covered by the tunnel.
· Both directions will be covered by one tunnel.

Proposal 1:
Regarding UE demodulation part, following scenarios should be revisited:
· HST-SFN scenario with bidirectional coverage (TS36.101 B.3A)
· HST scenario (TS36.101 B.3)
· Multi-path fading scenario, i.e., ETU channel with higher Doppler shift than 600Hz

Proposal 2:
Introduce PDSCH demodulation test under HST scenario using following parameters:

	Parameter
	Value

	

	300 m

	

	2 m

	

	500 km/h



Proposal 3:
Introduce PDSCH demodulation test under HST-SFN scenario using following parameters:

	Parameter
	Value

	

	500 m

	

	5 m

	

	500 km/h



Proposal 4:
HST-SFN scenario with unidirectional coverage for UE demodulation can be considered in this WI in terms of target velocity.

Proposal 5:
As maximum Doppler shift, 1250Hz should be considered for downlink.
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