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1.	Introduction
In RAN4 #90bis, WF on BS demodulation for high speed in Rel.16 was approved [1]. In this contribution, we discuss on open issues and provide our views.
	RAN4#90bis
· WF on PUSCH for HST
· The following deployment scenario are considered:
· Open space
· Bi-directional (1st priority)
· Uni-directional
· Tunnel for multi-antennas
· Bi-directional (1st priority)
· Uni-directional
· BS-Railway track distance (Dmin) and Initial distance of the train from BS (Ds/2):
· Same as existing HST scenario 1 for open space and 3 for tunnel
· Other options are not precluded
· WF on PUSCH for HST for evaluation (not for requirement)
· Deployment scenarios and related parameters (e.g., Ds, Dmin, fd) will be decided based on evaluation results. The following parameters should be considered in the evaluation. 
· The requirements will be specified based on the outcome of simulation.
· WF on PUSCH for UL timing adjustment
· PUSCH requirements for UL timing adjustment considering 500km/h UE velocity
· Option 1: Introduce the following moving propagation scenario
· Option 2: Not introduce new moving propagation scenario
· Companies are encourage to provide the performance impact compared to the existing moving propagation scenario 
· WF on PUSCH and PUCCH for multipath fading
· PUSCH for multipath fading
· Option 1: Introduce the requirements with higher Doppler spread above 600Hz
· Option 2: Not introduce new requirements
· PUCCH for multipath fading
· Option 1: Introduce the requirements with higher Doppler spread above 300Hz
· Option 2: Not introduce new requirements
· Companies are encouraged to provide the practical deployment with multipath fading scenario considering high velocity about 500km/h
· WF on PRACH restricted set B
· After defining maximum Doppler shift, the necessity of a new test case for PRACH restricted set B would be discussed.



2.	Discussion
2.1	HST scenario
In WF [1], the options for maximum Doppler shift for evaluation were shown as below:  
	Parameter
	Value

	
	Open space
	Tunnel for multi-antennas

	
	Bi-directional
(1st priority)
	Uni-directional
	Bi-directional
(1st priority)
	Uni-directional

	Ds
	1000 m
	300 m

	Dmin
	50 m
	2 m

	v
	500 km/h
	500 km/h (Other options are not precluded)

	fd
	2200Hz
1945Hz (1st priority for initial simulation)
1750Hz
1600Hz
Any values in between acceptable are not precluded



Table 1 shows maximum Doppler shift calculated based on Band 1 (2.1GHz) and Band 7 (2.7GHz). In the exisiting BS HST scenario specified in TS 36.104 [2], Band 1 (2.1GHz) is assumed as carrier frequency. Also in enhanced requirements, at least the same carrier frequency should be assumed. In actual operations, Band 1 (2.1GHz) is one of the main bands for HST coverage and is expected to be used for deployment of enhanced HST covering 500km/h UE speed, also in Japan. However, as shown in Table 2, the maximum Doppler shift of 1750 Hz or 1600 Hz does not seem to guarantee a UE speed of 500 km/h. As the target UE speed is explicitly mentioned in the WID as 500 km/h, 1945 Hz or more should be considered as the maximum Doppler shift
Proposal 1: For BS demodulation requirements for HST, define 1945Hz or more as maximum Doppler shift.
Table 1: UE speed corresponding to Maximum Doppler shift and carrier frequency
	Maximum Doppler Shift
	UE speed

	
	@Band 1 (2.1GHz)
	@Band 7 (2.7GHz)

	2200Hz
	565km/h
	440km/h

	1945Hz
	500km/h
	388km/h

	1750Hz
	450km/h
	350km/h

	1600Hz
	411km/h
	320km/h



2.2	Moving propagation scenario for UL timing adjustment
In TS36.104 [2], moving propagation scenario is defined for PUSCH requirements for UL timing adjustment. There are two scenarios specified as follows:
	TS 36.104


Figure B.4-1: Moving propagation conditions

                                                       (B.4-1)
Table B.4-1: Parameters for UL timing adjustment
	Parameter
	Scenario 1
	Scenario 2

	Channel model
	Stationary UE: AWGN
Moving UE: ETU200
	AWGN

	UE speed
	120 km/h
	350 km/h

	CP length
	Normal
	Normal

	A
	10 s
	10 s

	
	0.04 s-1
	0.13 s-1



NOTE 1:	Multipath fading propagation conditions for Scenario 1 were derived for Band 1 with additional rounding applied to the Doppler frequency calculated for the specified UE speed.
NOTE 2:	In Scenario 2, Doppler shift is not taken into account.



Existing scenario 2 is defined based on HST scenario (UE speed: 350km/h). Also in the enhanced HST scenario (UE speed: 500km/h), the open space scenario is expected and there is a possibility to multiplex a stationary UE and a moving UE as in the example shown in Figure 1. 

[image: ]
Figure 1: Example of deployment scenarios for HST
Based on equation (B.4-1) in TS 36.104, the time difference between the reference timing and the first tap () corresponding to  are shown in Figure 3, where  are corresponding to UE speed = 120km/h, 350km/h and 500km/h, respectively. The rationale of  is presented in [3].
[image: ]
Figure X: Time difference between reference timing and the first tap

To guarantee the performance under 500km/h, the requirement for UL timing adjustment should be defined. Our proposed parameters are summarized in Table 2.
Proposal 2: For Rel.16 UL timing adjustment, define a new scenario for UL timing adjustment as follow:
Table 2: Proposed parameters for UL timing adjustment in Rel.16.
	Parameter
	Scenario X

	Channel model
	Stationary UE: AWGN
Moving UE: AWGN

	UE speed
	500 km/h

	CP length
	Normal

	A
	10 s

	
	 0.18 s-1

	NOTE:	In Scenario X, Doppler shift is not taken into account.


3.	Conclusion
In this contribution, we provide our views on BS demodulation requirements for LTE high speed in Rel.16. The following proposals are obtained.
Proposal 1: For BS demodulation requirements for HST, define 1945Hz or more as maximum Doppler shift.
Proposal 2: For Rel.16 UL timing adjustment, define a new scenario for UL timing adjustment as follow:
Table 2: Proposed parameters for UL timing adjustment in Rel.16.
	Parameter
	Scenario X

	Channel model
	Stationary UE: AWGN
Moving UE: AWGN

	UE speed
	500 km/h

	CP length
	Normal

	A
	10 s

	
	 0.18 s-1

	NOTE:	In Scenario X, Doppler shift is not taken into account.
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