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1 Introduction

High speed train issues have been discussed in the previous meetings [1]. Some results were provided by different companies in RAN4#39. In this contribution we provide some additional results and propose a way forward on how to specify requirements related to high speed train environment.
2 Deployment Scenarios
During the previous meetings and during offline discussions, two main high speed train scenarios have emerged namely:

· Open area or outdoor scenario
· Tunnel scenario

In both scenarios train speed, channel model, inter-site distance and distance between the railway track and base station site are critical parameters to be considered in the evaluation. Until previous meetings, outdoor scenario was the main focus of the discussion leading to some level of consensus in terms of scenarios and parameters. The next section provides results for this scenario. 
3 Simulation Results for Open Area
A scenario comprising of high speed train running in open area is simulated. Uplink demodulation results are provided for following cases: with and without power control, with and without receiver diversity and using 1% and 0.1% BLER target values. The reference channel simulated is 12.2 kbps in annex A.2 in 25.104 [2]. 
The train speed is 350 km/hr or above. The channel model used is AWGN. The frequency band is 2 GHz (band I). The distance between the railway line and the base station site is 50 m and the distance between base stations (inter-site distance: ISD) is 200 m. It has been discussed offline that ISD = 200 m is not realistic and therefore a larger value in the range of 1000 m should be used. Thus it could be revised for future evaluation as discussed in the section 4. 
Table 1 shows simulation results in terms of Eb/N0 with power control off without any implementation margin. The results indicate that performance loss compared with purely static scenario (0 km/hr) case is quite trivial both at 1% and 0.1% BLER target values.  
Simulation results using the same parameters as above but with power control on are given in table 2. The results again indicate insignificant performance degradation with respect to 0 km/hr scenario. 
Comparison between table 1 and table 2 shows that with power control on the performance is slightly worse, i.e. larger Eb/N0 levels with power control on. This behaviour is expected since AWGN channel is used. 
Since performance degradation whether power control is on or off is negligible, therefore our preference is to specify the requirements only with power control off. This is also the currently used approach in sections 8.2 and 8.3 in 25.104 [2]. 

Table 1: Uplink demodulation results with power control OFF
	Scenario
	UE Speed
[km/hr]
	Distance:
BS-Track
[meters]
	BLER [%]
	Without Rx Diversity
	With Rx Diversity

	
	
	
	
	Eb/N0 [dB]
	Loss w.r.t 0 km/hr

[dB]
	Eb/N0 [dB]
	Loss w.r.t 0 km/hr
[dB]

	1
	350
	50
	1
	5.9
	0.3
	3.1
	0.5

	
	
	
	0.1
	6.6
	0.4
	3.8
	0.2

	2
	400
	50
	1
	6.0
	0.3
	3.1
	0.5

	
	
	
	0.1
	6.7
	0.4
	3.8
	0.2

	3
	450
	50
	1
	6.0
	0.4
	3.2
	0.5

	
	
	
	0.1
	6.8
	0.5
	3.7
	0.1


Table 2: Uplink demodulation results with power control ON
	Scenario
	UE Speed
[km/hr]
	Distance:
BS-Track
[meters]
	 BLER [%]
	Without Rx Diversity
	With Rx Diversity

	
	
	
	
	Eb/N0 [dB]
	Loss w.r.t 0 km/hr
[dB]
	Eb/N0 [dB]
	Loss w.r.t 0 km/hr
[dB]

	1
	350
	50
	1
	6.6
	0.1
	3.8
	0.3

	
	
	
	0.1
	7.4
	0.2
	4.5
	0.1

	2
	400
	50
	1
	6.7
	0.2
	3.8
	0.3

	
	
	
	0.1
	7.4
	0.2
	4.5
	0.1

	3
	450
	50
	1
	6.7
	0.2
	3.8
	0.3

	
	
	
	0.1
	7.5
	0.3
	4.6
	0.1


4 Proposal and Open Issues 

We propose that RAN4 agrees on the simulation parameters, simulation scenarios, channel models etc for both deployment situations: open area and tunnel. A list of parameters and their possible values are given in table 3. 

Table 3: Scenarios and parameters to mimic high speed deployment
	Parameter/Model
	Deployment Scenario

	
	Open Area
	Tunnel

	Speed [km/hr]
	350 km/hr
	300 km/hr

	BS-track distance [m]
	50
	2 

	Coverage method
	Antennas
	Antennas or leaky cable [Note]

	Channel model
	AWGN
	AGWN

	Inter site distance [m]
	[1000]
	TBD depending on coverage method


Note: The most commonly used case should be used for evaluation and requirements.
In case leaky cable is chosen to evaluate tunnel scenario, then we have the following understanding: 
· An ideal leaky cable (acting as a line source as opposed to a point source) would in most circumstances give rise almost no Doppler shift or Doppler spread.

· Practical leaky cables can sometimes deviate significantly from an ideal line source due to losses due to the use of line amplifiers to overcome the losses. Thus practical cables act as several point sources. Hence, the Doppler frequency could change very rapidly when train passes such a point-like source. 

We would therefore like to have operators’ feedback on whether leaky cable or antennas are commonly used in the tunnel.
5 Summary

Simulation results depicting uplink demodulation performance in high speed train environment in open area are provided. Compared to reference case (static: 0 km/hr) the performance loss is negligible. Alignment of simulation parameters in outdoor (open area) is needed to do further evaluation. In case of tunnel scenario, we also propose to discuss and agree on simulation parameters and models (especially coverage method). A list of potential parameters and models are also given in the document. 
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