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1. Introduction
The issue for one of the high speed train environment was raised in [1] and the receiver performance of the UE and BS in high speed train environment were extensively discussed during the RAN4#39 meeting [2]

 REF _Ref143687541 \n \h 
[3][4]. This document follows the discussions in these documents and adds some further consideration on the topic to progress the work in this area.
2. Further consideration on deployment scenario
[image: image11.emf]fc=2GHz, Vms=350km/h, DL

-800

-600

-400

-200

0

200

400

600

800

-10 -5 0 5 10

Time [sec]

Doppler freq. [Hz]

dmin=50m

dmin=100m

dmin=200m

dmin=500m

dmin=1000m

 

As analysed well in [2] and [3], following parameters would affect high speed train environment assuming line of sight condition:


Cell radius (r)


Minimum distance between BS and railway track (dmin)


Carrier frequency (fc)


UE velocity (v).
In this document, omni-cell environment is considered which would represent fundamental Doppler shift behaviour in sectored cell scenario case as well.
Fig. 1 High speed train environment
Firstly, cell radius r is reviewed with regard to the time in which UE in a high speed train passes through the cell. The pass through time is given by the equation below.
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Figure-2 shows relation ship between dmin versus the pass through time for cell radius of 200m, 500m and 2km. When the speed of the train becomes 350km/h and the cell radius equals to 200m with dmin of 50m, the pass through time would be around 4 seconds. Taking into account cell reselection procedure, realistic pass through time should be greater than several seconds. From that perspective, dmin of 50m for cell radius of 200m case would be the one of the extreme case and dmin should not be bigger than 100m for this cell radius.

In case a “tunnel scenario” should be considered, separate set of deployment parameters such as dmin of less than 3m, for instance, would be applied by the way.
As for the maximum Doppler shift frequency, it is determined by UE speed and carrier frequency. According to the observation in [1], it would be reasonable to assume the Doppler shift in UL(ΔfUL) is offset by the Doppler shift in DL(ΔfDL) as in the equation below and it means the frequency shift in UL is almost doubled from the one in DL. Figure-3 shows the resultant of this simple calculations. For the 2GHz band operation with 350km/h UE speed, DL Doppler shift is almost 700Hz and for the UL case, it becomes 1340Hz. If the carrier frequency for Band VII (2.6GHz band) is considered, maximum Doppler frequency shall be 870Hz and 1700Hz for DL and UL respectively.
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[image: image6]
Fig. 2 dmin vs. UE pass through time

[image: image7]
Fig. 3 Maximum Doppler shift vs. MS speed

Finally, dynamic behaviour of Doppler shift is reviewed. As can be seen from Figure-1, the Doppler shift Δf is given by the following equation where c represents the speed of light.
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Figure-4 represents the Doppler shift behaviour in a time domain when the UE passes a cell with speed of 350km/h and dmin of 50m. Figure-5 is the graph for the Δf with respect to the dmin when carrier frequency is in 2GHz band. The Doppler shift fluctuates at a rate of about -700Hz/sec for DL and -1340Hz/sec for UL for the 2GHz band case.

[image: image9]
Fig. 4 Doppler shift behaviour (vs. time)

[image: image10]
Fig. 5 Doppler shift behaviour (vs. dmim)
3. Conclusion

This document summarizes deployment scenario to be used for the analysis for high speed train environment. The analysis and observation in this document is in line with the ones in [2] and [3]. As a conclusion, we would propose the following parameters for the further analysis in this field.
Table 1 Proposed deployment scenario
	#
	Parameters
	Value
	Remarks

	1
	Cell Radius
	200 m (～2000m)
	

	2
	BS-track distance
	50m (～100m)
	For open space scenario

	3
	Carrier frequency
	2GHz band
	FDD Band I

	4
	Propagation condition
	AWGN
	Line of Site condition

	5
	MS speed
	350km/h (Max)
	

	6
	Maximum Doppler shift
	700 Hz (DL)

1340Hz (UL)
	At 2GHz band

	7
	Doppler shift drift
	700Hz/sec (DL)

1340Hz/sec (UL)
	When MS passes by the nearest point to the BS
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図 1


_1217613766.doc
[image: image1.emf]Maximum Doppler shift (UL)


0


200


400


600


800


1000


1200


1400


1600


1800


0 100 200 300 400


Velocity [km/h]


Doppler shift [Hz]


fc=2.57GHz(UL),


fc=2.69GHz(DL)


fc=1.98GHz(UL),


fc=2.17GHz(DL)


fc=1.785GHz(UL),


fc=1.88GHz(DL)


fc=0.849GHz(UL),


fc=0.894GHz(DL)





_1217613807.doc
[image: image1.emf]Maximum Doppler shift (DL)


0


100


200


300


400


500


600


700


800


900


1000


0 100 200 300 400


Velocity [km/h]


Doppler shift [Hz]


fc=2.69GHz


fc=2.17GHz


fc=1.88GHz


fc=0.894GHz




図 1


_1217611278.doc
[image: image1.emf]1


10


100


0 50 100 150 200


dmin [m]


tpass [sec]


20 [km/h]


50 [km/h]


120 [km/h]


250 [km/h]


350 [km/h]


[image: image3.emf] 


R =2 00 m  


dmin  


BS  


MS  




図 1

� EMBED Word.Picture.8  ���











[image: image2.emf] 


R =2 00 m  


dmin  


BS  


MS  


_1217327180.doc




MS









BS









dmin









R=200m

















_1217611351.doc
[image: image1.emf]1


10


100


1000


0 500 1000 1500 2000


dmin [m]


tpass [sec]


20 [km/h]


50 [km/h]


120 [km/h]


250 [km/h]


350 [km/h]


[image: image3.emf] 


R =2km  


dmin  


BS  


MS  




図 1

� EMBED Word.Picture.8  ���











[image: image2.emf] 


R =2km  


dmin  


BS  


MS  


_1217327197.doc




MS









BS









dmin









R=2km

















_1217611263.doc
[image: image1.emf]1


10


100


1000


0 100 200 300 400 500


dmin [m]


tpass [sec]


20 [km/h]


50 [km/h]


120 [km/h]


250 [km/h]


350 [km/h]


[image: image3.emf] 


R = 5 00 m  


dmin  


BS  


MS  




図 1

� EMBED Word.Picture.8  ���











[image: image2.emf] 


R = 5 00 m  


dmin  


BS  


MS  


_1217327169.doc




MS









BS









dmin









R=500m

















