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1.0 Introduction
Channel models for high velocities were discussed and agreed in previous RAN4 meetings [2, 3, 4]. In addition to high Doppler scenarios, a special case for even higher UE velocities such as for High Speed trains was added to the propagation conditions in TR 36.803 [1]. This scenario should also be included in the technical specification.

2.0
Proposal

It is proposed that the attached text proposal for a High speed train model is included in TS 36.101. A minor re-structuring is also proposed of Annex B of TS 36.101
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Annex B (normative): 

Propagation conditions

B.1
Static propagation condition

B.2
Multi-path fading propagation conditions
The multipath propagation conditions consist of several parts:

· A delay profile in the form of a "tapped delay-line", characterized by a number of taps at fixed positions on a sampling grid. The profile can be further characterized by the r.m.s. delay spread and the maximum delay spanned by the taps.

· A combination of  channel model parameters that include the Delay profile and the Doppler spectrum, that is  characterized by a classical spectrum shape and a maximum Doppler frequency 
· A set of correlation matrices defining the correlation between the UE and eNodeB antennas in case of multi-antenna systems.


B.2.1
Delay profiles
The delay profiles are selected to be representative of low, medium and high delay spread environments. 
The resulting model parameters are defined in Table B.2.1-1 and the tapped delay line models are defined in Tables B.2.1-2, B.2.1-3 and  B.2.1-4. 


Table B.2.1-1 Delay profiles for E-UTRA channel models
	Model
	Number of 
channel taps
	Delay spread

(r.m.s.)
	Maximum excess tap delay (span)

	Extended Pedestrian A (EPA)
	7
	45 ns
	410 ns

	Extended Vehicular A model (EVA)
	9
	357 ns
	2510 ns

	Extended Typical Urban model (ETU)
	9
	991 ns
	5000 ns


Table B.2.1-2 Extended Pedestrian A model (EPA)
	Excess tap delay [ns]
	Relative power 
[dB]

	0
	0.0

	30
	-1.0

	70
	-2.0

	90
	-3.0

	110
	-8.0

	190
	-17.2

	410
	-20.8


Table B.2.1-3 Extended Vehicular A model (EVA)
	Excess tap delay [ns]
	Relative power
 [dB]

	0
	0.0

	30
	-1.5

	150
	-1.4

	310
	-3.6

	370
	-0.6

	710
	-9.1

	1090
	-7.0

	1730
	-12.0

	2510
	-16.9


Table B.2.1-4 Extended Typical Urban model (ETU)
	Excess tap delay [ns]
	Relative power 
[dB]

	0
	-1.0

	50
	-1.0

	120
	-1.0

	200
	0.0

	230
	0.0

	500
	0.0

	1600
	-3.0

	2300
	-5.0

	5000
	-7.0
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B.2.2
Combinations of channel model parameters

Table B.2.2-1 shows propagation conditions that are used for the performance measurements in multi-path fading environment for low, medium and high Doppler frequencies 

Table B.2.2-1 Channel model parameters
	Model
	Maximum Doppler frequency

	EPA 5Hz
	5 Hz

	EVA 5Hz
	5 Hz

	EVA 70Hz
	70 Hz

	ETU 70Hz
	70 Hz

	ETU 300Hz
	300 Hz


B.2.3
Multi-Antenna channel models








Table B.2.3-1 defines the correlation matrix for the eNodeB 
Table B.2.3-1 eNodeB correlation matrix 
	
	One antenna
	Two antenna

	eNode B Correlation
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Table B.2.3-2 defines the correlation matrix for the UE




:
Table B.2.3-2 UE correlation matrix
	UE Correlation
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Table B.2.3-3 define the channel spatial correlation matrix 
[image: image19.wmf]spat
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. The parameters, α and β in Table B.2.3-3 defines the spatial correlation between the antennas at the eNodeB and UE.
Table B.2. 3-3: 
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 correlation matrices 

	1x2 case
	2x2 case
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The 
[image: image30.wmf]a

 and 
[image: image31.wmf]b

 for different correlation types are given in Table B.2.3-4.

Table B.2.3-4
	Low correlation
	Medium Correlation
	High Correlation
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For cases with more antennas at either eNodeB or UE or both, the channel spatial correlation matrix can still be expressed as the Kronecker product of 
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B.2.3
Correlation Matrix Definitions 






















The correlation matrices for high, medium and low correlation are defined in Table B.23-1-1, B.2.3.1-2 and B.2.3.1-3, below  
Table B.2.3.1: correlation matrices for high correlation
	1x2 case
	2x2 case
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Table B.2.3-2: correlation matrices for medium correlation

	1x2 case
	2x2 case

	N/A
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Table B.2.3-3: correlation matrices for low correlation

	1x2 case
	2x2 case

	
[image: image55.wmf]÷

÷

ø

ö

ç

ç

è

æ

=

1

0

0

1

low

R


	
[image: image56.wmf]÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

=

1

0

0

0

0

1

0

0

0

0

1

0

0

0

0

1

low

R




B.3
High speed train scenario

The high speed train condition for the test of the baseband performance is a non fading propagation channel with one tap. Doppler shift is given by
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where 
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 is the Doppler shift and 
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 is the maximum Doppler frequency. The cosine of angle 
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where 
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s
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 is the initial distance of the train from eNodeB, and 
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D

 is eNodeB Railway track distance, both in meters; 
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 is the velocity of the train in m/s, 
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 is time in seconds. The parameters in the equation are shown in Table B.3-1 assuming a carrier frequency fC = 2690 MHz. The resulting Doppler shift is shown in Figure.B.3-1.
Table B.3-1: High speed train scenario
	Parameter
	Value

	
[image: image67.wmf]s

D


	300 m

	
[image: image68.wmf]min

D


	2 m

	
[image: image69.wmf]v


	300 km/h

	
[image: image70.wmf]d

f


	750 Hz



[image: image71.emf]-800

-400

0

400

800

0 5 10 15 20

Time (sec)

Doppler Shift (Hz)

 


Figure B.3-1: Doppler shift trajectory
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