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Annex B (normative):
Propagation conditions

B.1
Static propagation condition

The propagation for the static performance measurement is an Additive White Gaussian Noise (AWGN) environment. No fading or multi-paths exist for this propagation model.

B.2
Multi-path fading propagation conditions

Tables B.2-1 - B.2-3 show multi-path delay profiles that are used for the performance measurements in multi-path fading environment. All taps have classical Doppler spectrum, defined as:
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for f  -fD, fD.

Table B.2-1 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.2-2 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.2-3 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


A multipath fading propagation condition is defined by a combination of a multi-path delay profile and a maximum Doppler frequency fD which is either 5, 70 or 300 Hz. In addidion, 200 Hz Doppler frequency is specified for UL timing adjustment performance requirement.
B.3
High speed train condition

High speed train conditions are as follows:

Scenario 1: Open space

Scenario 3: Tunnel for multi-antennas
The high speed train conditions for the test of the baseband performance are two non-fading propagation channels in both scenarios. For BS with Rx diversity defined in scenario 1, the Doppler shift variation is the same between antennas.

Doppler shift for both scenarios is given by:
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where 
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where 
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 is the initial distance of the train from BS, and 
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 is BS-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. 
Doppler shift and cosine angle is given by equations B.3.1 and B.3.2-B.3.4 respectively, where the required input parameters listed in Table B.3-1 and the resulting Doppler shift is shown in Figure B.3-1 and B.3-2 are applied for all frequency bands.
Table B.3-1: Parameters for high speed train conditions

	Parameter
	Value

	
	Scenario 1
	Scenario 3
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	1000 m
	300 m
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	50 m
	2 m
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	350 km/h
	300 km/h
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	1340 Hz
	1150 Hz


NOTE1:
Parameters for HST conditions in table B.3-1 including 
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f

 and Doppler shift trajectories presented on figures B.3-1 and B.3-2 were derived for Band 1.
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Figure B.3-1: Doppler shift trajectory for scenario 1
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Figure B.3-2: Doppler shift trajectory for scenario 3

B.4
Moving propagation conditions
Figure B.4-1 illustrates the moving propagation conditions for the test of the UL timing adjustment performance. The time difference between the reference timing and the first tap is according Equation (B.4-1). The timing difference between moving UE and stationary UE is equal to Δτ - (TA (31)(16Ts. The relative timing among all taps is fixed. The parameters for the moving propagation conditions are shown in Table B.4-1.
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Figure B.4-1: Moving propagation conditions
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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.
 B.5
Multi-Antenna channel models
B.5.1 Definition of MIMO Correlation Matrices 

Table B.5.1-1 defines the correlation matrix for the eNodeB: 
Table B.5.1-1 eNodeB correlation matrix 

	
	One antenna
	Two antennas
	Four antennas

	eNode B Correlation
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Table B.5.1-2 defines the correlation matrix for the UE:

Table B.5.1-2 UE correlation matrix

	
	One antenna
	Two antennas
	Four antennas

	UE Correlation
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Table B.5.1-3 defines the channel spatial correlation matrix[image: image31.wmf]spat

R

. The parameters α and β in Table B.5.1-3 defines the spatial correlation between the antennas at the UE and eNB.

Table B.5.1-3: [image: image32.wmf]spat
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 correlation matrices 

	1x2 case
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	2x2 case
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	2x4 case
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	4x4 case
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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 [image: image37.wmf]UE

R

 and [image: image38.wmf]eNB
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 according to 
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B.5.2 MIMO Correlation Matrices at High, Medium and Low Level 

The [image: image40.wmf]a

 and [image: image41.wmf]b

 for different correlation types are given in Table B.5.2-1.

Table B.5.2-1 Correlation for High Medium and Low Level

	Low correlation
	Medium Correlation
	High Correlation

	(
	(
	(
	(
	(
	(

	0
	0
	[0.9] 
	[0.3] 
	0.9 
	0.9 


The correlation matrices for high, medium and low correlation are defined in Table B.5.2-2, B.5.2-3 and B.5.2-4 as below.

The values in Table B.5.2-2 have been adjusted for the 2x4 and 4x4 high correlation cases to insure the correlation matrix is positive semi-definite after round-off to 4 digit precision.  This is done using the equation:
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Where the value “a” is a scaling factor such that the smallest value is used to obtain a positive semi-definite result.  For the 2x4 high correlation case, a=0.00010. For the 4x4 high correlation case, a=0.00012.

The same method is used to adjust the 4x4 medium correlation matrix in Table B.5.2-3 to insure the correlation matrix is positive semi-definite after round-off to 4 digit precision with a =0.00012. 

Table B.5.2-2: MIMO correlation matrices for high correlation

	1x2 case
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	2x2 case
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	2x4 case
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	4x4 case
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Table B.5.2-3: MIMO correlation matrices for medium correlation

	1x2 case
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	2x2 case
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	2x4 case
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Table B.5.2-4: MIMO correlation matrices for low correlation

	1x2 case
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In Table B.5.2-4, 
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 identity matrix.

Note:
For completeness, the 1x2 cases were defined for high, medium and low correlation but for Rel-8 onwards for 1Tx, performance requirements exist only for low correlation.
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