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Annex B (normative):
Propagation conditions

B.1
Static propagation condition

B.1.1
UE Receiver with 2Rx
For 1 port transmission the channel matrix is defined in the frequency domain by:
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For 2 port transmission the channel matrix is defined in the frequency domain by:


[image: image2.wmf]÷

÷

ø

ö

ç

ç

è

æ

-

=

j

j

1

1

H

.

For 4 port transmission the channel matrix is defined in the frequency domain by:
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For 8 port transmission the channel matrix is defined in the frequency domain by:
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B.1.2
UE Receiver with 4Rx

For 1 port transmission the channel matrix is defined in the frequency domain by:
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For 2 port transmission the channel matrix is defined in the frequency domain by:
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For 4 port transmission the channel matrix is defined in the frequency domain by:
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For 8 port transmission the channel matrix is defined in the frequency domain by:
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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.

-
Different models are used for FR1 and FR2.

B.2.1
Delay profiles

The delay profiles are simplified from the TR 38.901 [15] TDL models. The simplification steps are shown below for information. These steps are only used when new delay profiles are created. Otherwise, the delay profiles specified in clauses B.2.1.1 and B.2.1.2 can be used as such.

Step 1: Use the original TDL model from TR 38.901 [15].

Step 2: Re-order the taps in ascending delays

Step 3: Perform delay scaling according to the procedure described in subclause 7.7.3 in TR 38.901 [15].

Step 4: Apply the quantization to the delay resolution 5 ns. This is done simply by rounding the tap delays to the nearest multiple of the delay resolution. 

Step 5: If multiple taps are rounded to the same delay bin, merge them by calculating their linear power sum.

Step 6: If there are more than 12 taps in the quantized model, merge the taps as follows:

-
Find the weakest tap from all taps (both merged and unmerged taps are considered)

-
If there are two or more taps having the same value and are the weakest, select the tap with the smallest delay as the weakest tap.

-
When the weakest tap is the first delay tap, merge taps as follows:

-
Update the power of the first delay tap as the linear power sum of the weakest tap and the second delay tap.

-
Remove the second delay tap.
-
When the weakest tap is the last delay tap, merge taps as follows:

-
Update the power of the last delay tap as the linear power sum of the second-to-last tap and the last tap.

-
Remove the second-to-last tap.
-
Otherwise

-
For each side of the weakest tap, identify the neighbour tap that has the smaller delay difference to the weakest tap.

-
When the delay difference between the weakest tap and the identified neighbour tap on one side equals the delay difference between the weakest tap and the identified neighbour tap on the other side.

-
Select the neighbour tap that is weaker in power for merging.

-
Otherwise, select the neighbour tap that has smaller delay difference for merging.

-
To merge, the power of the merged tap is the linear sum of the power of the weakest tap and the selected tap.

-
When the selected tap is the first tap, the location of the merged tap is the location of the first tap. The weakest tap is removed.

-
When the selected tap is the last tap, the location of the merged tap is the location of the last tap. The weakest tap is removed.

-
Otherwise, the location of the merged tap is based on the average delay of the weakest tap and selected tap. If the average delay is on the sampling grid, the location of the merged tap is the average delay. Merge two parallel taps with different delays (average delay, sum power) starting from the weakest ones. Otherwise, the location of the merged tap is rounded towards the direction of the selected tap (e.g. 10 ns & 20 ns ( 15 ns, 10 ns & 25 ns ( 20 ns, if 25 ns had higher or equal power; 15 ns, if 10 ns had higher power). The weakest tap and the selected tap are removed.
-
Repeat step 6 until the final number of taps is 12.
Step 7: Round the amplitudes of taps to one decimal (e.g. -8.78 dB ( -8.8 dB) 

Step 8: If the delay spread has slightly changed due to the tap merge, adjust the final delay spread by increasing or decreasing the power of the last tap so that the delay spread is corrected.

Step 9: Re-normalize tap powers such that the strongest tap is at 0dB.

Note:
Some values of the delay profile created by the simplification steps may differ from the values in tables B.2.1.1-2, B.2.1.1-3, B.2.1.1-4, B.2.1.2-2, and B.2.1.1-3 for the corresponding model.

Note:
For Step 5 and Step 6, the power values are expressed in the linear domain using 6 digits of precision. The operations are in the linear domain.

B.2.1.1
Delay profiles for FR1

The delay profiles for FR1 are selected to be representative of low, medium and high delay spread environment. The resulting model parameters are specified in B.2.1.1-1 and the tapped delay line models are specified in Tables B.2.1.1-2 ~ Table B.2.1.1-4.

Table B.2.1.1-1: Delay profiles for NR channel models

	Model
	Number of 
channel taps
	Delay spread

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

	TDLA30
	12
	30 ns
	290 ns
	5 ns

	TDLB100
	12
	100 ns
	480 ns
	5 ns

	TDLC300
	12
	300 ns
	2595 ns
	5 ns


Table B.2.1.1-2: TDLA30 (DS = 30 ns)

	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-15.5
	Rayleigh

	2
	10
	0
	Rayleigh

	3
	15
	-5.1
	Rayleigh

	4
	20
	-5.1
	Rayleigh

	5
	25
	-9.6
	Rayleigh

	6
	50
	-8.2
	Rayleigh

	7
	65
	-13.1
	Rayleigh

	 8
	75
	-11.5
	Rayleigh

	9
	105
	-11.0
	Rayleigh

	10
	135
	-16.2
	Rayleigh

	11
	150
	-16.6
	Rayleigh

	12
	290
	-26.2
	Rayleigh


Table B.2.1.1-3: TDLB100 (DS = 100ns)

	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	0
	Rayleigh

	2
	10
	-2.2
	Rayleigh

	3
	20
	-0.6
	Rayleigh

	4
	30
	-0.6
	Rayleigh

	5
	35
	-0.3
	Rayleigh

	6
	45
	-1.2
	Rayleigh

	7
	55
	-5.9
	Rayleigh

	8
	120
	-2.2
	Rayleigh

	9
	170
	-0.8
	Rayleigh

	10
	245
	-6.3
	Rayleigh

	11
	330
	-7.5
	Rayleigh

	12
	480
	-7.1
	Rayleigh


Table B.2.1.1-4: TDLC300 (DS = 300 ns)

	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-6.9
	Rayleigh

	2
	65
	0
	Rayleigh

	3
	70
	-7.7
	Rayleigh

	4
	190
	-2.5
	Rayleigh

	5
	195
	-2.4
	Rayleigh

	6
	200
	-9.9
	Rayleigh

	7
	240
	-8.0
	Rayleigh

	8
	325
	-6.6
	Rayleigh

	9
	520
	-7.1
	Rayleigh

	10
	1045
	-13.0
	Rayleigh

	11
	1510
	-14.2
	Rayleigh

	12
	2595
	-16.0
	Rayleigh


B.2.1.2
Delay profiles for FR2

The delay profiles for FR2 are specified in clause B.2.1.2-1 and the tapped delay line models are specified in Tables B.2.1.2-2 and B.2.1.2-3.

Table B.2.1.2-1: Delay profiles for NR channel models

	Model
	Number of 
channel taps
	Delay spread

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

	TDLA30
	12
	30 ns
	290 ns
	5 ns

	TDLC60
	12
	60 ns
	520 ns
	5 ns


Table B.2.1.2-2: TDLA30 (DS = 30 ns) 

	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-15.5
	Rayleigh

	2
	10
	0
	Rayleigh

	3
	15
	-5.1
	Rayleigh

	4
	20
	-5.1
	Rayleigh

	5
	25
	-9.6
	Rayleigh

	6
	50
	-8.2
	Rayleigh

	7
	65
	-13.1
	Rayleigh

	 8
	75
	-11.5
	Rayleigh

	9
	105
	-11.0
	Rayleigh

	10
	135
	-16.2
	Rayleigh

	11
	150
	-16.6
	Rayleigh

	12
	290
	-26.2
	Rayleigh


Table B.2.1.2-3: TDLC60 (DS = 60 ns) 

	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-7.8
	Rayleigh

	2
	15
	-0.3
	Rayleigh

	3
	40
	0
	Rayleigh

	4
	50
	-8.9
	Rayleigh

	5
	55
	-14.5
	Rayleigh

	6
	75
	-8.5
	Rayleigh

	7
	80
	-10.2
	Rayleigh

	8
	130
	-12.1
	Rayleigh

	9
	210
	-13.9
	Rayleigh

	10
	300
	-15.2
	Rayleigh

	11
	360
	-16.9
	Rayleigh

	12
	520
	-19.4
	Rayleigh


B.2.2
Combinations of channel model parameters

The propagation conditions used for the performance measurements in multi-path fading environment are indicated as a combination of a channel model name and a maximum Doppler frequency, i.e. TDLA<DS>-<Doppler>, TDLB<DS>-<Doppler> or TDLC<DS>-<Doppler> where '<DS>' indicates the desired delay spread and '<Doppler>' indicates the maximum Doppler frequency (Hz).

Table B.2.2-1 and Table B.2.2-2 show the propagation conditions that are used for the performance measurements in multi-path fading environment for low, medium and high Doppler frequencies for FR1 and FR2, respectively.

Table B.2.2-1: Channel model parameters for FR1

	Combination name
	Model
	Maximum Doppler frequency

	TDLA30-5
	TDLA30
	5 Hz

	TDLA30-10
	TDLA30
	10 Hz

	TDLB100-400
	TDLB100
	400 Hz

	TDLC300-100
	TDLC300
	100 Hz


Table B.2.2-2: Channel model parameters for FR2

	Combination name
	Model
	Maximum Doppler frequency

	TDLA30-35
	TDLA30
	35 Hz

	TDLA30-75
	TDLA30
	75 Hz

	TDLA30-300
	TDLA30
	300 Hz

	TDLC60-300
	TDLC60
	300 Hz


B.2.3
MIMO Channel Correlation Matrices

The MIMO channel correlation matrices defined in clause B.2.3 apply for the antenna configuration using uniform linear arrays at both gNB and UE and for the antenna configuration using cross polarized antennas.

B.2.3.1
MIMO Correlation Matrices using Uniform Linear Array (ULA)

The MIMO channel correlation matrices defined in clause B.2.3.1 apply for the antenna configuration using uniform linear array (ULA) at both gNB and UE.

B.2.3.1.1
Definition of MIMO Correlation Matrices

Table B.2.3.1.1-1 defines the correlation matrix for the gNB.

Table B.2.3.1.1-1: gNB correlation matrix

	
	One antenna
	Two antennas
	Four antennas

	gNB Correlation
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Table B.2.3.1.1-2 defines the correlation matrix for the UE:

Table B.2.3.1.1-2 UE correlation matrix

	
	One antenna
	Two antennas
	Four antennas

	UE Correlation
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Table B.2.3.1.1-3 defines the channel spatial correlation matrix
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. The parameters, α and β in Table B.2.3.1-3 defines the spatial correlation between the antennas at the gNB and UE.

Table B.2.3.1.1-3: 
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	1x2 case
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	1x4 case
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	2x1 case
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	2x2 case
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	2x4 case
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	4x1 case
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	4x2 case
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	4x4 case
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For cases with more antennas at either gNB or UE or both, the channel spatial correlation matrix can still be expressed as the Kronecker product of 
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B.2.3.1.2
MIMO Correlation Matrices at High, Medium and Low Level

The α and β for different correlation types are given in Table B.2.3.1.2-1.

Table B.2.3.1.2-1: The α and β parameters for ULA MIMO correlation matrices

	Correlation Model
	(
	(

	Low correlation
	0
	0

	Medium Correlation
	0.3
	0.9

	Medium Correlation A
	0.3
	0.3874

	High Correlation
	0.9
	0.9


The correlation matrices for high, medium, medium A and low correlation are defined in Tables B.2.3.1.2-2, B.2.3.1.2-3, B.2.3.1.2-4 and B.2.3.1.2-5 as below.

The values in Table B.2.3.1.2-2 have been adjusted for the 4x2 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 4x2 high correlation case, a=0.00010. For the 4x4 high correlation case, a=0.00012.

The same method is used to adjust the 2x4 and 4x4 medium correlation matrix in Table B.2.3.1.2-3 to insure the correlation matrix is positive semi-definite after round-off to 4 digit precision with a = 0.00010 and a = 0.00012.

Table B.2.3.1.2-2: MIMO correlation matrices for high correlation

	1x2 case
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	2x1 case
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	2x2 case
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	4x2 case
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	4x4 case
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Table B.2.3.1.2-3: MIMO correlation matrices for medium correlation

	1x2 case
	N/A

	2x1 case
	N/A

	2x2 case
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	2x4 case
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	4x2 case
	
[image: image36.wmf]÷

÷

÷

÷

÷

÷

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

ç

ç

ç

ç

ç

ç

è

æ

=

1.0000

    

0.9000

    

0.8748

    

0.7873

    

0.5856

    

0.5271

    

0.3000

    

0.2700

    

0.9000

    

1.0000

    

0.7873

    

0.8748

    

0.5271

    

0.5856

    

0.2700

    

0.3000

    

0.8748

    

0.7873

    

1.0000

    

0.9000

    

0.8748

    

0.7873

    

0.5856

    

0.5271

    

0.7873

    

0.8748

    

0.9000

    

1.0000

    

0.7873

    

0.8748

    

0.5271

    

0.5856

    

0.5856

    

0.5271

    

0.8748

    

0.7873

    

1.0000

    

0.9000

    

0.8748

    

0.7873

    

0.5271

    

0.5856

    

0.7873

    

0.8748

    

0.9000

    

1.0000

    

0.7873

    

0.8748

    

0.3000

    

0.2700

    

0.5856

    

0.5271

    

0.8748

    

0.7873

    

1.0000

    

0.9000

    

0.2700

    

0.3000

    

0.5271

    

0.5856

    

0.7873

    

0.8748

    

0.9000

    

1.0000

    

medium

R



	4x4 case
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Table B.2.3.1.2-4: MIMO correlation matrices for medium correlation A

	2x4 case
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	4x4 case
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Table B.2.3.1.2-5: MIMO correlation matrices for low correlation

	1x2 case
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In Table B.2.3.1.2-5, Id is the d×d identity matrix.

B.2.3.2
MIMO Correlation Matrices using Cross Polarized Antennas (X-pol)

The MIMO channel correlation matrices defined in clause B.2.3.2 apply for the antenna configuration using cross polarized (XP/X-pol) antennas at both gNB and UE. The cross-polarized antenna elements with +/-45 degrees polarization slant angles are deployed at gNB and cross-polarized antenna elements with +90/0 degrees polarization slant angles are deployed at UE.

For the 2D cross-polarized antenna array at eNodeB, the N antennas are indexed by 
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 is the number of antenna elements in first dimension with same polarization,
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 is the number of antenna elements in second dimension with same polarization, and
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 is the number of polarization groups.

For the 2D cross-polarized antennas at gNB, the N antennas are labelled such that antennas shall be in increasing order of the second dimension firstly, then the first dimension, and finally the polarization group. For a specific antenna element at p-th polarization, n1-th row, and n2-th column within the 2D antenna array, the following index number is used for antenna labelling:
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where N is the number of transmit antennas, p is the polarization group index, n1 is the row index, and n2 is the column index of the antenna element.

For the linear (single dimension, 1D) cross-polarized antenna, the N antennas are labelled following the above equations with N2=1.

B.2.3.2.1
Definition of MIMO Correlation Matrices using cross polarized antennas

For the channel spatial correlation matrix, the following is used:
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where
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 is the spatial correlation matrix at the UE with same polarization,
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The matrix 
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A permutation matrix P elements are defined as:
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where Nt and Nr is the number of transmitter and receiver respectively. This is used to map the spatial correlation coefficients in accordance with the antenna element labelling system described in clause B.2.3.2.

For the 2D cross-polarized antenna array at gNB, the spatial correlation matrix at the gNB is further expressed as following for 2D cross-polarized antenna array at gNB:
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where
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For the 2D cross polarized antenna array at gNB side, the spatial correlation matrices in one direction of antenna array are as follows:
-
For 1 antenna element with the same polarization in one direction,
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where the index i = 1,2 stands for first dimension and second dimension respectively. 

For the 1D cross-polarized antenna array at gNB, the matrix of
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is determined by follow the equations for 2D cross-polarized antenna array and letting
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The spatial correlation matrices at UE side are as follows:
-
For 1 antenna element with the same polarization,
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-
For 2 antenna elements with the same polarization,
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B.2.3.2.2
MIMO Correlation Matrices using cross polarized antennas

The values for parameters α, β and γ for the cross polarized antenna models are given in Table B.2.3.2.2-1.

Table B.2.3.2.2-1: The α and β parameters for cross-polarized MIMO correlation matrices

	Correlation Model
	(1
	(2
	(
	

	Medium Correlation A
	0.3
	N/A
	0.6
	0.2

	High Correlation
	0.9
	0.9
	0.9
	0.3

	Note 1:
Value of α1 applies when more than one pair of cross-polarized antenna elements in first dimension at gNB side.

Note 2:
Value of α2 applies when more than one pair of cross-polarized antenna elements in second dimension at gNB side.

Note 3:
Value of β applies when more than one pair of cross-polarized antenna elements at UE side.


For the 1D cross polarized antenna array at gNB side, the correlation matrices for high spatial correlation and medium correlation A are defined in Table B.2.3.2.2-1 and Table B.2.3.2.2-2 as below.

The values in Table B.2.3.2.2-2 have been adjusted 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 8x2 high spatial correlation case, a=0.00010.

Table B.2.3.2.2-2: MIMO correlation matrices for high spatial correlation

	4x2 case
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	8x2 case
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B.2.3.2.3
Beam steering approach

For the 2D cross-polarized antenna array at gNB, given the channel spatial correlation matrix in clauses B.2.3.2.1 and B.2.3.2.2, the corresponding random channel matrix H can be calculated. The signal model for the k-th slot is denoted as:
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And the steering matrix is further expressed as following:
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Where:

H is the N​r×Nt channel matrix per subcarrier.
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For antenna array with only one direction, number of antenna element in second direction 
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For 1 antenna element with the same polarization in one direction, 
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For 3 antenna elements with the same polarization in one direction,
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For 4 antenna elements with the same polarization in one direction,
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where the index 
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 is the step of phase variation, which is defined in Table B.2.3.2.3-1, and k is the linear increment of 2-μ  for every slot throughout the simulation, the index 
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 is the precoding matrix for Nt transmission antennas,
-
y is the received signal, x is the transmitted signal, and n is AWGN.
-
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 corresponds to subcarrier spacing configuration, 
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For the 1D cross-polarized antenna array at gNB, the corresponding random channel matrix H can be calculated by letting N2=1, i.e.
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Table B.2.3.2.3-1: The step of phase variation

	Variation Step
	Value (rad/ms)
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	1.2566×10-3


B.2.4
Two-tap propagation conditions for CQI tests

For Channel Quality Indication (CQI) tests, the following additional multi-path profile is used:
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in continuous time
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the Doppler frequency. The same h(t,τ) is used to describe the fading channel between every pair of Tx and Rx.

B.3
High Speed Train Scenario

B.3.1
Single Tap Channel Profile
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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where 
[image: image116.wmf]2

s

D

 is the initial distance of the train from gNB, and 
[image: image117.wmf]min

D

 is gNB Railway track distance, both in meters; 
[image: image118.wmf]v

 is the velocity of the train in m/s, 
[image: image119.wmf]t

 is time in seconds.

Doppler shift and cosine angle are given by equation B.3.1.1 and B.3.1.2-B.3.1.4 respectively, where the required input parameters listed in table B.3.1-1 and the resulting Doppler shift shown in Figure B.3.1-1 are applied for all frequency bands.

Table B.3.1-1: High speed train scenario

	Parameter
	Value

	
	HST-750
	HST-1000

	
[image: image120.wmf]s

D


	300 m
	300 m
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	2 m
	2 m
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	300 km/h
	300 km/h
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f


	750 Hz for 15 kHz SCS test
	1000 Hz for 30 kHz SCS test


Note 1:
Parameters for HST conditions in table B.3.1-1 including 
[image: image124.wmf]d

f

 and Doppler shift trajectories presented on figure B.3.1-1 for 750 Hz for 15 kHz SCS and figure B.3.1-2 for 1000 Hz for 30 kHz SCS are applied for performance verification in all frequency bands.

Note 2:
The propagation conditions used for the performance requirements under high speed train condition are indicated as a combination of “HST”, subcarrier spacing and Doppler shift
[image: image125.wmf]d

f

, i.e. HST-<Doppler shift>, where ‘<Dopper shift>’indicates the maximum Doppler shift (Hz) .
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Figure B.3.1-1: Doppler shift trajectory (
[image: image127.wmf]d

f

= 750 Hz)
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Figure B.3.1-2: Doppler shift trajectory (
[image: image129.wmf]d

f

= 1000 Hz)
For 1x2 antenna configuration, the same h(t,τ) is used to describe the channel between every pair of Tx and Rx.
For 1x4 antenna configuration, the same h(t,τ) is used to describe the channel between every pair of Tx and Rx.


B.4
Beamforming Model

B.4.1
Generic beamforming model
The transmission on antenna port(s) [image: image131.png]


 is defined by using a precoder matrix 
[image: image132.wmf])
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 of size [image: image134.png]Nanr X Ny



, where [image: image136.png]


is the number of physical transmit antenna elements configured per test , [image: image138.png]


 is the number of ports for a reference signal or physical channel configured per test, and  [image: image140.png]


 is the first port for that reference signal or physical channel as defined in section 7.3 and 7.4 in TS 38.211 [9]. This precoder takes as an input a block of signals for antenna port(s) [image: image142.png]
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, 
[image: image145.wmf]1

,...,

1

,

0

ap

symb

-

=

M

i

, with 
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 being the number of modulation symbols per antenna port including the reference signal symbols, and generates a block of signals [image: image148.png](@ 7P @ o 2]




 the elements of which are to be mapped onto the frequency-time index pair 
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as per the test configuration but transmitted on different physical antenna elements:
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The precoder matrix 
[image: image151.wmf])

(
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W

is specific to the test case configuration.

The transimison on PT-RS antenna port is associated (using same precoder) with the lowest indexed DM-RS antenna port among the DM-RS antenna ports assigned for the PDSCH.

The physical antenna elements are identified by indices
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, where 
[image: image153.wmf]ANT

N

 is the number of physical antenna elements configured per test.
Modulation symbols 
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,

 for CSI-RS resources which configured for tracking with one port are directly mapped to first physical antenna element.

Modulation symbols 
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,

 for CSI-RS resources which configured for beam refinement with one port are directly mapped to first physical antenna element.

Modulation symbols 
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 for NZP CSI-RS which configured for CSI acquisition with  
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  are mapped to the physical antenna index 
[image: image158.wmf]0

p

p

j

-

=

 where 
[image: image159.wmf]CSI

N

is the number of NZP CSI-RS ports configured per test.

{End of changes}
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