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1. Introduction
During RAN4#88 meeting, the specification skeleton for TS 38.101-4 [1] and way forward for channel model [2] were agreed. Based on the skeleton given in [1], we draft the corresponding section Annex B for NR UE channel model.
2. Discussion
According to [2] the agreements in RAN4#88 include

· Confirm working assumption: channel model option 1 will be used for FR2

· TDL model

· TDL-A: 30ns RMS delay spread

· Doppler spread

· Low speed: 75 Hz for simulation assumptions

· High speed: 300 Hz for simulation assumptions

·  For simulation alignment:

· Model 1: TDL-A: 30 ns 75 Hz for CSI / PDCCH/ PDSCH/ PBCH 

· Model 2: TDL-A: 30 ns 300 Hz for PDCCH/ PDSCH / PBCH

·  TDL taps:

· The maximum number of taps: 12

· Use HST model as described on section B3 TS36.101 for FR1 for initial simulation purposes (max Doppler shift specified in table)
·  FFS introduction of new requirements

·  This topic will be discussed in agenda for PDSCH demodulation and other related agendas in the next meeting.

According to the [3] and [4], the following channel model would be used for NR PDSCH and PDCCH demodulation performance requirements:
· Channel models

· FR1

· TDL-A with Delay spread RMS=30ns; 10 Hz max Doppler frequency

· TDL-C with Delay spread RMS=300ns; 100 Hz max Doppler frequency

· [TDL-B with Delay spread RMS=100ns; 400 Hz max Doppler frequency]

· FR2 

· TDL-A with Delay spread RMS=30ns; 75 Hz max Doppler frequency

· TDL-A with Delay spread RMS=30ns; 300 Hz max Doppler frequency

· Note: TR 38.901 models without simplifications shall be used for alignment simulations
· ULA Low/Medium/Medium A
According to [5] the following channel model would be used for NR CSI reporting requirements:
· Static channel with antenna configuration 2×2 and 2×4 like that specified in TS36.101 Annex B
· ULA low correlation with antenna configuration 2×2 and 4×4

· ULA high correlation with antenna configuration  2×2 and  4×4

· X-pol high with antenna configuration  2×4

· X-pol spatially high with antenna configuration 4×2, 4×4, 8×2 and  8×4

· X-pol medium for FR2 rank test
· TDL-A 30ns and 5Hz

· TDL-A 30ns and 10Hz

· TDL-A 30ns and 75Hz

· Two tap channel model for frequency-selective CQI test
Based on the above agreement, the following channel models need be specified in our view:

· Static channel for CQI definition test

· Multi-path fading propagation conditions 

·  With delay profiles of TDL-A, TDL-B and TDL-C

· With maximum Doppler frequency 5Hz, 10MHz, 75Hz, 100MHz, 300Hz, and 400Hz

· MIMO channel correlation matrices including ULA low, ULA high, X-pol medium, and X-pol (spatially) high
· Two tap channel model
· HST channel model

According to the comment offline and based on the LTE specification, the common design can be used to define the channel correlation matrices for both 1D and 2D cross-polarization array. So in the paper, we provide the common sections to cover both.
In Annex we provide the TP for channel model for NR UE demodulation and CSI performance requirements.

3. Conclusions
Based on the agreed way forwards for NR UE channel model, PDSCH demodulation requirements, PDCCH demodulation performance requirements and CQI reporting requirements in [2~5], we summarized the channel model which need be specified. In Annex, we provide the TP.
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5. Annex B: Text proposal
------------------------------------------------- Start of change ---------------------------------------------------
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
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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.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. The delay for a tap is specified with the resolution of 5 ns. Each tap follows Rayleigh fading distribution.
-
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. The frequency ranges of FR1 and FR2 are specified in Table 5.1-1 of TS38.101-4 [X].

-
A set of correlation matrices defining the correlation between the UE and gNB antennas in case of multi-antenna systems.

-
Additional two-path models used for CQI (Channel Quality Indication) tests
B.2.1
Delay profiles

B.2.1.1
Delay profiles for FR1
The delay profiles for RF1 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)

	TDLA30
	[12]
	30 ns
	TBD

	TDLB100
	[12]
	100 ns
	TBD

	TDLC300
	[12]
	300 ns
	TBD


Table B.2.1.1-2 TDLA30 (DS = 30 ns)
	Excess tap delay [ns]
	Relative power

[dB]

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Table B.2.1.1-3 TDLB100 (DS = 100ns)
	Excess tap delay [ns]
	Relative power

 [dB]

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Table B.2.1.1-4 TDLC300 (DS = 300 ns)
	Excess tap delay [ns]
	Relative power

[dB]

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


B.2.1.2
Delay profiles for FR2
The delay profiles for RF2 are specified in B.2.1.2-1 and the tapped delay line models are specified in Tables B.2.1.2-2.
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)

	TDLA30
	[12]
	30 ns
	TBD

	
	
	
	


Table B.2.1.2-2 TDLA30 (DS = 30 ns)
	Excess tap delay [ns]
	Relative power

[dB]

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


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

	TDLA30-10
	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

	TDLA30-75
	TDLA30
	75 Hz

	TDLA30-300
	TDLA30
	300 Hz


B.2.3
MIMO Channel Correlation Matrices

The MIMO channel correlation matrices defined in 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 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
[image: image15.wmf]spat

R

. 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 
[image: image25.wmf]gNB
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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 Table 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
	
[image: image29.wmf]÷

÷

ø

ö

ç

ç

è

æ

=

1

9

.

0

9

.

0

1

high

R



	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
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	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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	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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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 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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N

 is the number of antenna elements in first dimension with same polarization,

-

[image: image51.wmf]2

N

 is the number of antenna elements in second dimension with same polarization, and

-

[image: image52.wmf]P

 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

· 
[image: image55.wmf]UE
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 is the spatial correlation matrix at the UE with same polarization,

· 
[image: image56.wmf]gNB
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 is the spatial correlation matrix at the gNB with same polarization,

· 
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is a polarization correlation matrix, and
· 
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denotes transpose.

The matrix 
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is defined as
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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 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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 is the correlation matrix of antenna elements in first dimension with same polarization, and
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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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· For 2 antenna elements 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 i = 1,2 stands for first dimension and second dimension respectively. 
For the 1D cross-polarized antenna array at gNB, the matrix of
[image: image69.wmf]gNB
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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.2.3.2.2-2 and Table B.2.3.2.2-3 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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Table B.2.3.2.2-3: MIMO correlation matrices for medium correlation A

	4x4
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For the 2D cross polarized antenna array at gNB side, The correlation matrices for high spatial correlation with12(2,3,2)×2 case and 16(2,4,2)×2 case are defined in Table B.2.3.2.2-4 as below.
The values in Table B.2.3.2.2-4 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 16(2,4,2)×2 high spatial correlation case, a=0.00012.
Table B.2.3.2.2-4: MIMO correlation matrices for high spatial correlation

	12(2,3,2)x2 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 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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 is the steering matrix in second dimension with same polarization,

· 
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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,

· 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 2 antenna elements 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.2.3B.4-1, and k is the linear increment of 1 for every subframe throughout the simulation, the index 
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· 
[image: image105.wmf]W

 is the precoding matrix for Nt transmission antennas, 

· y is the received signal, x is the transmitted signal, and n is AWGN.

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.2.3B.4-1: The step of phase variation
	Variation Step
	Value (rad/subframe)
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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 delay, a constant value of a and
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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
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