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1 Introduction 
The NR OTA channel model simplification discussion in the Testability SI ([1]) has started. The non–documented but widely accepted starting point for the channel modelling is the model in RAN1 generated technical report ([2]). The TR 38.901 (hereinafter 38.901) geometric–based stochastic channel model (GSCM) was generated for physical layer system level purposes and did not consider any testing aspect. Furthermore, as one of the targets was to have a unified channel modelling approach for the whole frequency spectrum 0.5 GHz to 100 GHz the mmWave frequencies did not get any special treatment but the parameters of the lower spectrum model ([3]) were extended to cover the new frequencies up to 100 GHz. All this created the model that is widely characterized as too complex to be used in mmWave OTA testing as such. The next perspective to the model is that because no a treatment was done for mmWave channel differences compared to lower frequency models the parameter values might also need tuning. 
There is no simplification process approved. Some ideas of reducing the number of clusters have been presented, for example, using the power threshold. Multiple scientific reports have also reported mmWave specific parameter values based on measurement campaigns. But, obviously, the framework to handle these different reports and ideas is missing. 
The other and similarly non–documented but widely accepted starting point is that a CDL (cluster delay line) type model will be used. The GSCM is as the name says stochastic, i.e. the parameters contain randomness with median and distribution limits. When the system level experts in RAN1 simulate the performance of their systems they get a set of curves. This is how GSCMs work. The CDL is a fixed drop from the general model, no more randomness in the parameters but the parameters have fixed values. This is the fundamental difference between a CDL model derived from a GSCM and the general procedure to create drops in a GSCM. For the OTA purposes it’s clear that tens or hundreds of measurement “drops” cannot be performed but an agreed, i.e. fixed, GSCM drop has to be used per scenario. 

The question is now how the “drop” should be generated from 38.901. What are the rules? What kind of simplifications? It is obvious that the “drop” should represent a typical realization of the generic model. The typical value in distributions of [2] is the median, it is at the same time also the most probable value and the average of the distribution because the distributions are symmetric (log–normal distributions). Therefore, the new CDL models have been created such that the channel models provide the median values of the LS parameters of the generic model. 
This contribution approaches the creation of the CDL model by using a reduced number of clusters compared to 38.901. Therefore, the original number of 23 clusters of UMi NLOS scenario is reduced to 12.
2 Procedure

2.1 Reducing Number of Clusters
The channel model is simplified by reducing the number of clusters. It is important that the simplification of the channel model doesn’t change the statistical characteristics of the channel model. The following characteristics and measures of the channel model must be taken into account when reducing the number of clusters.
· Power Delay Profile (PDP). Characterizes the delay dispersion of fading channel. Defines the frequency domain selectivity of the radio channel. 
· Frequency correlation function can be calculated from PDP.
· RMS delay spread. Measure of delay dispersion of fading channel.
· Relation to channel model frequency selectivity. Number of clusters can be reduced, but it is important to maintain delay spread of the channel model

· Spatial (antenna) correlation over antenna ports.
· Antenna correlation depends on angular characteristics of radio propagation channel with respect to antenna array orientation and element spacing. Antenna correlation has important effect on MIMO system performance.
· Similar spatial correlation characteristics can be reproduced by discrete sampling of PAS
· Doppler Power Spectrum. Frequency dispersion which depends on the movement of RX, TX and the environment in the radio channel. Defines the rate of time domain fading.
· OFDM symbol duration of NR, ranging from 4.5 µs to 71.4 µs depending on subcarrier spacing is expected to be short compared to channel coherence time.
· Beam selection procedure may be sensitive to time domain fading. It may be assumed that beam sweeping period of scanning through all beams may be short compared to coherence time and the repetition period of beam sweeping is long compared to channel coherence time. The different OFDM symbol durations and beam sweeping periods may have effect on relation of the beam sweeping period and the channel coherence time, and therefore it is necessary to test beam selection and tracking in fading channel conditions.  
2.2 Creation of CDL Models
The new CDL models below were generated by running the random cluster parameter generation (“drops”) of generic 38.901 channel model in a loop and observing the realized large scale parameters ASA, ZSA, ASD, ZSD, DS and Kf of each realization. The number of spatially separable clusters was further reduced from 12 to between 6 and 8 by means of quantization of arrival angles. A realization with the closest match to target median LS parameter values given in Table 1 was selected as the CDL model. The LS parameters were calculated for the final small scale parameters, i.e. after the quantization of arrival angles.    
2.2.1 Criteria for Selection of the CDL Model Realization
The target values for the CDL model generation are shown in Table 1. The target values are the median values of table 7.5-6 of TR. 38.901 calculated at 28 GHz frequency. 

Table 1. Target median LS parameter values.
	Scenario
	ASA [°]
	ZSA [°]
	ASD [°]
	ZSD [°]
	DS [ns]
	Kf [dB]

	UMi NLOS
	49.3
	7.3
	15.6
	1.1
	65.9
	-

	UMi LOS
	41.0(28.0
	3.8
	13.7(11.7
	1.6
	32.3
	9

	InO NLOS
	50.4
	14.7
	41.7
	12.0
	26.2
	-

	InO LOS
	31.9(26.0
	11.5
	39.8(33.3
	1.4
	19.7
	7


The target values of NLOS models are directly taken from table 7.5-6, but the LOS model ASA and ASD values have been modified due to inconsistency of the TR 38.901 channel model specification. It is not possible to achieve e.g. 41° ASA with a K-factor of 9 dB, because the strong LOS component concentrates majority of the power into one direction and therefore the resulting angle spread cannot be as wide as given in the specification. Therefore, the correct target ASA and ASD values were simulated by running a number of realizations and calculating the realized median angle spread values. The simulation results for ASA are shown below in Figure 1 below.
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Figure 1. Simulation of target ASA for UMi LOS and InO LOS scenarios.

2.3 Cluster–Wise Angle Spreads
It is proposed that the cluster–wise angle spreads are revised from the values given in TR 38.901. The cluster–wise angle spreads of TR 38.901 are the same as in TR 36.873 and are based on sub–6 GHz measurements. Some of the recent mmWave measurement results on cluster–wise angle spread and proposal for new values are given in Table 2. The cluster–wise angle spread is not directly related on the proposed CDL model small scale parameters as the same parameters are applicable with different cluster–wise angle spreads. The angle spreads of CDL model small scale parameters are calculated without taking into account the cluster–wise angle spreads.  

Table 2. Cluster-wise angle spreads based on sub-6 GHz and mmWave measurements.
	
	Cluster-wise angle spread
	3GPP 38.901 [2] 0.5-100 GHz
	WINNER II & + [4]
<6 GHz
	mm-Magic [5]
10-80 GHz
	Samimi et al. [6] 
28-73 GHz
	Hur et al. [7]  

28 GHz
	Proposed cluster-wise angle spreads

	UMi LOS
	ASD
	3
	3
	1.6
	1.5
	2.6
	3

	
	Z/ESD
	
	
	0.9
	0.8
	0.8
	1

	
	ASA
	17
	18
	4.9
	6.7
	3.1
	6

	
	Z/ESA
	7
	
	2.5
	1.8
	2.8
	3

	UMi NLOS
	ASD
	10
	10
	3.2
	2.6
	4.3
	3

	
	Z/ESD
	
	
	1.1
	0.8
	1.6
	1

	
	ASA
	22
	22
	5.6
	7.4
	5.1
	6

	
	Z/ESA
	7
	
	2.6
	1.6
	6.6
	4

	Indoor LOS
	ASD
	5
	5
	1.5
	
	
	3

	
	Z/ESD
	
	3
	1
	
	
	2

	
	ASA
	8
	5
	1.5
	
	
	3

	
	Z/ESA
	9
	3
	1
	
	
	2

	Indoor NLOS
	ASD
	5
	5
	1.5
	
	
	3

	
	Z/ESD
	
	3
	1
	
	
	2

	
	ASA
	11
	5
	1.5
	
	
	3

	
	Z/ESA
	9
	3
	1
	
	
	2


Proposal 1: Cluster-wise angle spreads are revised as shown in Table 2.
2.4 Proposal for CDL models
The proposed CDL model parameters are given for UMi (Urban Micro) and InO (Indoor Office) LOS and NLOS scenarios.
Table 3. UMi NLoS CDL parameters
	Realized LS Parameters of the CDL model

	ASA
	ZSA
	ASD
	ZSD
	DS
	Kf
	 

	49.8
	7.3
	14.2
	0.9
	58.9
	-
	 

	CDL Model Small Scale Parameters 

	Cluster
	Delay [ns]
	Power [dB]
	AoA
	ZoA
	AoD
	ZoD

	1
	0.0
	-9.1
	180.0
	90.0
	7.1
	95.7

	2
	5.0
	-9.0
	-165.1
	89.7
	13.1
	95.7

	3
	14.1
	-11.3
	180.0
	90.0
	7.1
	95.7

	4
	19.1
	-11.2
	-165.1
	89.7
	13.1
	95.7

	5
	28.2
	-13.1
	180.0
	90.0
	7.1
	95.7

	6
	33.2
	-13.0
	-165.1
	89.7
	13.1
	95.7

	7
	35.0
	-12.1
	107.8
	69.6
	-20.0
	97.4

	8
	70.0
	-9.9
	105.8
	84.5
	29.9
	96.9

	9
	80.0
	-9.6
	120.6
	86.3
	31.5
	96.4

	10
	135.0
	-13.6
	89.0
	97.4
	37.9
	97.6

	11
	150.0
	-9.5
	-118.9
	101.2
	27.4
	94.3

	12
	180.0
	-11.5
	-103.9
	99.4
	32.0
	96.9


Table 4. UMi LoS CDL parameters
	Realized LS Parameters of the CDL model

	ASA
	ZSA
	ASD
	ZSD
	DS
	Kf
	 

	27.8
	3.9
	11.5
	1.3
	30.6
	6.4
	 

	CDL Model Small Scale Parameters

	Cluster
	Delay [ns]
	Power [dB]
	AoA
	ZoA
	AoD
	ZoD

	LoS
	0.0
	-0.9
	180.0
	90.0
	7.5
	90.0

	1
	0.0
	-15.4
	180.0
	90.0
	7.5
	90.0

	2
	6.4
	-17.6
	180.0
	90.0
	7.5
	90.0

	3
	12.8
	-19.4
	180.0
	90.0
	7.5
	90.0

	4
	70.0
	-13.0
	91.0
	82.6
	34.4
	92.6

	5
	76.4
	-15.2
	91.0
	82.6
	34.4
	92.6

	6
	80.0
	-20.5
	89.0
	97.4
	53.8
	96.0

	7
	82.8
	-17.0
	136.9
	72.9
	34.4
	92.6

	8
	110.0
	-20.3
	-107.8
	69.6
	-40.8
	95.9

	9
	140.0
	-22.4
	-103.9
	99.4
	58.3
	83.1

	10
	170.0
	-26.4
	-134.0
	102.8
	61.5
	97.8

	11
	245.0
	-33.0
	164.0
	119.7
	-53.6
	99.7

	12
	275.0
	-27.9
	136.9
	72.9
	-48.8
	81.9


Table 5. InO NloS CDL parameters
	Realized LS Parameters of the CDL model

	ASA
	ZSA
	ASD
	ZSD
	DS
	Kf
	 

	49.9
	14.4
	46.7
	11.2
	20.6
	NaN
	 

	CDL Model Small Scale Parameters

	Cluster
	Delay [ns]
	Power [dB]
	AoA
	ZoA
	AoD
	ZoD

	1
	0.0
	-10.1
	-149.3
	104.0
	60.4
	97.3

	2
	5.0
	-7.5
	180.0
	90.0
	-1.2
	89.1

	3
	5.0
	-12.4
	-149.3
	104.0
	60.4
	97.3

	4
	10.0
	-9.8
	180.0
	90.0
	-1.2
	89.1

	5
	10.0
	-14.1
	-149.3
	104.0
	60.4
	97.3

	6
	15.0
	-11.5
	180.0
	90.0
	-1.2
	89.1

	7
	25.0
	-8.8
	122.4
	71.4
	70.2
	78.3

	8
	30.0
	-8.0
	-107.8
	69.6
	56.7
	81.0

	9
	40.0
	-10.2
	107.8
	69.6
	-65.4
	70.5

	10
	65.0
	-12.2
	86.9
	112.3
	-57.9
	112.4

	11
	105.0
	-24.3
	180.0
	90.0
	125.9
	30.1

	12
	215.0
	-25.4
	86.9
	112.3
	-125.3
	23.5


Table 6. InO LoS:
	Realized LS Parameters of the CDL model

	ASA
	ZSA
	ASD
	ZSD
	DS
	Kf
	 

	26.0
	11.4
	35.7
	1.2
	18.9
	4.3
	 

	CDL Model Small Scale Parameters

	Cluster
	Delay [ns]
	Power [dB]
	AoA
	ZoA
	AoD
	ZoD

	LoS
	0.0
	-1.4
	180.0
	90.0
	7.5
	90.0

	1
	0.0
	-24.9
	180.0
	90.0
	7.5
	90.0

	2
	0.0
	-18.3
	-148.1
	118.9
	-85.1
	93.7

	3
	5.0
	-20.5
	-107.8
	69.6
	-85.1
	93.7

	4
	10.0
	-22.2
	180.0
	120.0
	-85.1
	93.7

	5
	15.0
	-27.6
	-148.1
	118.9
	-128.0
	83.1

	6
	20.0
	-20.4
	93.1
	67.7
	131.1
	84.8

	7
	40.0
	-9.5
	-148.1
	118.9
	73.4
	91.8

	8
	45.0
	-11.7
	-103.9
	99.4
	73.4
	91.8

	9
	50.0
	-13.5
	-117.0
	116.1
	73.4
	91.8

	10
	110.0
	-32.3
	180.0
	120.0
	-178.7
	81.7

	11
	130.0
	-36.8
	-132.5
	117.7
	-174.1
	80.6

	12
	145.0
	-29.7
	-103.9
	99.4
	160.8
	82.3


Proposal 2: Adopt CDL models from Tables 3 to 6 as a baseline channel model for demod and RRM.
2.5 Dynamic CDL Models

It can be assumed that the CDL models can be taken as a baseline for the dynamic modelling. The methods for dynamic modelling are FFS.
3 Transmitter (gNB) antennas

Geometry–based stochastic channel models (GSCM), like [2,3], contain both multi-dimensional propagation parameters and mathematical functions for embedding antenna characteristics into them. Fast fading channel realizations (samples) are generated as a combination of propagation parameters and specified antenna characteristics. In order to keep the geometric principle, with antenna embedding capability, and to specify a unique and comparable channel model description, it is necessary to specify the gNB antenna characteristics together with the CDL parameter tables.
The antenna model is taken from [2]. 
3.1 Array geometry

Definitions and symbols of [sect 7.3, 3] are used. The proposed gNB antenna array has single 8x8 uniform rectangular panel with dual polarized elements, i.e. Mg = 1, Ng = 1, M = 8, N = 8, dH = 0.5 wavelength, dV = 0.5 wavelength, and P = 2. Broadside of the array is pointing to (0(,0().

The BS antenna is modelled by a uniform rectangular panel array, comprising MgNg panels, as illustrated in Figure 2 with Mg being the number of panels in a column and Ng being the number of panels in a row. Furthermore the following properties apply:

-
Antenna panels are uniformly spaced in the horizontal direction with a spacing of dg,H and in the vertical direction with a spacing of dg,V.
-
On each antenna panel, antenna elements are placed in the vertical and horizontal direction, where N is the number of columns, M is the number of antenna elements with the same polarization in each column. 

-
Antenna numbering on the panel illustrated in Figure 2 assumes observation of the antenna array from the front (with x-axis pointing towards broad-side and increasing y-coordinate for increasing column number). 
-
The antenna elements are uniformly spaced in the horizontal direction with a spacing of dH and in the vertical direction with a spacing of dV. 
-
The antenna panel is either single polarized (P =1) or dual polarized (P =2). 

The rectangular panel array antenna can be described by the following tuple 
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Figure 2: Cross-polarized panel array antenna model

4.1 Antenna elements radiation patterns

The radiation pattern definition is taken from [sect 7.3, 3]:
The antenna radiation power pattern of each antenna element is generated according to Table 7.
Table 7: Radiation power pattern of a single antenna element
	Parameter
	Values

	Vertical cut of the radiation power pattern (dB)
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	Horizontal cut of the radiation power pattern (dB)
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	3D radiation power pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	8 dBi


4.2 Antenna Weights for Beamforming

It is assumed all the co-polarized elements of the array are combined to a single RF port, i.e. they compose an antenna array that can form beams by setting certain per element weights. Thus, if assuming 2–layer transmission the proposed gNB array has two antenna ports and two beamforming arrays, namely the blue elements of Figure 2 compose one and the red elements compose the other one. Weight vector for the first polarization (e.g. blue) is 
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Again, to specify a unique and comparable channel model description, the weight vectors or an algorithm to determine the weight vectors, must be specified together with the channel model. Details of this are left FFS. 
Proposal 3: The best choice for array weights within a BS array / channel model combination is FFS

5 Conclusion
Proposal 1: Cluster-wise angle spreads are revised as shown in Table 2.

Proposal 2: Adopt CDL models from Tables 3 to 6 as a baseline channel model for demod and RRM.

Proposal 3: The best choice for array weights within a BS array / channel model combination is FFS
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7 Annex A

Example PDP and PAS figures of the CDL models are shown here. The cluster-wise angle spreads of the PAS figures are slightly different from the proposed ASA and ZSA. Figures are shown here only as an example.
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