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Introduction
The purpose of this contribution is to describe unambiguously the procedure of generating realizations CDL channel models. The topics and steps to be clarified are about: 1) details of scaling procedure, 2) inclusion of BS antenna arrays and beams to the model output, and 3) removing unwanted randomness of model realizations. Point 3) contains pairing of ray angles, changing the random initial phase matrix to a random scalar phase, and an issue of mid-paths with exactly same angular parameters.
In RAN4#90, channel modelling, particularly angular scaling, was discussed under NR MIMO OTA study item. In way forward [1], two different angular scaling approaches were proposed for angular scaling. 
· Scaling per TR38.901
· [bookmark: _Hlk3985584]Rotate AoDs/ZoDs and scale CDL model using the methods in 38.901 (section 7.7.5.1) [2] to make them fit the median values in 38.901 Table 7.5-6 for the accepted scenarios.
Neither one of these angular scaling methods do not solve randomized power angular spectrum (PAS) between different model output generation rounds. This results from both the random initial phase of 2x2 polarization matrix and the random coupling of ray angles within a cluster. Another aspect introducing unnecessary randomness to the power delay profile (PDP) and PAS of CDL models is the clusters with identical angular parameters. In all CDL model tables there are two groups of three successive rows with identical angular parameters and close to identical delays. In the description of steps these are advised to be treated as “weak clusters”. Effectively this means that each such a group of three rows has three rays with identical Doppler frequencies but random phase. These rays sum up constructively or destructively producing a ray amplitude that is random, but time-invariant. The abovementioned two modifications do not help in solving this issue. The solution would be to treat such a group of three rows as mid-paths of a “strong cluster”.
This contribution lists the required changes that should be made for correcting above mentioned issues and making the CDL model more stable across implementations and uses.
Channel model procedure 
This section describes amendments to the step-wise procedure of the CDL subclause 7.7.1 in [2] for generating fast fading radio channel realizations. Channel model option 2 from [3] is used as a baseline. In the following, we list the steps that requires changes/updates.

Step 1: Generate cluster delays  (from subclause 7.7.3 in [2])
The RMS delay spread values of CDL models are normalized and they must be scaled in delay so that a desired RMS delay spread can be achieved. The scaled delays can be obtained according to the following equation: 

		(1)
in which
· 
	is the normalized delay value of the nth cluster in a CDL in Tables 7.7.1.1 – 7.7.1.5 of [2]	
· 
	is the new delay value (in [ns]) of the nth cluster
· 
	is the target delay spread (in [ns]). 

Values of  for FR1/FR2 and for different model scenarios are specified in Table 1.

[bookmark: _Ref4684040][bookmark: _Ref4684031]Table 1. Target delay spread values agreed previously [1].
	Frequency
	Scenario
	

	FR1
	UMi
	100 ns

	FR1
	UMa
	365 ns

	FR2
	UMi
	60 ns

	FR2
	InO
	30 ns



Step 2: Generate departure and arrival angles (based on subclause 7.7.1 step 1 in [2] combining 7.7-5 and part of step 7 in subclause 7.5 in [2] adding some clarifications to the parameters considered)
Generate arrival angles of azimuth using the following equation

	,	(2)
where 
-	n,AOA and cASA are the cluster AOA and the cluster-wise rms azimuth spread of arrival angles (cluster ASA), respectively, in Tables 7.7.1.1 – 7.7.1.5 of [2]
-	m denotes the ray offset angles within a cluster given by Table 7.5-3 of [2],


-	 is the mean angle of the original channel model table in NLOS case (equation is specified in Annex A.2 of [2]) and the LOS angle  in LOS case,

-	 are the angular spreads derived1) from the original CDL Tables 7.7.1.1 – 7.7.1.5 of [2], they are listed Table 3. Table 1 contains the angle spread values of the original CDL models of 38.901 [2] before any angular scaling. The values are calculated for the AOD, AOA, ZOD, and ZOA angles after removing the mean angle following the definition of rms angular spread in TR25.997, without finding the minimum over circular shifts.



-	 is the target angular spread. Table 3 specifies  values for CDL-A,B,C,D,E UMi and UMa at FR1. Table 4 specifies the corresponding  values at FR2. These target values are obtained by determining median angular spreads of Table 7.5-6 of [2].



The angular scaling according to (1) is applied to the ray angles and no further scaling is performed. The generation of AOD (), ZSA (), and ZSD () follows a procedure similar to AOA as described above. 
Note:	The azimuth angles may need to be wrapped around to be within [0, 360] degrees, while the zenith angles may need to be clipped to be within [0, 180] degrees. 
1) The angular spread in this case is the rms angular spread without finding the minimum value over angular rotations.
Each CDL parameter table of [2] contains two sets of three rows, i.e. three clusters, with exactly same angular parameters. This is harmful for the statistical properties of the models (they become non-WSS across the ensemble of model realizations) [4]. The problem can be avoided by making the angular parameters non-equal by introducing small offsets to angles of the three rows. This is done as follows:
1. After angular scaling, identify the clusters with exactly same angular parameters. Scaled arrival azimuth angles of the first, second and third cluster with the same angular parameters are  and , respectively. The scaled zenith angles are named analogously  and .
2. Define new angles by adding offsets   and to angles . The numerical values of offset parameters X and Y are TBD. The effect of offsets to realized composite angle spread should be evaluated when defining the offset values, and offset application before angular scaling could be considered if added offsets affect the realized composite angle spreads. Alternatively, other methods could be considered to introduce different Doppler phasors for the mid paths.
[bookmark: _Ref3986396]Table 2. Original (non-circular) angle spreads of CDL models.
	Model
	
 [deg]

	
	ASD
	ASA
	ZSD
	ZSA

	CDL-A
	73.7
	85.3
	28.6
	21.1

	CDL-B
	41.6
	59.3
	6.0
	10.4

	CDL-C
	39.1
	71.1
	4.1
	10.4

	CDL-D
	19.0
	21.1
	3.0
	1.9

	CDL-E
	13.2
	37.6
	1.5
	2.5


[bookmark: _Ref3984890]Table 3. Desired AS for UMi and UMa at 3.5 GHz (FR1).
	Model
	
 [deg]

	
	ASD
	ASA
	ZSD
	ZSA

	UMi NLOS (CDL-A, B, C)
	24.0
	57.2
	0.8
	7.8

	UMi LOS (CDL-D, E)
	15.0
	47.6
	0.6
	4.6

	UMa NLOS (CDL-A, B, C)
	27.4
	85.7
	4.9
	21.7

	UMa LOS (CDL-D, E)
	13.2
	64.6
	3.5
	8.9

	Note: For UMa frequency fc = 6 as stated in [2], and other parameters hUMa = 25, hUMi = 10, hUT = 1.5, and D2D = 100.

	


[bookmark: _Ref3986274]Table 4. Desired AS for UMi and InO at 28 GHz (FR2).
	Model
	
 [deg]

	
	ASD
	ASA
	ZSD
	ZSA

	UMi NLOS (CDL-A, B, C)
	15.6
	49.3
	0.8
	7.3

	UMi LOS (CDL-D, E)
	13.7
	41.0
	0.6
	3.8

	InO NLOS (CDL-A, B, C)
	41.7
	50.4
	12.0
	14.7

	InO LOS (CDL-D, E)
	39.8
	31.9
	1.4
	11.5



Proposal 1: Use AS scaling procedure as described in step 2.
Proposal 2: Use AS values of tables 3 and 4 as target AS values in AS scaling.
Step 3: Coupling of rays within a cluster for both azimuth and elevation (based on step 2 in 7.7.1 in [2] assuming fixed coupling instead of random)
Couple AOD angles to AOA angles within a cluster n. Couple ZOD angles with ZOA angles using the same procedure. Couple AOD angles with ZOD angles within a cluster n. Instead of random procedure, the coupling is performed using the fixed coupling pattern specified in Table 5.  The same fixed coupling pattern is applied for all clusters n.
[bookmark: _Ref4674840]Table 5. Fixed coupling pattern of ray angles to be applied for each cluster.
	
	m

	

	6
	12
	5
	10
	8
	11
	16
	14
	18
	9
	20
	4
	2
	15
	7
	13
	19
	17
	3
	1

	

	20
	9
	12
	1
	13
	18
	10
	4
	8
	2
	6
	14
	11
	19
	7
	3
	17
	5
	15
	16

	

	2
	16
	3
	11
	18
	9
	5
	17
	4
	19
	15
	20
	13
	7
	10
	1
	8
	12
	6
	14

	

	15
	18
	13
	1
	12
	9
	6
	7
	5
	3
	2
	8
	14
	17
	19
	16
	11
	20
	10
	4



Proposal 3: Use the fixed coupling pattern of ray angles as shown in Table 5.

Step 4:  Generate the cross-polarization power ratios (from subclause 7.7.1 step 3 in [2])
Calculate the linear cross polarization power ratios (XPR) for each ray m of each cluster n as

	,	(3)
where X is the per-cluster XPR in dB from Tables 7.7.1.1 – 7.7.1.5 of [2]. 
Step 5: Specify gNB beam pattern (based on subclause 7.3 of [2] plus assumptions for gNB antenna)
With definitions and symbols of subclause 7.3 of [2] (except substitute N:=Ne, M:=Me to avoid ambiguity), specify parameters (Mg, Ng, Me, Ne, P) and (dH, dV) following Table 6.
[bookmark: _Ref4748995]Table 6. BS antenna geometries as specified in [5].
	Parameter description
	Symbol
	Parameter value

	
	
	FR1 ≤2.5GHz
	FR1 >2.5GHz
	FR2

	Antenna panels in vertical dimension
	Mg
	1
	1
	1

	Antenna panels in horizontal dimension
	Ng
	1
	1
	1

	Elements per panel in vertical dimension
	Me
	4
	8
	8

	Elements per panel in horizontal dimension
	Ne
	8
	8
	16

	Number of polarizations per panel
	P
	2
	2
	2

	Element spacing in horizontal dimension ()
	dH
	0.5
	0.5
	0.5

	Element spacing in vertical dimension ()
	dV
	0.5
	0.5
	0.5



Antenna element radiation patterns, including orientation of the element main polarization components as well as orientation of the antenna array for both FR1 and FR2 are as in the example pattern in Table 7.3-1 [2]. The antenna element parameters are 3dB = 65,  SLAv = 30dB, GE,max =8 dBi.
It is assumed 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 weights per element. Weight vector for the first polarization and for the second polarization is
	 	 (4)	
where  is the location vector of transmit antenna element   and , and  is a spherical unit vector denoting the target beam direction. Determination of beam directions  is TBD.
Proposal 4: Use antenna arrays and beam modeling as described in step 5.
Step 6: Specify initial phases
Random initial phase [image: ]  are not used for the different polarization combinations (θθ, θϕ, ϕθ, ϕϕ). Instead, a fixed and pre-defined set of initial phases  of Table 6 and a scalar random initial phase  term is used for each ray m of each cluster n as shown in the eq.. (5) below
[bookmark: _GoBack]The set of fixed initial phases can be same for all clusters, i.e.  etc. for all four polarization combinations. These 20×4 initial phase values can be specified either by a table of values or by setting a random number generator and a fixed seed number. The distribution of scalar initial phases  is uniform within . Its purpose is to enable generation of different fading sequences on different uses of the model, but still maintaining the power angular distribution of the model. The scalar initial phases can be fixed (or removed) if completely deterministic process, i.e. exactly same fading sequences at each model use, is aimed at.
[bookmark: _Ref4679158]

Table 7. Fixed initial phases for 2x2 polarization matrices. These values are drawn from uniform distribution.
	m
	 [rad]
	 [rad]
	 [rad]
	 [rad]

	1
	1.7609
	-0.6928
	-1.6230
	-0.6037

	2
	-2.5356
	-2.3124
	2.7775
	2.8660

	3
	0.4725
	-2.7660
	-1.6664
	-0.9226

	4
	2.0181
	-3.0448
	-2.8713
	-2.0798

	5
	0.9369
	1.4560
	0.9283
	-0.3084

	6
	0.2954
	-1.2798
	1.5375
	-1.9544

	7
	1.1735
	-1.9886
	-0.8263
	0.7893

	8
	1.7607
	-2.6319
	2.6979
	1.7324

	9
	-0.0830
	-0.4030
	-0.3344
	-1.2167

	10
	0.0535
	0.0677
	1.9957
	1.8525

	11
	0.9068
	-0.7627
	1.9577
	0.2062

	12
	-0.9379
	2.7583
	2.3621
	0.3151

	13
	0.7695
	0.5469
	-1.8363
	-1.2488

	14
	-0.1827
	-1.6934
	2.1634
	-1.9179

	15
	-1.7221
	-2.0690
	-1.7111
	-0.4040

	16
	-1.1869
	2.6602
	-0.4385
	-1.9804

	17
	2.5439
	3.0143
	-0.3841
	-2.4434

	18
	-1.5201
	-0.5735
	0.5962
	-1.4941

	19
	0.6462
	1.3271
	-1.7483
	-2.4038

	20
	-1.2775
	-1.1386
	-0.4765
	0.0494




Proposal 5: Use fixed initial phase for 2×2 polarization matrices
Step 7:  Coefficient generation (based on step 4 in [2])
Follow the same procedure as in Steps 10 and 11 in Subclause 7.5 in [2], with a few modifications. Firstly, all clusters are treated as "weaker cluster", i.e. no further sub-clusters in delay should be generated. Secondly, BS beamforming weights  for antenna elements are used and the BS antenna signals are summed for BS hybrid beamforming. Thirdly, random initial phases  are used for sub-paths, but not for the different polarization combinations (θθ, θϕ, ϕθ, ϕϕ) as stated in Step 6. The following equations (4) and (5) apply for the NLOS clusters and the LOS path, respectively:


				(5)


							(6)
Observation: The direction of travel and the UE speed still need to be defined.
Summary
In this paper we updated the step-wise channel model output generation procedure by
1) providing detailed the scaling procedure with tabulated delay and angular scaling parameters.
2) inclusion of BS antennas and beams to the channel model. This was done by tabulating BS array and antenna element parameters, describing the beamforming weights and updating the final channel coefficient equations to consider hybrid beamforming. 
3) removing the unwanted randomness from the channel coefficient procedure. This contribution showed some issues that follow from the random coupling of angles and random 2×2 initial phases in CDL models. These issues have become more evident with the larger antenna arrays and higher angular resolution of 5G transceivers. We have proposed simple solutions to update CDL model generation procedure that would solve the identified problems, while still enabling the use of random seeds and obtaining an infinite number of different fading sequence realizations. With the proposed solutions the model is WSS over instances (model uses). The solutions are: fixing the coupling of angles, fixing the 2×2 initial phases, introducing a new random scalar initial phase term for each ray m of each cluster n, and introducing small angle offsets to clusters with exactly same angular parameters.
Conclusion
The following observations and proposals were made in this contribution. 
Proposal 1: Use AS scaling procedure as described in step 2.
Proposal 2: Use AS values of tables 3 and 4 as target AS values in AS scaling.
Proposal 3: Use the fixed coupling pattern of ray angles as shown in Table 5.
Proposal 4: Use antenna arrays and beam modeling as described in step 5.
Proposal 5: Use fixed initial phase for 2×2 polarization matrices
Observation: The direction of travel and the UE speed still need to be defined.
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