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1
Introduction

RAN1 created channel models for MIMO link level testing in [1] presented as cluster delay line (CDL). Anticipating a virtually unlimited number of scenarios and applications, [1] allows manipulations of the CDLs to fit specific needs. This contribution presents uses those manipulations to come up with link level channel models suitable for RRM and demodulation testing in RAN4 that are based on channel sounding campaigns, see for example [2][3]. Similar manipulations are also allowed for Time Delay Line (TDL) channel models. The impact of system BW and its interaction with delay spread scaling is assessed. Examples of the process and resulting channel models are presented at the end.
2
Detail
[1] defines five CDL models, namely, CDL-A, CDL-B, and CDL-C represent NLOS scenarios, and CDL-E, CDL-F represent LOS scenarios. Special attention must be paid to the fact that the CDLs have normalized rms delay spread (DS), and before using them delay scaling to represent a specific scenario must take place. Also, to accommodate different scenarios, the angle values in the CDLs can be generalized by allowing angular translation and scaling. System BW plays a big role in defining the number of resolvable clusters.
RMS Delay Spread Denormalization

The first step is to select an appropriate rms delay spread and multiply all the tap delays by this value (equation 7.7-1 of [1] is repeated here for convenience). Some values are suggested ranging from 10ns to 1000ns. Based on observations in [2] and [3], the more sensible values are those for Very Short (10ns) and Short (30ns) DS.
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System BW Effects

The number of resolvable paths in a channel model depends on system BW. In general, as the bandwidth increases, so does the ability of the receiver to resolve the different paths, and vice versa. In the limit case with infinite bandwidth, every “path component”, no matter how insignificant, is resolvable, producing thousands of paths. However, actual bandwidths filter the receiver’s ability to resolve different paths and lead to lower and more practical numbers of paths. An accepted metric to determine path resolvability is the inverse of the system BW [4][5].
Table 1 Resolvable clusters RMS DS 10ns for different BWs
	CDL
	20MHz
	50MHz
	100MHz
	400MHz

	A
	2
	4
	7
	16

	B
	1
	3
	5
	14

	C
	2
	5
	8
	15

	D
	3
	6
	7
	10

	E
	4
	5
	7
	7


Table 2 Resolvable clusters RMS DS 30ns for different BWs
	CDL
	20MHz
	50MHz
	100MHz
	400MHz

	A
	5
	8
	12
	19

	B
	3
	8
	11
	16

	C
	6
	9
	13
	16

	D
	6
	7
	10
	10

	E
	6
	8
	8
	9


Table 1 and Table 2 present the number of resolvable paths vs system BW for two RMS DS targets, namely 10ns and 30ns. It is clear the number of paths that need to be emulated or simulated is made closer to the measurements in [2] and [3]. The resulting Power Delay Profile (PDP) is calculated by adding all the powers that fall within one time-bin (WSSUS assumption). The excess delay associated with each resolvable cluster is given by multiples of the inverse of the system BW, that is 0, 1/BW, 2/BW … (N-1)/BW. One final step of delay denormalization is applied to the resulting PDP to achieve the desired rms DS target (see equation 7.7-1 of [1] shown above for convenience).
Angle Translation and Scaling
Equation 7.7-5 of [1] allows the freedom to generalize (i.e. select) angles (AoD, ZoD, AoA, ZoA) for CDLs to fit any desired scenario by a process called Angle Translation and Scaling (Equation shown below for convenience). This is particularly useful in defining test cases requiring multiple transmit/reception points. 
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The first step is to define the mean angles 
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 (AoD, ZoD, AoA, ZoA) of the model. Those are dictated by the specific test condition. Table 3 present a few examples. 
Table 3 Examples for 
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	Case
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AoD (°)
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ZoD(°)
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AoA(°)
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ZoA(°)

	1
	30
	80
	45
	75

	2
	0
	90
	0
	90

	3
	-30
	100
	45
	75


The next step is to select the 
[image: image9.wmf]desired

AS

criteria (AoD, ZoD, AoA, ZoA). [1] proposes some ranges for 
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. In this contribution, and for the sake of example, the following values are used:
- 
AOD spread (ASD) for each CDL model: {5} degrees. 

-
AOA spread (ASA) for each CDL model: {30} degrees for NLOS, {10} degrees for LOS. 

-
ZOA spread (ZSA) for each CDL model: {10} degrees for NLOS, {5} degrees for LOS.
-
ZOD spread (ZSD) for each CDL model: {3} degrees.

The next step is the actual selection of the angles (AoD, ZoD, AoA, ZoA). Once the angles are selected, the process in in section 7.7.5.1 of [1] is applied.

Putting it all Together

CDL-B at 50MHz RMS DS 10ns (3 clusters), ASD 5°, ZSD 3°, ASA 30°, ZSA 10° for case 1.
	Cluster
	Delay ns
	Power dB
	AoD°
	ZoD°
	AoA°
	ZoA°

	1
	0
	0
	29.88
	79.8
	44.6
	72.74

	2
	24.18
	-11.9586
	29.08
	82.95
	49.4
	98.56

	3
	48.37
	-14.5442
	34.95
	80.65
	48.4
	98.45

	Per-Cluster Parameters

	Parameter
	cASD in [°]
	cASA in [°]
	cZSD in [°]
	cZSA in [°]
	XPR in [dB]

	Value
	5
	22
	3
	7
	8


CDL-D at 50MHz RMS DS 30ns (7 clusters), ASD 5°, ZSD 3°, ASA 10°, ZSA 10°, K=5dB for case 2.

	Cluster
	Delay ns
	Power dB
	AoD°
	ZoD°
	AoA°
	ZoA°

	1
	0
	0
	0
	90
	1.17
	90.77

	
	0
	-6.03
	0.45
	88.25
	-28.73
	70.00

	2
	42.67
	-13.36
	-1.00
	90.38
	-5.68
	86.13

	3
	64.00
	-22.02
	-2.57
	87.12
	20.33
	97.98

	4
	128.01
	-26.92
	-1.83
	85.87
	6.51
	92.93

	5
	234.69
	-22.72
	-2.15
	85.83
	-27.27
	87.87

	6
	298.69
	-22.77
	1.25
	89.59
	-33.20
	89.26

	7
	384.04
	-26.82
	-1.7
	88.28
	-14.93
	83.39

	Per-Cluster Parameters

	Parameter
	cASD in [°]
	cASA in [°]
	cZSD in [°]
	cZSA in [°]
	XPR in [dB]

	Value
	5
	8
	3
	3
	11


Alternatives

TDLs can also be used to create suitable channel models for RAN4 testing. The methodology is presented in section 7.7.5.2 of [1]. The process is very similar to that applied to the CDLs above, namely, it involves denormalization of rms DS, selecting spatial parameters (AoD, AoA, ZoD, ZoA, ASD, ZSD, ASA, ZSA, CASD, CASA, CZSD, CZSA), and XPR, to create the corresponding correlation matrices and apply them to the IID samples. But other techniques are also allowed, for example the use of pre-existing correlation matrices in [6] and [7].
3
Conclusions
This contribution has presented a way to create channel models suitable for RAN4 testing that have a traceable path back to [1]. Examples for CDLs were presented, but TDLs can be used as well.
Proposal 1 RAN4 accepts the presented methodology to create channel models 
Proposal 2 As there could be many channel models, RAN4 agrees to create a channel validation procedure. This will be largely based on the already existing procedures in [8].
Proposal 3 As the CDLs do not specify UE speed, and UE direction of travel, channel model proposals must be supplemented with those parameters.
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