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1
Introduction

RAN1 created channel models for MIMO link level testing in [1] presented as cluster delay line (CDL). However, all the CDLs in [1] have an unwanted behaviour. All CDLs seem to have two sets of three clusters, similar to expanded midpath clusters, but the CDLs define these as individual independent clusters. This creates a few undesired issues, like random power variations due to component summation with identical Doppler. This contribution presents proposals to correct that behaviour.
Several other issues are discussed, including rms DS denormalization for FR1 and FR2, UE speed, direction of travel, K factor, ZoA, and AoA proposals.
2
Detail
[1] defines five CDL models, namely, CDL-A, CDL-B, and CDL-C represent NLOS scenarios, and CDL-D, CDL-E represent LOS scenarios. It is understood that each row in the CDLs defines a single cluster. In each CDL, there are two sets of three clusters that share the same AoD, AoA, ZoD, and ZoA (when the power of each set of three cluster is added, they end up being the two strongest NLOS paths in all CDLs.
For the reader’s convenience, CDL-A is presented next, where the issue is highlighted (though the interested reader can check in [1] that all CDLs follow this behaviour):
	Cluster #
	Normalized delay
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	0.0000
	-13.4
	-178.1
	51.3
	50.2
	125.4

	2
	0.3819
	0
	-4.2
	-152.7
	93.2
	91.3

	3
	0.4025
	-2.2
	-4.2
	-152.7
	93.2
	91.3

	4
	0.5868
	-4
	-4.2
	-152.7
	93.2
	91.3

	5
	0.4610
	-6
	90.2
	76.6
	122
	94

	6
	0.5375
	-8.2
	90.2
	76.6
	122
	94

	7
	0.6708
	-9.9
	90.2
	76.6
	122
	94

	8
	0.5750
	-10.5
	121.5
	-1.8
	150.2
	47.1

	9
	0.7618
	-7.5
	-81.7
	-41.9
	55.2
	56

	10
	1.5375
	-15.9
	158.4
	94.2
	26.4
	30.1

	11
	1.8978
	-6.6
	-83
	51.9
	126.4
	58.8

	12
	2.2242
	-16.7
	134.8
	-115.9
	171.6
	26

	13
	2.1718
	-12.4
	-153
	26.6
	151.4
	49.2

	14
	2.4942
	-15.2
	-172
	76.6
	157.2
	143.1

	15
	2.5119
	-10.8
	-129.9
	-7
	47.2
	117.4

	16
	3.0582
	-11.3
	-136
	-23
	40.4
	122.7

	17
	4.0810
	-12.7
	165.4
	-47.2
	43.3
	123.2

	18
	4.4579
	-16.2
	148.4
	110.4
	161.8
	32.6

	19
	4.5695
	-18.3
	132.7
	144.5
	10.8
	27.2

	20
	4.7966
	-18.9
	-118.6
	155.3
	16.7
	15.2

	21
	5.0066
	-16.6
	-154.1
	102
	171.7
	146

	22
	5.3043
	-19.9
	126.5
	-151.8
	22.7
	150.7

	23
	9.6586
	-29.7
	-56.2
	55.2
	144.9
	156.1

	Per-Cluster Parameters

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

	Value
	5
	11
	3
	3
	10


Since the AoA and ZoA are identical for these cases, then the sinusoids form a coherent sum across the 3 taps due to identical cluster doppler (see equation 7.5-22 in [1] This is the generic equation for N-2 weakest clusters channel coefficient).  Thus, at a given frequency, this combining effect creates a power change within the distribution of rays, and this impacts the statistical behavior of the model.  It also creates sensitivity to phases, which will add more variation than expected. 
Anticipating a virtually unlimited number of scenarios and applications, [1] allows manipulations of the CDLs to fit specific needs. This is the basis for the first proposal:
Proposal 1: Use angle scaling (see section 7.7.5.1 of [1]) to move the angles of the problematic clusters in the CDLs RAN4 intends to use for UE MIMO OTA. The angle values for the 4 problematic clusters are TBD.
In R15, TDL channel models in [1] were adopted for conducting simulations in RAN4. One of the changes made to the original TDLs was the reduction of taps (see section B.2.1 of [2]). The UE MIMO OTA SI may want to do its own cluster reduction. This is the basis for the second proposal.
Proposal 2: An alternative to proposal 1 is to consolidate the problematic clusters into one. This will automatically reduce the cluster number by 4 in all CDLs. 
Notice that the cluster reduction is not expected to cause major issues with the spaced frequency correlation functions as seen below.
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Figure 1 Frequency-Spaced Correlation for rms DS target of 300ns.
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Figure 2 Frequency-Spaced Correlation for rms DS target of 100ns.
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Figure 3 Frequency-Spaced Correlation for rms DS target of 60ns.
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Figure 4 Frequency-Spaced Correlation for rms DS target of 30ns.

If the deviations seem big, like in the case of figure 2 above, one or more path delays may be slightly moved, so the deviation from the original is more acceptable. 
In [1] both TDLs and CDLs rms DS is normalized to 1 second. Appropriate denormalization factors must be used to represent a typical deployment scenario. 
Proposal 3: rms DS targets should follow those picked for R15, namely, 30ns, 100ns, and 300ns for FR1, and 30ns and 60ns for FR2 as in [2].
In FR1, the propagation conditions will allow for larger site-to-site distances, and therefore, the channel models should reflect a very small elevation spread. 
Proposal 4: For FR1, the elevation angle spread should be set to 0 degrees and all ZoDs set to 90 degrees. 
Proposal 5: For FR2, the composite angle spread needs to be constrained. The implication is that the values of ZoA must be within ±X° to make it more suitable for practical implementations. The value of X should be chosen with input from chamber vendors.
Proposal 6: UE speed for FR1 should be 30km/hr.
Proposal 7: UE speed for FR2 should be 3km/hr.

Proposal 8: UE direction of travel must be picked in a way that does not align with any of the cluster AoAs, to insure statistical convergence of the fading models.

Proposal 9: If LOS CDLs are to be used, the K factors must be selected. The AoA and ZoA of the LOS component must align with one of the probes.
3
Conclusions
This contribution has presented ways to improve the CDL models to make them more suitable for RAN4 testing. Denormalization rms DS targets are also proposed. UE speeds, K factors, AoA and ZoA considerations for practical implementations have been proposed.
4
References

[1] TR38.901, “Study on channel model for frequencies from 0.5 to 100 GHz,” 3GPP, March 2017

[2] TS38.101-4 User Equipment (UE) radio transmission and reception; Part 4: Performance requirements. V15.0.0 January 2019
