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1
Introduction
UMi and UMa channel models [1][2] were chosen for MIMO OTA because they are spatial channel models and have well defined spatial and temporal properties.  These include:  Cluster and Composite angle spread at the BS and MS, Power Delay Profile, and specific AoDs and AoAs.
The AoDs for the UMa model were defined in [1] to be very close to 90 degrees from the array boresight.  According to one of the authors, the individual values of AoD were not considered, only the composite rms angle spread of the values together.  Since the values were chosen from a distribution, the values of the AoD happeded to be in the 90 degree range without design.

There are certain consequences to the AoDs being at near 90 degrees as discussed below.  A proposed solution is also given. 
2
Discussion
2.1  UMa CHANNEL MODEL DEFINITION

The SCME urban macro-cell channel model as referenced in Table 8.2-2 in [3] is shown below.
Table 8.2-2: SCME urban macro-cell channel model

	SCME Urban macro-cell

	Cluster #
	Delay [ns]
	Power [dB]
	AoD [(]
	AoA [(]

	1
	0
	5
	10
	-3
	-5.2
	-7
	82
	66

	2
	360
	365
	370
	-5.2
	-7.4
	-9.2
	81
	46

	3
	255
	260
	265
	-4.7
	-6.9
	-8.7
	80
	143

	4
	1040
	1045
	1050
	-8.2
	-10.4
	-12.2
	99
	33

	5
	2730
	2735
	2740
	-12.1
	-14.3
	-16.1
	102
	-91

	6
	4600
	4605
	4610
	-15.5
	-17.7
	-19.5
	107
	-19

	Delay spread [ns]
	839.5

	Cluster AS AoD / AS AoA [(]
	2 / 35

	Cluster PAS shape
	Laplacian

	Total AS AoD / AS AoA [(]
	7.8 / 62.6

	Mobile speed [km/h] / Direction of travel [(]
	3, 30 / 120

	XPR
NOTE: V & H components based on assumed BS antennas
	9 dB 


	Mid-paths Share Cluster parameter values for: 
	AoD, AoA, AS, XPR


Notice that the AoDs are relatively close together, producing a small composite angle spread, yet the values are close to 90 degrees, which is the edge of the array.

The channel model defines the geometry of the transmitted and received signals, based on the statistics of which paths are observed to travel from transmitter to receiver.  These paths, their delay, relative power level, XPR, per-path and composite angle spreads observed at the BS and MS, are all defined by the channel model before the antennas are specified.  Thus the channel models are independent of the antennas chosen at each end.

To facilitate a useful and well defined BS antenna, the following dual polarized model was specified. This base station antenna definition was chosen to be representative of typical network deployments.
2.2 BASE ANTENNA DEFINITON

The slant 45 degree antenna is an “X” configuration and is modelled as an ideal dipole with isotropic gain and subject to a foreshortening of the slanted radiating element, which is observed to vary as a function of the path angle of departure.  This foreshortening with AoD is a typical slanted dipole behaviour and is a source of power variation in the channel model.  The effective antenna pattern for this antenna is illustrated in Figure 7.2-1.
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Figure 7.2-1, X antenna gain assumption (a) Linear gain (b) dB gain
2.3 Correlation and XPR
When the UMa model is applied to the “X” antenna, wherein the AoDs are near 90 degrees, there are two effects, which are realistic and expected.  

1. The V/H ratio is affected by the side-view of the BS antenna, producing higher V/H ratios.

2. The correlation between fading paths to the two antenna elements is increased.

For the UMa model, the correlation between the two BS elements is about 95%, which is a very difficult channel.  If we adjust the AoDs, the effects mentioned above change, and the resulting model produces an easier, but still challenging, channel.
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With a -15 degree offset for all AoDs of the UMa model, the resulting behavior moves the XPR from 8.13 to 5.89 dB.  Correlation between BS antennas is reduced from 95% down to 75%.
All other channel parameters remain the same, which includes:  path delays, and the per-path and composite angle spreads observed at the BS and MS.

It is proposed to modify the AoD’s in the SCME urban macro-cell channel model with an offset of ‑15 degrees in [1] as shown below.
Table 8.2.2: SCME urban macro-cell channel model

	SCME Urban macro-cell

	Cluster #
	Delay [ns]
	Power [dB]
	AoD [(]
	AoA [(]

	1
	0
	5
	10
	-3
	-5.2
	-7
	67.0
	65.7

	2
	360
	365
	370
	-5.2
	-7.4
	-9.2
	65.5
	45.6

	3
	255
	260
	265
	-4.7
	-6.9
	-8.7
	64.6
	143.2

	4
	1040
	1045
	1050
	-8.2
	-10.4
	-12.2
	83.6
	32.5

	5
	2730
	2735
	2740
	-12.1
	-14.3
	-16.1
	87.1
	-91.1

	6
	4600
	4605
	4610
	-15.5
	-17.7
	-19.5
	92.1
	-19.2

	Delay spread [ns]
	839.5

	Cluster AS AoD / AS AoA [(]
	2 / 35

	Cluster PAS shape
	Laplacian

	Total AS AoD / AS AoA [(]
	7.9 / 62.4

	Mobile speed [km/h] / Direction of travel [(]
	30 / 120

	XPR

NOTE: V & H components based on assumed BS antennas
	9 dB 



	Mid-paths Share Cluster parameter values for: 
	AoD, AoA, AS, XPR


As a consequence, the target XPR for the UMa channel model in the validation procedures will need to be modified from 8.13 dB to 5.89 dB in clause 8.3.2.4 in [3].
3
Conclusion
By selecting an offset of -15 degrees, added to all of the AoDs, for the UMa model, the resulting correlation is reduced from 95% down to 75%.  This makes the channel much easier to establish and maintain a connection, yet is still high enough correlation to be more challening than the UMi model at the device under test.
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