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Background

TR 37.976 v1.4.0 recommends several different channel models for MIMO OTA testing. If possible the industry would like to see this number reduced to a small number of simple channel models. During the HSDPA and LTE MIMO OTA round robin measurement campaigns, SCME Uma, single cluster Uma, SCME Umi and single cluster Umi channel models were used by many companies for device performance testing. This proposal selects four different antenna patterns, and compares the channel capacity under four channel models (SCME Uma, single cluster Uma, SCME Umi and single cluster Umi). The purpose is to find out which of these models possess the ability to differentiate different devices, and whether a simplified single cluster channel model is good enough for device performance evaluation.
Capacity Analysis Results
Fig. 1 to Fig.3 show the antenna patterns tested: two are for commercial LTE terminals and the other two are for two-dipole antenna arrays with spacings of 0.5 lambda and 1 lambda. The pattern number is indexed as follows: pattern #1 corresponds to device #1, pattern #2 corresponds to device #2, pattern #3 corresponds to dipole array with 0.5 lambda spacing and pattern #4 corresponds to dipole array with 1 lambda spacing. The patterns are plotted on a log scale with 5 dB as the reference except for pattern 2 which has 10 and 0 dB references.
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Fig.1 Antenna pattern in dB of device #1
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Fig.2 Antenna pattern in dB of device #2 
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Fig.3 Antenna pattern in dB of dipole array with 0.5 spacing 

(Only vertical polarization is shown) 
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Fig.4 Antenna pattern in dB of dipole array with 1 lambda spacing 

(Only vertical polarization is shown) 

TR 37.976 also contains different options for the eNB antenna configuration. Here we use the following three options:
a) Vertically polarized elements with a fixed 4λ separation
b) Dual polarized equal power elements with a fixed 0λ separation, 45 degrees slanted.

c) Dual polarized equal power elements with a fixed 4λ separation, 0 and 90 degree polarization. 

Among them, option a) and b) are the recommended configurations in TR 37.976. Table 1 gives the channel capacity comparison for eNB configuration a) paired with each of the 4 UE devices under different channel models (SCME Uma, single cluster Uma, SCME Umi and single cluster Umi) The capacity is used to rank each eNB-UE pair under each channel model. All the capacity values use an assumed value of SNR =25dB. Here the capacity is the average results of 8 different orientations over 360 degrees. 
Table 2 shows the capacity variance under different channel models for the same 4 pairs of devices
Tables 3 and 4 show similar contents as Table 1 and Table 2, the only difference is these two tables’ results are based on pairing each UE with eNB (b).
Tables 5 and 6 show similar contents as Table 1 and Table 2, the only difference is these two tables’ results are based on pairing each UE with eNB (c).

Table 1 Capacity comparison under eNB configuration a)
	Pattern Index
	capacity under Uma (bits/s/Hz)
	Rank under Uma 
	capacity under single cluster Uma (bits/s/Hz)
	Rank under single cluster Uma 
	capacity under Umi (bits/s/Hz)
	Rank under Umi 
	capacity under single cluster Umi (bits/s/Hz)
	Rank under single cluster Umi

	#1
	7.46
	4
	7.22
	4
	10.21
	4
	9.7
	4

	#2
	8.32
	3
	8.03
	3
	10.72
	3
	10.3
	3

	#3 
	11.29
	2
	10.86
	2
	15.14
	2
	14.67
	2

	#4
	11.37
	1
	11.22
	1
	15.43
	1
	15.24
	1


Table 2 Capacity variance comparison under BS configuration a)
	Pattern Index
	capacity variation under Uma
	capacity variation under single cluster Uma
	capacity variation under Umi
	capacity variation under single cluster Umi

	#1
	0.43
	1.01
	0.64
	1.96

	#2
	0.16
	0.6
	0.62
	0.71

	#3 
	0.01
	0.12
	0.1
	0.3

	#4
	0.02
	0.1
	0.05
	0.18


Table 3 Capacity comparison under eNB configuration b)

	Pattern Index
	capacity under Uma
	Rank under Uma 
	capacity under single cluster Uma
	Rank under single cluster Uma 
	capacity under Umi
	Rank under Umi 
	capacity under single cluster Umi
	Rank under single cluster Umi

	#1
	10.79
	3
	10.48
	3
	10.79
	3
	10.47
	3

	#2
	9.7
	4
	9.62
	4
	9.56
	4
	9.61
	4

	#3
	12.49
	2
	11.93
	2
	12.34
	2
	11.92
	2

	#4
	12.63
	1
	12.47
	1
	12.58
	1
	12.46
	1


Table 4 Capacity variance comparison under BS configuration b)

	Pattern Index
	capacity variation under Uma
	capacity variation under single cluster Uma
	capacity variation under Umi
	capacity variation under single cluster Umi

	#1
	0.43
	1.01
	0.64
	1.96

	#2
	0.16
	0.6
	0.62
	0.71

	#3 
	0.01
	0.12
	0.1
	0.3

	#4
	0.02
	0.1
	0.05
	0.18


Table 5 Capacity comparison under BS configuration c)

	Pattern Index
	capacity under Uma
	Rank under Uma 
	capacity under single cluster Uma
	Rank under single cluster Uma 
	capacity under Umi
	Rank under Umi 
	capacity under single cluster Umi
	Rank under single cluster Umi

	#1
	10.84
	3
	10.5
	3
	10.81
	3
	10.48
	3

	#2
	9.38
	4
	9.05
	4
	9.24
	4
	9.05
	4

	#3
	12.48
	2
	11.94
	2
	12.32
	2
	11.94
	2

	#4
	12.62
	1
	12.45
	1
	12.61
	1
	12.45
	1


Table 6 Capacity variance comparison under BS configuration c)

	Pattern Index
	capacity variation under Uma
	capacity variation under single cluster Uma
	capacity variation under Umi
	capacity variation under single cluster Umi

	#1
	0.89
	1.8
	0.77
	1.82

	#2
	0.12
	0.54
	0.34
	0.53

	#3 
	0.05
	0.22
	0.09
	0.23

	#4
	0.03
	0.13
	0.04
	0.13


Tables 1, 3 and 5 show that the average capacity using single-cluster models approaches the same value as the related multi-cluster models. However single cluster channel models always give an average throughput that is about 3% lower than the equivalent multi-cluster channel models. Based on the average capacity, the single cluster channel models rank these four device pairs in exactly the same sequence as the multi-cluster models.
It can be noticed that in table 1, the throughput for all the antenna patterns under Uma and single cluster Uma are much smaller than that under Umi and single cluster Umi. The major reason is that Uma and single cluster Uma have a cluster AoD AS of 2 degrees, which is too narrow to get low correlation for BS antenna configurations with one polarization and 4 lambda distance - BS antenna configuration a). For BS antenna configurations b) and c), the capacity for Uma and Umi are very similar for the same antenna and the capacity for single cluster Uma and single cluster Umi are very similar as well, which is mainly because the use of cross polarization effectively lowers the antenna correlation at the base station.  It is therefore proposed in this paper to revise the base antenna configuration a) in TR 37.976 from a single polarized antenna array to a bipolarized antenna with 4 lambda separation to avoid poor antenna correlation at base station.

However, when the results in table 1 are compared with those in tables 3 and 5, it is seen that pattern #1 and pattern #2 show reverse ranking for eNB configuration a) versus configuration b) and c). This ranking change is caused by eNB configuration a) having only vertical polarization, while both eNB configurations b) and c) utilize dual-polarization. By comparing pattern #1 and #2 it is seen that pattern #1 polarization V and polarization H show similar gain, but for pattern #2, polarization V shows higher gain than polarization H. So when the eNB is all V polarized as for case a), pattern #2 is better than pattern #1. But when 45 degree cross polarized or vertical-horizontal polarized is used, the ranking is reversed. This emphasises the importance of choosing the eNB antenna configuration carefully when making decisions on device performance.
Tables 2, 4 and 6 show that single cluster models have throughput variance over different orientations that is 2x to 3x higher than the multiple cluster models. This agrees with our instinctive understanding. For a single-cluster model all the paths come from the same angle of arrival, and since the receiver antenna pattern is not omni-directional, the performance is more sensitive to AOA. But the average throughput over one rotation using single-cluster channel models is comparable with the average throughput obtained using multi-cluster channel models.
Conclusion 

The capacity analysis results in this paper demonstrate that for a given eNB-UE pairing, the average channel capacity under four channel models (SCME Uma, single cluster Uma, SCME Umi and single cluster Umi) for four antenna patterns is effectively the same. Single cluster channel models give an average throughput that is about 3% lower than the equivalent multi-cluster channel models, and the throughput variance is 2x to 3x higher when using single cluster models. This may be sufficient justification to reduce the required channel models to just this subclass for MIMO OTA test.
Comparing Tables 1, 3 and 5, we see that the narrow cluster AS of AOD makes it possible that for single polarization case a) the spatial channel correlation is unduly influenced by the base station antenna. If the BS antenna configuration is not carefully chosen this will result in significant performance differences due to the BS antenna configuration rather than the UE. However, if bi-polarized antennas are used at the base station, the BS antenna can achieve very low correlation even under as narrow as 2 degrees cluster AS of AOD. In these cases the BS antenna configuration does not have nearly as much influence as shown in Table 3 and Table 5.
It is thus proposed in this paper to change the BS antenna configuration a) in TR37.976 to be a bi-polarized antenna array with 4 lambda spacing and to consider reducing the number of channel models.



































































