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1 Introduction
The MIMO OTA measurement campaign has been active since February this year and several results are now available. This contribution provides some early analysis with a view to identifying progress towards the goal of the SI which is to identify test methods which are capable of differentiating good and bad MIMO UE performance. This paper is more to stimulate discussion than provide any solid conclusions.
2 Reported results

The results that are available so far have been presented in the following contributions:

[1]
R4-110646 Preliminary results on LTE round robin test – Rohde & Schwarz

[2] R4-111723 Further results on LTE round robin devices – Rohde & Schwarz

[3] R4-112431 More MIMO 3D results on LTE modems – Rohde & Schwarz

[4] R4-111718 Results on LTE MIMO Round Robin Test – SATIMO/Elektrobit
[5] R4-112512 LTE round-robin test results – Azimuth Systems
[6] R4-111473 Interim MIMO OTA results for E398 – ETS-Lindgren

[7] CTIA MOSG110318 Validation and LTE Test Results – ETS-Lindgren (this has not yet been 
   presented to RAN WG4)

3 Preliminary results analysis

Three substantial sets of results are available from R&S, SATIMO/Elektrobit and Azimuth with provisional results from ETS-Lindgren.

3.1 R&S [1], [2], [3]
Key parameters:

LTE USB modems of round robin test

	Label
	Model name
	Operating band

	Pool1 DUT1
	Huawei E398
	Band 7: DL 2620 to 2690 MHz

	Pool1 DUT2
	Samsung GT-B3740
	Band 20: DL 791 to 821 MHz

	Pool1 DUT4
	Samsung GT-B3710
	Band 7: DL 2620 to 2690 MHz

	Pool2 DUT2
	ZTE AL621
	Band 7: DL 2620 to 2690 MHz


	Host laptop
	Pool1 Host1
	Dell Latitude E6400 utilizing the labelled DUT port at the upper left side 

	Laptop display angle
	110°
	see [6]

	EUT position in relation to the QZ center
	Geometrical center of the laptop, see [6]
	Precision ±10 mm


The R&S results in R4-111723 provide the only conducted measurements so far on the devices (the 3 in pool 1 and one from pool 2). These results are very useful since they show up to 3.6 dB difference in baseband performance which would otherwise be lost in the radiated measurements making analysis of the radiated aspects of the testing more difficult.
The radiated results are all TRS using the two channel method without use of a channel emulator. This means direct comparison to other results is not possible, however, the analysis did show considerable consistency in ranking of the devices across a variety of 2D and 3D scenarios. Further 3D analysis in R4-112431 showed that there can be significant 2D performance differences of up to 6 dB per device depending on the spatial separation of the two-channel signal and the particular 2D cut.
Degradation for all devices on TRS of around 11 dB was seen when changing from 16QAM to 64QAM. This is about what would be expected. Exactly how the expected degradation relates to the data rate/code rate increase of approx 2.39 would be useful reference information.
If the conducted performance is normalized, the degradation in TRS when moving from conducted to radiated varied from 8.7 dB for the best device to 17.2 dB. This indicates an 8.5 dB difference in radiated performance between the devices.
Moving from two spaced antennas to a single AoA with dual polarization resulted in improved performance of between 1.9 dB to 4.8 dB suggesting that some devices are more sensitive to polarization than others.

A modified table showing the source of the above is given here:

Conducted sensitivity at 50 % throughput treshold

	UE
	Conducted Scond [dBm/15 kHz]
	16 QAM OTA[dBm/15 kHz]

	
	TD, 
MCS = 14
	OL SM, MCS = 14
	Delta
	OL SM, MCS = 26
	Delta 16 to 64 QAM
	Two- channel OL SM
	Degradation vs. conduct.
	Single AoA dual polarized
	Delta

	refer to
	Figure 4
	Figure 5
	
	Figure 6
	
	Figure 8
	
	Table x
	

	Huawei E398
	-121.4
	-118.6
	-2.8
	-108.1
	-10.5
	-106
	-12.6
	-109.3
	3.3

	Huawei E398 ext. ant.
	-121.4
	-118.6
	-2.8
	-108.1
	-10.5
	-109
	-9.6
	-113.8
	4.8

	Samsung GT-B3740
	-120.7
	-118.2
	-2.5
	-106.7
	-11.5
	-101
	-17.2
	-102.9
	1.9

	Samsung GT-B3710
	-118.2
	-115.8
	-2.4
	-104.3
	-11.5
	-103
	-12.8
	-106.6
	3.6

	ZTE AL621
	-118.3
	-114.7
	-3.6
	n/a
	n/a
	-106
	-8.7
	=108.6
	2.6

	ZTE AL621 styro
	-118.3
	-114.7
	-3.6
	n/a
	n/a
	-103.5
	-11.2
	
	


Another interesting result is that the E398 showed much larger variation in performance as a function of spatial separation than the AL 621.
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Average throughput of Huawei E398 vs. AL621, different azimuth offsets Δφ
By normalizing against the conducted measuremetns the radiated ranking is almost identical across four different test scenarios. The single AoA created the largest difference in performance.
Ranking of the different devices in various tests normalized for conducted

	Description
	Radiated Ranking
	Rel conducted
50 % TP
	2D
50 % TP
	3D TRS
(e = 10(
	3D TRS
(e = 90(
	single AoA
TRS

	UE
	
	delta [dB]
	delta [dB]
	delta [dB]
	delta [dB]
	delta [dB]

	Huawei E398 ExtAnt
	2
	0
	0
	0
	0
	0

	ZTE AL621
	1
	0
	-2.4
	-0.5
	-1.0
	1.3

	Huawei E398
	4
	0
	1.5
	4
	4.6
	4.5

	Samsung GT-B3710
	3
	0
	1.6
	2.8
	2.2
	4.4

	Samsung GT-B3740
	5
	0
	6.1
	6.5
	7.0
	10.5

	Radiated Spread
	
	
	8.5
	7
	8
	10.5


3.2 SATIMO/Elektrobit [4]
The SATIMO/Elektrobit results used a channel emulator and did not include any conducted measurements so no direct comparison with the R&S results is possible.

	Pool 1
	Model Name
	Operating Band
	Single Cluster     (Umi, Uma)
	Multiple Cluster (Umi, Uma)
	Laptop
	Dongle position

	DUT1
	Huawei E398
	Band 7: DL 2620 to 2690MHz
	Yes
	No
	E6400
	Left vertical

	DUT2
	Samsung GT-B3710
	Band 7: DL 2620 to 2690MHz
	Yes
	Yes
	E6400
	Left vertical

	DUT3
	Samsung GT-B3740
	Band 20: DL 791 to 821MHz
	No
	No
	E6400
	Left vertical

	Pool 2 
	
	
	
	
	
	

	DUT1
	Huawei E398
	Band 7: DL 2620 to 2690MHz
	Yes
	Yes
	D430
	Rear horizontal

	DUT2
	Samsung GT-B3710
	Band 7: DL 2620 to 2690MHz
	Yes
	Yes
	D430
	Rear horizontal?

	DUT3
	ZTE AL621
	Band 7: DL 2620 to 2690MHz
	No
	Yes (UMi only)
	E6400
	Left horizontal


The following two graphs compare pool 2 (left) using vertical dongles in the E6400 with pool 1 (right) using horizontal orientation on the D430. The interesting point is the E398 shows almost no change in shape or performance but the GT-B3710 shows a large variation in shape with 4dB degradation at the high throughput for Umi and a 4 dB improvement at the low end for Uma.
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The differences are summarized in the following table.
	
	E398 Pool 1
	E398 Pool 2

	
	Uma
	Umi
	Delta
	Uma
	Umi
	Delta

	1 Mobs
	-96
	-101.5
	5.5
	-94.5
	-99
	4.5

	19 Mbps
	-106
	-110
	4
	-106
	-111
	5

	
	GT-B3710 Pool 1
	GT-B3710 Pool 2

	1 Mbps
	-102
	-107.5
	5.5
	-105
	-106.5
	1.5

	19 Mbps
	-93.5
	-96
	2.5
	-92.5
	-99
	6.5


It is not at all clear why the shape of the GT-B3710 is more sensitive to the channel model but this further indicates the need to very carefully select the measurement conditions.
The next interesting result is the comparison of 3 vs. 30 km/h for single cluster (left) and multiple-cluster (right). Both curves show a shift of only 0.5 dB due to the Doppler speed. This is a much smaller difference than would be expected based on results in other experiments not directly part of the measurement campaign. Also, the shape of the single vs. multiple-cluster curves is very different.
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The single cluster 10 to 90 % range is 6 dB compared to 12 dB for multi-cluster – this is not expected and should be compared to future results from other companies. The analysis in [8] R4-112690 “Effects of single cluster channel models vs. multi-cluster channel models on various antenna configurations” suggests only a 3% difference from single to multiple cluster at 25 dB SNR. 

The crossover between the performances of single vs. multiple is very evident if the following graph.
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Figure 12. – Pool2 DUTs – SCME UMi Single Cluster Vs Multiple Cluster
This graph suggests a significant sensitivity to the spatial aspects of the channel model that is also device dependent. Other experiments have suggested the spatial aspects are not important.
Although the SATIMO/Elektrobit results clearly show differences in performance it is not evident from these results alone that a single cluster approach can be assumed. 

3.3 Azimuth [5]
Pool 2 devices:
•
Dell D430 Laptop

•
Huawei E398 USB dongle on rear of D430
•
ZTE AL621 USB dongle on rear of D430 (different to R&S)
•
Reverberation chamber: 4 transmit antennas, turntable and stirrer
The first interesting result is shown in the following two graphs. Almost no difference is seen between Umi and Uma vs. the 2 dB to 6 dB differences seen by SATIMO/Elektrobit for the E398 (and GT-3710).
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The 64QAM results are shown below. The E398 is seen to degrade by 15 dB for Uma 13.5 dB for Umi but the GT-B3710 degrades by around 22 dB. This is unexpected and needs explanation.
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4 Comparison of results 
Due to the limited data currently available very little direct comparisons can be made...
4.1 E398 on D430 for 16QAM

It was possible to compare the absolute performance of pool 2 E398 rear mounted on the D430 under Uma/Umi 16QAM for single/multiple cluster anechoic (SATIMO/EB) vs. reverb (Azimuth).
SATIMO/Elektrobit Uma/Umi single cluster 3 km/h (left). Multiple cluster 3 km/h (right) 
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Azimuth - Dell Uma/Umi in reverb chamber
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The RS_EPRE at 50% throughput for the E398 is given in the table below.
	E398
	Uma
	Umi

	SATIMO/EB 
single cluster
	-100.5
	-105

	SATIMO/EB multiple cluster
	-99.5
	-103.5

	Azimuth

Reverb
	-113
	-114


This shows a 13 dB anechoic/reverb difference for Uma and around 10 dB for Umi. This is well outside acceptable limits and needs to be investigated. 

4.2 E398 ETA-Lindgren [6] vertical vs. SATIMO/Elektrobit horizontal
Some limited comparison with the preliminary ETS-Lindgren results in R4-111473 is possible. The following graph shows Pool 2 E398 on the D430 with the lid shut to allow a vertical dongle position. The exact configuration regarding channel mode/speed and cluster configuration is unclear but the average 50% performance for the different angles is around -75 dBm.
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Converting this to RS_EPRE/15 kHz (-27.8 dB) suggests a level of -102.8 dBm / 15 kHz which is in the middle of the SATIMO/Elektrobit Uma and Umi single/multiple-cluster results for the same device which ranged from -99.5 to -105 dBm.
4.3 16QAM vs. 64QAM

Finally, the ETS-Lindgren results from CTIA MOSG110318 [7] showed a 13 dB degradation for 64QAM similar to the 11 dB of seen by R&S. 
5 Analysis of the findings
It can be seen from the previous section that there is very limited data at this time to make direct comparisons. In addition, there are some substantial unexplained differences in results which require further investigation. In particular, the 10 to 13 dB difference in results between SATIMO/Elektrobit and Azimuth for the anechoic vs., reverb methods on the pool 2 E398 must be explained.

Another general comment is there continues to be many results that show sensitivity to factors such as spatial separation, polarization, Doppler speed and channel model that are inconsistent suggesting the factors that are involved in determining performance are not yet fully understood.

Some of the factors which may be contributing to the variation in results are:

1. The antenna config at eNB still has a number of options. The following is from 37.976 v1.5.0 subclause 6.2:
The emulated base station antennas may be assumed to be one of the following:

1)
Vertically polarized elements

a.)
with a fixed 4λ separation, specified at the center frequency, or

b.)
are uncorrelated, i.e. to allow the UE to be measured independently from BS effects

2)
Dual polarized equal power elements that are uncorrelated with a fixed 0λ separation, 45 degrees slanted.

2. Significant differences exist in the laptop config – two different laptop models, different ports and vertical/horizontal dongle alignment issues leading to open vs. closed lids.
3. To create a traceable baseline, conducted measurements need to be done by all participants to remove unnecessary differences in results e.g. due to base station emulator settings or performance. This will also isolate the conducted and radiated aspects of performance which otherwise are leading to wider variation in results.
6 Recommendations for future work 

Future issues that will need to be addressed before a firm conclusion to the SI:

1. We don’t yet have any reference devices of known quality and so the primary requirement of the SI that we have to identify test methods that can tell the difference between good and bad devices cannot be met. This issue can be resolved by adopting reference antennas on reference hardware until such time that we have better control over the environment and can start to make sense of measuremetns on commercial devices.
2. A more interactive approach should be considered where specific areas that require investigation are targeted rather than just continuing with the current measurement campaign scope and schedule.
3. Uplink power is no longer at maximum due to stability issues. This means we are not testing desense properly.
4. HARQ is currently off, this is not normal for the network. AMC is also off and rank 2 is being forced. This is a major departure from normal network behaviour. True end to end device performance will only be measurable when CQI, PMI are used to enable proper AMC and rank adaptation.

5. The current tests of throughput with fading and no added noise are in effect a sensitivity measurement spread by the fading channel. This emphasizes the efficiency aspects of the antennas at the expense of correlation. At the higher powers experienced in normal network operation, antenna efficiency is less important than gain imbalance and correlation. To properly test for this requires using added noise – preferably with a statistical probability and direction to match realistic scheduling.

6. Frequency selective scheduling is another major feature of LTE that is not currently being evaluated. The ability of the UE to correctly report this real time is fundamental to the expected operation of the network.

7. As a more advanced topic, the Rel-8 LTE system has seven downlink transmission modes and only one is currently being evaluated in the measurement campaign. In the real system the ability of the UE to switch between modes as the conditions change is essential.
6 Conclusion

MIMO OTA is a very complex subject requiring the development of fundamentally new ways of testing MIMO devices. Progress is clearly being made in many areas although at this point in the measurement campaign the list of things we don’t yet fully understand continues to grow. In order to help focus the work in a way that leads to convergence, some changes to the direction and scope of the current measurement campaign are recommended so that the SI might conclude successfully in a reasonable time.
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