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1. Introduction
The latest MIMO OTA Way Forward for 3GPP and the discussion at CTIA MOSG called for the need to identify device tilting requirements. Companies were requested to provide information on the required need and the differences when the DUT is tested under different 2D elevation cuts (applicable to anechoic based methods).
In order to provide information to the group and respond to the query, in this contribution we have evaluated the need to rotate the DUT under three different scenarios (free space [FS], the user-presence effect through a head and hand phantom and with user-presence effect through a real person) and the effect of the user presence on MIMO OTA test results so as to determine the degree of influence of this parameter on realistic MIMO OTA testing.

Using a real HSDPA device, the B1LoS Urban Micro-Cell and the C2NLoS Urban Macro-Cell WINNER II channel models [1] and an anechoic chamber method as MIMO OTA candidate methodology 1 on one hand, and the passive performance antenna parameters for diverse handsets with different antennas measured in a standalone reverberation chamber as MIMO OTA candidate methodology 2, we have studied how the user influence affects the final performance of devices and have derived some conclusions for discussion.

This contribution was produced by EMITE, a supplier of mode-stirred reverberation chambers for MIMO OTA measurements, in cooperation with J.D. Sánchez Heredia from Universidad Politécnica de Cartagena (UPCT) in Spain and CTTC Spain.
2. Effect of user-presence on MIMO OTA using an Anechoic Chamber method

The AC system used during this study comprises 16 antennas (8 vertically and 8 horizontally polarized) surrounding the DUT. A commercial mobile phone with HSDPA category 8 capabilities, H-Set 3 reference channel and Level Set 3 was used to perform this study. A 16-QAM downlink modulation scheme was selected due to its higher sensitivity to fading conditions compared with QPSK. Throughput was the evaluated Figure of Merit, which was measured using a Rohde&Schwarz CMU-200 Base Station Emulator. Channel 10562 of HSDPA Band I was selected for the tests (2110 MHz). In order to get results as accurate and realistic as possible, the latest 3GPP-standardized 3D WINNER II channel models B1LoS Urban Micro-Cell and the C2NLoS Urban Macro-Cell [1] were selected for the tests. The measured PDPs are illustrated in figure 1.

Different tests were performed in free space (FS) and with both a head phantom and a real person. For the FS tests, measurements were taken with the DUT oriented in three different planes inside the AC, which we will refer to as XY, YZ and XZ, are illustrated Figure 2. The DUT was also azimuthally rotated over 12 different positions for each plane in 30 degree steps. The ring of antennas within the AC was located in the XY plane.
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Figure 1. Measured PDP for B1 LoS in AC (ideal in red, left) and for C2 NLoS in AC (ideal in red, right).
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 Figure 2. Different DUT orientations used in the study for FS tests. 

The throughput results for the two channel models in free space and with no azimuth rotation of the DUT are depicted in figure 3. Very minor differences can be observed between the two channel models in free space. In contrast, figure 4 show plots of throughput performance for all the planes and rotations. A large difference between the results obtained for each of the channel models can be observed. The azimuthal variation between results for a specific plane can be as large as 10 dB, suggesting that an averaged behavior in azimuth should be employed when testing MIMO OTA with Anechoic Chamber candidate methodology 1. The results for the model with LoS show a big spread of the throughput performance for different rotations of the phone. For the case of NLoS, this spread is clearly lower. Thus suggest that standardized channel models with small LoS components should be employed for MIMO OTA compliance testing. The standard deviation (STD) of the measurements is shown in figure 5. In this figure we can see how the STD with the B1LoS channel model is almost twice the STD observed for C2 NLoS channel model. This effect is observed for all the orientations of the DUT. In addition, it is also observed that the largest STD occurs for the XY plane in which the ring of antennas is placed. This suggests that accurate MIMO OTA tests using anechoic chamber candidate methodology methods will require a 3D rotational axis.
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Figure 3. Different DUT orientations used in the study for FS tests with no rotations. 
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Figure 4. Different DUT orientations used in the study for FS tests for B1 LoS channel model with rotations (left) and for C2 NLoS channel model with rotations (right).
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Figure 5. Measured STD for the two employed channel models.

For the user-presence tests, both a head and hand phantom and a real person were employed. In order to compare the results with the user-presence and those in FS, only the FS tests in the vertical DUT orientation (YZ plane) were employed due to its similarity to the orientation of the DUT when it is placed in combination with a head and hand phantom or a real person. The real person holded the DUT with the right hand, tight to the right cheek. Results of user-presence tests are shown in figure 6. It can be clearly observed from figure 6 that the user presence introduces important losses. It is also interesting to see the degradation in DUT performance associated to the user presence, which can reach 15 dB. In an effort to observe whether the user-presence is not only affecting throughput performance as a loss components but could also be affecting the curve shape, the averaged received power values in which throughput performance achieved 90 and 10% of the maximum were extracted. Results are shown in Table 1. The averaged received power at which the DUT reaches 90% of throughput (or 10% of BLER), is called “Reference Sensitivity Level” and is defined in [2] for HSDPA devices.

By comparing FS test results to user-presence test results, we can see that the performance of the DUT under the B1LoS is slightly better in FS for the 90% level, which could be expected. On the contrary, for the test cases with user influence, the phone shows better performance under the channel model with C2 NLoS channel model. Since the angle spread of the incoming waves is significantly lower for the B1 LoS channel model, this is suggesting that the shadowing effect of the user becomes much more important. This is suggesting that for NLoS channel models, which show less dispersion of MIMO OTA test data than their LoS counterparts, testing with a head and hand phantom should be included to get realistic results and accurate. Unfortunately, it is also suggesting that previous tests in FS, which lack from realistic user use, may show behaviors with different tendencies to those that could be obtained with head and hand phantoms, and therefore the distinction between good and bad MIMO devices and even the rankings obtained so far could change when accounting for the user presence. This behavior seems to agree with other studies that compare the same metric with others OTA techniques [3-6]. These results also suggest that the user-presence should be incorporated into preliminary round robin tests as soon as possible.

Another important difference between the performances for the studied channel models is seen if we look at the curve shape. For the C2 NLoS channel model, the curve shapes of the three test cases (FS, Head and Hand, Real Person) under study are very similar. Only a power offset between them is observed, which could be attributed to the path loss introduced by the user. We can see in the last column of Table 1 that the difference between the averaged received power at which 90% and 10% throughputs are achieved for the C2 NLoS is just a few tenths of a dB. On the other hand, for the B1 LoS channel model, the curve shape is seriously affected by the user presence, and the difference between the averaged received power level for 90% and 10 % throughputs respect to the FS test case is larger than 4.5 dB.
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 Figure 6. Measured throughput performance for all three test cases and the two channel models.

Table 1. Sensitivity Levels

	Channel Model
	User Case
	90% Throughput Power Level (dB)
	10% Throughput Power Level (dB)
	Δ (dB)

	B1 LoS
	No User
	-76.336
	-91.731
	15.395

	
	Head & Hand Phantom
	-66.736
	-86.709
	19.973

	
	Real Person
	-59.665
	-77.857
	18.192

	C2 NLoS
	No User
	-75.455
	-91.205
	15.75

	
	Head & Hand Phantom
	-70.582
	-86.540
	15.95

	
	Real Person
	-62.955
	-78.893
	15.93


3. Effect of user-presence on MIMO OTA using a Reverberation Chamber method
In this section the performance of different handsets is analyzed. All the handsets used within this study consist of two antennas, in order to implement diversity at the receiving terminal end of the link (SIMO – Single Input Multiple Output). This SIMO configuration is relevant for this study since it is one of the normal OTA test cases for the new communication standards (HSDPA and LTE). 

Four different handsets have been tested in this study. Two of them work at low frequency (700-780 MHz) and the other two work at a higher frequency band (2620-2690 MHz). For each band, there is one handset with a good antenna solution and the other one has been specifically designed on purpose to have a bad MIMO behavior. Two samples of the same handset model are used with dimensions 115 mm × 65 mm, working at 700 MHz. The two test objects are referred to as Prototype A and Prototype B. Prototype A has 2 monopole antennas located at each short side of the handset. The two monopoles excite the chassis in the same way, so high correlation is expected. Prototype B includes one monopole located at one of the short sides of the handset, and a notch antenna located along the long side of it. These two antennas excite the chassis in a different way, and consequently, correlation is lower.

Two 2600 MHz terminal antenna models with dimensions 100 mm × 40 mm have also been tested, referred to as Prototype C and Prototype D. Both models consist of a ground plane and two Planar Inverted F Antennas (PIFA) fed by coaxial cables. Prototype C is specifically designed to have high correlation by slightly interconnecting the patches of the two single PIFA antennas.

Measurements were carried out using a mode-stirred reverberation chamber (MSRC). As in the tests using an anechoic chamber based candidate methodology, three different test cases (FS, head phantom and real person) were used in order to evaluate the different effects of the user on the radiation MIMO performance of the antennas. The FS test case was the typical RC-standalone scenario generated in a MSRC, with an isotropic and Rayleigh distributed field strength at the DUT. In this scenario the antennas under test were placed over a low loss dielectric foam piece, in order to avoid as much as possible the effect of the holder. In the head and hand phantom test case, the device was attached to the cheek of the phantom and aligned between the ear point and the mouth point. Real Person scenario is performed with the introduction of a real person inside the chamber, holding the device with the hand simulating talk position, in the same way as in the Head Phantom scenario. The person is sitting on a chair placed in the center of the chamber, in order to have the antenna in a similar place than in the other scenarios.

No User is used as a reference case. This scenario, although useful, is not intended to be realistic. With the introduction of a head phantom, the effect of the user head on the antenna is included. The head phantom affects the close environment of the antenna, but it is still an intermediate approach to a real user influence simulation, since a head phantom does not block all the incident waves that a real person would. This is the motivation of the Real Person scenario.

The Real Person scenario was performed with the introduction of a real person inside the MSRC. The real person was holding the device with the hand simulating talk position, in the same way as in the Head Phantom scenario. The person is sitting on a chair placed in the center of the chamber, in order to have the antenna in a similar place than in the other scenarios.

The FS test case was used as a reference case. This scenario, although useful, is not realistic. With the introduction of a head phantom, the effect of the user head on the antenna is included. The head phantom affects the close environment of the antenna, but it is still an intermediate approach to a real user influence simulation, since a head phantom does not block all the incident waves that a real person would. This is the motivation of the Real Person scenario. Figures. 19 and 20 show the different correlation values obtained for the three different user influence scenarios, for antennas at both bands.
3.1 Correlation

For the purpose of this study, a stirring sequence of 400 positions was selected. In order to avoid problems related to the decorrelation introduced by the cables connected to the antennas, an RF switch system between the Vector Network Analyzer (VNA) and the Antenna Under Test (AUT) antennas under test was employed. In this way, the S21 can be measured for the two receiving antennas without changing the position of the cables.

Figure 7 and Tables 2 and 3 show the different correlation values obtained under the three different user influence scenarios, for antennas at both bands.
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Figure 9. Correlation of the 700 MHz band (left, dotted line for Prototype A and solid line for Prototype B) and 2600 MHz band (right, dotted line for Prototype C and solid line for Prototype D) devices for the three different scenarios.

Table 2. Correlation Results (Mean)
	Band
	Prototype
	No User
	Head Phantom
	Real Person

	700 MHz
	A
	0.68
	0.67
	0.52

	
	B
	0.30
	0.38
	0.50

	2600 MHz
	C
	0.88
	0.88
	0.76

	
	D
	0.25
	0.34
	0.33


Table 3. Correlation Results (Standard Deviation)
	Band
	Prototype
	No User
	Head Phantom
	Real Person

	700 MHz
	A
	0.100
	0.051
	0.133

	
	B
	0.155
	0.127
	0.164

	2600 MHz
	C
	0.026
	0.031
	0.058

	
	D
	0.068
	0.065
	0.126


Results show that correlation is clearly affected by the presence of the user. While the handsets present a well-recognized low and high correlation behavior in the FS scenario, this difference becomes smaller as the presence of the user is more significant. This suggests that the use of correlation set-ups for MIMO OTA test may not be needed.

It is also worth noticing the frequency-dependent impact of user-presence on passive antenna parameters for MIMO OTA. Even though the effect is important at the higher frequency, it has a dramatic impact at the 700 MHz band, where correlation becomes very similar in both test objects, and with large variations over the band.

Finally, it is clear that correlation is clearly affected by the presence of the user. While the DUTs present a well-recognized low and high correlation behavior in the FS scenario, this difference becomes smaller as the presence of the user is more significant.
3.2 Diversity Gain

Diversity Gain (DG) G is one of the useful figures-of-merit when evaluating multiple antenna terminals. DG quantifies the improvement created by the existence of more than one antenna over a reference case. For the purpose of this study, no reference antenna was employed. Instead, each of the two receiving antennas is used as a reference. Thus, two DG values for each prototype and scenario are obtained. The efficiency of the antennas is not taken in account for the DG calculations, which means that Apparent Diversity Gain (ADG) is the diversity gain type which was calculated [7]. Since the prototypes and antennas used in this study are intended to be part of complex wireless devices, the Maximal Ratio Combining (MRC) [8-9] scheme was used. After this, DG can be calculated at the 99% signal reliability levels. Table 4 shows the performance of the DUTs in ADG (dB) for a signal reliability of 1% for the different scenarios.

Table 4. Apparent Diversity Gain Results (Decibels).

	Band
	Prototype
	k
	No User
	Head Phantom
	Real Person

	700 MHz
	A
	1
	6.38
	6.98
	6.71

	
	
	2
	6.68
	7.01
	6.89

	
	B
	1
	8.21
	8.40
	7.35

	
	
	2
	8.37
	8.51
	7.44

	2600 MHz
	C
	1
	5.52
	5.75
	7.28

	
	
	2
	5.63
	5.77
	7.40

	
	D
	1
	8.76
	8.10
	8.38

	
	
	2
	8.88
	8.23
	8.41


It can be observed that low correlation DUTs (Prototypes B and D) present a reduction in ADG when the user influence becomes more important. The effect is the opposite for the high correlated DUTs (Prototypes A and C).

Likewise, the changes in ADG are more important for the real user scenario than those produced with the head phantom. This is because the head phantom represents an average user. With eth available results, it could be foreseen that each DUT will behave differently respect to the presence of the user depending on the end user type. It can therefore be interesting to model different real users for accurate MIMO OTA.

This effect is in line with the correlation that both DUTs present under the three different scenarios. As we have observed before, the correlation between antennas is decreased in high correlated DUTs when they are under user influence. This effect can actually lead to a better MIMO performance of the device under user influence, compared to the performance the device has under FS scenario. 

Even more important is to observe how the ADG results become very similar for both good and bad DUTs, in the case of a real person presence. It then seems that the real effect of a user on ADG is the equalization of device performance, and not necessarily deterioration. This clearly suggest that MIMO OTA tests should be run with the user presence to obtain realistic data, and that the absence of the user could result in a DUT behavior which could the opposite behavior to that with the user presence, and therefore any distinction between good and bad device without the user presence could be completely unrealistic. Although it is possible that the behavior on FS and under user-presence could be similar, the only accurate way to determine the goodness of a MIMO device will be by using a user presence scenario.
4. Conclusions

Passive antenna results show that the presence of the user equalizes MIMO performance of devices.  Furthermore, the user-presence effect on correlation does not seem to be a linear constant offset but rather a spreading effect, which suggest the use of user-presence scenarios as a must for realistic MIMO OTA testing. In order to accurately emulate the effect of user-presence on MIMO OTA and to identify its shadowing effect, which changes the propagation environment wherein the DUT antennas are being measured, a detailed study with different body phantoms is envisaged.

Regarding the active performance of a commercial device, results show that throughput performance of a device depends upon the user influence and the propagation channel model in a complex way. The emulated channel model in the MIMO OTA tests plays an important role too. Results have shown that standardized 3D NLoS models present less variability of results and represent a clear and realistic selection for MIMO OTA. Results have also shown that averaging results in the azimuth plane for anechoic chamber based methods is recommended.

When the user is present, even in the FS test case results have shown that the largest STD in anechoic chamber based methods occurs for the XY plane in which the ring of antennas is placed. This suggests that accurate MIMO OTA tests using anechoic chamber candidate methodology methods will require a 3D rotational axis regardless of the presence of the user.

With B1LoS presenting a delay spread (DS) of 36 ns and C2NLoS presenting a DS of 235 ns, results have also shown that MIMO OTA tests without accounting for the user-presence show a dependency of the performance of the device on the delay spread of the simulated channel, which is not so important for the test cases that include the user-presence effect.

Finally, the effect of the user-presence for different channel models seems to be more complex, and no clear pattern is observed for the tested channel models. This highlights the importance of measuring with user presence, as the effect of the user is different under different propagation environments and could simply make the MIMO performance of the device to be the opposite to that in FS scenarios.
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