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1. Introduction
In the Agilent two-stage MIMO OTA methodology, the antenna patterns measured in the first stage use the DUT-measured power per antenna and phase difference between the antennas. The Phi and Theta components phase for antenna 1 is set to 0 whilst the Phi and Theta phase component for antenna 2 is set to the measured phase difference in between the two antenna ports.

Some concerns about the simplification of using of relative phase in the antenna patterns were raised during RAN4#68bis. This contribution presents a theoretical background justifying the use of relative phases in the throughput measurement with both correlation implementation of SCME and the SCME (geometric) channel model. Simulation and measurements results comparing the use of traditional antenna patterns with phase evolution (so-called “absolute phase”) on both antennas versus using only the relative phase is also presented in this document.
.
2. Theoretical background
2.1. Correlation implementation of SCME with modified Jakes Doppler spectrum
The correlation based model will use the geometry information of the channel model and the antenna pattern to derive the antenna related parameters, namely the spatial correlation, the efficiency and the power imbalance of the antenna branches and emulate those parameters to create the joint effect of the antenna and the channel. In [1], a theoretical framework is established on how to derive the spatial correlation, efficiency and power imbalance for a given 3D MIMO antenna patterns and a given 3D channel model. The framework is based on a generalized 3D geometry channel model and thus the conclusion based on this framework will also apply to the geometry based SCME as long as the later has enough number of sub-paths.
In [1], it has been proved in formula (25) that the correlation between any two channels for the same path for the 3D scattering environment can be written as follows:
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Where m,n are the index for the transmitter and p,q are the index for the receiver. XPDv= XPDh=XPD. v,h represents for vertical polarization and horizontal polarization respectively. Let u represent either v or h. Then [image: image2.png]


 can be expressed as in (2):
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Where[image: image8.png]Tx(u)
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 are the complex antenna pattern for Tx antenna m and n, respectively. It can be expressed with polar expression:
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Replacing by polar expression in (2), (3) is obtained:
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From this formula it can be seen clearly that the [image: image16.png]


 is only dependent on [image: image18.png](Hm - Hn)



, which is relative phase of the two transmit antennas and have nothing to do with the absolute phase of each antenna element.
In a similar way, (4) can be written for the received antenna:
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From (5) it is clear that [image: image24.png]Rx(uw)
Pq



 is only dependent on [image: image26.png]((/)p - (/)q)



, which is the relative phase of between the receive antenna element and have nothing to do with the absolute phase of each antenna element.
As the overall correlation is determined by the combination of [image: image28.png]


, [image: image30.png]Rx(w)
pq



 for vertical and horizontal polarizations and all of them are only dependent on the relative phase of the antennas, it is thus clear the correlation is only dependent on the relative phase of the transmit antennas and the receive antennas and there is no need to measure the absolute phase for the device.
The received signal on each receive antenna is the summation of the multiplication of the transmitted signal from each transmitter and the corresponding channel coefficient for that given receive antenna. It is therefore straightforward to see the received signal power on each receive antenna will also be independent of the absolute phase.
2.2. SCME channel model
In [2], the framework of SCME is developed.  For a given ideal uniform linear array at the base station and the mobile device, the fading is given in (6):
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(6)
where 


[image: image32.wmf]n

P


is the power of the nth path 
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is the lognormal shadow fading, applied as a bulk parameter to the n paths for a given drop.

M
is the number of subpaths per-path.


[image: image34.wmf]AoD

m

n

,

,

q


is the AoD for the mth subpath of the nth path.
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is the AoA for the mth subpath of the nth path.
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is the BS antenna gain of each array element.
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is the MS (UE) antenna gain of each array element.

j
is the square root of -1.

k
is the wave number 
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where 
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is the carrier wavelength in meters.
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is the distance in meters from BS antenna element s from the reference (s = 1) antenna. For the reference antenna s = 1, 
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is the distance in meters from MS antenna element u from the reference (u = 1) antenna. For the reference antenna u = 1, 
[image: image43.wmf]1

d

=0.


[image: image44.wmf]m

n

,

F


is the phase of the mth subpath of the nth path.
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is the magnitude of the MS velocity vector.
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is the angle of the MS velocity vector.

As the above equation assumes ideal uniform linear antenna array, 
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 is the complex antenna pattern for the s element of the base station antenna array for given 
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. For real base station antenna, the antenna pattern can be written as 
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 is the angle of departure, 
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 is the phase of the antenna patter for antenna s.
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 is the complex antenna pattern for the u element of the mobile device antenna array for 
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. For real mobile device antenna, the antenna pattern can be written as 
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 is the angle of arrival, 
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Replacing those expression in (6) gives (7):
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(7)
Following the same analysis, it can be seen that:
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It is clear that only when m=l, 
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Thus the above expression can be simplified in:
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That is, the spatial correlation among the channels is clearly independent of the absolute phase but only dependent on the relative phases.
The analysis here does not include the case where the antenna has different polarization. However, the analysis can be still be used if the geometry representation in [2] for the case where cross polarization is considered.
Again for the received signal on each receive antenna, it is the summation of the multiplication of the transmitted signal and the corresponding channel coefficients for the given receive antenna.  With some straightforward analysis, it can be seen that the received power is also independent of the absolute phase but only dependent on the relative phase of the antenna patterns.
All the analysis above is for just one path. It is also straightforward to extend the analysis to multiple paths as well. These details are omitted here.
From the above analysis for both correlation based SCME and SCME, it is shown that for any given orientation of the antenna, for two-stage method, the received power, the spatial correlation of the channel models are independent of the absolute phase but only dependent on the relative phase between the antennas, which guarantees that the two-stage results using relative phase are identical to the results using absolute phase.
3. Simulation
In order to assess whether using relative phase on antenna pattern has an impact, antenna pattern with phase information were taken from Satimo typical data. These antenna patterns without modification will be denoted “absolute pattern”.
A modified version of the antenna pattern is also created, subtracting the phase of the antenna port 1 to both antenna ports. Therefore the relative phase in between antenna is obtained in a similar way as it is reported by the DUT in the 2-stage method. These modified antenna patterns will be denoted “relative pattern”.
These absolute and relative patterns are compared in simulation or measurement in order to check whether they lead to different results.
3.1. PXB-PXT platform
In a first place, patterns are used in the PXT-PXB simulation platform in order to check the performance of each antenna pattern using R.35 FDD channel model with the correlation implementation of SCME UMi with modified Doppler. Results are shown in Figure 1: 
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Figure 1: PXT-PXB platform simulation throughput results for SCME UMi R.35 FDD
The results line up very well, with negligible difference.
3.2. SystemVUE
Due to limited time, only 1000 subframes/angle were simulated for the throughput calculation using SystemVUE simulation software. However, the comparison holds since the identical fading conditions have been presented to the receiver with different antenna patterns only.
Results are shown here in Figure 2: 
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Figure 2: SystemVUE simulation throughput results for SCME UMi R.11 FDD with Satimo patterns
The difference between results is hard to see since they superimposed on top of each other. The same simulation is performed with Motorola antenna patterns and the results are shown in the below Figure 3:
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Figure 3: SystemVUE simulation throughput results for SCME UMi R.11 FDD with Motorola patterns
4. Measurement

These relative and absolute antenna patterns are now used in order to perform two-stage cable conducted measurement. 20000 subframes are used per angle.
Results using Satimo reference antenna pattern with the correlation implementation of SCME with modified Doppler spectrum gave the results shown in Figure 4:
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Figure 4: 2-stage measurement results for modified SCME UMi R.35 FDD
The curves are very close to each other. The results are detailed in Table 1:

Table 1: Averaged throughput results summary
	Power for 70% throughput [dB]

	Antenna pattern
	Good
	Nominal
	Bad

	Satimo absolute
	-109.1
	-105.8
	-98

	Satimo relative
	-109.1
	-105.7
	-98.1

	Antenna separation [dB]

	Antenna pattern
	Good -> Nominal
	Nominal -> Bad
	Good ->Bad

	Satimo absolute
	3.3
	7.8
	11.1

	Satimo relative
	3.4
	7.6
	11


The accuracy is 0.1dB for the 70% throughput level. The maximum observed deviation in between 2 curves is never more than 0.5dB (nominal antenna).

For the first time, the measurement were also done using the new PXB implementation of SCME channel model and gave identical results, as shown in Figure 5:
ONgoing
Figure 5: 2-stage measurement results for SCME UMi R.35 FDD
5. Conclusion

This contribution has demonstrated that it is equivalent in the two-stage method to use ‘normal’ antenna pattern or antenna pattern using the relative phase in between antenna ports only. The results are identical within the expected limitations of the chosen simulation time and the repeatability of real measurements.
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