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Dependency of Dual-Antenna RX Diversity and Interference Cancellation Schemes on Complex Antenna Correlation
1 Introduction

At GERAN#26, channel modelling for mobile station receive diversity (MSRD) has intensively been discussed. The feasibility study document [1] contains a single-input-multiple output model as well as a multiple interferer model that serves as a baseline. However, the question whether to model receive antenna correlation by a real or complex correlation factor is still open. In [2] it is shown that the proposed multiple interferer model assumes an inter-site interferer scenario, where correlation at transmit side can be neglected. However, it is shown that the correlation factors are in general complex and different in their absolute value and in their phase angle for different users.
In this contribution, we show that the phase angle of the correlation factor depends on the main incidence direction of the received signal at the MS. Moreover, we present simulation results showing that the performance of interference cancellation schemes exploiting MSRD improves dependent on the difference in the phase of the correlation factors of two users.

In Sec. 2, we derive the complex correlation factor. Sec. 3 presents simulation results. Conclusions are given in Sec. 3.
2 Derivation of the Complex Correlation Factor
For the derivation of the complex correlation factor, we assume a linear MS antenna array comprising two omni-directional antennas spaced at a distance
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, as shown in Figure 1. The azimuthal direction of arrival (DOA) is denoted as
[image: image2.wmf]f

. For simplicity reasons, the elevation of the incident signal is not considered. Moreover, for convenience, flat fading is assumed. However, the received signal at the MS comprises dispersion in the angular domain. Therefore, the propagation channel is described by the direction spread function (DSF) 
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With the setup shown in Figure 1, complex transmission coefficients of the first user  (TX1 in [2]) at antenna 1, located at 
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 the unit vector pointing toward the y axis, can be written as
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respectively. Here, 
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 is the wavelength, 
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 is a unit vector pointing toward the direction identified by
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, and 
[image: image11.wmf]×

×

,

 denotes the scalar product of two vectors.
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The receive correlation factor of the first user between the two receive antenna elements reads
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where the expectation 
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 is taken over samples of the DSF which occur in a local area of a few wavelengths’ size around the location of the receive antennas. Note that the third expression in (2) makes use of the uncorrelated scattering (US) assumption in the angular domain. Therefore, we can express the expectation in the second equation in (2) as
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. Here, 
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 is the well-known power-azimuth spectrum (PAS).
We further assume that the PAS has Laplacian shape, i.e.
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Here, 
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f

 is the main direction of incidence (see Fig. 1), and 
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s

 is the angular spread. In [3] it is shown that the Laplacian function gives an accurate description of the typical PAS at BTS side. Moreover, a Laplacian PAS with an angular spread of 35º has also been proposed at MS side for the 3GPP spatial model for MIMO simulations [4].

An analytical expression of the receive correlation factor (2) under the assumption that the PAS is Laplacian can be found in [3]. The following table 1 shows the correlation factors for an angular spread
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. The latter assumption has also been taken for the MIMO spatial channel model [4]. We assume that for a MS the antenna spacing will be in the range of a few centimeters, corresponding to
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Table 1. Field correlation, envelope correlation, and phase angle of the correlation factor for different normalized antenna spacings as a function of the main incidence direction.
Table 1 shows the complex correlation factors, their amplitude and phase angle dependent on the normalized antenna spacing 
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 and the main direction of incidence.
For example, for an antenna spacing of 0.25
[image: image50.wmf]l

, corresponding to 4.2 cm at 1800 MHz and 8.4 cm at 900 MHz, respectively, the envelope correlation factor for a main incidence direction of 45º is 0.84 with a phase angle of 56.7 degrees. 
Generally, for an antenna spacing that can be achieved on a small handset, there is a rather high correlation factor. Moreover, there is a significant phase angle of the correlation factor dependent on the main incidence direction. For increasing antenna spacing, the phase spans over a wider range.

3 Simulation Results

In this section, we show that the phase difference between the correlation factors of desired user and interferer improves performance of interference cancellation.  For the simulations, we consider an 8-PSK modulated transmission in a co-channel interference scenario. We assume the multiple interferer model shown in [1], Fig. 4. The channel profile is TU3iFH.
The signals of desired user and interferer may arrive from different incidence directions, resulting in different phase angles in the correlation factors, as demonstrated in the previous section. The absolute value of the correlation factor is assumed to be 0.9 for both users.

Fig. 2 depicts the raw bit error rate of the desired user as a function of the carrier-to-interferer ratio. For comparison, the raw BER of a conventional single-antenna 8-PSK receiver is also shown. 

[image: image51]
It becomes obvious that receiver performance improves for increasing phase difference of the correlation factors.  At a BER level of 10-2 for example, the improvement between 0º and 180º phase difference is around 10 dB. With the findings of the previous section, we conclude that the performance of interference cancellation schemes is significantly dependent on the incidence direction of the incoming signals. The worst-case is when the signals of desired user and interferer arrive from the same direction.
The dependency of receiver performance on the correlation factors’ phase difference is at maximum for a correlation factor of 1.0 and decreases for lower correlation factors. This becomes obvious when considering the multiple interferer model proposed in [1], Fig. 4. For an absolute value of the correlation factors of 1.0 and a phase difference of 0 degrees, no interference can be cancelled at all. On the other hand, for a phase difference of 180 degrees, interference can be cancelled perfectly just by adding the signals of the two antenna branches. In the other extreme, when the correlation factors of both users are equal to zero, the phase angle just plays no role. Simulations showed that the phase angle of the correlation factors should be considered for envelope correlation factors above 0.7.
4 Conclusions

This paper investigates the dependency of MS receive diversity on the complex correlation factor. It is shown that the complex phase of the correlation factor is dependent on the main incidence direction of the signal. A significant dependency of MSRD on the complex phase of the correlation factor has been found in interference scenarios. Here, performance of two-antenna interference cancellation is dependent on the difference in the phase of the correlation factors, corresponding to a difference in the incidence direction of the signals at the receive antennas. 

It is shown by simulations that performance further improves by up to 10 dB due to a phase difference in the correlation factors. This is especially valid at high correlation factors. The phase angle of the correlation factors should be considered for envelope correlation factors above 0.7. The demonstrated effect may be dependent on the chosen interference cancellation algorithm. However, a comparison of different techniques revealed this effect as a general property of dual-antenna interference cancellation schemes.
The dependency of two-antenna interference cancellation schemes may be taken into account for system capacity considerations and for the definition of test scenarios.

It is proposed to include this text into the feasibility study on future GERAN evolution.
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Figure � SEQ Figure \* ARABIC �2�. Raw bit error rate of an 8-PSK receiver in a co-channel interferer scenario.
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Figure � SEQ Figure \* ARABIC �1�. Antenna setup at MS side.








2

[image: image52.wmf][image: image53.emf]0



d/2

-d/2

x

y ) (



P

(0,0)

Rx antenna 1

Rx antenna 2

_1191677910.unknown

_1192022968.unknown

_1192023014.unknown

_1192543672.unknown

_1192543834.unknown

_1192023767.unknown

_1192022991.unknown

_1191682511.unknown

_1191702207.unknown

_1191683002.unknown

_1191684707.unknown

_1191683281.unknown

_1191682835.unknown

_1191680852.unknown

_1191680896.unknown

_1191680738.unknown

_1191670495.unknown

_1191675684.unknown

_1191675981.unknown

_1191676281.unknown

_1191677896.unknown

_1191676260.unknown

_1191675968.unknown

_1191675975.unknown

_1191675880.unknown

_1191675029.unknown

_1191675062.unknown

_1191674994.unknown

_1191669250.unknown

_1191670331.unknown

_1186324577.unknown

_1191669006.unknown

_1185897097.unknown

