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1 Introduction

In the RAN Plenary meeting #30 a new study item on further improved performance requirements for UMTS/HSDPA UE was approved [1]. The objectives of this study item include “evaluation of feasibility, link performance, and system capacity potential of 2 branch interference mitigation with realistic network scenarios and interference models.”

An extensive study of single branch simulation scenario aspects can be found in [2], which is a contribution to this meeting. The present document extends reference [2] with additional considerations on the modeling of dual-branch reception. The main point in this context is the correlation of the desired signal and the interference caused by the propagation channel and maybe by the antenna coupling. This is because the performance of dual branch interference cancellation is strongly dependent on the correlation of the received signals, not only from the desired user, but also from the interferer (see e.g. [4]).

In the GERAN “Feasibility Study for Future Evolution” a related model has already been introduced [3]. We propose to follow the GERAN approach to deploy “correlation models” instead of “Spatial Channels Models” (SCM) [6] because of their simplicity for, system level analysis, link level analysis and terminal performance test development. Some GERAN specific simplifications of correlation models have been made in [3]. The present document extends the GERAN model to the W-CDMA system.

2 Spatial Correlation Models

Section 5 gives the mathematical details for the derivation of spatial correlation models. It is in fact required to distinguish between two basic propagation scenarios:

1) Interferer model for far distanced TX antennas (inter site interference, Figure 4)

2) Interferer model for closely spaced TX antennas (inter sector interference, Figure 5)

Scenario 1) applies to interference from different sites while scenario 2) occurs at the cell edge of sector cells.

According to the analysis in section 5 the block diagrams in Figure 1 and Figure 2 for the coupling of desired signal and interference can be derived. The correlation mechanisms and correlation strength are completely different depending on the relative location of the desired signal source and the interfering signal source(s). This must be taken into account for a system level analysis.
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Figure 1: Interferer model for far distanced TX antennas (inter site scenario).
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Figure 2: Interferer model for closely spaced TX antennas (sector edge scenario).

Figure 2 corresponds to the traditional MIMO channel modeling. This allows separating the coupling between the desired signal and interference into a transmit part and into a receiver part. Transmit coupling and receive coupling are common for both, desired signal and interfering signal, which leads to the known “Kronecker”-structure of the associated correlation matrix (see Figure 5). Concrete numbers for transmit and receive correlation coefficients in Figure 2, can e.g. be derived from the angle of departure (AOD) and angle of arrival (AOA) of SCM-Models [6], respectively. A strong spatial transmit correlation has also been reported from field measurements [7].

For the far spaced transmitters modeled in Figure 1 the usual “MIMO separation” into transmit (AOD) and receive (AOA) characteristics is not applicable. Instead the correlation coefficients for desired signal and interference in Figure 1 are in general different complex numbers. Even a correlation magnitude of 1 (no diversity gain for the desired link) might not deteriorate the spatial interference cancellation capability as long as the phase of both correlation coefficients is different.

Additional antenna gain mismatch and antenna coupling might be – depending on the antenna design – important for the overall performance. We recommend, however, separating such implementation specific aspects from the propagation specific properties.

An extension and combination of the presented models for multiple interferers as discussed in [2] is easily possible (see e.g. [3]). 

The correlation model according to Figure 2 is a add on for the W-CDMA system compared to GERAN report [3] since inter sector interference can be neglected for GERAN due to the particular deployment scenarios. This is obviously different for W-CDMA.

We propose to use these two dual branch interference models for a combined link level/system level evaluations of the potential improvements by dual branch interference cancellation.

We think these models are also suited for a potential follow up Work Item defining UE performance tests of dual branch interference cancellation.

3 Conclusions
In this contribution, we have derived simple spatial channel models for combined link level / system level performance evaluation of a dual branch interference cancellation receiver.

We would like RAN4 to consider these models when defining the simulation assumptions for the evaluation of dual branch interference cancellation.
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Appendix

This section gives the mathematical derivation of the spatial correlation models in section 2.

As a starting point, a 2x2 MIMO channel model [5] is assumed, where the first transmit antenna transmits the signal of the desired user, and the second transmit antenna transmits the signal of the interferer. For convenience, flat fading is assumed, where the transmission coefficients 
[image: image3.wmf]mn

h

 describe the transmission paths of between transmit antenna 
[image: image4.wmf]n

 and receive antenna 
[image: image5.wmf]m


, see Figure 3.
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Figure 3: Scattering environment for a dual antenna MS.

It is assumed that the channel coefficients 
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 are superpositions of 
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 multipath components (MPC), each of which interacting with the scattering medium through a different path. Each MPC is described by its angle of departure (AOD), denoted as
[image: image9.wmf]l

q

, and its angle of arrival (AOA), denoted as
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, and its complex amplitude 
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. Note that nothing is assumed on the relationship between AOD and AOA of a MPC. A MPC may arise due to single scattering, multiple scattering, or line-of-sight transmission.

4.1 Far Distanced Transmit Antennas

First, we consider the TX antennas to be far-distanced, and the TX antennas of the desired user and the interferer illuminate different scatterers. Such a situation arises as inter-site interference, i.e. the BTS antennas of the desired user and the interferer belong to different BTS sites, see Figure 4.
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Figure 4: Inter-site interference scenario.

We denote the complex amplitudes of the MPCs between TX antenna 1 and RX antenna 1 as 
[image: image13.wmf])
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and between TX antenna 2 and RX antenna 1 as
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. The phase shifts between the RX antennas are denoted as 
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for the MPCs from the first TX antenna and 
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for the MPCs of the second TX antenna, respectively. Note that the far-field and the narrow-band condition is assumed to be valid for the RX antennas.

The transmission coefficients are
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Here, 
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 is the wavelength, 
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are the locations of the transmit and receive antennas, respectively, relative to an arbitrary coordinate system. Moreover, 
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 denotes the scalar product of two vectors. With regard to the statistics of the transmission coefficients, it is assumed that each 
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 is a zero-mean complex circularly symmetric Gaussian random variable, i.e. 
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. Moreover, it is assumed that the complex amplitudes of the MPC are mutually uncorrelated, i.e. 
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Receive Correlation

Since the signals of TX antenna 1 and TX antenna 2 are transmitted over two completely different propagation paths, the two correlation factors between the RX signals are different:
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(2)

The RX correlation factors may differ in their absolute value, but also in their phase angle. The phase angle of the correlation factor depends on the main direction at which the received signal arrives at the MS. When the latter differs much for desired user and interferer, there is also a huge difference in the phase angle. 

Transmit Correlation
Due to uncorrelated MPC between TX antenna 1 and the receiver and TX antenna 2 and the receiver, respectively, the TX correlation factors are zero:
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Interferer Model

For TX correlation factors equal to zero but different correlation factors, the interferer model presented in [3] results. This is sketched in Figure 1. The structure of the correlation matrix is shown at the bottom of Figure 4.

4.2 Closely Spaced Transmit Antennas
Here, we consider the case where the transmit antennas are closely spaced, i.e. the transmitted signals of TX antenna 1 and TX antenna 2 illuminate the same scattering objects. Such a situation may arise as a sector-edge scenario, i.e. when the MS is located near the boundary of a sectored cell and the transmit antennas belong to the same BTS site, but illuminate different cells. This type of scenarios is sketched in Figure 5.

We denote the complex amplitudes of the MPC between TX antenna 1 and RX antenna 1 as
[image: image32.wmf]l

a

. The transmission coefficients between TX and RX antennas arise due to phase shifts of the MPC from the AOD and the AOA, 
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, respectively:
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Figure 5: Sector edge scenario.

Here, 
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th MPC. Note that the far-field condition and the narrow-band condition is assumed to be valid at the transmitter as well as at the receiver.

Receive Correlation

We consider the two correlation factors between the signals of the RX antennas transmitted by TX antenna 1 and TX antenna 2, respectively:
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(5)

It can easily be shown that the receiver correlation factors for both transmit antennas are equal. Moreover, from the above equation it becomes clear that the receive correlation factor is in general a complex number and only dependent on the AOA of the MPCs and the antenna setup of the receiver.

Transmit Correlation

We consider the correlation factors between the TX antennas at RX antenna 1 and RX antenna 2, respectively:
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(6)
Again, both correlation factors are equal. Moreover, the TX correlation factors are only dependent on the AODs of the MPC and the antenna setup of the transmitter.

A special case may occur for macrocellular propagation scenarios, where the BTS antenna is mounted high above rooftop level and only local scattering around a relatively far distanced MS occurs. In this case, there is a very small angular spread around the BTS and 
[image: image41.wmf].
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 is close to one.
In [6] reference correlation factors are given for the spatial channel model for MIMO simulations. Here, for an angular spread of 2 degrees at the BTS, a TX correlation factor of 0.8624 and 0.5018 is given for a TX antenna spacing of 4
[image: image43.wmf]l

 and 10
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, respectively. This shows that for this type of propagation scenarios the TX correlation cannot be neglected. 

Interferer Model

From the considerations presented in [5], an interferer model as illustrated in Figure 2 can be used. Note that for 
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. The correlation matrix of this type of scenarios is sketched at the bottom of Figure 5.
















� The first index of the transmission coefficients denotes the receive antenna and the second index the transmit antenna.
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