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Modelling of Antenna Correlation for Dual-Antenna RX Diversity and Interference Cancellation
1 Introduction

At GERAN#25, an agreement on the channel model for mobile station receive diversity (MSRD) could not be reached. An open question is whether the assumption of real-valued correlation factors is realistic or whether complex correlation factors should be considered. Moreover, the definition of test scenarios was left as an open point.

In RAN, MSRD has been introduced as an enhancement to HSDPA. A simple channel model, consisting of two completely uncorrelated antenna branches, has been used to define performance requirements. However, in practice, the signal received at the two antenna branches is correlated and the performance of receive diversity is reduced.
The benefit of GERAN MSRD is - as opposed to what the denomination indicates – not only coverage improvement through receive diversity, but even more importantly, capacity improvement through interference cancellation. In this way, MSRD progresses the work done in the SAIC/DARP feasibility study and work item.
The performance of dual-antenna based interference cancellation algorithms is strongly dependent on the correlation of the received signals, not only from the desired user, but also from the interferer. It can easily be shown that the phase difference between the correlation factors of desired user and interferer at the receiving antennas plays an important role. Moreover, even correlations at transmitter side, i.e. between the signal of the desired user and the interferer(s) observed at one of the receiving antennas may be taken into account in some situations.
In this contribution, we derive a correlation–based channel model that takes into account the relationship of correlation factors of desired user and interferer(s). Based on geometrical considerations, the channel correlations of two types of propagation scenarios are investigated: 
a) The antennas of desired user and interferer are spaced far apart and illuminate completely different scatterers, 

b) the antennas of desired user and interferer are closely spaced and illuminate the same scatterers. 
Type a) may arise from inter-site interference, i.e. when the BTS radiating the signal of the interferer belongs to a different site than the BTS of the desired user.  Type b) arises when the BTS antennas illuminating two different cells are mounted on one mast and the MS is located near the sector border, i.e. from an intra-site interference situation.
Based on the conclusions drawn from the two setups, a refinement of the multiple interferer model shown in [1] is proposed. Moreover, it is shown how the DARP test scenarios (DTS) may be extended.
2 Spatial Channel Model
As a starting point, a 2x2 MIMO channel model [2] 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 
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 describe the transmission paths of between transmit antenna 
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 and receive antenna 
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, see Figure 1.
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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
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, 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.
2.1 Propagation Scenario Type A: 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 2.
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We denote the complex amplitudes of the MPCs between TX antenna 1 and RX antenna 1 as 
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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, 
[image: image21.wmf]×

×

,

 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 [1] results. This is sketched in Figure 3. The structure of the correlation matrix is shown at the bottom of Figure 2.
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2.2 Propagation Scenario Type B: 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. Advanced frequency planning and MAIO management may reduce the amount of intra-site interference. However, with increasing network load, this type of interference scenario is significant for MSs being located near the sector borders. This type of scenarios is sketched in Figure 4.
We denote the complex amplitudes of the MPC between TX antenna 1 and RX antenna 1 as
[image: image31.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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Here, 
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is a unit vector pointing toward the AOD of the 
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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 
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 As a consequence, the absolute value of 
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 is close to one.
In [3] 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: image42.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 [2], an interferer model as illustrated in Figure 5 can be used. Note that for 
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 the model reduces to the one presented in [1] with equal RX correlation factors
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. The correlation matrix of this type of scenarios is sketched at the bottom of Figure 4.
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3 Test Scenarios
MSRD is to a large extend similar to SAIC/DARP. Therefore, it is reasonable to reuse the DARP test scenarios (DTS) defined in 3GPP TS 45.005. Moreover, the network configurations presented in the SAIC feasibility study 3GPP TS 45.903 can be taken as a basis for the definition of test scenarios. Here, both types of propagation scenarios shall be considered.
The DTS definition may be extended by the following parameters:
· Propagation scenario type (A or B)

· For desired user and each interferer: RX correlation factor 
[image: image47.wmf]RX

r

 and TX correlation factor
[image: image48.wmf]TX

r

, if applicable.
· Modulation type of interferer, GMSK or 8-PSK.

Inter-sector interference may occur only between one neighboring sector of the serving BTS. Therefore, in multiple interferer scenarios, propagation scenario type B may be used for maximum one co-channel interferer and one adjacent channel interferer. The others may be modelled using propagation scenario type A.
4 Conclusions

The benefit of mobile station receive diversity is not only coverage improvement but also the ability of the receiver to suppress interference. A channel model for investigating dual-antenna interference cancellation schemes shall carefully reflect the correlations of signals not only of the desired user, but also of the interferers. 
In this contribution, a correlation-based channel model for mobile station receive diversity (MSRD) has been derived from a geometrical approach. Two types of scenarios have been considered:
a) The antennas of desired user and interferer are spaced far apart and illuminate completely different scatterers, 

b) the antennas of desired user and interferer are closely spaced and illuminate the same scatterers. 

Type a) corresponds to inter-site interference. Here, it has been shown that the correlation factors at the receive antennas are in general complex and different for all users. The phase angle of the correlation factor depends on the main direction of the incoming signal. Note that the phase difference between the receive antennas’ correlation factors has a significant influence on the performance of dual-antenna interference cancellation schemes.
Type b) corresponds to an intra-site interference scenario with the MS located near the sector edge. Here, the correlation factors between the RX antennas are in general complex, and equal for both, desired user and interferer. Moreover, a significant correlation between the signals of desired user and interferer at the transmit antennas has to be considered.
It is proposed to consider both types of propagation scenarios for testing. Here, the DARP test scenarios (DTS) shall be taken as a basis. It is proposed to identify each DTS with one of the propagation scenario types and add the corresponding correlation factors. Moreover, the type of interference, GMSK or 8-PSK shall be included. 
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Figure � SEQ Figure \* ARABIC �4�. Sector edge scenario.
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Figure � SEQ Figure \* ARABIC �2�. Inter-site interference scenario.
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Figure � SEQ Figure \* ARABIC �3�. Interferer model for far distanced TX antennas.











� EMBED Visio.Drawing.11  ���





Figure � SEQ Figure \* ARABIC �5�. Interferer model for closely spaced TX antennas.
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Figure � SEQ Figure \* ARABIC �1�. Scattering environment for a dual antenna MS.








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