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Mobile station receive diversity
Antenna and channel models
1 Introduction

Receive diversity provided by multiple antennas has been utilized in base stations for a long time in GSM. Since recent development in RF technology indicates that dual-antenna terminals may be feasible, similar methods could be employed in terminals to improve downlink performance.

Unlike single-antenna interference cancellation (SAIC) techniques, dual antennas will improve performance in sensitivity-limited scenarios (and thereby coverage).

Further, dual antennas can be combined with interference cancellation to improve speech quality and mean data rates substantially. Unlike SAIC, substantial gains are possible also for 8PSK and 16QAM modulation. While gains for the individual user are immediate, system gains will increase with the dual-antenna terminal penetration.

Dual-antenna terminals are studied as a part of the GERAN Evolution work item [1]. The purpose of this document is to give input to the antenna and channel models needed for evaluation of dual-antenna terminals.

2 Current antenna/channel model status

To evaluate the performance of dual-antenna terminals, the channel models currently used in TSG GERAN must be extended to model the multi-path fading of two parallel channels. A working assumption has been agreed and incorporated in the technical report for GERAN evolution [2]. The model is shown in Figure 1.
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Figure 1. Channel/antenna model with multiple interferers.

For the carrier and each of the interferers, two independent branches are generated, reusing the standardised fading models for a single-input, single output channel. To model the correlation between the received signals of the two antennas, two correlated branched are derived, one being the first of the independent branches, the other being a weighted sum of the two independent branches. The weights used will determine the (envelope) correlation (. Independent instances of the model are applied to the own signal and to each of the interferers. In addition, a power imbalance G, referred to as the “mean branch power imbalance” is added, as well as a thermal noise component to each received branch.

The parameters (( for the own signal and for each interferer, G) must be chosen based on realistic terminal antenna implementations. In the next sections, values of these parameters are proposed based on experimental results.

3 Experimental results

3.1 Results found in publications

This section summarises measurements of the envelope correlation and mean branch power imbalance found in scientific publications [3]
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[4]
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[5].

3.1.1 Envelope correlation

The correlation between the two branches can vary considerably and depend on many factors. These include the scattering environment, handset orientation, head-and-hand-to-handset interaction, antenna spacing and the antenna design.

3.1.1.1 Spatial diversity

Spatial diversity is achieved by using two antennas separated in space. The correlation between the two signals is related to the distance between the antennas relative to the wavelength of the signal. The possible separation is limited by the size of the mobile station. A reasonable separation could be 4 cm (1.6”), which corresponds to roughly 0.1 wavelengths at 800/900 MHz and 0.25 wavelengths at 1800/1900 MHz.

The measurement results in [3] show the effect of antenna spacing on the envelope correlation for a 2.05 GHz carrier frequency system. In an urban canyon NLOS (non-line-of-sight), the mean envelope correlation is roughly 0.75 at an antenna spacing of 0.1 of the wavelength and stays at roughly 0.6 across 0.15 to 0.45 of the wavelength. Additional measurements in the same paper show lower correlation values for other environments, ranging from 0.4 to 0.65 (mean values for the respective environments) at 0.1 wavelength antenna distance and 0.3 to 0.6 at 0.25 wavelength antenna distance. It is interesting to note that the difference between 0.1 and 0.25 wavelengths separation is quite small and clearly smaller than expected from theory. This is further discussed in section 3.1.1.3.

Additional measurement distributions for various channel and test conditions in an operational GSM network are described in [5], according to which the correlation coefficient can have a mean and standard deviation of (0.44, 0.3) in rural measurements with a wide yet fairly flat distribution from roughly 0.2 to 0.8. In an urban environment, the measured correlation coefficient has a mean and standard deviation of (0.23, 0.33) and a wide non-uniform distribution. It should be noted that the measurements in [5] are conducted on the uplink, with an antenna spacing significantly larger than what is possible in a mobile station. Nevertheless, the results are similar to the downlink measurements in [3].

3.1.1.2 Polarization diversity

Polarization diversity is achieved by using two antennas with different (typically orthogonal) polarization relative to each other.

With polarization diversity, a very good de-correlation between the branches can be achieved. Measurements in e.g. [3]
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[5] typically show average values below 0.3.

3.1.1.3 Antenna pattern diversity

Diversity can also be achieved by using antennas with different antenna patterns (i.e., the antenna gain varies with the direction in the horizontal plane and the elevation angle). Due to this the received signals of the two antennas will be composed by reflections from different scatterers in the local environment.

As with polarization diversity, a very good de-correlation between the branches can be achieved with antenna patterns diversity. Again, measurements in [3] show average values below 0.3.

It should be noted that also a pair of omnidirectional antennas used for spatial diversity will experience antenna pattern diversity [3]. This is since the antennas will be coupled if their distance to each other is small. This in turn will change the individual antenna patterns from omnidirectional to directional. Therefore, the correlation of a spatial antenna pair with small separation will be lower than expected from theory for omnidirectional antennas (as indicated by the measurements recited in section 3.1.1.1).

3.1.2 Mean branch power imbalance

This parameter models the difference in mean received signal power between the two antennas. It is affected, for example, by the handset orientation, the head-and-hand-to-handset interaction, the antenna spacing and the dual-antenna design.

The power imbalance has a large range depending on the environment. In [3], values from 0 to 7 dB are reported for different types of dual-antennas for mobile station, except in one situation where 13 dB imbalance is shown. In [4]
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[5], values are presented (for uplink) in a large range mainly below 10 dB for polarization diversity.

3.2 Results from measurements at Ericsson Research

This section summarises not yet published results from experiments conducted at Ericsson Research.

Various dual terminal antenna prototypes have been tested, giving different combinations of spatial, polarization and antenna pattern diversity. The experiments were conducted in an indoor office environment at 1880 MHz. The effects of a user were included. The user either held the prototype close to the right ear (“talk mode”) or in a position in front of the body, typical for viewing the terminal screen (“data mode”).

The base station was transmitting at 22 dBm. Both horizontal and vertical polarization of the base antenna were evaluated with similar results.

3.2.1 Envelope correlation

The measurements show similar results as in section 3.1. The envelope correlation is found to range mainly from 0 to 0.7, both in talk mode and data mode.
3.2.2 Mean branch power imbalance

Again, the measurements resemble those in section 3.1 The measured mean branch power imbalance is in the range 1-4.5 dB in data mode, while it is in the range 2-13 dB in talk mode.

4 Proposed parameter values

As indicated in section 3, the envelope correlation and mean branch power imbalance can vary substantially depending on several factors. On the other hand, the number of models used in simulations must be small to limit the number of options (considering that also other parameters must be varied, such as the channel profile, logical channel, etc). Therefore, it is suggested to define two cases for evaluation, one being an “average” case and the other a more difficult case. The suggested parameters are listed in Table 1.

	Case
	Envelope correlation
	Mean branch power imbalance [dB]

	A
	0.4
	3

	B
	0.75
	10


Table 1. Proposed parameters for evaluation of mobile station receive diversity.

The working assumption model in [2] allows for different correlation parameters for the carrier and the different interferers. However, it can typically be assumed that the multipath fading is caused by scatterers in the local environment, which are similar for all signals. Therefore, it is suggested to use only one value for all signals in the model.

5 Preliminary simulation results

In this section some preliminary simulation results are presented to show how the choice of parameters for the channel/antenna model impacts the performance of an interference cancellation algorithm. Note that results are not yet available with the multiple-interferer model in Figure 1. Instead, results with a single co-channel interferer are shown.

The following simulation assumptions were used:

· TU3 channel with ideal frequency hopping

· Realistic MS receiver impairments

· Noise level is 25 dB below carrier

· Desired signal is GMSK modulated (MCS-3)

· Interferer is 8PSK modulated

· Interference cancellation was used

5.1 Impact of branch correlation

The impact of branch correlation is shown in Figure 2 for envelope correlations in the range 0-0.9 for the carrier and interferer signals. It can be seen that the performance (gain at BLER=10%, compared to a conventional single-antenna receiver) is relatively insensitive to the correlation. The largest gain is achieved when the correlation of the carrier is low while the correlation of the interferer is high. With equal correlation of the carrier and interferer, the gain is more or less constant regardless of the correlation value chosen.
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Figure 2. Impact of antenna correlation.

5.2 Impact of branch power imbalance

Figure 3 shows the impact of branch power imbalance. In this figure, the correlation of the carrier and interferer are the same. The results indicate that the branch power imbalance is more important than the correlation. However, for imbalance levels less than 10 dB, the gain is more or less the same. For imbalance levels larger than 10 dB the gain is reduced. This is likely due to the noise component at 25 dB below the carrier (on average).
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Figure 3. Impact of mean branch power imbalance (G).

5.3 Discussion

The results are consistent with those presented to GERAN in [6]
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[7]. Note though that the results in [7] are in a sensitivity-limited environment, which explains the larger impact of the branch power imbalance. Generally, the branch power imbalance does not significantly impact the performance in purely interference limited scenarios, since the attenuation impacts carrier and interference equally. However, when the received signal level is close to the sensitivity level, the imbalance will degrade performance.

6 Conclusions

Dual-antenna terminals can give gains both in terms of increased sensitivity and ability to cancel interference. To evaluate the potential gains, the channel models currently used in TSG GERAN must be extended to model the multi-path fading of two parallel channels. A working assumption has been agreed and incorporated in the technical report for GERAN evolution [2]. The model contains two types of parameters, the envelope correlation and the mean branch power imbalance. Currently, no parameter values are specified. In this document, values of the envelope correlation and mean branch power imbalance have been proposed based on experimental results found in literature and experiments conducted internally at Ericsson.

Further, preliminary simulation results are presented showing that the performance in a single-interferer environment is relatively insensitive to the chosen parameters except for extreme values. 
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