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6
Mobile station receiver diversity

6.1 Introduction

Mobile Station receiver diversity is a downlink feature, which improves the receiver performance of the mobile station by means of an additional antenna. The introduction of Single Antenna Interference Cancellation (SAIC) characterised by the Downlink Advanced Receiver Performance (DARP) requirements has already shown that receiver enhancements in the MS can provide significant gains in terms of spectral efficiency [1]. MS receiver diversity offers the possibility of enhanced channel diversity and the potential for further improved interference cancellation performance for GMSK modulated signals as well as significant gains for 8PSK-modulated signals. As stated in section 4 (Requirements section of the FS) one of the key objectives of the GERAN evolution is to improve the end user performance, for instance by increasing the average data rates, and the receiver performance improvement introduced by MS receiver diversity has the potential to do exactly that by e.g. improving user throughput for downlink EGPRS services. 

6.2 Concept description

The aim of MS diversity is to enhance the reception of a given link in the downlink direction, by means of diversity provided by an additional antenna. Thus, receiver diversity is based on reception of the same signal on two antennas in the MS. Therefore no changes are made to the transmissions schemes in the base transceiver station (BTS). 
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Figure 1: Concept of MS Receive Diversity

Seen from the Layer 1 in the MS, the introduction of MS Receiver diversity will be a general link level improvement. That is, the signals received by the two antennas are to be combined as one link. Therefore existing algorithms and procedures such as link adaptation, bit error probability estimation and RXQUAL are expected to remain unchanged in the sense that these measures simply reflect improved link quality.  

6.3 Modelling Assumptions and Requirements

To evaluate the performance of dual-antenna terminals, the channel models currently used in TSG GERAN must be extended to model two parallel channels. Figure 2 depicts a model of the environment surrounding a dual antenna MS. 
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Figure 2: Interferer environment for a dual antenna MS.

As seen from the figure, the MS has two receiver branches, each influenced by both interference and thermal noise (modelled by AWGN). The figure also illustrates how the signal received at one antenna will be correlated with the signal received at the other. For instance, the desired signal received at the two antennas is correlated with a correlation factor 
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.  This correlation factor is a function of the radio propagation environment, the physical design of the MS as well as the presence of a user. In principle the interfering signals may have slightly different correlation factors, however it is believed to be a reasonable assumption that this difference is negligible, since the scatterers of the desired link and the interferers to a large extent will be the same. That is, it can be assumed that 
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. This significantly reduces the complexity of the model. 

Besides the correlation factors, the model shows individual gain for each antenna, 
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. The difference between these values is sometimes referred to as the branch power difference (BPD) or the antenna gain imbalance (AGI). This difference is dependent on the physical design of the transmitting and receiving antennas, the scattering medium and also on other factors including user interaction. For example, the user may cover one of the two antennas with his/her hand during reception. The BPD is only considered most relevant for noise-limited scenarios (i.e. at, or close to the minimum supportable received power level), since – to a first-order approximation - the carrier to interference ratio (CIR) can be considered the same for each antenna although one has less gain than the other. That is, both carrier and interferer are attenuated thus maintaining the same CIR.

In order to evaluate the performance of dual antenna mobiles, a dual channel model must be defined, which takes the impact of antenna correlation and gain differences into account. 

1.1.1 6.3.1
Single input - dual output channel model

Figure 3 shows a simple linear model that can be used to generate a two branch fading signal. 
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Figure 3: Single input - dual output channel model for MS Receiver Diversity

The model consists of a single input signal, which is sent through two fading channels. The multipath fading is independent rayleigh fading processes but the channel profile, e.g. TU50 is the same for each branch. The correlation between the two branches is generated using the real-valued weighting factor 
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. The system equations of the linear model are,
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The amplitude of the complex cross-correlation between the two received signals Y1 and Y2 is then, 
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Assuming that X1 and X2 are independent processes and thus orthogonal results in,
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Since,
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Similarly the denominator reduces to,
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6.3.2 Multiple interferer model

The single input-dual output model is easily extended to a multi-interferer scenario as shown in Figure 4. The model uses instances of the single input dual output channel model to instantiate the interfering signals. After summation of the interfering signals and the desired signal an AWGN signal is added to the received signal at each antenna to model the internal noise of the receiver. A gain scaling is also applied to model the difference in antenna gains. As described in section 6.3 the same correlation factor is applied in each instance of the single input - dual output channel model.
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Figure 4 : Multi interferer model

6.3.3 Test scenarios

The models described above are applicable to any of the existing test scenarios in GERAN and are simply used to extend the existing scenarios to dual antenna scenarios. Since MS receiver diversity to a large extent is similar to SAIC/DARP it seems reasonable to reuse the DARP Test Scenarios (DTS) defined for this feature. As MS receiver diversity furthermore provides gains for 8-PSK modulated signals, the DTS scenarios should be extended to include this modulation. Also, the set of logical channels defined for SAIC/DARP should be extended to include 8-PSK modulated logical channels, such as MCS5-9.

Editor’s notes: The blend of 8PSK/GMSK should be justified from knowledge of traffic mix in real NWs. For instance, could it be reasonable to assume that it is not necessary to blend the modulation types in the models? – GMSK desired with 8PSK interference etc. ?

6.3.3.1 MS Conformance testing

Besides selecting a reasonable set of test scenarios and logical channels it is necessary to consider the parameters specifically related to the dual antenna system; correlation and branch power difference. Considering MS conformance testing, as specified in 3GPP TS 51.010, it is furthermore important that a set of tests are defined which can be implemented in a laboratory environment. Apart from ensuring that tests cases can be implemented, it is worth considering if the introduction of MS diversity introduces additional impact on existing test cases, – such as with the issue of AMR Codec Mode Indication (CMI) testing for DARP receivers. 

As for antenna correlation, the results of section 6.4.1 show reasonable gains in performance for correlation coefficients up to 0.8. This indicates that correlation effects can be disregarded if it is believed feasible to implement receivers having correlation coefficients less than 0.6. It should be noted that testing of UE supporting diversity according to 3GPP TS 25.101 [2] is to be performed using independent signals. That is, no correlation is applied. 

The branch power difference is only relevant in sensitivity limited scenarios and, thus as described in section  6.3, not relevant for interference limited scenarios, such as the DARP Test Scenarios. For the purpose of MS conformance testing, conducted testing is applied (the antenna is bypassed) and thus no branch power difference will be observed by the layer one algorithms in the MS. Considering this, it may be reasonable to specify performance requirements without the effect of branch power difference. The results shown in section 6.4.2 reveal that significant gains are still expected in a real network.  

Based on the reasoning above, it is proposed that MS conformance testing of GERAN MS Diversity mobiles is performed using independent fading signals and disregarding branch power difference. 

6.3.4 Link model to system model mapping

Editor’s notes: The methodology used for DARP is not directly applicable since that was based on mapping burst-wise CIR and DIR to BEP. For Receiver Diversity there will be a CIR and a DIR for each antenna.
6.3.5 System level model

6.4 Performance Characterization

6.4.1 Antenna Correlation

Figure 5 below shows the impact of correlation on the MS performance in terms of the raw bit error rate. The performance results were simulated using a TU3 channel profile with ideal frequency hopping. The carrier frequency was 1900 MHz and 5.000 blocks were simulated on a GMSK modulated channel. As shown in the figure legend correlation coefficients of 
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 was simulated. Furthermore single antenna performance is shown for reference..
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Figure 5: Impact of antenna correlation on a MS diversity receiver. Source: Nokia.

6.4.2 Branch Power Difference

Figure 6 and Figure 7 below shows the impact of branch power difference on the MS performance in terms of the raw bit error rate. The performance results shown in Figure 6 were simulated using a TU3 channel profile with ideal frequency hopping, whereas the results on Figure 7 are for a static channel. The carrier frequency was 1900 MHz and 5.000 blocks were simulated on a GMSK modulated channel. Branch power differences of  0, 3, 6 and 9 dB were simulated. Again, single antenna performance is shown for reference.
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Figure 6: Impact of branch power on a MS diversity receiver. TU3 ideal FH. Source: Nokia.
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Figure 7: Impact of branch power on a MS diversity receiver. Static channel. Source: Nokia.


6.4.3 Link level performance

Editor’s notes: Performance of e.g. EGPRS for selected test scenarios of 6.3.3. Both GMSK and 8PSK should be considered. 

6.4.2 System level performance

6.5 Impacts to the Mobile Station 

MS receiver diversity has significant impacts to the MS design. The additional antenna and corresponding RF module is likely to increase the size and thus also the cost of the MS. Assuming a parallel receiver structure, MS Diversity can in terms of signal processing be considered as somewhat comparable to twice the complexity of SAIC.

6.6 Impacts to the BSS

The introduction of MS receiver diversity is likely to require the optimisation of BSS algorithms such as link adaptation and power control.

6.7 Impacts to the Core Network

As with SAIC/DARP it is desirable that the network is able to take the improvement in link level performance into account. That is, it should be possible for the MS to signal its capabilities to the network. This could be implemented as a DARP phase 2. 

6.8 Impacts to the Specification

As was the case with SAIC/DARP, MS receiver diversity can be implemented with limited impacts to the 3GPP specifications. 

Table 1 : Impacted 3GPP specifications

	Specification
	Description

	45.005
	Radio transmission and reception

	24.008
	Mobile radio interface Layer 3 specification; Core network protocols; Stage 3 (Release 7)

	51.010
	Mobile Station (MS) conformance specification
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