3GPP TSG GERAN AdHoc

Future GERAN Evolution Meeting 
TDoc AHGEV-002

Copenhagen, Denmark
Agenda Item 5

18 - 19 May 2005

Source: Nokia

Mobile Station Receive Diversity

1. Introduction

At TSG GERAN#24, Mobile Station Rx Diversity was proposed as one of the features to be studied during the GERAN Evolution feasibility study [1],[2],[3]. Rx Diversity (RxD) is intended as a downlink feature, which improves the mobile station (MS) receiver performance by means of an additional antenna. 

The introduction of Single Antenna Interference Cancellation (SAIC) has already shown that receiver enhancements in the MS can provide significant gains in terms of spectral efficiency [5]. Now, the introduction of MS Diversity will introduce channel diversity and allow for even better interference cancellation performance for GMSK modulated signals as well as gains for 8PSK-modulated signals.  

The improved performance for both GMSK and 8PSK modulation means that MS diversity can improve service performance of EGPRS by e.g. improving the average bit rate for the end user, which is one of the goal of the GERAN evolution [7].  

This document seeks to introduce some of the design and specification issues that should be considered in connection to MS Diversity. The document is organized to match the template proposed in [6]. 

1.1 General Description

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

Two antenna reception and combining in the MS should significantly increase the Rx performance of the MS. However, there are a few imperfections such as antenna correlation and branch power difference that needs to be taken into account when designing an Rx diversity receiver. The following two sections contain a description as well as some initial results on the impact of these imperfections.  

2. Modelling assumptions and requirements

Figure 2 below shows a simple model of the radio path environment surrounding an Rx diversity capable MS. 
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Figure 2: Exemplary environment and configuration for an RxD MS.

As seen from the figure, the model consists of two receiver branches in the MS, each influenced by both interference and thermal noise (modelled by an AWGN). The figure also illustrates how the signal received at one antenna will be correlated with the signal received at the other. The correlation coefficient, C is a function of the radio propagation environment as well as the physical layout of the PCB and antenna design. 

The branch power difference (BPD) shown on the figure refers to the fact that there is likely to be a difference in received power between the two antennas. This difference is dependant on the physical design of the antennas and also on the fact that the user may cover one of the two antennas by his/her hand during reception. The BPD is only considered relevant for sensitivity limited scenarios, since 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. 

The following section presents some initial studies on correlation and BPD.

3. Performance Characterization

To study the impact of BPD and correlation, the parallel receiver structure shown in Figure 3 was considered as an example implementation. 


[image: image3.wmf]RF

Channel

Estimation

Bit Detection

&

Equalization

Softbits

Combiner

RF

Channel

Estimation

Bit Detection

&

Equalization

s

1

s

2

c

s


Figure 3: Parallel Rx Structure of a RxD MS

As shown on the figure, the two received signals are combined after equalization. Before combining, the softbits of each branch is weighted by an estimate of the signal-to-noise ratio, as 
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Where w represents and estimate of the SNR. 

3.1 Branch Power Difference

Figure 4 shows the bit error rate (BER) as a function of eb/n0 for the parallel receiver structure for different BPDs. A TU3 channel was used with ideal frequency hopping in the 1800 band. BPD values of {0,3,6,9} dB were simulated. GMSK modulation was used. 
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Figure 4: Rx Diversity performance as a function of BPD for the receiver structure shown in Figure 3.

As seen, the BPD causes a difference of ~5dB @ 1%BER for this particular implementation. It should be noted that similar trends have been observed for other structures, i.e. different methods of combining the two signals. 

3.2 Correlation

Figure 5 shows the eb/n0 level required to obtain a 1 % BER as a function of the correlation between the received signals. The same receiver structure as before is assumed and GMSK modulation is applied. The two received signals were correlated resulting in correlation coefficients of 0 to 1. Furthermore, different values of BPD were included. The correlation is defined as the amplitude of the complex correlation between the fading taps, i.e. for two complex channel tap coefficients 
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, assuming that both are normalized to unity power. The two signals received by the MS are generated by means of 3 fading generators, where one of these is common for the two antennas. The two other generators are then individual for each antenna. Correlation is then generated by weighting the sum of the received signals at each antenna. That is, the amount of received signal common for the two antennas are weighted. 
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Figure 5 Eb/No level at 1% BER for different correlation factor between the 2 antennas at different branch power difference.

It can be observed that the impact of the correlation is decreased for higher values of BPD. For example, when BPD=6dB, full diversity gain is achieved for correlation of 0.6. This is expected since a high BPD means that one of the antennas receives less signal power and thus its influence on the total performance gets negligible. 

4. MS Impacts

MS Rx 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 as presented before, MS Diversity can in terms of signal processing, be considered as somewhat comparable to twice the complexity of SAIC. 

5. BSS Impacts

Optimisation of BSS algorithms such as link adaptation and power control.

6. CN Impacts

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.  

7. Specification Impacts

As was the case with SAIC/DARP, MS Rx 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 6)

	51.010
	Mobile Station (MS) conformance specification


8. Test and Simulation Scenarios

Since MS Rx Diversity is similar to SAIC for GMSK modulation, we propose to use the already specified DARP test scenarios (DTS) [4] when studying the performance MS Rx diversity for the feasibility study. To facilitate the performance on 8PSK we propose to use DTS-1 (single cochannel) with an 8PSK signal as the interfering signal.

9. Conclusion/Discussion

This contribution has dealt with some initial considerations concerning the implementation of MS Rx diversity. Two important aspects of a diversity receiver have been dealt with; correlation and branch power difference. With regard to correlation it has been shown that full gain can be achieved with correlation values as high as 0.6-0.7, which is a value, believed to be feasible in a MS implementation. As for branch power difference it was shown that this affects the achievable gain in a sensitivity-limited scenario. Different combining methods may be used to reduce the effect, but the observed trend is still that the effect is not negligible. Both effects depend on the physical design of the antenna and phones and we therefore believe that the impact of these should be left for each vendor to consider when providing performance results. 

As with SAIC, enhanced performance in the case of either GMSK or 8PSK signals requires the use of signalling in order for the network to achieve maximum performance gain. In fact MS Rx Diversity may be treated as a DARP phase, and will in general have the same impact to the 3GPP specifications as SAIC. 
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