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Downlink Carrier Diversity Transmission Scheme
1 Introduction

At GERAN#24, it was decided to carry out a feasibility study on future GERAN evolution. The goal is to evolve the GERAN radio interface in order to increase spectral efficiency, capacity, coverage, and data rates. Most packet data services are asymmetric, (web browsing, downloads, etc.). An enhancement of the downlink capacity, especially in interference-limited scenarios is required. 

Among the top candidate techniques to be considered in the feasibility study are downlink antenna diversity at the mobile station [1, 2, 3] and downlink multicarrier transmission [1,2].  

Downlink antenna diversity is a technique to exploit the spatial properties of the radio propagation channel. Depending on the propagation scenario, a gain in downlink coverage can be achieved by 3-6 dB [3]. Moreover, antenna diversity offers a substantial gain over interference. In contrast to SAIC [4], this also holds for 8-PSK modulation. The highest gain is obtained when the signals on the diversity paths are uncorrelated. This is the case for strong multipath propagation environments. However, in propagation scenarios with a dominant line-of-sight component, the achievable gain will be lower. Moreover, due to mutual coupling of the antenna elements, the received signals will not completely be uncorrelated. Furthermore, for small-sized terminals, the design of a multi-element receive antenna requires a tradeoff between efficiency and size. More than one receive antenna in the terminal will also affect costs.
Multicarrier transmission provides a means of increasing the peak data rate of one user. This can be regarded as an extension of the multi-slot principle. A reduction of the TTI is achieved by mapping the four bursts of an EDGE RLC block onto parallel carriers, while obtaining the same amount of frequency diversity as frequency hopping provides [2].
In this contribution, we propose a downlink multicarrier diversity transmission scheme. Here, the same baseband signal is transmitted over two or more independent carriers. At the receiver, the signals on the multiple carriers are converted to baseband, providing multiple diversity branches.  To provide fast deployment of the feature, within the feasibility study on future GERAN evolution, only dual-carrier diversity shall be investigated. Moreover, it can be expected that the benefit of the feature compared to complexity will get smaller for more than two carriers.

Dual-carrier diversity will offer a gain in downlink coverage. On the other hand, it occupies two downlink carrier resources of a cell. However, when maximum-ratio combining of the signals is applied, it is possible to reduce the transmit power of the carriers, which at the same time reduces interference to neighboring cells. Thus, basically the same cellular capacity is maintained. 

The major advantage lies in application of downlink dual-carrier diversity in interference-limited scenarios. Here, the huge link performance gains of advanced interference cancellation algorithms can be exploited. This leads to an increase of system capacity and data rates. Statistical independence of the received signals can more easily be accomplished, compared to dual-antenna diversity, through transmission over distinct carriers. This holds for both, GMSK and 8-PSK modulation. Data rate can be increased using 8-PSK modulation even in tight-reuse networks.
The diversity scheme requires only one receive antenna. The impacts on MS implementation are basically the same as for downlink dual-carrier transmission. Mobile terminals supporting dual-carrier transmission can also support dual-carrier diversity without additional hardware costs.
As dual-carrier transmission, dual-carrier diversity has minimum impact on the BSS and the CN. The MS shall indicate its capability to support dual-carrier diversity to the network. Besides that, the impact on the specifications is mainly limited to the definitions of performance requirements and conformance tests.
2 Simulation Results

In this section, we assess the performance of dual-carrier diversity by link simulation examples. We assume that for the desired user an 8-PSK signal is transmitted over two distinct GSM carriers separated sufficiently such that the channel coefficients of the diversity branches can be regarded as statistically independent. The network is synchronized. The channel profile is TU50. The received signal is impaired by co-channel interference of an 8-PSK signal. We distinguish between the following two cases:
1) The interfering signals originate from two different interferers, one on each carrier, and are received with the same average power.

2) The same interfering signal is transmitted over both carriers with the same transmit power.

The receiver performs channel estimation and data detection. Furthermore, all parameters of the interference cancellation algorithm are estimated from the received signals. Realistic assumptions are made on RF impairments. The signal-to-noise ratio of the received signal is 28 dB.
Figure 1 shows the raw bit error rates as a function of the carrier-to-interference ratio in the interference-limited scenario described above. As a reference, the raw BER of a single-carrier 8-PSK transmission is shown. Compared to the latter case, maximum-ratio-combining (MRC), taking only the signals of the desired user into account, yields a gain of approximately 6 dB at a raw BER level of 0.1%, see Figure 1. Although dual-carrier diversity transmission occupies twice the bandwith, the same system capacity would be maintained by reduction of the transmit power and consequently of the interference to neighboring cells. For MRC, the same performance level is obtained independent of whether the interfering signals on each carrier originate from different users or from one user, i.e. for both cases 1) and 2).

Next, it is assumed that an interference-cancellation algorithm is applied on the received signals in a scenario of case 1). The gain over single-carrier transmission is 9 dB, which is by 3 dB higher than for the MRC case. This gain over interference increases data rate and network capacity. Note that the performance in this case is in the same order of magnitude as GMSK transmission over single-carrier. Dedicating two GMSK carriers to one user in a dual-carrier transmission scheme would allow doubling the data rate. However, in the considered case of 8-PSK transmission using carrier-diversity, the data rate is approximately tripled.

The highest gain over interference can be obtained when the desired user and an interferer apply carrier diversity transmission using the same carriers, i.e. for case 2). This is the same gain that would be obtained for a dual-antenna MS with completely de-correlated signals on its diversity branches.
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3 Conclusions

In this contribution, we propose downlink dual-carrier diversity transmission, where the same baseband signal is transmitted over two carrier frequencies offering independent diversity branches. Although the scheme requires an additional downlink resource, it allows application of interference cancellation and therefore provides huge gains in interference-limited scenarios and hence an increase in system capacity. Downlink dual-carrier diversity can be applied with single-antenna terminals using 8-PSK modulation. De-correlation of the diversity branches can easily be accomplished.
Simulations show that there is a significant gain in interference-limited scenarios, which justifies spending additional bandwith for downlink transmission. This is also true for two different interferer signals on the diversity branches. However, the largest gain can be obtained when the interferer also carries the same information signal on both carriers.
Downlink dual-carrier diversity has basically the same impacts on terminal implementation as dual-carrier transmission. It may be applied as a dual-carrier modulation and coding scheme for scenarios where robustness over interference and the same time a high data rate is required. It can be used together with single-carrier transmission on adjacent cells. Thus, the impact on frequency planning can be kept small. However, forming groups of carriers in the network preferably used for dual-carrier transmission is advantageous.
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Figure � SEQ Figure \* ARABIC �1�. Raw bit error rate for diversity combining in a co-channel interference scenario.
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