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1 Introduction
The objective of EUTRA study item is to develop a framework for the evolution of the 3GPP radio-access technology towards a high-data-rate, low-latency and packet-optimized radio-access technology [1]. EUTRA targets a system with 10X higher data rates and 2-4X higher spectral efficiency than that is achieved with 3G Rel6 systems [2]. 
In order to meet the higher spectral efficiency goal, it is expected that Evolved UTRA would employ one or more forms of diversity to combat the effect of fast fading observed in a mobile cellular environment. Some examples of diversity sources are antenna diversity, frequency (or multi-path) diversity, multi-user diversity and Hybrid ARQ diversity etc. Note that all these sources of diversity or not equal in the sense that that some schemes such as frequency-diversity only provide diversity gain but other schemes such as Rx-diversity and multi-user diversity also provides SNR gain. Each of the diversity types come at the expense of additional system complexity and/or overhead.  It is also well-known that when one form of diversity is used, any additional form of diversity brings relatively smaller gains. Therefore, it becomes very important to carefully study the benefits and complexity/overhead tradeoff of various forms of diversity in the interest of UE and system complexity. In this paper, we propose a way forward on diversity evaluation for Evolved UTRA study item.
2 Capacity of a Fading Channel

The capacity of an AWGN channel is given as:
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Where ( is the SNR of an AWGN channel. In a mobile wireless environment, the fading follows a Rayleigh distribution and the capacity of this channel can be written as [3]:
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Where ( is the average SNR (averaged over the Fading) and E is Euler’s constant (E=0.5772157). It should be noted that the above capacity relation gives the maximum achievable capacity when the transmitter has the perfect knowledge of the channel and constant transmit power constraint i.e. an appropriate modulation and coding (data rate) perfectly matched to the channel conditions can be selected at a given time to provide error free transmission. In practice, perfect knowledge of the channel for the time of transmission is generally not available at the transmitter and therefore the capacity in a fading channel is going to be lower than that indicated by the above equation. 
The capacity of an AWGN and a Rayleigh Fading channel is plotted in Figure 1 for typical range of SNRs observed in a cellular system with universal frequency reuse. It can be noted that an AWGN channel provides more than 100% greater capacity at low to medium SNRs compared to a Rayleigh fading channel. At relatively higher SNR of 10.0dB, the capacity difference between an AWGN and a Rayleigh Fading channel is approximately 50%. It is well known that the capacity of a Rayleigh fading channel can be improved by use of diversity. For large order diversity (diversity order 4 and greater), the capacity of a Rayleigh Fading channel approaches the capacity achieved in an AWGN channel [3]. Therefore, large capacity gains can be achieved in a mobile wireless environment by using some form of diversity. The results also indicate that diversity would be more beneficial for the weak users in the system.
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Figure 1: Capacity of an AWGN and a Rayleigh Fading Channel

3 Error Rate Performance in a Fading Channel with Diversity
The bit error probability of BPSK/QPSK in an AWGN channel is given as:
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With diversity order L, the probability density function of SNR per bit follows the chi-square distribution with 2L degrees of freedom:
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where ( is the average SNR per diversity channel. The bit error probability in a fading channel with diversity can be obtained by averaging the conditional error probability above over the fading channel statistics [4]:
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where
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The bit error performance for the fading channel with diversity is shown in Figure 2. It can be noted that the most gains are achieved going from no diversity (L=1) to diversity order of 2 (L=2). As the diversity order is further increased the achievable gains saturates quickly. For diversity order 4 and greater, the performance starts approaching to that achieved in an AWGN channel.
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Figure 2: Performance with diversity
4 Conclusion
In order to meet the goal of higher data rates and higher spectral efficiency, the Evolved UTRA radio interface is expected to use one or more forms of diversity such as antenna diversity, frequency (or multi-path) diversity, multi-user diversity and Hybrid ARQ diversity etc. Any diversity approach results in additional system complexity and/or overhead.  We have shown that when one form of diversity is used, any additional form (or additional order) of diversity brings relatively smaller gains. Therefore, it becomes very important to carefully study the benefits and complexity/overhead tradeoff of various forms (and orders) of diversity in the interest of UE and system complexity and performance.
Therefore, we recommend that any proposed diversity scheme should be evaluated under the following scenarios:

· No other diversity source present. This will provide an estimate of the maximum achievable gains by the proposed diversity approach when no additional sources of diversity are available or used.

· Additional sources of diversity present. This will give an estimate of the gains from the proposed approach when the scheme will be used along with other potential sources of diversity.

· If some form of diversity approach is mandated for Evolved UTRA, then this diversity should always be present when simulating performance for any additional form of diversity. An example could be the case for uplink where 2-way receive diversity is almost always available. Therefore, all uplink diversity evaluations can take into account the 2-way Rx-diversity.
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