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1 Introduction

The concept of distributed transmission (complementing the localized transmission mode) is described in the LTE study item report [1, section 7.1.1.2.1]. It is anticipated that a robust transmission mode is needed to ensure a stable network performance even in scenarios where proper link adaptation and multiuser scheduling cannot be guaranteed. In other words, in transmission scenarios where multiuser diversity cannot be accomplished by the network, link diversity gains must be maximized. Distributed mapping of codewords onto physical resources is recognized as one means of accommodating such system robustness. 
With the layer 1 specifications currently converging this issue is timely and relevant and the question is how (frequency-)link diversity best can be achieved in the network. The data mapping in [2, section 5.3.5] is still not specified. How should data symbols be mapped onto physical resources for maximum frequency-diversity in those cases where multiuser diversity is not an option? In this contribution, we revisit this question and evaluate the performance of localized versus distributed transmission.
2 Localized/distributed transmission with inaccurate CQI reports
Frequency diversity in a transmission link is accomplished by distributing the data symbols over a frequency band whose width exceeds the coherence bandwidth of the channel. A tailored design of a distributed physical channel whose resource elements are distributed over a large frequency band as studied in [1] does accomplish this. Certain distribution could, however, also be accomplished without the introduction of a tailored distributed physical channel, when a codeword is larger than the size of a resource block (RB). The codeword's data symbols could be mapped onto several RBs which are located in a distributed manner over the whole frequency band.
A relevant question is then whether high-performance distributed transmission could be accomplished employing the RB as the smallest building block. Is there a need (from a performance point of view) for a tailored design of a distributed channel where data is mapped onto scattered resource elements? In order to evaluate the performance differences between these two ways of distributing data symbols we simulate the performance of the following scenarios.
Scenario A (link-diversity, tailored distributed physical channel). Each UE provides only one CQI for the whole band. The eNodeB scheduling aims to provide link-diversity. The eNodeB employs a resource element as the smallest resource entity to be assigned. Codewords are spread out over scattered resource elements distributed randomly over the whole frequency band available.
Scenario B (link-diversity, RB-based physical channel). Each UE provides only one CQI for the whole frequency band. The eNodeB scheduling aims to provide link-diversity. The eNodeB employs one RB as the smallest resource entity to be assigned. Codewords are spread out over scattered RBs distributed randomly over the whole frequency band available.

Scenario C (Reference: multiuser diversity through localized transmission). This scenario enables to determine when distributed transmission is beneficial over localized transmission. Each UE provides frequency-selective CQI feedback: (a CQI-value for each RB). The eNodeB scheduling aims to provide frequency-selective multiuser diversity. The eNodeB employs one RB as the smallest resource entity to be assigned.

As an indication of the performance differences, Figure 1 plots the average user throughput as a function of the mobile speed.
Note first that for speeds up to about 30 km/h, the CQI reports are sufficiently reliable to enable multiuser diversity transmission. For larger speeds, distributed transmission is the preferable mode.
Secondly, as expected a distributed transmission scheme employing tailored distributed physical channels (with scattered resource elements) provides more frequency diversity on the link than a distributed transmission employing RBs as the smallest resource entity. At 50 km/h, the former provides 10% higher throughput.
3 Conclusion
In those scenarios where multiuser diversity cannot be achieved, simulation results show that a tailored distributed physical channel based on scattered resource elements allows for up to 10% higher throughputs than a physical channel structure based on localized resource blocks.
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Appendix

Table 1: Simulation assumptions

	Bandwidth mode
	10 MHz (50 RBs)

	Scheduler
	proportional fair (UEs are scheduled up to 2 RBs at the time)

	CQI-report
	1 CQI per RB or 1 CQI for whole band

	CQI-delay
	3TTIs

	Traffic model
	full queue

	Channel model
	Typical Urban

	Antenna configuration
	1x2 (MRC)

	Load
	50 active users per cell

	system deployment
	Case 3 in [1, table A.2.1.1-1]
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Figure 1: Cell throughput versus mobile speed in the TU channel. 50 Users are assigned up to 2 RBs each per TTI.











































































