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1 Introduction

A number of proposals have been made for the mapping of distributed and localised transmissions to sub-carriers in the E-UTRA downlink. Another contribution [1] compares some of the proposals and recommends the following: 

“Distributed VRBs are mapped to specific PRBs separately from the PRBs used for localised VRBs, with a simple co-ordinated frequency-hopping pattern applied within each subframe for frequency diversity and interference randomisation.”

This document considers how a similar approach may be applied to downlink control signalling using the Physical Downlink Control Channel

2  Discussion

2.1 Possible Configurations

There are a number of ways that control and data channels could be organised. Under the assumption that a few OFDM symbols are used for control signalling at the start of every TTI, some of these possibilities are illustrated in Figures 1 to 3. These examples are intended to apply to the control signalling used to indicate scheduling of user data. Note that for simplicity only one subframe is shown.
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Figure 1: Localised control and localised data (control and data for the same user in the same part of the frequency space)

The configuration in Figure 1 could apply for scheduled data, where the control channels elements are arranged such that the control channel for a given user is in the same part of the spectrum as the scheduled data.  This would have the advantage that both control and data would be transmitted in the same part of the spectrum with the same (hopefully good) channel quality.
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Figure 2: Localised control and localised data (control and data for the same user in different parts of the frequency space)

In practice it may not always be possible to arrange the control channels so that they occupy the same part of the spectrum as the associated data. This is shown in Figure 2. However, the scheduler could still try and arrange things so that for a given user the channel quality is good for both control and data. For a user with distributed data transmission and without frequency domain channel knowledge at the Node B there is some chance that the control channel will be transmitted in a faded part of the spectrum, and will thus be less reliable. 
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Figure 3: Distributed control and localised data

Transmission of control channel elements in a distributed way would have the potential benefit of frequency diversity.  To maximise this benefit the sub-carriers could be shuffled by frequency-hopping as proposed in [1]. This is illustrated in Figure 3. This approach would be reasonably robust for all users. However, frequency selective scheduling for the control channel would not be possible. 

2.2 Way forward

One of the following possibilities could be adopted for transmission of the Physical Downlink Control Channel in LTE.

1. Localised transmission

2. Distributed transmission

Since the performance differences of these two approaches in different scenarios is not yet clear further evaluation is needed.  

3 References

[1] R1-071399, “Resource-Block Mapping of Distributed Transmissions in E-UTRA Downlink”, Philips
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