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1 Introduction

Although a number of proposals have been made for the mapping of distributed and localised transmissions to sub-carriers in the E-UTRA downlink, the details of the mapping principles have not yet been agreed, especially for distributed transmissions.

This paper is a resubmission of [1]. We review some of the merits of proposals that have been made and propose a possible way forward. 

2 Discussion

2.1 Summary of Existing Proposals 

Some proposals (e.g. [2]) suggest that when data is transmitted in distributed mode, the sub-carriers could be allocated in a fully scattered manner, with the exact mapping between users and sub-carriers changing every symbol, as shown in Figure 1 (from [2]). 

This has the advantage of achieving maximum diversity for the distributed users, as well as randomising the inter-cell interference. The benefits of randomising the inter-cell interference are shown in [3]. 

These advantages may be achieved even when the number of D-VRBs per subframe is very small (even 1). 
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Figure 1: Fully scattered approach for distributed transmission

Note that, for simplicity, the control and reference symbols are not shown in the diagrams in this paper. 

Other proposals (e.g. [4]) suggest a grouped approach to the distributed transmissions, where distributed sub-carriers are grouped within certain resource blocks, and the mapping between users and sub-carriers is constant for all symbols for the duration one subframe, as shown in Figure 2.
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Figure 2: Grouped approach for distributed transmission

This may alternatively be applied equally-well using TDM within one subframe [5], instead of FDM for the distributed sub-carriers.

The grouped approach to distributed transmission has the advantage of simplifying the resource allocation and avoiding the distributed transmissions having any impact on the localised transmissions. Also, the channel estimation complexity may be reduced for UEs using advanced data-aided channel estimation techniques, as discussed in [8].

However, if the number of D-VRBs per sub-frame is small, the diversity order that can be achieved by this approach reduces, to the limit when there is only one D-VRB, in which case no diversity can be achieved at all for the “distributed” transmission. 

2.2 Way forward

For the way forward, it is desirable to achieve the key advantages from the different approaches, i.e.:

· as much diversity as possible for the distributed transmissions (as these will not benefit from channel-dependent scheduling);

· inter-cell interference randomisation, especially as different transmission powers and modulation schemes may be used for different users (the benefits of inter-cell interference randomisation for distributed transmissions are shown in [3]);

· simple resource block mapping. 

We therefore propose that the grouped approach should be combined with a scheme for co-ordinated frequency-hopping among the distributed sub-carriers for different users. Suitable schemes have been proposed, for example, in [3], [6] or [7].

As an example, the scheme proposed in [5] could be modified as shown in Figure 3. Here the same set of sub-carriers are used for distributed transmission for all symbol durations in the subframe.  Frequency diversity within that set of sub-carriers is provided by hopping within the subframe.
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Figure 3: Mapping scheme from [5], with modification to improve diversity and randomisation

Alternatively, and perhaps preferably, a simple pattern such as a cyclic shifting sequence between successive symbols could be applied to the grouped approach in Figure 2, giving as an example the pattern shown in Figure 4. 
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Figure 4: Grouped approach for distributed transmission, with simple frequency-hopping

In the simple example shown in Figure 4, a 2-subcarrier cyclic shift is applied to each symbol within each resource block that is used for distributed transmission. This provides a neat structure for the overall resource allocation, although more randomised patterns should be considered to improve the inter-cell interference randomisation (which is one aim of the scattered approach).

Note that these kinds of scheme following a fixed pattern have no impact on the layer 1 signalling overhead, which would be the same as analysed in [5].

3 Conclusions and recommendations

We have considered some possible ways to take advantage of the benefits of both the scattered and grouped approaches for distributed transmission. 

We propose:

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. 
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� In theory, an alternative way forward for the distributed transmissions would be to transmit data for each user on all subcarriers in the resource blocks used for distributed transmission, using CDM. This would enable full frequency-diversity and interference randomisation to be achieved. However, this is not proposed for LTE.
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Note: Each colour represents data for a different user
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