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1 Introduction

Some progress was made in RAN1#49 regarding the definitions of the mapping of distributed and localised transmissions to sub-carriers in the E-UTRA downlink [1].

The next steps of the details of the mapping principles now need to be agreed, especially for distributed transmissions. 

In [2], some important principles were set out for

a) the multiplexing of DVRBs and LVRBs in a subframe, and 

b) the data symbol mapping from DVRBs to PRBs.

A proposal for the mapping of DVRBs is given in [3], which recommends the following:

· The number of PRBs each DVRB is mapped onto (Nd) is equal to the total number of distributed PRBs (NDPRB).

· The exact mapping to REs is deterministic given NDPRB. The mapping is the same as for Localised PRBs, i.e. mapping each modulation symbol to an RE 
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 in increasing order of first the index k and then the index l, starting with the first slot in a subframe (where k and l are the RE indices in the frequency and time domains respectively, as defined in TS36.211), with an additional jump of one distributed PRB from each modulation symbol to the next. 

· Additional cell-specific interference randomization may be applied. 

In this paper, we focus particularly on the diversity and cell-specific interference randomization aspects of the data symbol mapping for DVRBs. 

2 Discussion

The mapping method proposed in [3] for DVRBs treats the set of PRBs to which the DVRBs are mapped as a combined set of Resource Elements (REs), to which data can be mapped sequentially as shown in Figure 1.
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Figure 1: Sequential mapping of resource elements for DVRBs

One data symbol is taken in turn from each of the DVRBs that contain data for the current subframe, and mapped to the available resource elements of the relevant PRBs. In [3], each data symbol from a given DVRB is mapped to successive resource elements of successive PRBs. For example, the 1st data symbol from the 1st DVRB is mapped to the 1st RE of the 1st PRB; the 2nd data symbol from the 1st DVRB is mapped to the 2nd RE of the 2nd PRB, and so on. This has the attractive property of locating the nth data symbol of a DVRB in the same position in a PRB as it would have been in if it had come from a LVRB; the only difference is that the PRB changes from data symbol to data symbol. 

In addition to this mapping, it is desirable to allow for inter-cell interference randomisation. A simple method of achieving this which has been proposed before is to introduce an OFDM symbol-specific cyclic shift like that shown in Figure 2 on top of the mapping patterns shown in [3] or Figure 1. Note that in Figure 2 the control channels and reference symbols are not shown.

To introduce inter-cell interference randomisation, the size of the cyclic shift between each pair of contiguous OFDM symbols would be taken from a cell-specific set of values. 
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Figure 2: Cyclic shift of data symbols from different VRBs mapped to PRBs.

This method can also have the benefit of increasing diversity in cases where the number of DVRBs being mapped to a given subframe (or TTI) is a factor of 12. For maximum frequency diversity, it is beneficial to map the data to as many different subcarriers as possible, and this can be achieved by choosing a sequence of suitably-sized cyclic shifts from OFDM symbol to OFDM symbol.

3 Conclusions and recommendations

Following from [1] and the principles set out in [2], we have considered in more detail the data symbol mapping for DVRBs. Our main conclusions are as follows:

· We propose that a data symbol mapping method based on [3] is adopted. 

· It should be possible to apply an OFDM symbol-specific cyclic shift to the REs of the DPRBs, in particular to provide inter-cell interference randomisation, but also to increase diversity. 
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