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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.

In this paper we discuss some of the merits of each, and propose a possible way forward. 

2 Discussion

2.1 Existing Proposals 

Some proposals (e.g. [1]) 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 [1]). 
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Figure 1: Fully scattered approach for distributed transmission

Other proposals (e.g. [2]) suggest a grouped approach to the distributed transmissions, where distributed sub-carriers are grouped within certain blocks of sub-carriers, 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

The grouped approach to distributed transmission has the advantage of simplifying the resource alllocation and avoiding the distributed transmissions having any impact on the localised transmissions. 

However, the scattered approach has the advantage that increased frequency diversity may be achieved for the data of each individual user, as the data for an individual user is spread over a larger number of sub-carriers in each sub-frame. Further, the scattering is likely to give the benefit of increased randomisation of the inter-cell interference, especially if different transmission powers and modulation schemes are used for different users. 

2.2 Possible ways forward

From the above discussion, one useful method of achieving most of the benefits of both the grouped and scattered approaches for distributed transmissions would be to allow some kind of co-ordinated frequency-hopping (e.g. as proposed in [3]) among the distributed sub-carriers for different users, even if the distributed sub-carriers are grouped into blocks. 

The actual frequency-hopping pattern could be quite simple – for example a frequency-domain cyclic shift from symbol to symbol among the sub-carriers used for distributed transmission by the different users. 

The different bandwidth capabilities of different UEs would need to be taken into account. One way of achieving this could be to confine the frequency-hopping patterns within each block of sub-carriers used for distributed transmission. This is illustrated in Figure 3. 
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Figure 3: Grouped approach for distributed transmission, with simple frequency-hopping

In the example shown in Figure 3, a 2-subcarrier cyclic shift is applied to each symbol within each chunk that is used for distributed transmission.

This has the advantage of a good level of frequency randomisation, which is one aim of the scattered approach, while also providing a neat structure for the overall resource allocation. 

An alternative way forward for the distributed transmissions would to transmit data for each user on all subcarriers in the chunks used for distributed transmission, using CDM. This would enable full frequency-diversity and interference randomisation to be achieved.  This is shown in Figure 4.
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Figure 4: CDM for distributed transmission

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 recommend that a simple co-ordinated symbol-wise frequency-hopping pattern be applied across the sub-carriers used for distributed transmission. We suggest that such a frequency-hopping pattern could be a cyclic shift of a number of sub-carriers per symbol, with independent frequency-hopping being applied in each group of sub-carriers used for distributed transmission. 

An alternative method which could be studied further would be to use CDM for distributed transmissions.

A text proposal is appended to this document, derived from the text proposal provided in [4]. 
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5 Text proposal for TR25.814 v1.0.3

-- Start of text proposal --

The mapping of a distributed virtual resource block to the NDRB physical resource blocks assigned for distributed transmission is as follows: 

· Each distributed virtual resource block is split into NDRB parts Pi,j of almost
 equal size, where i is the resource-block number and j is the part number 

· Pi,j (part j of distributed virtual resource block i) is mapped to physical resource block (i+j) mod NDRB, see Figure XX.
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Figure XX: Example of mapping of distributed virtual resource blocks to physical resource blocks
It is assumed that NDRB is indicated by higher-layer signaling. 

Further, within each physical resource block assigned to distributed transmission, symbol-wise frequency-hopping is applied across all the sub-carriers in each block independently. The exact frequency-hopping pattern is FFS, but a baseline assumption could be a cyclic shift of 
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sub-carriers per symbol, as shown in Figure YY.
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Figure YY: Example frequency-hopping pattern for distributed transmissions
-- End of text proposal --

































































































� The first parts may consist of one more symbol than the last parts if the total number of symbols in a resource block is not a multiple of the number of resource blocks NDRB
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