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1 Introduction

Relaying technology improves the coverage of LTE-Advanced systems. Although not addressed in the Rel-10 Relay WI, relays also have the potential to increase system throughput. Since the MIMO SI covers relays as well, using MIMO techniques to increase throughput for LTE deployment with relays should also be considered.

Since backhaul capacity is considered the bottleneck for throughput, improving backhaul capacity should result in increased system performance. One possible method to improve capacity is by using enhanced MIMO techniques on the Un link.

In this contribution, two MIMO-based enhancements for the Un link are discussed:

· Using more layers on the Un PDSCH

· Using MIMO techniques for the R-PDCCH

2 PDSCH enhancements

In Rel-10, the Un PDSCH link can support a maximum of 4 layers since “antenna ports 11 to 14 shall not be used for eNB-to-RN transmission [1].” Therefore, one way to improve the backhaul capacity for some scenarios is doubling the number of supported layers from 4 to 8. The possibility of using 8 layers is more prevalent for non-line-of-sight (NLOS) RN deployments. Such deployments could occur in e.g., urban areas, where buildings can block LOS communications. Note that a Rel-10 UE can already support 8 layers. 
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Figure 1. DMRS pattern.

One reason to limit the number of layers is that for 8 layers the DMRS in the second slot can be absent depending on the timing case used for the Un link as shown in Figure 1. For example, if the last symbol is not present (downlink timing “case 3”), there are not enough reference symbols within a subframe to support 8 layers. For this case, 8 layers may be supported by, e.g., utilizing DM-RS across two adjacent downlink Un subframes. This should not cause severe issues if relay nodes are fixed, although the performance impact of such a solution would need to be quantified. In summary, within the scope of the MIMO SI, techniques to support eight layers for these scenarios that limit the number of layers should be investigated.

3 R-PDCCH enhancements 

Since both the PDSCH and R-PDCCH are transmitted over the backhaul, reducing resources allocated for the R-PDCCH should increase the resources available for PDSCH and thus improve backhaul capacity. Applying more advanced transmission techniques on the R-PDCCH, such as higher-order modulations than QPSK and rank>1 transmission, should be examined to reduce the resources for R-PDCCH. CSI feedback dedicated to R-PDCCH could also be introduced to further improve precoding, rank adaptation, and link adaptation for R-PDCCH.
4 Conclusion

It is recommended to study the following improvements for relays within the scope of the DL MIMO SI:

· Support of up to rank 8-layer transmission on the Un PDSCH

· Better link efficiency and enhanced CSI feedback for the R-PDCCH transmission
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