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1. Introduction 
An important aspect of support for advanced MIMO in LTE-A is the possibility of more antennas than in Rel-8. This will require provision of reference symbols for any additional antenna ports. As agreed in [1], these would be needed for the two purposes of channel state measurements and as a reference for demodulation.   

In this contribution we consider some of the possible approaches for providing new reference symbols in the downlink to allow the UE to measure and report CSI. The same symbols might also be used to aid demodulation, but other solutions are available (e.g. dedicated reference symbols) so this aspect is not considered in detail here.
2. Principles of reference symbols for CSI Feedback

If more DL antenna ports are deployed in a cell than can be supported in Rel-8, then these antennas can only be fully exploited if the UE can measure and report the corresponding CSI. This can be enabled in a straightforward way by providing additional common reference symbols. Some important requirements for such additional common reference symbols for LTE-advanced (abbreviated in this document to CRS-A) are:

· Location in frequency domain, timing and content of the CRS-A should be known to all LTE-A UE’s in the relevant cell
· CRS-A should be widely distributed across the frequency domain to support frequency domain scheduling 

· CRS-A should be repeated sufficiently frequently in time domain to track channel variations
· CRS-A in adjacent cells should use orthogonal resources and/or have orthogonal sequences

· For backwards compatibility, CRS-A should not collide with any Rel-8 transmissions (including Rel8 RS, control channel s, and PDSCH) 
In addition, some degree of configurability could be beneficial (e.g. to allow optimum balance of performance with different deployment scenarios, different numbers of antenna ports, different proportions of “legacy” and “advanced” terminals, and different channel coherence times and bandwidths).  

3. Possible approaches for providing advanced reference symbols 
1) RS-A in “MBSFN” subframes only: It seems reasonable to assume that “MBSFN” subframes could generally be used to support advanced features not visible to Rel-8 UEs. Therefore, providing the CRS-A in this way would be fully backwards compatible with Rel-8. However, it would require that some subframes must be reserved whenever additional antennas are to be used. This would lead to restrictions on flexibility of resource allocation, since these subframes could not be used by Rel-8 UEs.      
2) Replacing some PDSCH data symbols intended for LTE-A UEs with CRS-A: This approach is backward compatible, but would require that LTE-A UEs know the location of RBs allocated to other LTE-A UEs, and which ones contain the additional reference symbols. Therefore some additional signalling would probably be needed to indicate which RBs contained CRS-A. Also, for this approach to be effective, enough RBs would need to be allocated to LTE-A UEs to sufficiently cover the frequency domain and track channel changes. This may be difficult to achieve in early deployments, with only a small fraction of UEs supporting LTE-A.  

3) Replacing a PDCCH with CRS-A: The resources which could be occupied by a Rel-8 PDCCH are filled with an appropriately designed sequence of additional reference symbols. All the requirements mentioned above can be met with this approach. A particular PDCCH (known to LTE-A UEs) can be reserved for CRS-A, but this PDCCH would not be recognized by a Rel-8 UE, maintaining backwards compatibility. In order to avoid persistent blocking of Rel-8 control channel transmissions, the PDCCH location could hop, in a similar way to the UE specific search space. To maintain orthogonality between cells, the hopping sequence could be determined from the cell-ID. PDCCHs are interleaved in the frequency domain, which means that the corresponding CRS-A would also automatically span the system bandwidth. Some configurability could be provided, for example, CRS-A might not need to be present in every subframe. To provide more reference symbols, more than one PDCCH, or PDCCH aggregation could be used.
4. Conclusions

In view of the above discussion, we propose that when more antenna ports are deployed than are supported in Rel-8, additional common reference symbols should provided in the LTE-A downlink to support UE measurements and reporting of CSI. This can be done by filling a Rel-8 PDCCH with LTE-A reference symbols. This approach meets all the important requirements that we have identified for additional common reference symbols in LTE-A.      
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