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1. Introduction

In RAN1#63, the CSI-RS sequence generation, the support of additional duty cycle, collision handling and muted RE configuration were finalized.  The remaining open issues are  
· Handling of orphan RE for SFBC in CSI-RS subframes

· CSI-RS sequence for different antenna ports

· DCI format for 1-port CSI-RS

In this contribution, we discuss the remaining issues of CSI-RS configuration and its related physical layer procedures and abnormal handling.  
2. Handling of orphan RE for SFBC in CSI-RS subframes 
SFBC pairs two PDSCH REs in the frequency domain for block coding and therefore requires an even number of REs in the frequency domain. When the PDSCH with SFBC configuration is scheduled in a CSI-RS subframe, there can be orphan REs for PDSCH left which cannot easily be paired [1] [2].  Three alternatives were discussed in RAN1#63 for handling such orphan REs:
· Alternative 1:  Direct mapping excluding the CSI-RS REs, based on the current specification.  Some pairs are not on adjacent subcarriers and cross over from one symbol to the next when orphan RE(s) exist.  Such pairs might not result in optimal SFBC performance due to their separation resulting in different channel responses.   However, this case is rare and we do not believe that the specification should beoptimized for such a case.
· Alternative 2:  Rate matching is performed and the orphan REs are not included.  This ensures the performance of SFBC for the PDSCH, but it will lead to a loss of performance due to wastage of resources on the orphan RE(s).
· Alternative 3:  The SFBC RE mapping is performed normally excluding the the CSI-RS REs.  Where there is an orphan PDSCH RE, an additional dummy RE is used for the SFBC encoding, which is then punctured.  The diversity of the SFBC will not be achieved for the orphan REs due to the puncturing, but there would not be any wasted REs.   However, the specification would need to specify different SFBC encoding behaviour for the orphan case compared to the normal case, which adds complexity.  
The current specification would lead to the support of Alternative 1 without consideration of special orphan RE(s).  The orphan REs are a special case in certain antenna configurations.  
Since the minimum CSI-RS duty cycle is 5 ms, the orphan REs could, if desired, be easily avoided by scheduler implementation.  The specification does not need to further optimize for such a corner case.  
3. CSI-RS sequence for different antenna ports
It was agreed that the CSI-RS sequence generation will reuse that of the CRS.  There was, however, a proposal to have same CSI-RS sequence for all the CSI-RS antenna ports within a cell to simplify the UE implementation.  On the other hand, the same sequence generation method based on OFDM symbol number for both CSI-RS and CRS could also help to simplify UE implementation.  There is expected to be no performance difference whether the same or different sequences are used for different antenna ports.  Overall it seems best to maintain the same principle of sequence generation as for CRS unless significant evidence of implementation simplification is shown by changing the formula.  
4. DCI format for 1-port CSI-RS
DCI format 2C is specified for TM9 for any number of CSI-RS ports in [3], which includes 1-port CSI-RS.  The proposal of using DCI format 1 for 1-port CSI-RS in [4] would give a 35% saving on the message size.   However, the use case of configuring TM9 for 1-port CSI-RS is very limited.  The saving of PDCCH overhead might not be significant if the configuration is barely used.  Thus, the default DCI format 2C should be used for TM9 with 1-port CSI-RS in Rel-10.  
5. Conclusions
The three remaining issues discussed above are minor issues and are already covered without needing additional solutions for further optimization for corner cases.    Our proposals for these three issues are as follows:
· Support Alternative 1 for the handling of orphan RE in SFBC in the CSI-RS subframe - i.e. no modification to the already-specified mapping.

· The principle of CRS sequence generation should be kept for CSI-RS unless significant evidence of implementation simplification is shown.
· The default DCI format 2C should be used for TM9 with 1-port CSI-RS.  
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