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1. Introduction
The CSI RS had been discussed through email reflector before RAN1#59.  The summary of the email discussion [1]  was discussed in the meeting in RAN1#59.  Some agreements were made in RAN1#59 as follows,
· Design CSI-RS of 2, 4, and 8 ports. The necessity for the CSI-RS of 2 and 4 ports will be decided later based on their benefit compared with Rel-8 CRS. Design guidelines based on the requirements of CSI-RS of 2, 4, 8 ports are FFS.

·  At least 8 CSI-RS and 2-4 Rel-8 CRS are possible configurations.

· Intra-cell CSI-RS multiplexing: Single-subframe as baseline.
· For time domain periodicity, multiple of 5 msec is baseline for further evaluations.
· Exact set is FFS until WI stage.
· Prioritize 10 msec periodicity.
· Design CSI-RS mapping pattern while avoiding OFDM symbols with 
· Rel-8 CRS (4 CRS ports for 8 CSI-RS design) and
· PDCCH (1-3rd OFDM symbol) in the case of normal CP.
The Number of RE per PRB pair for intra-cell CSI-RS port for 8Tx, 4Tx and 2Tx antenna is for further study with the following guidelines for discussion
· Study all alternatives 
· Start with 8Tx design.

· Increasing the number of punctured RE with muting (if supported) is FFS.

· Discuss the simulation assumption for further study through email discussion
This paper focuses on the discussion of the need of CSI-RS of 2 and 4 ports for LTE-A.
2. The Need of CSI-RS for 4 Antenna Ports or less 
The CSI-RS for more than 4 antenna ports for LTE-A is required in order to support DL MIMO up to 8x8 antenna configuration [2], [3], since the current CRS supports up to 4 antenna port only.  The need of CSI-RS design for 4 antenna port or less was discussed.  The main concern of designing the CSI-RS for 4 antenna port or less is that it is redundant with the existence of the CRS for up to 4 antenna port in Rel-8.  However, the Rel-8 CRS design for up to 4 antenna port might not be sufficient for LTE-A features being approved or studied for Rel-10, such as Carrier Aggregation, CoMP,  Heterogeneous network, and Network energy saving.  
· CoMP – The CoMP feature requires reliable CSI measurements from the serving cell as well as the neighboring cells in the measurement set.   CSI measurements from CRS are sufficient for the serving cell.  However, the CSI measurements from the CRS of neighboring cells are heavily interfered by the transmission of the same resource elements at the serving cell.   The CSI-RS could incorporate the reuse pattern in the design to achieve orthogonalityy and to minimize the interference in the CSI measurements for CoMP.  
· Heterogeneous Network – The interference management issues are the center of the discussion for heterogeneous networks.  The interference management needs clear measurements.  The CSI-RS could be used as the RS for coordinated measurements from macro and small cells.  
· Network Energy Saving Feature – The network energy saving is part of the LTE-A requirements [3] and is being studied as part of the LTE-A study item.  One proposal for energy saving in [4] is to support eNB DTX.  The primary concern of the cell DTX is the non-existence of CRS since the RSRP/RSPQ measurements and their related cell selection and procedures are based on CRS.  The CQI/PMI/RI reports are also based on the CRS.   Since the CRS are continuously transmitted and as the target to be DTX, the CSI-RS could be configured as the replacement of CRS for the CQI/PMI/RI measurements. This would extend the flexibility of configuration in eNB DTX.  The CSI-RS could be used for RSRP/RSRQ measurements and their associated procedures.   This would allow the eNB to achieve energy saving by configuring the RS transmission for the Rel-10 UEs and beyond when they are needed 
· Carrier aggregation - The carrier aggregation feature supports aggregation of different types of carriers. As well as backward compatible carriers, non-backward compatible carriers, extension carriers, and carrier segments are under discussion.   For such carriers,  the CSI RS could be the alternative to the CRS for the RSRP/RSPQ measurements and their associated procedures, to minimse overhead, since CSI-RS is configurable.  
We therefore believe that CSI RS for 4 and 2 antenna ports are needed to minimize the CRS overhead for Rel-10 and beyond.  The CSI RS could be used for the channel measurements and their related procedures to minimize the overhead.
3. Conclusions
We have explained some important motivations for supporting CSI RS for 4 and 2 antenna ports as well as 8 antenna ports in Rel-10.  The CSI RS could give lower overhead compared to CRS for all types of non-backward compatible carriers and carrier segments, and can improve performance compared to CRS for CoMP and heterogeneous networks.
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