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1. Introduction

In RAN1 #56bis meeting, followings are agreed as a baseline for the CSI-RS.

· Possibility to configure the periodicity of CSI RS transmissions in terms of an integer number of subframes. 

· Allow transmissions of PDSCH to Rel-10 UEs in MBSFN (LTE-Advanced) subframes

· Possible to configure CSI RS for transmission in LTE-Advanced subframes

· Possible to use LTE-Advanced features without any LTE-Advanced subframes

· Cell specific CSI RS possible to transmit in normal, Rel-8, subframes.

· Studies on CSI RS impact on PDSCH transmissions to Rel-8 UEs for various RS densities needed

· There should be no impact from CSI RS transmission on transmission of PBCH/PSS/SSS 

· Consider implementation complexity and achievable channel estimation accuracy when considering hiding CSI RS as part of the control region
· Strive for same CSI RS and DM-RS patterns regardless of subframe type (DL Rel-8 or DL LTE-A subframes)
In addition, it is agreed that the CSI-RS are punctured into the data region of normal/MBSFN subframes in RAN1 #57bis meeting. Therefore, to move one step further on CSI-RS issues, we discuss on details of CSI-RS design considering legacy performance.
2. Consideration Points for CSI-RS Design
As agreed in RAN1 #57bis, the CSI-RS is transmitted by puncturing data RE in PDSCH region. In addition, it should be possible to transmit the CSI-RS without LTE-Advanced only subframe (i.e., MBSFN subframe), therefore, the impact on Rel-8 UE performance from CSI-RS should be also taken into account.
· Wideband CSI-RS support
The CSI-RS has to be designed for wideband support in order to avoid potential scheduling restriction due to lack of CSI in a specific frequency band. For each antenna port, the uniform RS spacing is preferred since it is well known that uniform RS spacing in frequency domain can provide better channel estimation than that of non-uniform RS spacing if the number of RS is same.
· Duty cycle

On the issue of duty cycle, it was agreed that integer number of subframes is defined as a periodicity for CSI-RS transmission. As a candidate duty cycle, multiples of 5ms seems to be appropriate to have a possibility of avoiding CSI-RS transmission in the subframes containing PBCH/PSS/SSS.
· Legacy impact

A lot of contribution [1]-[5] have shown the significant performance degradation of a legacy UE due to CSI-RS puncturing since it is regarded as data RE to legacy UE so that the interference gets seriously larger and the interference keep remained even for retransmission due to H-ARQ combining. Therefore, the legacy UE performance degradation should be minimized in order not to result in scheduling restriction. From the evaluation results in [5], 8 CSI-RS in a PRB pair as a maximum seems to be reasonable in terms of a tolerable legacy performance impact. In this case, it should be allowed that a set of CSI-RS can be spilt to multiple subframe.
· Unified CSI-RS structure

Multiple subframe types can be defined in LTE-Advanced system according to the transmission link and/or purpose such as LTE-A only subframe and so on.  As agreed in the baseline assumptions, it is preferable to employ unified CSI-RS structure irrespective of the subframes.
· CSI-RS position

OFDM symbols containing Rel-8 CRS should be avoided for CSI-RS transmission since if CRS is power boosted the CSI-RS power could be lowered so that channel measurement accuracy could be degraded. In addition, the OFDM symbols which can be used potentially for guard period of relay backhaul also need to be avoided for CSI-RS transmission. 
· CSI-RS power boosting

Even though CSI-RS is not used for demodulation, the possibility of power boosting of CSI-RS needs to be further studied to allow more accurate channel estimation of other cell channel for better supporting of CoMP if needed.
4. Summary
In this contribution, we discussed on CSI-RS design for supporting higher MIMO considering legacy performance impact. The discussions can be summarized as follows:

· CSI-RS design guideline
· Uniform frequency spacing per each antenna port is recommended to have better channel estimation performance.
· As a candidate, multiple of 5ms seems reasonable to have a possibility of avoiding CSI-RS transmission in the subframes containing PBCH/PSS/SSS.
· 8 REs per PRB pair in a subframe as a maximum seems to be tolerable in terms of legacy performance impact.

· It should be allowed to spread the CSI-RS out to multiple subframe within a duty cycle to minimize legacy impact.
· Unified CSI-RS structure irrespective of the subframe types is preferred as a baseline.
· OFDM symbols containing Rel-8 CRS and used as potentially relay backhaul guard period should be avoided for CSI-RS transmission.

· CSI-RS power boosting may need to be further studied whether it should be supported or not.
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