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1. Introduction
In RAN1#60 meeting, CSI RS muting has been discussed and some concerns have been raised in case of interference measurement and additional overhead. Considering the potential need of CoMP transmission, CSI RS muting shows significant benefit in channel information measurement for cell edge UEs. However, CSI RS design is not only aimed to improve channel measurement, we also should consider interference measurability. 
In this contribution, we analyze the pros and cons of CSI muting, and propose two partial muting schemes to obtain the trade off between channel measurement and interference measurement.
2. CSI-RS muting and interference measurement
Herein CSI-RS muting means that data resource elements are muted when the REs coincides with the CSI RS position of neighboring cells, not representing that CSI RS itself is muted. From the channel information measurement perspective, CSI RS muting is meaningful, especially for the cell-edge UEs. Nevertheless, CSI RS muting should be investigated carefully considering the potential effects to system performance.
· Interference measurement 

When data resource elements of serving cell are muted in the CSI RS locations of neighboring cells, neighbor cells can not sense the interference of data signal of serving cell. Similarly, when data resource element of neighboring cells are muted in the CSI RS location of serving cell, serving cell can not sense the interference of data signal of neighboring cells. Generally, intended neighboring cells have strong signal power arriving at serving cell. CSI muting degrades measurability of strong interferences. In heterogeneous network, interference measurement is more important, for resource scheduling and interference reduction.
In [2], RE silence is suggested to solve this problem. In fact, this solution will bring great standardization efforts. Furthermore, it complicates UE behavior and increases additional overhead. Another simple method is utilizing Rel-8 CRS to measure interference; however MBSFN subframe brings new trouble due to no CRS existence in the data region. CRS in control region can not reflect the interference experienced in PDSCH. Based on above analysis, pure CSI RS muting can not measure interference accurately. 
· The impact to Rel-8 UE 
In CSI RS subframe, if data RE is muted Rel-8 UEs are not aware of the muted data RE. Rel-8 UE is not expected to receive CSI RS signals or muted RE. It will incur performance loss. According to current CSI RS agreement, when 3 cells data REs are muted, total overhead is 24 RE per PRB for 8 CSI RS ports configuration. Hence, reducing the muting overhead can relieve the performance loss of Rel-8 UE.
· The impact to Rel-10 non-CoMP UE 
With the introduction of DMRS, total overhead including DL RSs and muted REs leaves few REs available for data in CSI RS subframe. Though being aware of muted data RE for Rel-10 UE, considerable overhead counteract the benefits of accurate channel measurement. Reducing overhead seems necessary.
3. Partial muting scheme
In this section, two partial muting schemes, FDM muting and TDM muting, are proposed, as illustrated in figure 1. The basic idea underlying two schemes is to utilize the non-muted resource elements to estimate the interference, and to utilize the muted resource element to achieve more accurate channel information. Additional benefit is saving the muting overhead.
Option 1: FDM muting
In this scheme, data muting is configured in partial PRBs only. For example, data muting is done in every other PRBs. Muting PRBs can estimate the channel information accurately, while non-muting PRBs can bring overhead reduction and interference measurement improvement. In Rel-8 CQI feedback mode, subband feedback granularity includes multiple PRBs. Hence, the interference measurement is not necessary to carry out in every PRB. Partial PRB muting can also obtain channel estimation improvement through multiple PRBs interpolation. It is noted that partial muting inherits Rel-8 interference measurement mechanism, and does not complicate UE behavior. Overall, FDM muting can resolve the conflict of channel estimation and interference measurement to a certain degree without additional cost.
Option 2: TDM muting
Muting can also be conducted with TDM. In this scheme, data muted CSI RS subframes are distributed uniformly among all of the CSI RS subframes. For example, muted subframe and non-muted subframe appears in turn. Muting subframe can estimate the channel information more accurately, while non-muting subframe can bring overhead reduction and interference measurement improvement. Because interference can be averaged to multiple subframes, it will not degrade interference measurability. The drawback of this scheme is that channel information estimation is not balanced in the different CSI RS subframes. For short term PMI/CQI feedback, TDM muting will cause feedback accuracy imbalance. For long term feedback, it is more robust.
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                                                  Figure1 Partial muting illustration 
4. Conclusions
In this contribution, we discussed CSI muting and relevant issues. CSI RS muting can improve channel information measurement effectively, but incurs some unfavorable factors. In order to resolve this issue, we propose the partial muting scheme to achieve both channel measurement improvement and interference sensing ability. 
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