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1. Introduction

The inter-cell interference (ICI) measurement has been discussed in multi-cell CSI-RS design aspect so far. To support appropriate link adaptation, accurate channel state information feedback should be guaranteed. Since the channel quality information should take inter-cell interference into account, a proper multi-cell CSI-RS placement should be considered in the specification.
Therefore, in this contribution, we discuss on the multi-cell CSI-RS design for better supporting of feedback accuracy and link adaptation in single-cell operation.
2. PDSCH RE Muting
It has been discussed that whether PDSCH RE which is collided with the CSI-RS RE in other cells should be muted for the measurement of inter-cell interference so that a UE can see the other cell CSI-RS clearly without the data interference. It makes sense that the ICI can be measured from other cell CSI-RS if full buffer traffic without power boosting of CSI-RS is assumed. However, the RE muting seems to be a little bit problematic for the ICI measurement since the full buffer traffic is considered as a corner case and low cell loading case happens more frequently in the real world. Therefore, the ICI measurement from the other cell CSI-RS may result in a pessimistic CQI and this argument has been raised for a long time. The pessimistic CQI limits the system throughput and degrades user throughput as well. In addition, the RE muting also harms legacy performance seriously due to puncturing of PDSCH RE of legacy UE and this impact has been studied in several contributions [1]-[5].

Keeping this in mind, it would be good to follow the Rel-8 approach in which the ICI is measured from data RE which collide with serving cell CSI-RS so that the cell loading information can be implicitly reflected for the ICI measurement.

Although RE muting is not necessary for ICI measurement, it may need to be used for other cell channel measurements for multi-cell operation. The RE muting details for CoMP support is discussed in the companion contribution [7].
Proposal 1: no support of RE muting for the ICI measurement purpose in LTE-A. 
3. CSI-RS Collision Avoidance
To allow accurate ICI measurement, a network should provide proper inter-cell CSI-RS placement to avoid pessimistic CQI and/or provide finer neighboring cell channel measurement for multi-cell operation, thereby requiring CSI-RS collision avoidance. In Rel-8, three reuse factors of CRS frequency shifting (i.e., v-shift) is used to avoid the collision of the CRS between neighboring cells, however, this seems insufficient to randomise interference fully. This is mainly because the CRS is transmitted every subframes and densely spaced in frequency domain so that limited spaces can be used for collision avoidance.
By contrast, the CSI-RS in LTE-Advanced seems to have lots of freedom to avoid CSI-RS collision across the cells since it is transmitted with low duty cycle (e.g., every N-subframes where N is integer number and larger than or equal to 5ms) and the frequency granularity is even coarser than the Rel-8 CRS in a CSI-RS port perspective. It seems that two types of multi-cell CSI-RS pattern reuse have been proposed so far such as random pattern generation and time/frequency shifting for ICI randomization. Since the random pattern generation cannot avoid the collision of CSI-RS fully and has potential implementation complexity increment, we prefer to have larger set of orthogonal CSI-RS patterns in FDM/TDM manner than Rel-8 CRS and reuse it to randomize interference as network implementation.

To define multiple CSI-RS patterns which are mutually orthogonal each other, followings can be considered:

· Time offset:
Since the CSI-RS is sparsely located in time domain as different from Rel-8 CRS, time offset can be simply used so that the collision can be avoided under synchronous cell deployment. The offset can be OFDM symbol level within a subframe and/or the subframe level offset. If the subframe level offset is used, the CSI-RS pattern could be the same in a subframe. However, the concern of the subframe level offset has been raised such that a UE should keep awaken for measuring neighboring cell channel in the case of multi-cell operation.
· Frequency offset:
As similar with Rel-8, v-shift can be also employed to define mutually orthogonal CSI-RS patterns if the CSI-RS pattern provides sufficient rooms for the frequency shifting. As an alternative, RB-level offset can be also employed in condition with that a specific CSI-RS patterns are employed in which the CSI-RS is transmitted only in a specific RBs within a subframe. Thus, the other RBs not containing CSI-RS can be used for neighboring cells [8].
· Combination of above:
The combination of time and frequency offset can be employed to generate more number of orthogonal CSI-RS patterns.
Proposal 2: allows time and/or frequency offsets with same CSI-RS pattern for multi-cell CSI-RS placement.

4. Conclusion
     In this contribution, we discussed on the CSI-RS design aspect from ICI measurement viewpoint. The discussions can be summarized as follows:
· No support of RE muting for the ICI measurement seems to be appropriate to avoid pessimistic CQI and reduce the legacy impact.

· TDM/FDM based CSI-RS shifting from a base CSI-RS pattern to define multiple CSI-RS positions is preferred to minimize potential implementation complexity increment. 
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