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1. Introduction

This contribution presents our views on the CSI-RS design from the viewpoint of inter-cell interference measurement.
2. Views on CSI-RS Inter-cell Design Aspects
2.1
Approaches for Inter-cell CSI-RS design

There are two approaches for inter-cell CSI-RS design.
· Approach 1: Inter-cell non-orthogonal design

· Approach 2: Inter-cell non-orthogonal design with partial inter-cell orthogonalization
Between these, Approach 1 should be the baseline so that a UE can adequately measure the inter-cell interference power in a one-cell frequency reuse system. However, the gain from introducing partial inter-cell orthogonalization among CoMP cooperating cells should be investigated considering the feedback extension for the downlink CoMP transmission [1].

2.2
CSI-RS Design for Inter-cell Interference Measurement

As explained above, the inter-cell non-orthogonal design is baseline for CSI-RS. However, there are several methods for inter-cell non-orthogonal CSI-RS design to achieve accurate inter-cell interference measurement. Three major methods are listed below [2],[3].

· Method 1: Shifting, i.e., the resource elements (REs) for CSI-RS of the serving cell do not collide with those of the other cells
· Method 2: Hopping, i.e., the REs for CSI-RS of the serving cell partially collide with those of the other cells
· Method 3: Scrambling, i.e., a different pseudo random sequence is applied to each cell
When methods 1 and 2 are compared, method 1 is preferable when trying to achieve accurate interference measurement especially in a partially loaded scenario since REs for CSI-RS do not collide among cells. One major merit to method 2 over method 1 is that hopping can increase the number of cell reuse factors compared to shifting. However, our current preference is method 1 since the shifting can achieve a sufficient number of reuse factors as will be discussed in Section 3. 
Method 3 (scrambling) is used basically in combination with either method 1 or method 2. The application of a cell-specific scrambling sequence should be baseline. However, some kind of cell-group specific scrambling may be beneficial to achieve the partial inter-cell orthogonalization if it is needed.
3. CSI-RS Design Based on Inter-cell Shifting
Figure 1 shows an example of time-frequency shifting patterns achieved within a single resource block (RB). Here, we assume a CSI-RS insertion density of 8 REs/RB for four Tx antenna ports according to the simulation results in [4]. Figure 1(a) shows that five patterns can be generated from the shifted version of a single mapping pattern even when the number of Rel. 8 cell-specific RS (CRS) ports is 4, and Fig. 1(b) shows that 3 additional patterns are available when the number of CRS ports is 1 or 2.
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(a) Five patterns generated from single mapping pattern
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(b) Three additional patterns when number of CRS ports is one or two

Figure 1 – Example of shifting patterns generated within one RB
Additionally, we can utilize subframe-level shifting. The number of available subframes for CSI-RS insertion is eight within a frame by excluding subframes #0 and #5 including synchronization signals.

Therefore, the cell reuse factor for CSI-RS can be estimated as

· 8 x 8 = 64 when the number of CRS ports is 1 or 2
· 5 x 8 = 40 when the number of CRS ports is 4
We consider that these values are sufficiently large since the number of uplink reference signal (Zadoff-Chu root) sequences is 30.
4. Conclusion

This contribution presented our views on the CSI-RS inter-cell design aspects and they are summarized below.
· There are two approaches for inter-cell CSI-RS design. For both, inter-cell non-orthogonal design is the baseline so that a UE can adequately measure the inter-cell interference power in a one-cell frequency reuse system.
· Approach 1: Inter-cell non-orthogonal design

· Approach 2: Inter-cell non-orthogonal design with partial inter-cell orthogonalization

· Inter-cell time-frequency shifting is the preferred method to achieve accurate inter-cell interference measurement.

· Estimated cell reuse factor is 40 – 64 with the insertion density of 8 REs/RB
· Cell-specific or cell-group specific scrambling is additionally applied
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