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1 Introduction
The agreements reached so far (as of 3GPP RAN1 WG1#58bis) on CSI-RS design are summarized as below:

· CSI-RS structure is sparse in time and frequency.
· CSI-RS needs to support up to 8 transmit antenna.

· CSI-RS punctures the data region in normal and MBSFN subframes.
· CSI-RS is cell-specific. 

There are many problems to be discussed further for CSI-RS design, the most intractable problem is the CSI-RS design in multi-cell scenario under the limiting of punctured  RE number for R8 UE. 
And during the Jeju RAN1 #59 meeting, some design baselines for single cell CSI-RS have been agreed [1]. In this contribution, we continue to discuss the CSI-RS design both suited for single and multi-cell.
2 CSI-RS Pattern and Simulation
There are many problems to be discussed further for CSI-RS design, the most intractable problem is the CSI-RS design in multi-cell scenario under the limiting of punctured  RE number for R8 UE. 

In the RAN1#59 meeting, we have proposed a CSI-RS design scheme for CSI-RS pattern and sequence in multi-cell scenario [2]. Actually, our scheme also can be used for single cell scenarios.  And the single cell CSI-RS design scheme will be evaluated by simulation according the email discussion assumptions [3]. 
2.1   CSI-RS Pattern
The following example is only for normal CP, and the similar design can be easily extended to the extended CP.
In the following 3 figures, the left figures (a) is our proposal, and the right figures (b) are taken from the email discussion reference pattern with the density 1.5REs per port per RB.
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(a)                                                  (b)
Figue1: 8 antennas CSI-RS Pattern
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(a)                                                  (b)
Figue2: 4 antennas CSI-RS Pattern
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(a)                                                  (b)
Figue3: 2 antennas CSI-RS Pattern
The CSI-RS always occupies the 11th OFDM symbol for a one ms subframe. There are three continuous REs allocated to the every antenna port, three orthogonal sequences can be used for these three REs. So the above CSI-RS pattern can support three orthogonal cells and more quasi-orthogonal cells,  for the sequence design detailed information, please refer to our proposal [2]. For all the pattern above, two continuous RBs are occupied, to use in the system, at least four continuous RBs allocation is suggested. 
For the figure 1 (a), it is the CSI-RS pattern for 8 antennas. All 24 REs in 2RBs can be exactly used out by the 8 antennas port. Considering the channel condition will be very friendly when using 8 antennas, so the density will be enough.
For the figure 2(a), it is the CSI-RS pattern for 4 antennas. Also all 24 REs in 2RBs can be used out by the 4 antennas port. But for every antenna port, there are 6 different REs allocated  within 2RBs. In this figure, we take the same colour for the same antenna port, and marked with the same figures from 0 to 3.
For the figure 3(a), it is the CSI-RS pattern for 2 antennas. Totally, 2 antennas port occupied 12 REs, every antenna port uses 6 different REs totally.
The density for 8 antennas is the same to the reference pattern, and the density of 4 antennas and 2 antennas is 2 times of the reference pattern. But considering our pattern can be used to support the single and multi-cell simultaneous, this overhead is acceptable. 
2.12  Simulation Results and Discussion
 We use the 3GPP TU channel model to do the link level simulation, as the email discussion suggested [3]. From the below figure 4 simulation results , we can observe that for the 8 transmitter antennas which the overhead is the same, the proposed scheme is better than the referred scheme. While the proposed scheme can also support multi-cell usage.
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Figure 4: NMSE simulation results for 8 transmitter antennas
3 Conclusion
In this contribution, we discussed the multi-cell CSI-RS pattern and sequence design problem for LTE-A. Our conclusions are:
· The orthogonality for 3 cells and the quasi-orthogonality for more cells of CSI-RS should be considered.
· We proposed using CDM + FDM scheme to design single cell and multi-cell CSI-RS simultaneously to achieve the orthogonality and quasi-orthogonality. 
· The proposed scheme can support single cell and multi-cell usage simultaneous with one pattern, and the performance much better than the reference pattern, so it’s an attractive solution for LTE-A CSI-RS design. 
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