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1. Introduction

In this contribution, an example of CSI-RS design, which is based on applying a large delay cyclic shift to the same sequence to achieve orthogonality (similar to Rel-8 uplink RS), is discussed. There are some potential benefits in the example design which requires on average only 1 RE per CSI-RS antenna port in each PRB. 
2. CSI-RS Design Consideration  

The role of CSI-RS in LTE-A is to allow UE to make good estimation of the spatial information, which is fed back to the eNB to enable SU/MU-MIMO and CoMP as well as desirably dynamic mode switching. Several considerations are described here:

1. CSI-RS design should consider the content of spatial information feedback, which is still under study. While it may be reasonable to assume that CSI-RS should enable the UE to estimate the channel response to each transmit antennas (either from the serving cell or neighboring cell in case of CoMP), it is worthwhile to note that the accuracy of channel estimation is not the same as that required in demodulation. For example, we may not require that the noiseless distortion on the estimated channel be below 20-30 dB as needed for demodulation support at high SNRs. Uplink feedback channel distortion, which may be based on uplink feedback content and feedback channel may well define the accuracy level that is sufficient. Furthermore, the spatial information may not require the estimation of the full channel response. As an example, the spatial covariance matrix may be computed without having to estimate the channel responses on all or consecutive subcarriers.
2. CSI-RS may be used for computing the CQI for feedback as well. But also due to the infrequency of CSI-RS transmission, any CQI report based on it may be unable to track the temporal variation very well.

3. It was observed that CSI-RS transmission, which is not known to Rel-8 UEs, can affect the PDSCH performance significantly if there are too many (e.g., >8) data REs get punctured. So it is always good to minimize the total RE punctures as much as possible, while achieving the needed accuracy of spatial information feedback.

4. In the case that a UE needs to process the CSI-RS of neighboring cells, it can become very challenging given the interference from the data transmission from the desired cell on the neighboring cell’s CSI-RS RE locations. Further desired cell data RE puncturing on at least a subset of neighbor cell CSI-RS REs may be helpful. However, the effect on Rel-8 UE PDSCH is also expected to be significant. Moreover, the orthogonality among CSI-RS ports of interfering eNBs in CoMP scenarios is perhaps more needed for cell-edge users than others. So the overhead increase incurred by provisioning orthogonal CSI-RS ports should be assessed along with CoMP performance gain. 
5. It is always desirable to have the flexibility to provide as many orthogonal (or quasi-orthogonal) CSI-RS patterns to be shared among antenna ports of the desired cell (and neighboring cell if necessary).

3. Large-delay Cyclic Shift Multiplexing (CSM)
Large-delay cyclic shift to a time-domain sequence is a well known technique (used in LTE Rel-8 Uplink RS) to separate channels in time domain as long as the shift D is greater than the channel length L, i.e. in the time-domain, 
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The CP length in the case of normal CP can be either 160 or 144Ts (i.e., D=160 or 144 for N=2048). So for any sequence that occupies all subcarriers, a maximal of floor(2048/144)=14 cyclic shifts of the same sequence can be accommodated without causing any channel overlapping in time domain. 

Assuming CSI-RS is uniformed spaced by 3 subcarriers for each antenna port (which means 4 RE in each PRB), we can have 4 cyclic shifts that can be assigned to up to 4 antenna ports (e.g., antenna port #0-3).

If CSI-RS has eight antenna ports, another set of non-overlapping subcarriers, also spaced by 3, can be used for antenna port #4-7 again with CSM. This scheme is shown in the Figure 1 below for the case of normal CP.
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Figure 1. Cyclic Shift Multiplexing (CSM) of CSI-RS for Normal CP.
From the figure, we notice that it is even possible to accommodate another set of 4 antenna ports. But given we need to accommodate up to 8-Tx eNBs in each cell, we can use the remaining set of subcarriers for the possibility of puncturing data on them in order to suppress any interference to a neighboring cell’s CSI-RS. In fact, in the case of 4-Tx eNB, the CSM design allows a reuse-3 for CSI-RS if we reserve the whole symbol for CSI-RS. Even in the case of 8-Tx eNB, if it is absolutely needed to provide reuse-3 capability on CSI-RS, it is possible to reduce the shift delay in CSM or offset the cyclic delays between neighboring cells to allow some overlapping of channel responses. The quasi-orthogonal design may incur some upper-bound for the SNR observed at UEs (depending on the channel length), but for the purpose of deriving spatial information, the SNR upper-bound may not be a big issue.

The design has the benefit of only puncturing 4 REs per PRB for a set of 4 CSI-RS ports, which means only 8-RE puncturing for 8-Tx ports to minimize any effect on Rel-8 PDSCH decoding. The design also provides a flexible way to further puncture sets of data subcarriers with spacing of 3, if needed to provide orthogonality among CSI-RS ports for neighboring eNBs. Moreover, by adjusting the cyclic shift, we can either ensure complete orthogonal or quasi-orthogonal of the channel responses in time domain.

For channel estimation, UE only needs to assume a shifted PDP as shown below in order to derive the correlation among subcarriers. The channel estimation can be performed without a new realization of filters and no additional complexity.
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4. Conclusions
In this contribution, we propose, as a design example for CSI-RS, the use of large delay cyclic shift of the same sequence to multiplex 4 CSI-RS antenna ports on a set of subcarriers with a uniform spacing of 3. The design has the benefit of only puncturing 4 REs per PRB for each set of 4 CSI-RS ports, which means 8-RE puncture for 8-Tx to minimize any effect on Rel-8 PDSCH decoding. The design also provides a flexible way to further puncture data subcarriers in sets with spacing of 3, if needed to provide orthogonality among CSI-RS ports of neighboring eNBs. By adjusting the cyclic shift, we can either ensure complete orthogonal or quasi-orthogonal of the channel responses of different antenna ports. Because of these benefits, we propose the CSI-RS design to adopt of cyclic shift multiplexing (CSM) principle. 
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