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1. Introduction
Obtaining channel state information (CSI) from multiple cells (sectors/eNodeBs) to the UEs is critical for operation of SU-MIMO, MU-MIMO, and coordinated multipoint (CoMP).  In all cases the design of the reference symbols (RSs) must take into account the interference that will be seen from other cells (sectors/eNodeBs) when computing CSI.  In addition for proper CoMP operation, the UE must be able to accurately estimate the CSI to other cells (sectors/eNodeBs).
Various proposals have been made for CSI-RS design in support of CoMP and non-CoMP operation in R10 [1]-[7].  The main difference between the format proposed in this contribution and the other proposals is the use of mutually unbiased bases (MUBs) to obtain a further gain over interference from neighboring cells using a different MUB from the serving cell.
In general, the CSI-RS design should have the following generic properties:
1. Is scalable up to 8 transmit antennas.

2. Has good inter-cell (sector/eNodeB) interference rejection which means that at least 7 cells (and preferably more than 7 cells) have orthogonal or quasi-orthogonal CSI-RS.

3. The overhead is minimized.  This requirement will be met by limiting the number of RSs in the PRB with CSI-RS and the CSI-RS PRB will be sent infrequently (e.g., every 10 msec).
4. Pilot boosting is supported.

5. The CSI-RS should not be on OFDM symbols with control information nor on OFDM symbols with R8 CRSs (see Figure 1 for a PRB example).
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Figure 1.
Example PRB without CSI-RS.  R0 through R3 are R8 CRSs, the shaded pink area in the first 3 OFDM symbols is control channel information, and D indicates UE-specific RSs for up to four streams.
2. Proposed CSI-RS formats
The two proposed CSI RS designs use mutually-unbiased bases (MUBs) [9] to give a guaranteed gain over interference from adjacent cells without the need of using FDM across PRBs.  In addition to the properties of Section 1, these CSI-RS designs have the following properties:

1. The CSI-RS is spaced every 12th subcarrier across frequency thus allowing per-subcarrier channel estimates to be found (maximum delay estimated is 5.55 (sec).
2. The use of the MUBs give a 6 dB gain over an interfering cell.

3. By using sequences (across frequency) with good cross-correlation properties, an additional gain over interference is possible beyond what the MUBs give.

Each antenna sends pilots on a different group of REs and all cells transmit pilots for the same antenna on the same set of REs with either the same MUB (but with a different spreading sequence than the first cell) or a different MUB altogether (up to what the CSI-RS reuse can allow).  The reason this is done is because the 6 dB of interference suppression of the MUB is only gained if one sequence from a MUB is spread.  Hence if the interference used all four sequences from an MUB, there would be no gain over interference (note that an assumption is that only one dominant interfering cell is likely on the group of REs for a single antenna).  The two CSI-RS formats (formats A and B) are shown in Figure 2 through Figure 5.  Format A keeps all of the spread pilots on 2x2 tiles but has CSI-RS on OFDM symbols that may contain dedicated pilots whereas format B only has CSI-RS on OFDM symbols that contain data but needs to spread the pilots for ports 6 and 7 in 4x1 tiles across frequency (and fhence has the possibility of some loss of orthogonality for ports 6 and 7 since the spreading is only done in frequency.).  The spreading is done with MUBs from four dimensions chosen from the following set:
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The MUBs for four dimensions have the property that spreading sequences (i.e., the different columns of M() within one MUB are orthogonal and between MUBs have a signal to interference ratio of 6 dB.  Thus interfering cells are guaranteed to have at least 6 dB of gain (again assuming that only one dominant interferer is present).  An example CSI-RS reuse for MUB-based CSI-RSs is shown in Figure 6.
The transmitted signal will have a frequency-domain scrambling sequence as well as shown in Figure 3 and Figure 5.  This sequence should have good cross-correlation properties which can be used to decrease the interference further from what the MUBs deliver by using channel estimation techniques (e.g., by multiplying by the conjugate of the frequency-domain scrambling sequence and taking an IFFT and filtering in the time-domain).  An example frequency-domain sequence would be the Zadoff-Chu sequence [8].
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Figure 2.
CSI-RS format A for inter-cell coordination, see Figure 3 for the details of CSI-RS for antennas 0-7.
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Figure 3.
More details on CSI-RS for Tx antenna a for CSI-RS format A (all antennas) and CSI-RS format B (antennas 0-5).  
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Figure 4.
CSI-RS format B for inter-cell coordination, see Figure 3 for the details of CSI-RS for antennas 0-5 and Figure 5 for antennas 6 and 7.
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Figure 5.
More details on CSI-RS for Tx antennas a=6 and 7 for CSI-RS format B (antennas 0-5 use the format shown in Figure 3).  
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Figure 6.
Example of a CSI-RS reuse of 15 for CSI-RS Format A or B.  The first number is the MUB and the second number is the sequence (column) for the given MUB.  Each cell (sector/eNodeB) can apply a different sequence in frequency and still retain the orthogonality within a MUB and the 6 dB gain over interference between MUBs.
3. Conclusion

In this contribution we propose a couple of different candidate CSI-RS designs to support for CoMP for 4 and 8 transmit antennas.  The formats provide up to four orthogonal pilot sequences and up to sixteen quasi-orthogonal sequences which provide a 6.0 dB gain above interfering CSI-RS.  Both formats support per-subcarrier channel estimation and also use frequency-domain sequences to provide a further gain above interference.  While both formats avoid placing CSI-RS on OFDM symbols with control information and R8 broadcast pilots, one format also avoids placing CSI-RS on OFDM symbols with dedicated pilots.  However that format has the possibility of some loss of orthogonality for ports 6 and 7 since the spreading is only done in frequency.
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