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1. Introduction
So far, the CSI-RS design issues have been intensively discussed in both intra-cell and inter-cell perspective. To finalize the CSI-RS design for Rel-10, following should be further discussed from intra-cell CSI-RS design viewpoint:
· CSI-RS ports multiplexing and patterns
· Number of CSI-RS reuse for inter-cell randomization
· Necessary signaling for CSI-RS configuration
Therefore, in this contribution, we further discuss on remaining issues on CSI-RS for the progress on intra-cell CSI-RS design.
2. Intra-cell CSI-RS design
· CSI-RS ports multiplexing and patterns
      In RAN1 #60 meeting, it was discussed that 9dB power difference between PDSCH RE and CSI-RS in an OFDM symbol from each antenna port perspective may result in performance degradation, thus 6dB power difference is defined as a maximum tolerable power difference in Rel-8. Since that problematic situation is still valid for Rel-10 CSI-RS design, it would be good to keep the 6dB design guideline. Given that situation, the possible CSI-RS port multiplexing could be CDM-T, CDM-F, and CSM since they multiplex multiple antenna ports in code domain so that less power difference is kept. Among the candidates, the CDM-T and CDM-F use OCC=2 and to multiplex 2 antenna ports in an OFDM symbol so that 6dB difference is kept as a maximum and the CSM multiplexes 4 antenna ports [1]-[2] so that 3dB could be the maximum difference. 
       From the performance viewpoint, the CSM may provide better processing gain in low SNR region due to its longer sequence length so that it can further suppress noise and interference. However, that gain could be easily disappeared when the Doppler frequency goes higher and/or feedback granularity becomes coarser since the feedback accuracy is already degraded. In addition, the invisible performance different between CDM-T and CDM-F is also expected although CDM-F shows worse MSE performance in high delay spread channel. Note that CDM-T with OCC=2 is agreed for DM-RS port multiplexing in Rel-9 phase due to its robustness for the high delay spread channel. Keeping this in mind, it would be better to consider implementation complexity as a major decision point to adopt one of multiplexing schemes in Rel-10.
From the UE implementation complexity perspective, it is preferred to use the common channel estimator for both Rel-8 CRS and Rel-10 CSI-RS irrespective of the CP length. The CSM-based multiplexing requires DFT-based channel estimator to decouple antenna ports in time domain which implies that the UE implementation choice is confined to a DFT-based estimator. In addition, the CSM-based multiplexing may not work properly in extended CP case since the possible orthogonal cyclic shift is less than 4 theoretically due to its large delay spread. Therefore, different multiplexing scheme such as CDM-T and/or CDM-F should be employed for extended CP case in order to avoid inter-code interference. Since the similar inter-code interference could be seen with CDM-F under large delay spread in extended CP case, the CDM-T with OCC=2 seems to be safer and attractive as a multiplexing scheme for CSI-RS for both normal CP and extended CP in Rel-10.

      The following shows examples of CDM-T based CSI-RS pattern with frequency domain pattern reuse in normal CP case.
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Figure 1. Examples of CDM-T based CSI-RS pattern in normal CP case 

For the extended CP case, CSI-RS should be located in the OFDM symbols containing Rel-10 DM to keep the commonality assuming that the OFDM symbols containing Rel-8 CRS are not allowed for CSI-RS transmission.
Proposal: adopt CDM-T based CSI-RS multiplexing in Rel-10

· Number of CSI-RS reuse for inter-cell randomization
     Assuming that at least 3 frequency reuses in a subframe are possible as shown in figure 1 for 8 CSI-RS port case, 24 CSI-RS reuse should be possible as a minimum by taking subframe offset into account assuming 10ms duty cycle. Note that subframes containing P-SS/S-SS and PBCH are not considered as the subframe for CSI-RS transmission, thus 8 subframes can be used for CSI-RS transmission within 10ms duty cycle. Since it would be good to have the larger number of CSI-RS reuse as much as possible to randomize the interference, additional CSI-RS reuse in 4 and 2 CSI-RS port case should not be precluded.
Proposal:  CSI-RS reuse should be at least 24 (within 10ms duty cycle) in case of normal CP/normal subframe in FDD for 8Tx case

· Necessary information for CSI-RS definition in a cell
     Considering that the CSI-RS is a cell specific RS, it is preferred that a CSI-RS pattern including subframe offset and frequency offset in a subframe is static in a cell so that a UE doesn’t need to keep monitoring parameters that define the CSI-RS pattern, thus avoiding unnecessary UE implementation complexity. Therefore, it would be simple if a cell specific parameter is tied with the CSI-RS pattern.
Proposal:  agree on time invariant CSI-RS pattern which is tied with a cell specific predefined parameter.

     To tie the CSI-RS pattern with a cell specific parameter, the cell-ID can be used for the sake of the simplicity as used for cell-specific RS in former releases. However, it should be further studied whether cell-ID is enough to coordinate CSI-RS patterns for CoMP operation if it is used in future releases.

On top of the cell specific predefined parameter tied with CSI-RS pattern, the duty cycle should be informed to a UE. Note that the starting subframe and frequency offset can be included in the CSI-RS pattern tied with the cell specific predefined parameter.
Proposal: the necessity of using a cell specific predefined parameter other than cell-ID needs to be further studied for the case of CoMP support in future release.
3. Conclusions
In this contribution, we discussed on the remaining CSI-RS design issues from intra-cell perspective. From the discussion we may conclude as follows: 
· CDM-T is preferred for the CSI-RS port multiplexing
· CSI-RS pattern reuse should be at least 24 in normal CP/normal subframe in FDD for 8Tx case
· Time invariant CSI-RS pattern which is tied with a cell specific predefined number is preferred

· The necessity of using a cell specific parameter other than cell-ID needs to be further studied for the case of CoMP support in future releases.
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