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1 Introduction

There are many contributions discussing the CSI-RS designs in the previous meetings and some agreements have been reached, some of which are listed as follows. 
From reference [1]:
CSI-RS overhead of 1/840=0.12% per antenna port (8 antenna ports = 0.96%)
· Example: 1 symbol every 10ms and 1 subcarrier every 6 subcarriers per antenna port
· Possibility of assuming a larger/lower overhead in simulations of CSI-RS is not precluded (e.g. a larger time density)
Cell specific CSI RS possible to transmit in normal, Rel-8 subframes.
· Studies on CSI RS impact on PDSCH transmissions to Rel-8 UEs for various RS densities needed
· There should be no impact from CSI RS transmission on transmission of PBCH/PSS/SSS
Strive for same CSI RS and DM-RS patterns regardless of subframe type (DL Rel-8 or DL LTE-A subframes)
From reference [2]:

No mixed use of Rel-8 CRS and Rel-10 CSI RS for a configured Rel-10 CSI measurement of a given cell at Rel-10 UE (for all possible number of antenna ports in the cell)
· For the configured CSI measurement the UE measures either on Rel-8 CRS or on Rel-10 CSI RS for the given cell.

8 Rel-10 CSI RS can be configured for Rel-10 CSI measurements in a given cell
· For this case of Rel-10 CSI measurements, only the 8 Rel-10 CSI RS are used for the CSI measurements corresponding to the given cell
From chair notes and minutes of RAN1 57bis: 

LTE-Advanced supports the Rel-10 PDSCH to be mapped also to MBSFN (non-control) region of MBSFN subframes that are not used for MBMS
CSI RS are punctured into the data region of normal/MBSFN subframes
Based on the agreements above, this paper presents our further considerations on CSI-RS design, with special attentions and considerations on CSI-RS arrangements in adjacent cells and potential data puncturing to improve channel measurement quality.
2 Discussions of some issues in CSI-RS Design
In this section, we will discuss our considerations on some issues in CSI-RS design, including 1) the available resources for CSI-RS placement; 2) CSI-RS arrangements in adjacent cells; 3) potential data puncturing to improve channel measurement quality; 4) CSI-RS configurations for 8 antenna numbers. 
2.1 Available resources for CSI-RS placement
According to agreements in previous meetings, the CSI-RS may be configured in LTE-A only subframes or in the mixed LTE/LTE-A subframes. So, the arrangement of the CSI-RS shall avoid collisions with Rel-8 CRS, DRS (i.e., port 5), DL control region, the PBCH/PSS/SSS transmissions, and the newly designed DM-RS patterns of all possible layer numbers up to eight for Rel-9/10. In Shenzhen meeting, the DM-RS patterns of rank1/2 through CDM multiplexing were agreed among most of the companies [3], which shall be taken into account in the CSI-RS design. Due to the cell-specific frequency domain shift in Rel-8 CRS, DRS and possibly the new DM-RS, in order to avoid inter-cell interference between CSI-RS and CRS/DRS/DM-RS, it’s better for CSI-RS to be located in a separate blank OFDMA symbol (i.e., purely for PDSCH transmission without any reference signal). With these constraints considered, only the 11th OFDMA symbols within the subframe (with normal CP) can be the potential positions for CSI-RS, which is shown in Figure 1.
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Figure 1: Potential locations for CSI-RS (highlighted in red)

Proposal 1: 
The arrangements of the CSI-RS shall be constrained to the 11th OFDM symbol within the subframe. 
2.2 CSI-RS arrangements in adjacent cells
In order to exploit the potentially boosted power on CSI-RS and enable efficient channel measurement in DL CoMP, it is desired to avoid the collision among the CSI-RS of adjacent cells. Due to the limited available resource for CSI-RS within the subframe, it is difficult to stagger the CSI-RS of different cells within a single subframe. A simple and straightforward way to stagger the CSI-RS of different cells is to arrange the CSI-RS placement of adjacent cells into different subframes within the CSI-RS duty cycle. Note that this contribution mainly focuses on CSI-RS pattern design in FDD mode. In TDD mode, the number of DL subframes within the 5ms half-frame duration is dependent on the DL-to-UL configurations, and the second subframe, i.e., the special subframe, generally cannot be used for CSI-RS, due to its special structure, which complicate the CSI-RS arrangement among multiple subframes. The CSI-RS arrangement in multiple subframes in TDD is FFS.
According to the discussions in previous meetings, it seems that 5ms, 10ms, and 20ms are the main candidates of the configurable duty cycle values. Hence, here we take the 5ms duty cycle to discuss the possible CSI-RS arrangements of adjacent cells in different subframes of 5ms duration. Among the five subframes, denoted as SF0~SF4, in the 5ms half-frame, SF1 to SF4 can be used to carry CSI-RS on the 11th OFDM symbol, SF0, however, cannot because the PBCH may be transmitted on the 11th OFDM symbol. Here we assume that three subframes, SF1~SF3, are used to accommodate the CSI-RS of adjacent three cells. In this case, there are two options that can be considered. 
Option 1: 
In option 1, the 8 CSI-RS ports of each cell are arranged in a single subframe and the CSI-RS of different cells are located at different subframes. The advantage of the option 1 is that UE can finish the channel measurement for all 8 antenna ports within a single subframe, so the measurement delay is relatively small, however, in option 1 the entire OFDM symbol is punctured for 8 CSI-RS ports, which may lead to a larger impact on the performance of PDSCH of Rel-8 UE.
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Figure 2: Option 1 for 8 CSI-RS patterns

Option 2:

In option 2, the 8 CSI-RS ports of each cell are staggered into two separate subframes and the CSI-RS of different cells are multiplexed through hybrid TDM and FDM as shown in Figure 3. The advantage of this option is that the 8 CSI-RS ports are distributed into two subframes such that the impact on Rel-8 PDSCH performance will be decreased. The disadvantage of this option is that the UE will have to take 2 or 3 subframes to accomplish the channel measurements for all the CSI-RS ports.
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Figure 3: Option 2 for 8 CSI-RS patterns

In summary, if the channel measurement delay in option 2 isn’t a big problem, the option 2 is preferred, otherwise, option 1 can be considered. 
Proposal 2a: The CSI-RS of adjacent cells and/or the CSI-RS of each cell can be staggered among multiple subframes to facilitate efficient multi-cell channel measurement (e.g., in DL CoMP) and decrease the impact on Rel-8 PDSCH performance.
Proposal 2b:  The uniform frequency spacing per CSI-RS port can be used to facilitate better channel estimation. 
2.3 Potential data puncturing to improve channel measurement quality
Under the staggered arrangement of CSI-RS of different cells, the collision between CSI-RS and CSI-RS is avoided. But generally the collision between the CSI-RS of current cell and the data symbols of adjacent cells still exists, which will degrade the channel measurement quality to some extent, especially for the channels of non-serving cell where the large scale fading corresponding to the data symbols of the serving cell is generally lower than that corresponding to the CSI-RS symbols of non-serving cells. So, in order to improve the channel estimation quality, especially for the non-serving cells in measurement set, data puncturing on the positions of CSI-RS of adjacent cells can be considered. Figure 4 and 5 illustrate the disabling and enabling the data puncture in view of cell 1 assuming the option 2 in previous section is applied. 
The pros and cons of the data puncturing are listed in table 1. Whether the advantages of the data puncturing can balance the disadvantages and bring additional benefits is to be evaluated through system simulations.
Table 1: Pros and cons analysis of enabling or disabling data puncturing

	
	Pros
	Cons

	Data puncturing enabled
	Improve the CSI estimation accuracy, especially for the channels associated with non-serving cells in the report set, thus guaranteeing the expected performance gain of the CSI feedback based DL precoding (e.g., in DL CoMP)
	Result in some throughput loss for the data transmission. In details, the available REs for PDSCH mapping is reduced for Rel-10 UE while the Rel-8 PDSCH performance will be further degraded due to the unawareness of Rel-8 UEs. 

	Data puncturing disabled
	No throughput loss from data puncturing.
	The performance gain promised by some advanced DL precoding (e.g., CoMP) may be eaten up by the inaccurate CSI estimation (especially for non-serving cells). 
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Figure 4: CSI-RS patterns in cell 1 view without data puncturing
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Figure 5: CSI-RS patterns in cell 1 view with data puncturing
Proposal 3: 

The data puncturing on the CSI-RS positions of adjacent cells can be considered for improving the channel estimation quality, especially for the channels associated with the non-serving cells in the measurement set, to guarantee the performance gains of some LTE-A features, e.g., DL CoMP.
2.4 CSI-RS configurations for 8 antennas
Although up to eight CSI-RS ports need to be defined in order to support eight-layer spatial multiplexing, full eight-layer spatial multiplexing may not be a frequent operation in practice. In this case, lower order CSI-RS configuration which maps to larger number of antennas through virtual antenna mapping can be considered. An example is the 4 CSI-RS port configuration with 8 physical antennas. The advantages of this lower order CSI-RS configuration include: 1) the overhead, especially the RS overhead is reduced over 8 antenna ports; 2) the larger number of PAs can be sufficiently exploited; 3) cells with different number of antennas (if this scenario is present) can be unified to 4 virtual antenna ports to facilitate some operations; 4) more cells with staggered CSI-RS patterns can be arranged, which may benefit the CSI measurement in CoMP, especially when measurement cell set size is relatively large; 5) lower channel quantization errors for the same codebook size, especially for the spatially uncorrelated scenarios. The disadvantage of the lower order CSI-RS configuration is that the spatial degree of freedom isn’t sufficiently exploited, thus peak data rate will be reduced accordingly. 
Proposal 4:

Although 8 CSI-RS ports are defined and configurable, lower number of CSI-RS ports can be configured by eNB to reduce the CSI-RS overhead and facilitate the staggered CSI-RS arrangements among the adjacent cells.
3 Conclusion

In this paper, the further considerations on CSI-RS design are presented, with special attentions and considerations on CSI-RS arrangements in adjacent cells and potential data puncturing to improve channel measurement quality. Based on the analysis and discussion, the following principles are proposed:
· The arrangements of the CSI-RS shall be constrained to the 11th OFDM symbol within the subframe.
· The CSI-RS of adjacent cells and/or the CSI-RS ports of each cell can be staggered among multiple subframes to facilitate efficient multi-cell channel measurement (e.g., in DL CoMP) and decrease the impact on Rel-8 PDSCH performance.
· The uniform frequency spacing per CSI-RS port can be used to facilitate better channel estimation.

· The data puncturing on the CSI-RS positions of adjacent cells can be considered for improving the channel estimation quality, especially for the channels associated with the non-serving cells in the measurement set, to guarantee the performance gains of some LTE-A features, e.g., DL CoMP.
· Although 8 CSI-RS ports are defined and configurable, lower number of CSI-RS ports can be configured by eNB to reduce the CSI-RS overhead and facilitate the staggered CSI-RS arrangements among the adjacent cells.
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