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1. Introduction
Two types of RS such as CSI-RS and DM-RS are agreed to be used for the measurement and demodulation purposes respectively. Many aspects of CSI-RS have been extensively discussed in the previous meetings. 
In this contribution, we first investigate the available resources left for placing CSI-RS. Then, multiplexing of CSI-RS of different antenna ports within a cell is reviewed and further studied. Finally, for the purpose of further progress for CSI-RS design, some suggestions are also proposed.

2. Available resource for CSI-RS
2.1. Rel-8/9/10 DMRS OFDM symbols
In order to identify the available resources for CSI-RS, many investigations have been carried out in [1-4]. It seems the common consensus that CSI-RS should not be positioned in the OFDM symbols where the Rel-8 CRS and PDCCH appear. However, the topic whether CSI-RS should avoids the OFDM symbols where the Rel-8/9/10 DMRS locates or not, still raises much controversy. 
Pros:
· The available REs for CSI-RS will be more, if CSI-RS can be FDMed with Rel-8/9/10 DMRS. 

Cons:

· The main issue raised by CSI-RS FDMed with Rel-9/10 DMRS is the power boosting of CSI-RS. Due to the power boosting of CSI-RS, the power of Rel-9/10 DMRS will be decreased, which may cause performance degradation for high rank transmission. Especially, the imbalance of power between the RE pairs of Rel-9/10 DMRS based on CDMT will be a significant problem for the orthogonality of OCC.
Especially, when CSI-RS is placed in the last two OFDM symbols (i.e. FDMed with Rel-9/10 DMRS), collision between CSI-RS and sync signals will happen, which will lead to an increase in the complexity of UEs. 
2.2. CSI-RS subframe
Whether CSI-RS for different antenna ports of the same cell and multiple cells are transmitted in single subframe or multiple subframes are widely studied in many contributions. Studies in [6-8] show that, compared to transmitting CSI-RS in single subframe, larger system performance loss will be incurred by puncturing the data region of legacy UEs in multiple subframes. However, when transmitting CSI-RS in single subframe, due to the very low possibility of scheduling the legacy UEs in CSI-RS subframe, HARQ operations and MCS adjustments, the tolerable performance degradation of LTE PDSCH was shown in [9-10]. Besides, by transmitting CSI-RS in single subframe, COMP will be easily facilitated, the power of eNodeB can be efficiently used and the life of UE battery can also be prolonged.   
In contribution [11], consistent CSI-RS design for FDD and TDD is studied in detail. For the sake of consistency between FDD and TDD, single and configurable CSI-RS subframe within configurable periodicity is very attractive. And in this case, it is a simple issue for the eNodeB to decide in which subframe the CSI-RS is transmitted. Furthermore, combined design between the signaling of CSI-RS subframe index and periodicity can also be applied. Although the periodicity of CSI-RS transmission is still bit controversial, the periodicity of CSI-RS transmission is configured as a multiple of 5-ms seems the common consensus as summarized in [2].  
3. Multiplexing of CSI-RS

In [5-6], the CDM-based CSI-RS as shown in figure 2 shows the following advantages:

· Since much denser CSI-RS can be placed in frequency domain, fine frequency selectivity can be captured for every port.
· Since multiple antenna ports can be distinguished through phase shifts of the orthogonal sequence (e.g. ZC sequence), the RS overhead can be limited.
· Furthermore, as shown in figure 5, the overhead of CSI-RS based on CDM may be further reduced to 1 RE/port, while the performance in lower SNR region is still acceptable, however it starts degrading significantly in high SNR.
· Due to the lower overhead and more precise channel measurement, the performance impact on Rel-8 PDSCH will be limited and at the same time the quality of channel measurement for Rel-10 UE is still guaranteed.  
In order to randomize the interference of CSI-RS between different cells, system time dependent CSI-RS hopping structure is proposed in [4]. However, if the presence of CSI-RS in the OFDM symbols where Rel-8 CRS, Rel-9/10 DMRS and PDCCH locate is prohibited, the available resources left for CSI-RS of 8 antenna ports within a subframe is very limited as shown in figure 1. Obviously, due to the interference from neighboring cells, FDM or FDM+TDM (different symbols within a subframe) based CSI-RS multiplexing will be terrible even with system time dependent hopping structure. However, since there are abundant ZC sequences which can be used for CSI-RS, the interference of CSI-RS between different cells can be easily randomized by the CDM based sequence hopping structure similar as Rel-8 UL RS and the interference from neighboring cells can be mitigated by the CDM based multiplexing of CSI-RS. 
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 Figure 1 Available REs for CSI-RS
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 Figure 3 Example of CDM (ZC) based CSI-RS multiplexing with lower overhead, Pattern 2

[image: image3.emf]9

21

9

21

0 6

1 2

3

4

5 7 13 8 9101112

CSI-RS port 0-3

CSI-RS port 4-7

f

t

 Figure 2 Example of CDM (ZC) based CSI-RS multiplexing, Pattern 1
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Figure 4 Illustration of FDM based pattern 
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Figure 5 MSE comparisons between CDM, FDM and Rel-8 port3 CRS 

Table 1: MSE simulation parameters

	Number of Antennae
	8×2

	Carrier Frequency
	2.0GHZ

	Inter element distance at UE
	0.5 lambda

	Inter element distance at eNodeB
	0.5 lambda

	system bandwidth
	5MHZ

	Channel Model
	GSM-TU

	UE Speed
	30km/h

	Channel Estimation
	CDM: FFT

FDM: MMSE

	Pattern 1
	CDM based pattern shown in figure 2

	Pattern 2
	CDM based pattern shown in figure 3

	FDM
	FDM based pattern shown in figure 4


4. Conclusions
In this contribution, we discuss some important issues concerning the CSI-RS design for both FDD and TDD. Based on the above discussions, we prefer:

· Single and configurable CSI-RS subframe within configurable periodicity is adopted for LTE-A, and the periodicity of CSI-RS transmission is configured as a multiple of 5ms. It depends on the implementation of eNodeB to decide in which subframe the CSI-RS is scheduled.
· Our preference is to prohibit the presence of CSI-RS in the same OFDM symbols as Rel-9/10 DMRS for both normal and extended CP. 
· The CSI-RS of different antenna ports within a cell can be multiplexed based on ZC sequences.

· CDM based sequence hopping structure similar to Rel-8 UL RS can be reused to randomize the interference of CSI-RS between different cells.
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