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1. Introduction
CSI-RS in LTE-A has been widely discussed in the previous meetings. Although, whether to define new CSI-RS or reuse Rel-8 CRS for 4 antenna ports or less is not decided, new CSI-RS is necessary for LTE-A systems with more than 4 antenna ports. This contribution focuses on the multiplexing of CSI-RS. More details on the multiplexing of CSI-RS and performance evaluation are provided in this contribution. 
2. Discussion 
2.1. Multiplexing of CSI-RS
There are mainly two options for the multiplexing of Rel-10 CSI-RS.
Option1: CDM-based CSI-RS
· An illustration of the CDM-based CSI-RS is given in Figure 1.

· CSI-RSs are inserted in one OFDM symbol every N (e.g. N = 2) subcarriers.

· CSI-RSs adopt the orthogonal sequence in full bandwidth, such as ZC sequence. Each antenna port employs a unique phase shift.
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Figure 1: An example of CDM-based CSI-RS
· Merit:
· Since much denser CSI-RS REs can be placed in frequency domain, fine frequency selectivity can be captured for every port by the CDM based multiplexing scheme.
· Since multiple antenna ports can be distinguished through phase shifts of the orthogonal sequence (e.g. ZC sequence), the RS overhead can be limited.
· Demerit:
· Additional multi-user detection algorithm (e.g. FFT) should be applied.
· The channel estimation error floor may appear at high SNR region. 
Option2: FDM-based CSI-RS
· An example of the FDM-based CSI-RS is shown in Figure 2. 
· CSI-RSs are inserted in one OFDM symbol.

· Different ports are mapped onto different REs.
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Figure 2: An example of FDM-based CSI-RS
· Merit:
· Relatively low complexity channel estimation algorithms (e.g. LS) can be employed.
· Demerit:
· Due to the scarce CSI-RS REs for every port in frequency domain, coarse frequency selectivity of the channel can be captured and large channel estimation error may occur, particularly at low SNR region.
· More RS overhead may be needed to better capture the frequency selectivity of the channel. 
· Much more overhead are need to support 6 and 8 CSI-RSs transmissions.
3. Evaluation results
In this section, the above two alternatives of CSI-RS multiplexing are evaluated in terms of channel estimation performance. Figure 3 shows the CSI-RS multiplexing scheme considered for comparison in this section. 
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Figure 3: CSI-RS multiplex schemes
Notes for Figure 3:
· case 1: CDM-based CSI-RS occupies 6REs per subframe in 6th OFDM symbol, which can distinguish 4 antenna ports.
· case 2: FDM-based CSI-RS occupies 8REs per subframe, which can distinguish 4 different channels

· case 3: R8 CRS for port 3 or 4 

In Table 1, simulation parameters are listed. RS power boosting is not considered. Furthermore, two-dimension MMSE is applied to improve the channel estimation performance in case 2 and 3. The MSE results in Figure 4 indicate that CDM based CSI-RS multiplexing in case 1 outperforms FDM based approach in case 2 and 3. Furthermore, considering the lower CSI-RS overhead, our current preference on CSI-RS multiplexing scheme is the CDM-based approach, as shown in case 1 of Figure 3.
Table 1: Simulation parameters for CSI-RS multiplexing schemes
	Number of Antennae
	4×2

	Carrier Frequency
	2.0GHZ

	Inter element distance at UE
	0.5 lambda

	Inter element distance at eNodeB
	0.5 lambda

	system bandwidth
	5M/1.4MHZ

	Channel Model
	URBANMACRO

	UE Speed
	30km/h

	Channel Estimation
	CDM: FFT
FDM:2D-MMSE



[image: image6.emf]-3 3 9 15 21 27

10

-3

10

-2

10

-1

10

0

SNR(db)

MSE

30km/h 1.4MHZ

case 1

case 2

case 3

-3 3 9 15 21 27

10

-3

10

-2

10

-1

10

0

SNR(db)

MSE

30km/h 5MHZ

case 1

case 2

case 3


Figure 4: Channel estimation MSE for different CSI-RS multiplexing schemes, 1.4 MHZ (left), 5.0MHZ (right)

4. Conclusions
Given the analysis and results in this document, our current recommendations on CSI-RS are as following: 

· Both CDM-based and FDM-based CSI-RS multiplexing schemes shall be investigated further
· The CDM-based CSI-RS approach seems more preferable. 
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