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1 Introduction
In 3GPP RAN1 56bis meeting, a WF on RS design for LTE-Advanced was discussed in [1], and an agreed baseline on downlink DM-RS design was presented in Draft Report [2] as follows:

·   Estimates of RS overhead for evaluations (figures assume normal CP)

· DM-RS

· Rank 1 transmission: 12 REs per RB (same overhead as Rel-8)

· Rank 2 transmission: 12 REs per RB to be confirmed

· Rank 3-8 transmissions: max 24 REs (total) per RB

· Strive for same REs per antenna port in each Rank
· Strive for same CSI RS and DM-RS patterns regardless of subframe type (DL Rel-8 or DL LTE-A subframes)

· DM-RS in support of up-to 8 transmission layers will need to be defined
In order to achieve higher capacity, DM-RS supporting multi-layer transmission should be considered in LTE-Advanced system. However, LTE Release 8 only supports the single-layer beamforming by UE specific RS (also named as DM-RS) in the antenna port 5 for channel estimation and demodulation. Therefore, design for DL multi-layer DM-RS patterns is necessary for LTE-Advanced system. In this contribution, we propose two types of FDM-based and FDM+CDM-based DRS patterns for four-layer transmission, and the performance is compared through the link level simulation.
2 4-layer DRS Pattern design

For the design of DM-RS, in order to guarantee channel estimation accuracy, density of DM-RS should be sufficient both in frequency domain and time domain. On the other hand, DM-RS would occupy resource elements (REs) available for PDSCH transmission, which should avoid the cell-specific RS collision in the Rel 8. In this contribution, the overhead of DM-RS for 4-layer transmission is settled as total 24 REs per PRB. Two types of DM-RS patterns, respectively based on FDM and FDM+CDM are proposed, as predicted in Figure.1 and Figure 2.
· Scheme I:  For the rank 4, FDM-based DM-RS are applied for different transmission layers. DM-RS scheme for the four-layer transmission with the overhead of 6REs per PRB per layer is described in Figure.1.
· Scheme II: FDM+CDM-based DM-RS are applied for different transmission layers. The four-layer DM-RS are divided into two groups, where each group contains two layers and distinguishes with another group by the FDM orthogonal structure (two groups are depicted with different colors). On the other hand, the two layers within a group are multiplexed with the CDM approach and distinguished by the length-2 Walsh codes [+1, +1] and [+1, -1]. The DM-RS pattern for the four-layer transmission with 12 REs per PRB per layer is described in Figure.2.
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Figure 1 proposed FDM-based DM-RS structure for 4 layers
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Figure 2 proposed FDM+CDM-based DM-RS structure for 4 layers
3 Link-Level Evaluation results

 The simulation assumptions and parameters are presented in Table 1.
Table 1 Simulation parameters for DRS design

	Bandwidth
	10MHz

	Subcarrier interval
	15kHz

	Number of Antenna
	8×4

	Inter element distance at eNodeB
	0.5
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	CP Size
	Normal cyclic prefix

	Channel Estimation
	LS 

	Channel Model
	PB in TR25.996

	Modulation
	QPSK

	Coding Rate
	1/2

	Channel Coding
	Turbo code

	Carrier Frequency
	2.0 GHz

	Detection algorithm
	MMSE

	Number of PRBs
	5

	UE Speed
	3km/h and 120km/h


Under the simulation assumptions above, the PER performance of the FDM-based DM-RS scheme and the FDM+CDM based DM-RS scheme are presented in Figure 3 and Figure 4, respectively.
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Figure 3 PER Performance at 3km/h   
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Figure 4 PER Performance at 120km/h
According to the simulation results, we can reach the conclusions in two aspects:

· The two types of DM-RS patterns with the same overall overhead of 24 REs per PRB. From the performance of PER for the FDM-based pattern and the FDM+CDM-based pattern shown in Figure.3-4, conclusions can be drawn that the FDM+CDM-based scheme performs better than the FDM scheme.
· Considering the compatibility, the FDM-based pattern design is backward compatible with Rel-8 UE-specific DM-RS in antenna port 5, while the FDM+CDM-based scheme would provide favorable overall performance.
4 Conclusion

In this contribution, we propose a FDM-based DM-RS pattern and a FDM+CDM-based DM-RS pattern for 4-layer transmission in LTE-Advanced system, and the link-level evaluation results are presented considering the PER vs SNR. Under the same total DM-RS overhead, the FDM+CDM-based DRS pattern with 12 REs per PRB per layer would provide favorable overall PER performance, while the FDM-based DM-RS pattern is backward compatible with Rel-8 UE-specific RS. 
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