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1 Introduction

In the previous meetings, DM-RS pattern for normal CP has been agreed for both regular and DwPTS subframes, as shown in Figure 1. The blue REs are for pilots of layers 1 and 2 and the green REs are used only for ranks 3 and 4 to carry the pilots of layers 3 and 4. 
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Figure 1 DM-RS pattern for normal CP
The agreements for DM-RS design of extended CP are as follows [1,2]

· Extended CP is not supported in conjunction with transmission mode 8 in Rel-9.

· In case of rank 1-2, DM-RS overhead of 16 REs per PRB pair for extended CP with normal subframes.

· FFS on detailed pattern.
In this contribution we consider UE RS pattern design for extended CP in Rel-10. Extended CP is likely to be used when UEs experience channels with large delay spreads. We study the performance of different DM-RS patterns for TU 6 channel as well as channels with large delay spreads, e.g. Veh B.
2 DM-RS Pattern for Extended CP
In the previous contributions, the pattern design for extended CP has been considered [3-6]. The extended CP is used in large cell scenarios to handle large delay spread. 
In this section, we consider some candidate DM-RS patterns for extended-CP subframes, as shown in Figure 2, where Alt 1 and 2 are staggered structure and Alt 3 is non-staggered. The example DM-RS patterns consider time-domain CDM to minimize the inter-code interference from frequency selectivity. Each layer is assigned a set of REs and a spreading sequence. The reference signals of each layer is spread using the assigned spreading sequence over the assigned REs, which are shared by other layers within the same CDM group. The spreading sequences are orthogonal to each other to minimize the inter-layer interference. 
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Figure 2
Candidate DM-RS pattern for extended CP, Alt 1
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Figure 3
Candidate DM-RS pattern for extended CP, Alt 2
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Figure 4
Candidate DM-RS pattern for extended CP, Alt 3
To have a better understanding on the performance of these three alternatives, we have conducted link-level simulations comparing the BLER performance. The detailed link-level simulation parameters are listed in the Appendix.
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Figure 5 TU 6, 30km/h, Rank 2


Figure 6 TU 6, 3km/h, Rank 2
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Figure 7 TU 6, 30km/h, Rank 4


Figure 8 TU 6, 3km/h, Rank 4
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Figure 9 VB, 30km/h, Rank 2


Figure 10 VB, 3km/h, Rank 2
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Figure 11 VB, 30km/h, Rank 4


Figure 12 VB, 3km/h, Rank 4
Observing the above simulation results, we can see that in both TU6 and VB, Alternatives 1 and 2 perform better than Alternative 3 in high SNR ranges for 16QAM and 64 QAM. 
3 Conclusion
In this contribution, we investigated DM-RS patterns for extended CP. Based on performance evaluation results, we propose:

· Either alternative 1 or 2, shown in Figures 2 and 3 respectively, is proposed as DM-RS pattern for extended-CP subframes. 
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Appendix: Simulation assumptions

Table 1 Link-Level Simulation Parameters
	Parameters
	Assumptions

	Carrier frequency
	2GHz

	Channel model
	TU6/ Vehicular B (VehB)

	Mobility
	3km/h or 30km/h

	Number of Tx/Rx antennas
	8Tx, 4Rx

	CP
	Normal CP

	Bandwidth
	10MHz

	Code Rate
	1/2

	Channel coding
	Turbo

	Rate matching
	Circular buffer based

	Modulation
	QPSK/16QAM/64QAM

	Channel estimation
	2D-MMSE with uniform power delay profile

	# of PRBs
	6

	# of Codewords
	2

	Transmission rank
	Fixed 2 or 4

	MIMO receiver
	MMSE

	MIMO transmission scheme
	Closed-loop precoding without MCS and rank adaptation

	CDM orthogonal code
	Length-2 Walsh Codes
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