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1 Introduction
In 3GPP RAN1#58bis held in Miyazaki, Japan, in October 2009, the following DM RS patterns has been agreed as a baseline up to rank 2 and rank-4, where spreading factor 2 CDM is applied to multiplex two UE-RS in two adjacent REs:
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Figure 1 Rank-2 and Rank-4 DM RS patterns
For even higher ranks, some example higher-rank DM RS patterns introduced in [3] and [4] are shown in Figure 2. RNK8 P1 multiplexes 2 RS using spreading factor (SF) 2 CDM in 2 time-adjacent REs, and RNK8 P2 multiplexes 4 RS using SF-4 CDM, in RS REs in a subcarrier.
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Figure 2 Example Rank-8 DM RS Patterns

In the case of RNK8 P1, in order to provide full flexibility of power allocation for assigned layers, pattern rotation can be considered as shown in Figure 3.

[image: image3.emf]RNK8 P1 [3]


Figure 3 DM RS Patterns for Bundled RBs
In this contribution, we compare the two candidate rank-8 patterns, in terms of link BLERs and other aspects. 
2 Link-BLER Simulations for Rank-5
In this section, we compare link BLERs and MSEs of the SF-2 pattern (P1) and the SF-4 pattern (P2). Detailed simulation parameters are summarized in Appendix. Figure 4 and Figure 5 shows BLER and MSE of the two patterns with 2-RB bundling, in rank-5 transmissions with modulations of QPSK, 16QAM and 64QAM and with coding rate 1/2, in TU6 3km/h and 30km/h channels. With TU6 3km/h, BLER and MSE performance of the two patterns is similar. However, with TU6 30km/h, the SF-2 pattern performs progressively better in BLER than the SF-4 pattern as SNR increases. For example, with 64QAM rate/12 the performance difference between the two patterns is as large as 0.5 dB. With 30km/h speed, it seems that the inter-RS orthogonality breaks down with the SF-4 pattern especially in high SNR regime, which causes the BLER performance degradation.
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Figure 4 Link BLER and MSE in TU6 3km/h (2RB bundling)
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Figure 5 Link BLER and MSE in TU6 30 km/h (2RB bundling)
3 Conclusion

As shown in Section 2, the SF-2 pattern outperforms the SF-4 pattern in the high-SNR regime in moderate speed such as 30km/hr. Hence, we propose to have the SF-2 pattern as a baseline.
Appendix Link-BLER Simulation Parameters

The link-level simulation parameters are summarized in the table below:
	Carrier frequency 
	2 GHz 

	Bandwidth 
	10 MHz 

	Channel Model 
	TU-6 3km/hr and 30km/hr

	Antenna configuration 
	8x6, No correlation bet\ antennas 

	Precoding 
	8Tx Codebook presented in [4]

	Channel estimation 
	2D-MMSE 
assuming uniform power-delay profile. 

	RB Assignment 
	2 RBs 

	Power in each RS RE 
	the same as in data REs 

	Number of CWs
	2 CWs

	MIMO Receiver
	MMSE


We note that with Rank-5, SF-2 uses 18 REs while SF-4 uses 24 REs. In order to compare the two DM RS patterns with different RS density, we scaled the sum power of SF-4 RS REs so that the sum power is equal to that of SF-2 RS REs.
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