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1 Introduction
Since higher order MIMO up to 8x8 multi-antenna configuration is necessary to achieve the peak spectrum efficiency target [1], a new demodulation reference signal (DM-RS) design supporting up to 8 layer transmissions has to be defined in Rel-10. 
In 3GPP RAN1 WG1#56bis in Seoul, Korea, March 2009, companies shared their views on the DL RS design for higher order MIMO ([4]--[12]) and reached on an agreement [3]. The conclusions are copied below:
· Estimates of RS overhead for evaluations (figures assume normal CP)

· CSI-RS overhead of 1/840=0.12% per antenna port (8 antenna ports = 0.96%)

· Possibility of assuming a larger/lower overhead in simulations of CSI-RS is not precluded (e.g. a larger time density)

· Example:

· Time density: 1 symbol every 10ms per antenna port: 1/140 

· Frequency density: 1 subcarrier every 6 subcarriers per antenna port: 1/6

· 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
· Possibility to configure the periodicity of CSI RS transmissions in terms of an integer number of subframes. 

· Allow transmissions of PDSCH to Rel-10 UEs in MBSFN (LTE-Advanced) subframes

· Possible to configure CSI RS for transmission in LTE-Advanced subframes

· Possible to use LTE-Advanced features without any LTE-Advanced subframes

· Cell specific CSI RS possible to transmit in normal, Rel-8, subframes.

· Studies on CSI RS impact on PDSCH transmissions to Rel-8 UEs for various RS densities needed

· There should be no impact from CSI RS transmission on transmission of PBCH/PSS/SSS 

· Consider implementation complexity and achievable channel estimation accuracy when considering hiding CSI RS as part of the control region

· 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

On the other hand, in 3GPP RAN plenary meeting in March 2009, it is agreed to introduce a dual-layer beamforming in Rel-9 [2]. For dual-layer beamforming, it is necessary to design a UE-specific DM-RS pattern that can support up to rank 2. Seeing that a UE-specific DM-RS pattern supporting up to rank 8 is also being designed for Rel-10, it would be better if Rel-8 dual-layer DM-RS pattern is forward compatible to Rel-10 DM-RS pattern. Furthermore, since we view that the additional components in Rel-9 that requires hardware change from Rel-8’s should be kept minimal, it would be better to have Rel-9 dual-layer DM-RS pattern to be backward compatible to Rel-8. Considering these aspects, keeping the rank-1 pattern in Rel-8 and developing Rel-9 dual layer pattern based on Rel-8 pattern could be a good a starting point. 
2 DM-RS Pattern Design for Dual-Layer Transmissions
For the dual-layer (rank-2) DM RS pattern, currently two approaches are being considered. One approach (Approach 1) is to design a dual-layer pattern starting from the Rel-8 rank-1 UE-specific RS pattern, and the other (Approach 2) is to design a brand-new pattern. We summarize some pros and cons of the approaches as in the table below:
	
	Pros
	Cons

	Approach 1
	Backward compatibility: Rank-1 pattern can be shared for Rel-8 and Rel-9 transmissions.
	Forward compatibility: May exclude the possibility of further optimizing the Rel-10 pattern supporting up to rank 8. 

	Approach 2
	Forward compatibility: can optimize the Rel-10 pattern supporting up to rank 8.
	Backward compatibility: a Rel-9 system should support two different Rank-1 patterns for Rel-8 and Rel-9 transmissions.


2.1 Link-Simulation Results with Candidate DM-RS Patterns

To have a better understanding on some other aspects, we consider a few candidate DM-RS patterns, each following one of the approaches.
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Figure 1 DM-RS patterns
In Figure 1, four DM RS patterns supporting rank 2 are provided, where (a), (b) and (c) are designed with approach 1, while (d) is designed with approach 2. Patterns (a) and (b) partition the RS REs of the Rel-8 DRS pattern into two equal number of RS REs. On the other hand, pattern (c) uses the Rel-8 DRS pattern, while it applies CDM on each pair of RS REs, to support rank 2. Finally, pattern (d) is a new design that is not extended from Rel-8 DRS pattern.
Figure 2 shows the mean-square error across the REs in the allocated RBs between the actual channel and the estimated channel with different patterns, when 1 RB based 2-D MMSE channel estimator is used in TU-6 3km/hr. Detailed link-level simulation parameters can be found in the Appendix. We make the following observations from the figure:
· TDM/CDM pattern extended from the Rel-8 pattern and the new pattern (Patterns (a) and (d)) shows error floors approaching high SNR in TU6 with 3km/hr. This is because the number of subcarriers containing RS REs in one RB for one layer is three in both patterns, which is smaller than the number in the Rel-8 pattern, which is six. Hence, they do not track frequency selectivity as well as Rel-8 pattern. On the other hand, the staggered pattern (Pattern (b)) and the Rel8-CDM pattern (Pattern (c)) does not show the error floor, since all the six subcarriers are included in the RS RE pattern for each layer.
· The MSE of Pattern (b) is about three dB worse than the MSE of the Rel-8 rank-1 pattern, since Pattern (b) has half the number of RS REs of the Rel-8 rank-1 pattern.

· The new CDM pattern (Pattern (d)) is slightly better than Pattern (b) in the low SNR regime, while it is worse than Pattern (b) in the high SNR regime.

· The pattern (b) and (d) are relatively robust in both low and medium speed TU6 channels.
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Figure 2 MSE of different rank-2 DRS patterns in TU-6 Channel
The BLER simulation results shown in Figure 3 also show similar trend as the MSE results. Pattern (a) is worse than Pattern (b) and (d). In the mid-SNR regime, Pattern (b) shows similar BLER to Pattern (d); on the other hand, in the high-SNR regime, Pattern (b) shows better BLER than Pattern (d).
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Figure 3 BLER of rank-2 DRS patterns in TU-6 Channel
3 DM-RS Pattern Design for Higher-Order MIMO

We consider two example DM-RS patterns that can support up to rank 4, as shown in the Figure 4. Rank-4 Pattern A is extended from Pattern (b) in Section 2, and 12 more RS REs are inserted per RB for ranks greater than 2. On the other hand, Rank-4 Pattern B is extended from Pattern (d) in Section 2, and again, 12 more RS REs are inserted per RB for ranks greater than 2. In both rank-4 patterns, the RS REs for streams 2 and 3 are symmetrically located in an RB with respect to the RS REs for streams 0 and 1. Because of this symmetry, it is expected that the MSE performance difference between these two rank-4 patterns be marginal, seeing that the MSE performance difference between Pattern (b) and Pattern (d) is marginal in Figure 2. 

Therefore, we conclude that Pattern A designed with extending the Rel-8 DRS pattern achieves comparable MSE performance as the newly designed pattern, i.e., Pattern B. Given this, we prefer to have the Rel-9 pattern backward compatible, i.e., Pattern A is preferred.
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Figure 4 Example DM RS patterns that can support up to rank 4

For the DM-RS pattern supporting even higher ranks, we consider two alternatives. In alternative 1, we define per-RB pattern by further partitioning the RS REs in a rank-4 pattern applying TDM, FDM or CDM. In alternative 2, we define a pattern that repeats in a number of RBs. With alternative 2, we may or may not reuse the RS REs of an RB in a rank-4 pattern. It seems that having an identical set of RS REs in all the allocated RBs has a benefit for reducing implementation complexity.
4 Conclusions
In this contribution, we considered a few different DM-RS patterns for dual-layer beamforming and high-order MIMO, and analyzed their performance in terms of MSE and BLER. We showed that the Rel-8 pattern is extendable up to rank 4, and the extended Rel-8 pattern shows similar to or better performance than one of the newly-designed pattern. 
Appendix Link-Level 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 

	Antenna configuration 
	4x2, No correlation bet\ antennas 

	Precoding 
	A precoder randomly selected from 
Rel-8 precoder codebook in each RB 

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

	RB Assignment 
	6 RBs 

	Power in each RS RE 
	the same as in data REs 

	Number of CWs
	2 CWs

	MIMO Receiver
	MMSE
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