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1. Introduction

At RAN1 #57, some decisions on demodulation RS (UE specific RS or DM RS) for dual-layer beamforming [1] were made:

· Agree on the DM RS overhead as 12 REs
· Same set of RE used for Rank 1 and Rank 2
· FFS whether or not Rel-9 Rank1 pattern is different from the Rel-8 Rank1 pattern
· Consider the forward compatible design that makes Rel-9 patterns a subset of Rel-10 patterns, on the condition that the new pattern presents better performance than or at least equivalent performance to the existing Rel-8 pattern
In this contribution, we compare TDM, FDM and CDM based DM RS design. We also compare the Rank 1 performance of Rel-8 with new candidate designs. To make Rel-9 patterns a subset of Rel-10 patterns, we also consider some Rank 4 patterns.
2. Dual layer DM RS design
2.1. Evaluation of Rel-9 dual layer DM RS design
In Figure 1, we show the dual layer DM RS patterns that are compared. The TDM-1 pattern is based on the Rel-8 legacy pattern. The FDM-1 pattern is designed with RS placed at edges within one PRB, targeting to avoid extrapolation for one PRB-based channel estimation. Also two CDM patterns, CDM-1 and CDM-2, are evaluated, which strive to place the RS at the edges, yet space have been reserved for an extension to 4 layers. Note that the considered FDM pattern is not perfect for forward compatibility
.   




                        a) Rel-8 legacy based TDM pattern 

              b) FDM pattern 






     c) CDM patterns

Figure 1

Dual layer DM RS patterns a) TDM pattern b) FDM pattern c) CDM patterns
In [2], we had given some general considerations on DM RS design. Here, further analysis is given with the comparisons between different patterns:
· Rel-8 legacy based TDM pattern: It is a backward compatible pattern and Rel-9 UE implementation complexity can be reduced to some extent, e.g. the channel estimator can be reused. This pattern provides the benchmark of rank 1 performance when evaluating candidate rank 1 patterns for dynamic rank adaptation. However, it seems difficult to exploit full power utilization over time domain [3], which will penalize the performance of the TDM pattern. In addition, a forward compatibility of the TDM design needs further study.
· FDM pattern: This is a non-backward compatible and rank dependent pattern. In principle, power boosting on DM RS is relatively easy to be implemented for FDM patterns, however the power offset between DM RS and PDSCH data should be informed to UE via downlink control signaling for correct detection. In addition, FDM pattern could have varying RS density per layer for different ranks, which will introduce much more complexity on power allocation and antenna port allocation, especially for MU-MIMO.  
· CDM pattern: This is another non-backward compatible and rank dependent pattern. In principle, CDM pattern has more flexible and efficient design for power balancing and potentially MU-MIMO/CoMP as compared to FDM pattern. Additional downlink control signaling on power boosting seems not needed. Because orthogonality in CDM patterns is sensitive to channel variations, the performance evaluations under ETU and medium mobility (30km/h), are evaluated below for dual-layer beamforming. The robustness for other transmission schemes needs further study
Figure 2 shows the performance evaluations with different 2 DM RS patterns. Eigen based dual-layer beamforming is simulated. Transmit power is evenly divided by two layers and power boosting by 3dB on DM RS is employed for FDM and TDM patterns. In CDM patterns, two layers are separated by two length-2 orthogonal codes, 
[image: image1.wmf][1,1]

and 
[image: image2.wmf][1,1]

-

 respectively. See Appendix A for other detailed simulation assumptions.
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Figure 2

Performance comparisons of 2 DM RS under different patterns (3km/h, 30km/h)
Observations:

· FDM pattern and CDM pattern can performs similarly for dual-layer beamforming

· FDM pattern is slightly better than CDM pattern in case of higher mobility and higher modulation order, due to good capability of tracking channel variations when the RS is allocated at the edges
· FDM pattern and CDM pattern are both better than TDM even when power boosting is employed for TDM pattern.

· The FDM pattern will have some collisions with control signals in smaller bandwidth system (<=10RBs), where the fourth OFDM symbol is also reserved for control signals. This will result in a scheduling restriction, similar to the solution made for UE specific RS in Rel-8.
· The considered FDM pattern does not reserve the REs for an extension to higher layers. Such an extension, as suggested in Figure 5 below, would penalize the performance significantly, since the single RB channel estimation would have to rely more on extrapolation than on interpolation.
· The CDM patterns are robust to inter-cell RS to RS collisions, since they are not power boosted and they also achieve a processing gain over an interfering RS.
  RS to RS collisions could, however, be a factor that reduces the benefit of power-boosting for FDM and TDM based patterns. 
· CDM pattern is much preferred when taking power balancing and MU-MIMO into account. In a MU-MIMO setting the CDM based patterns have the benefit of facilitating a more transparent design; that is, a user receiving layer 1, does not need to know if a user is scheduled on layer 2, since for CDM designs the PDSCH mapping remains the same.

· There is still around a 2dB gap between ideal channel estimation and one PRB-based realistic channel estimation. So, it’s much valuable to take some efficient methods to reduce the gap 
· FFS necessity of inter-PRB channel estimation

· FFS on 2 DM RS for other Rel-10 features, such as close-loop and open-loop transmission.
2.2. Evaluation of Rel-8 Rank 1 vs. candidate DM-RS Rank 1 designs
Dynamic rank adaptation has been agreed in mode of dual-layer beamforming. In this section, we compare the Rank 1 performance of Rel-8 with candidate new designs. Some new Rank 1 patterns are considered based on either FDM-1 or CDM-1/2 patterns. The performance comparisons are provided in Figure 3.   
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Figure 3

Performance comparisons on different rank 1 patterns (3km/h, 30km/h)
Observations:

· The candidate Rel-9 rank 1 patterns are always better than the Rel-8 pattern

· New Rank 1 pattern based on either FDM or CDM is preferred for Rel-9 dynamic rank adaptation
· Note that the decision of rank 1 pattern is related to the decision on Rel-9 Rank 2 design.
3. LTE-A 4 DM RS design

In this section, we consider 4 DM RS design for LTE-A. Two multiplexing patterns, pure FDM and hybrid CDM+FDM, are considered, as shown in figure 5. Both patterns have total 24 REs for RS and strive to have have the same REs per antenna port, i.e. 6 REs in pure FDM pattern and 12 REs in hybrid CDM+FDM pattern. To make a fair comparison, power boosting by 3dB on DM RS is employed for the pure FDM pattern. Note that the Rank 2 FDM pattern in Figure 1 is not a subset design of the Rank 4 FDM pattern.
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Figure 5

Two patterns for 4 DM RS design, FDM vs. CDM+FDM
Figure 6 shows the performance comparisons between two multiplexing patterns under ETU,3km/h and ETU,30km/h in FDD frame structure type 1. Downlink transmission mode of codebook based precoding with fixed 4 layers is simulated. 8x4 uncorrelated MIMO is configured. The 8TX codebook is constructed using Samsung’s 4bit codebook [4] and wideband precoding is assumed in the simulations based on the reported PMI after 6ms delay. Rank/link adaptation are not considered and per-RB 2D-MMSE channel estimation is applied. 
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Figure 6

Performance comparisons for codebook based 4 layers transmission between FDM and CDM+FDM patterns (3km/h, 30km/h)
Conclusions:

· In lower SNR, two patterns can achieve almost the same performance. As SNR increases, the CDM+FDM pattern will outperform pure FDM pattern.
· As compared to the Rank 2 FDM pattern in figure 1, the RS in the Rank 4 FDM pattern is not best allocated at the edges for each layer. Channel estimation accuracy is degraded.
· FFS other patterns, either FDM-based or CDM-based or hybrid CDM+FDM based
· FFS necessity of inter-PRB channel estimation

4. Conclusion 
In this contribution, we further discussed DM RS design for Rel-9 and beyond. Some multiplexing patterns have been proposed for 2 DM RS and 4 DM RS. The performances are evaluated by means of link-level simulations.  

· On 2 DM RS for dual-layer beamforming, 
· CDM pattern and FDM pattern can achieve similar performance and are both better than TDM pattern. CDM pattern is preferred when taking power balancing and potential MU-MIMO aspects into account

· New Rank 1 pattern is preferred than Rel-8 legacy Rank1 pattern in case of dynamic rank adaptation
· FFS necessity of inter-PRB channel estimation
· FFS 2 DM RS for other Rel-10 features
· On 4 DM RS patterns for LTE-A codebook based precoding,
· The hybrid CDM+FDM pattern outperforms pure FDM in higher SNR
· FFS other patterns, either FDM-based or CDM-based or hybrid CDM+FDM based
· FFS necessity of inter-PRB channel estimation
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Appendix A: simulation assumption for link level evaluations
	Number of Antennae
	8×2, uncorrelated antenna

	Carrier Frequency
	2.0 GHz

	system bandwidth
	10M, 50RB

	Frame configuration
	DL:UL=3:2, 2 OFDM symbols for control channel

	Channel Model
	ETU, 3km/h / 30km/h

	UL SRS
	Ideal wideband SRS

	Rank adaptation 
	OFF

	Precoding granularity 
	5RB

	Precoder generation
	SVD based on uplink SRS

	Link adaptation
	OFF, {QPSKx1/2},{16QAMx1/2},{64QAMx1/2}

	MIMO detection algorithm
	MMSE

	Power boosting for DRS
	Yes for FDM and TDM pattern, 

No for CDM patterns

	DM-RS patterns
	TDM, FDM and CDM

	Channel estimation for DRS
	Per-PRB 2D-MMSE filter

	Channel Coding
	Turbo code

	HARQ
	OFF
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� To facilitate forward compatibility of the FDM pattern, the RS resource element mapping cannot be placed at the RB edges. To allow frequency multiplexing of more layers, with robust performance, the resource mapping of Layer 1 and 2 should be modified in line with Figure 5 below. Such a design will penalize the performance of Layer 1 and 2. 


� This assumes that the DM-RS is differently scrambled on neighboring cells.


� If the CDM patterns are extended to four layers, as suggested in Figure 5, a terminal would however have to know whether or not to puncture the PDSCH where the DM-RS of layers 3 and 4 are located.
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