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1 Introduction

Some agreements [1][6] on Rel-10 downlink UE-specific demodulation reference signal (DMRS) have been made as following:

· DMRS (assuming normal CP)

· Rank 1-2 transmissions: 12 REs per RB

· CDM multiplexing of two layers as shown in figure1 is baseline.
· Rank 3-8 transmissions: max 24 REs (total) per RB
· Strive for same REs per antenna port in each rank
· Strive for same DM-RS pattern regardless of subframe type (DL Rel-8 or DL LTE-A sub-frames)
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Figure 1  Baseline DMRS pattern of rank 1-2 for normal CP and normal sub-frame
Some additional guidelines for DMRS design are analyzed in [2], along with corresponding DMRS patterns based on these guidelines. In this contribution, further comparisons by simulation are provided based on DMRS designs in [2]~[8].
2 High rank DMRS Patterns

In this contribution, the performances based on three DMRS patterns shown in Figure 2 are compared. DMRS density of 24 RE/RB is applied to these three patterns. CDM-only multiplexing is used in pattern-A, and hybrid CDM+FDM/TDM is used in pattern-B and pattern-C. The layers carrying DMRS in pattern-B and pattern-C are partitioned into two groups, where FDM/TDM is used for inter-group multiplexing and CDM is used for intra-group DMRS layer multiplexing.
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                       Pattern-A: CDM multiplexing
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                       Pattern-B: FDM+CDM multiplexing [4]
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Pattern-C: FDM+CDM multiplexing with pattern rotation in neighboring PRBs [2]
Figure 2 DMRS patterns for rank=4 and rank=8
In pattern-A, the CDM code lengths are 4 and 8 for 2<rank<=4 and rank>4 cases respectively; in pattern-B, CDM code lengths are 2 and 4 for 2<rank<=4 and rank>4 cases respectively; and in pattern-C, the CDM code length is always set to 4 for any rank>2. 
The pros and cons of the above three patterns are listed in Table 1.
	Pattern
	Pros
	Cons

	A
	· Equal PSD between DMRS and data RE is possible for any number of multiplexed layers
· The DMRS patterns are exactly the same on all layers.
	· Different CDM code lengths between rank<4 and rank>=4. So additional signaling maybe needed to simplify UE implementation.
· High Doppler may degrade CDM orthogonally for rank>4. 

	B
	· A cluster of adjacent RE’s used for CDM multiplexing, can be more robust to high Doppler for up to rank-4
· Structure (location and CDM order) compatible between rank-4 and rank-2
	· Can’t maintain equal PSD for odd rank.
· Different CDM code lengths between rank<4 and rank>=4. So additional signaling is needed to simplify UE implementation.
· High Doppler may degrade CDM orthogonally for rank>4.

	C
	· A cluster of adjacent RE’s used for CDM multiplexing, can be more robust for high Doppler for up to rank-8
· Identical structure (RE location and CDM order) across rank 3~8.
	· Can’t maintain equal PSD for odd rank.

· Some of DMRS RE’s are so close to each other that the maximum RE spacing is generally larger than those in pattern A and B.


Table 1 DMRS pattern comparison
3 DMRS pattern comparison by simulations
3.1  SU-MIMO

In the simulation with SU-MIMO transmission, per-RB based SVD is used to get the precoding weights in each subframe. At the receiver, 2DMMSE channel estimation and MMSE data detection are applied. Other simulation parameters are listed in Appendix A. Figure 3 and Figure 4 show the simulation results for rank-4 and rank-8, respectively.
We can see from Figure 3 that the three patterns get almost the same BLER performance under low speed for both ETU and EPA channel, especially for EPA scenarios, where almost no performance difference is observed even at UE speed of 60km/h. In case of rank-8, pattern B and pattern C still have almost the same BLER performance as shown in Figure 4, while some performance degradation is observed for CDM-only pattern, since it is difficult to keep constant channel over 8 CDM RE’s to maintain orthogonally. Once the non-orthogonality occurs, the more the number of CDM layers, the larger the performance degradation. So hybrid FDM+CDM multiplexing is more suitable for high rank DMRS design.
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                     (A)  ETU channel (3km/h , 30km/h, turbo 1/3)
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(B)  EPA channel (3km/h, 30km/h, 60km/h, turbo 1/3)

Figure 3 Simulation results for rank=4
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Figure 4 Simulation results for rank=8(ETU 3km/h 30km/h turbo 1/2 QPSK 16QAM)
3.2  MU-MIMO
In this section, we further evaluate the spectrum efficiency for the three patterns in MU-MIMO transmission scheme. In our simulation, four UE’s are scheduled with one UE per layer. Per-RB based SVD is used to get the pre-coding weights in every 5ms for the target UE, and the pre-coding weights for interfering UE are obtained randomly with the weight correlation between UE’s less than certain threshold. Simulation parameters used in this section are listed in Appendix B. 
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(A) ETU scenarios with link adaptation
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(B) EPA scenarios with link adaptation
Figure 5 simulation results for rank=4 in MU-MIMO
From the simulation result in Figure 5, we can see that all of the above three patterns have almost the same spectrum efficiency when UE speed is as low as 3km/h in both ETU and EPA scenarios. When the UE speed increases to 30km/h, the performances of all three patterns degrade, with more severe impact to pattern-C than to other two. In pattern-C, 4 CDM DMRS RE’s are close to each other to provide better orthogonality under most of channel conditions. However, the cost for this achievement is that DMRS locations are not uniformly spreading over spanning of one RB. When it comes to high UE speed or high frequency selectivity, the loss caused by inaccurate channel estimation over certain areas (with no DMRS present) might be dominant compared to gain in maintaining better CDM orthogonality.

4 Conclusion 
This contribution provides link level simulation results for three DMRS patterns. Our conclusions are:
· As number of layers increases (to as high as 8), hybrid multiplexing of FDM+CDM is more suitable due to the performance degradation under CDM-only scheme.
· For FDM + CDM multiplexing, pattern B provides slightly better performance than pattern C within the typical SNR range in both SU-MIMO and MU-MIMO. However, UE may need to apply different channel estimation processing (due to different CDM code lengths) with different ranks for pattern B. This drawback is completely avoided with pattern C.
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Appendix A. Simulation parameters for SU-MIMO 
	Configurations
	Values

	Carrier frequency (GHz)
	2

	#Antenna
	4×4（four layers）  8×8（eight layers）

	Propagation model
	ETU /EPA  (3km/h, 30km/h)

	Antenna correlation
	Independent

	BW (MHz)
	10

	Frame structure
	LTE R8 FDD Normal CP

	TB  Layer
	2codeword,  36.814 layer mapping

	# Control symbol
	2 

	MCS
	QPSK (1/2, 1/3); 16QAM (1/2,1/3); 

	Number of PRBs
	4

	Channel estimation
	2DMMSE every two RBs

	Detection (de-multiplexing)
	LMMSE

	# simulation TTI
	5000 (Simulation in each TTI is independent)

	Pre-code
	Per RB based SVD decomposition in each sub-frame

	HARQ
	Disable


Appendix B. Simulation parameters for MU–MIMO 

	Configurations
	Values

	Carrier frequency (GHz)
	2

	#Antenna
	4×2（four layers）， 1 layer per UE

	Propagation model
	ETU/EPA  (30km/h) 

	Antenna correlation
	Independent

	BW (MHz)
	10

	Frame structure
	LTE R8 FDD Normal CP

	TB  Layer
	1 codeword one layer

	# Control symbol
	2 

	Number of PRBs
	2

	Channel estimation
	2DMMSE every two RBs

	Detection (de-multiplexing)
	LMMSE

	# simulation TTI
	5000 (Simulation in each TTI is independent)

	Pre-code
	Per RB based SVD decomposition in every 5 sub-frame

	MCS
	Link adaptation
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