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1 Introduction
In RAN1 #56bis, the way forward on MIMO DL RS [1] was agreed, the specific content about demodulation RS (UE specific RS) is as follows:

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
· DM-RS in support of up-to 8 transmission layers will need to be defined
· Strive for same CSI RS and DM-RS patterns regardless of subframe type (DL Rel-8 or DL LTE-A subframes)
In order to keep forward compatibility to R10 and backward compatibility to R8, the decision above should also be used in R9 , which means the DM-RS overhead should be the same 12 REs per RB for both rank 1 and rank 2 beamforming. The next step is to fix the DM-RS pattern which is the main focus of this contribution. In the following, we provide both the evaluation and simulation result on different DM-RS patterns for R9 dual-layer beamforming.
2 Discussion on R9 DM-RS design
In release 8, rank 1 DM-RS based transmission is already supported i.e. R8 port 5. If we consider the backward compatibility, a direct way to support rank 2 transmission in R9 is to reuse R8 port 5 DM-RS pattern, see Figure 1. This solution will reduce the R9 UE implementation complexity substantially, since the algorithms of R8 receivers could be reused also in R9 UEs even without any modifications.
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Figure 1
DM-RS pattern design by reusing R8 port 5 RS pattern
There are views in RAN1 that the performance has higher priority than the backward compatibility during the evolution from R8 to R9 and therefore new patterns are suggested, that are not part of existing R8 RS patterns. If new patterns are considered, then at least R9 and R10 DM-RS patterns should be mutually compatible to avoid complexity increase in the UE. 
In Figure 2, some proposed DM-RS patterns [3-4] are shown that do not consider the backward compatibility to R8, except FDM pattern 0.  Considering the additional complexity added on the R9/R10 UE, any new pattern should offer impressive performance gain to justify the cost before introducing in R9. 
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Figure 2 New DM-RS patterns proposed for Release 9
Furthermore, irrespectively of using a new DM-RS pattern or the R8 pattern, the rank 1 and rank 2 patterns should be same to reduce the implementation complexity on PDSCH receiving and channel estimation. The rank 1 and 2 cases are special since 12 REs are considered for DM-RS of these ranks. Two primary schemes has been discussed for the low rank transmissions; CDM and FDM and by comparing these it is found that
· Due to different transmit weights in the DM-RS REs and the data REs in FDM, the inter-cell interference differs at the DM-RS REs and the data REs, which will impact the MMSE detection performance. There is no such problem in CDM.

· There is an argument that FDM also has overhead benefit, if single layer uses 6REs, two layers use 12REs, three layers uses 18REs and four layers uses 24REs. But for single-layer case, the prior evaluation in R8 proves that the cell-edge user performance deteriorated with 6REs comparing to 12REs, thus 12REs should also be used in R9 for single layer case to keep cell edge performance. Another drawback is to require more signaling overhead (one more bit per UE). Because the two reasons mentioned above, it’s a bit hard to judge whether it’s really a benefit or not.
· When using CDM, power sharing between layers can be kept identical on each RE for both data REs and DRS REs. Depending on the power allocation to different layers or users in MU-MIMO, this may save additional control information for power offsets between DRS and data with higher order modulation.
· The support of MU-MIMO is more flexible and convenient with CDM compared to FDM. Since if FDM is used in MU-MIMO/CoMP, the UEs need to know the location of the DM-RS used for other co-scheduled UEs. This may increase the signaling overhead in the downlink. If a UE pairing fails, the unused DM-RS resource elements will waste resource. This problem does not appear if CDM is used as DM-RS. 

According to the evaluation above, CDM pattern 0/1 are good candidates for dual layer beamforming. The next section contains simulations of different patterns under different velocity (3km/h, 60km/h, 120km/h) .
3 Simulation Assumptions and Results
Table 1 lists some of the assumptions used in this simulation.
Table 1 Simulation Assumptions
	Number of Antennae
	8×2 

	system bandwidth
	5MHz

	Channel Estimation
	MMSE

	Channel Model
	SCM-C 

Inter element distance at eNodeB is 0.5
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	Modulation and Coding rate
	AMC for throughput evaluation.
16QAM, 64QAM, 1/3, 1/2  for BLER evaluation; 

	Channel Coding
	Turbo code

	Number of HARQ retransmission
	No

	Carrier Frequency
	2.0 GHz

	Channel Detection Algorithm
	MMSE

	Feedback
	Perfect

	number of PRBs
	4(scheduling granularity)

	UE Speed
	3km/h, 60km/h, 120km/h

	Pilot pattern of two layer beamforming
	CDM (CDM-1 CDM-2) 

FDM (FDM-1 FDM-2)

	Beamforming scheme
	8 elements beamforming
4 horizontally polarized elements beamforming and  4 vertically polarized elements 4 horizontally polarized elements BF and  4 vertically polarized elements beamforming (only used for BLER evaluation)


The throughput results of different DM-RS patterns are shown in Figure 3~5 and the further BLER results are shown in Appendix. According the simulation results, we can see :
- When the velocity is low (3km/h), the performance of the four patterns in figure 2 is very similar.
- When the velocity is high (60km,120km), FDM pattern 1 always has the best performance, CDM pattern 0 and CDM pattern 1 have very similar performance when the velocity below 60km/h, but CDM pattern 1 has better performance than CDM pattern 0 when the velocity is 120km/h. 
- The FDM pattern 0 (R8 compatible pattern) always has the worst performance among the four patterns compared when the velocity above 3km/h.
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Figure 3 Throughput performance, 3km/h, 8*2 SVD BF
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Figure 4 Throughput performance, 60km/h, 8*2 SVD BF
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Figure 5 Throughput performance, 120km/h, 8*2 SVD BF
4 Conclusion
In this contribution, we analyze the flexibility and performance of different DM-RS patterns by evaluation and link-level simulation respectively. According to the performance evaluation and flexibility analysis, we can conclude that : 
- If backward compatibility is more important, one should consider FDM pattern 0.

 - If performance and forward compatibility is preferred, CDM seems to be a good tradeoff between performance and flexibility
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Appendix
The BLER results are shown in Figure 6~10. In the simulation, we consider the two beamforming implementation schemes, 8 elements beamforming (in Figure 6~8) and 4 horizontally polarized elements 4 horizontally polarized elements BF and  4 vertically polarized elements beamforming and  4 vertically polarized elements beamforming (in Figure 9~10)
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   Figure 6 BLER Performance, 3km/h, coding rate = 1/3, 8 elements beamforming
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      Figure 7 BLER Performance, 60km/h, coding rate = 1/3, 8 elements beamforming
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              Figure 8 BLER performance, 120km/h, coding rate = 1/3, 8 elements beamforming
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Figure 9 BLER performance, 3km/h, coding rate = 1/2, 4 horizontally polarized elements 4 horizontally polarized elements BF and  4 vertically polarized elements beamforming and  4 vertically polarized elements beamforming
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Figure 10 BLER performance, 120km/h, coding rate = 1/2, 4 horizontally polarized elements4 horizontally polarized elements BF and  4 vertically polarized elements beamforming and  4 vertically polarized elements beamforming
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