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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)
DM-RS schemes for SU-MIMO with up to eight layers, MU-MIMO and CoMP were discussed in terms of different orthogonal multiplexing schemes, e.g. FDM, CDM or hybrid scheme. But the final consensus hasn’t been achieved yet in RAN1.

In this contribution, we will continue to investigate DM-RS schemes for SU-MIMO, MU-MIMO and CoMP, mainly focusing on the RS pattern design.
2 DM-RS design principles
The DM-RS design should take into account the overall RS overhead, RS pattern, RS multiplexing methods etc. Some general principles for the DM-RS design are listed below:

· A unified DM-RS design across LTE-Advanced modes including SU-MIMO with up to eight layers, MU-MIMO and CoMP is desirable.
· The potential impact on LTE Rel’8 should be as minimal as possible, to ensure backward compatibility. This implies that the DM-RS placement should avoid collision with R8 CRS, control channel, etc. At the same time, the DM-RS should also get along well with R10 CSI-RS patterns. Therefore, the new DM-RS pattern
· Should not be placed into the common control channel region; 
· Note that for system bandwidths less than or equal to 10 RBs, the common control channel region occupies up to four OFDM symbols, otherwise it occupies up to three OFDM symbols.
· should not collide with R8 CRS;
· should not collide with R10 CSI-RS;
· do not need to consider collision with R8 port 4 or port 5 RS patterns
Considering these bullet points, the 4th,6th, 7th, 10th, 11th, 13th, 14th OFDM symbols could be used to contain the DM-RS when the system bandwidth is larger than 10 RBs. Otherwise the 4th OFDM symbol must be excluded as well. This means that a bandwidth agnostic DM-RS allocation pattern could use the 6th, 7th, 10th, 11th, 13th, 14th OFDM symbol for DM-RS.
· Precoded and UE specific DM-RS are proposed in LTE-A and therefore the whole band interpolation can not be used by the channel estimator as can be done for the common RS in R8. This may require the density of the REs used for DM RS per PRB higher than that for R8 CRS and the position of the DM RS should be as near to the PRB edge as possible to avoid extrapolation in the channel estimation.
· Equal Power Spectral Density (PSD) on data tones across the PRB should be maintained especially for MU-MIMO and CoMP. Different transmit power for DM-RS and data will impact the data detection. If the power allocation on DM-RS and data for different layers is not the same, the power offset between DM-RS with data may be required to be informed to the UE. The complexity and overhead of this should be considered.
· The pattern and density of DM-RS should be carefully chosen considering the overhead and performance for different scenarios. When the rank is low (≤2), high speed scenarios like 60km/h or 120km/h should also be supported, but for high rank transmissions (>2), low speed scenarios are the main focus. These modes of operation should be the basis of the DM-RS design.
· From an implementation complexity point of view, striving for the same estimator for the signal and interference independent on the number of transmitted layers or the number of users in MU-MIMO helps to reduce the cost. So at least the spacing in time domain and frequency domain for the RS of different layers should be kept the same, and the number of different patterns should be kept to a minimum.
· The DM-RS patterns for lower number of layers should be a subset of the patterns for higher number of layers, i.e. a nested property. Because the number of layers from different cell is different, when one cell chooses to transmit lower number of layers and another cell chooses to transmit higher number of layers, if this nested property is not fulfilled, then the interference among the DM-RS and PDSCH from different cells is really hard to handle.
In the following, Section 3 will focus on the lower rank (≤2) DM RS design and Section 4 will focus on the higher rank (>2) DM-RS design.
3 DM-RS for up to 2 layers transmission
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/R10 is to reuse R8 port 5 DM-RS pattern, see Figure 1. This solution will reduce the R9/R10 UE implementation complexity substantially, since the deframing method, the inter-cell DRS Interference Cancellation arithmetic and other algorithms of R8 receivers could be reused also in R9/R10 UEs even without any major modifications. 
However, it is hard to expand the R8 pattern to a DM-RS patterns supporting up to eight layer transmission. In addition, there are views in RAN1 that the performance has higher priority than the backward compatibility from R10 to R8. It seems that for LTE-A, some new patterns are preferred than the R8 pattern due to better performance. If new patterns are adopted in R10, which pattern to be used in R9 should depend on the decision of backward compatibility or forward compatibility in R9 agenda item, which is out of R10 scope. 
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Figure 1 DM-RS pattern design by reusing R8 port 5 RS pattern
In Figure 2, some proposed DM-RS patterns for LTE-A [3-4] are shown without considering the backward compatibility to R8, two for CDM and two for FDM.  Considering the additional complexity added on the R9/R10 UE, any new pattern should offer impressive performance gain to justify the cost of introducing it in R9/R10. 

Furthermore, irrespectively of using a new DM-RS pattern or the R8 pattern, the same REs should be used for the rank 1 and rank 2 patterns to reduce the implementation complexity on deframing and channel estimation. The rank 1 and 2 cases are treated together since 12 REs are considered for DM-RS of these ranks whereas higher order MIMO considers using 24 REs for DM-RS.
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Figure 2 New DM-RS patterns proposed for Release 10 rank 1 and rank 2 transmissions 
3.1 Simulation results and analysis
The contribution [7] about R9 dual layer beamforming shows that using the R8 port 5 pattern has worse performance comparing with the new patterns for LTE-A. Among the LTE-A patterns in figure 2, the simulation results are given in figure 3 to 5. It can be concluded as following:
· The throughput is almost similar for different DM-RS patterns under different mobility velocity. 
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Figure 3 Performance of different patterns (rank=2) under 3km/h
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Figure 4 Performance of different pattern (rank=2) under 60km/h
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Figure 5 Performance of different patterns (rank=2) under 120km/h
Regarding the selection between CDM and FDM, there are further issues beyond performances that must be considered as is discussed below:
· The support of MU-MIMO and CoMP 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, then the unused DM-RS resource elements will waste resource. This problem does not appear if CDM is used as DM-RS. 
· 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. 

· Due to different transmit weights in the DM-RS REs and the PDSCH REs in FDM; the inter-cell interference differs at the DM-RS REs and the PDSCH REs, which will impact the MMSE detection performance. There is no such problem in CDM.
· Using FDM for the DM-RS will, assuming a balanced RS allocation are using 6 REs for layer 1 DM-RS and another 6 REs used for layer 2 DM-RS. It means that if rank 1 transmission is selected, only 6 REs are utilized for DM-RS. Besides violating the agreement of using 12 REs for rank 1 and 2 transmissions from RAN1#56bis meeting, the use of 12 REs was already in the R8 port 5 RS design found necessary for the performance of cell edge users. 
Proposal:  Considering all aspects together, including performance, flexibility control signalling overhead and compatibility with other RS and control channel regions, we propose that CDM pattern 0/1 in Figure 2 should be used for up to two layer transmissions.
4 DM-RS for up to 8 layers transmission
To reach the peak spectral efficiency requirement, LTE-A also need to support up to 8 layers transmission. The following additional principles should be considered when high rank DM-RS is designed:
· The higher rank RS pattern should be a extended pattern of the lower rank RS pattern to strive for easily using a unified channel estimator for all of the ranks in LTE-A and handle inter-cell interference as that mentioned in section 3.
· Regarding the way forward in the last meeting, max 24 REs (total) per RB is for rank 3~8 transmissions and 12 REs per RB for rank1~2 transmissions. According to the analysis in Section 3, if forward compatibility is the most important feature, then a hybrid CDM plus FDM or pure CDM is the rational design approach for the higher rank DM RS.
· The low speed scenario (<15km/h) is the main deployment for higher rank transmissions and it should therefore be the prime optimization scenario in the high rank DM RS pattern design.

Taking all the above issues into the consideration, we choose to further evaluate the DM-RS patterns given in the references [2-6] and shown in Figure 6 below:
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Figure 6 Higher rank （rank=4) DM RS pattern
4.1 Simulation results and analysis
The following simulation results (in figure 7~9) show that:

· The throughput is almost similar for different DM-RS patterns under different mobility velocity.                     [image: image7.emf]-5 0 5 10 15 20 25 30
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Figure 7 Performance of different patterns (rank=4) under 3km/h 
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Figure 8 Performance of different patterns (rank=4) under 60km/h
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Figure 9 Performance of different patterns (rank=4) under 120km/h
Proposal: For 3~8 layers, a natural extension of the CDM pattern 0/1 in Figure 2 can be achieved by the CDM+FDM pattern 0/1 in Figure 6.  
5 Conclusion
In this contribution, DM-RS design principles were provided and according to the analysis and simulation results, we propose that,
· DM-RS patterns for rank 1~2 should be a subset of those for rank up to 8.
· The 4th OFDM symbol maybe not available for DM-RS patterns since it is used for control channels when system bandwidths are less than or equal to 10 RBs.
· The CDM pattern 0/1 (in Figure 2) should be chosen as the DM-RS pattern for rank 1 and 2 transmission 
· The CDM+FDM pattern0/1 (in Figure 6) should be chosen as the DM-RS pattern for rank 3 to 8 transmission.
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7 Appendix 1
Table A.1 Simulation Assumptions
	Parameter
	Value

	Number of Antennae
	2×2 (4x4)

	System bandwidth
	5 MHz

	Channel Estimation
	LMMSE

	Channel Model
	TU

	Retransmission time
	4

	CQI_feedback_Delay
	4ms

	Channel Coding
	Turbo code

	Carrier Frequency
	2.0 GHz

	Detection Algorithm
	MMSE

	Number of PRBs
	4RBs

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


8 Appendix 2

   This appendix covers BLER performance achieved with various DM-RS patterns with rank 4 transmission
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Figure 10 Performance of different patterns (rank=4) under 3km/h
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Figure 11 Performance of different patterns (rank=4) under 60km/h
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Figure 12 Performance of different patterns (rank=4) under 120km/h
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