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1 Introduction
In RAN#65, the study item of elevation beamforming and FD-MIMO for LTE was approved [1] for Release 13. The study item consists of two phases, and the objectives for phase 2 are captured as follows:

· Evaluate performance benefits of standard enhancements targeting two-dimensional antenna array operation (including a single column of cross-poles) using 3D-UMa and 3D-UMi channel models, taking into account the discussion and findings of the 3D channel model SI.

· Performance evaluation for different numbers of TXRUs should be done with the following work plan. 

· Performance evaluation for 8 TXRUs starts at RAN1#79.

· Performance evaluation for {16, 32, 64} TXRUs starts at RAN1#80.

· Identify/evaluate potential enhancements required for implementing the SU/MU-MIMO transmission schemes that would provide the identified performance benefits including

· Evaluate the need for defining additional measurement antenna ports up to 64 at maximum.

· Evaluate the need for reference signal design enhancements (including SRS, CSI-RS, and DMRS).

· Evaluate the need for enhancement of codebook and feedback mechanism for SU/MU-MIMO (including CQI definition, layer mapping, and precoder/rank indication).

· Evaluate the need for enhancement of channel reciprocity based operation.

· Evaluate the need for enhancement on diversity transmission scheme. 

· Evaluate the need for control signalling enhancement for SU/MU-MIMO (including support of higher dimensional MU-MIMO).

· Evaluate the need for support in the standards for eNB antenna calibration.

· The maximum number of received layers per UE should be unchanged (up to eight).

· Investigate whether additional methods are needed to ensure common channel coverage, cell/point selection and/or RRM measurement reliability.

· Develop design principles for the identified techniques and identify potential specification impact.

In this contribution, we provide our views on the DM-RS enhancements for the support of higher dimensional MU-MIMO that is being considered for EBF/FD-MIMO. 

2 Discussion
For the design of DMRS enhancement, one general question is how MU-MIMO will be dimensioned in terms of number of layers per UE and total number of layers. This is essential for DM-RS enhancement. It is noted that the current specification can support up to two layers with orthogonal DMRS and can accommodate up to four layers MU-MIMO using a combination of orthogonal and quasi-orthogonal DMRS. For 3D-MIMO with a 2D antenna array, it is possible to exploit the additional degree of freedom in elevation dimension by spatial multiplexing a large number of UEs using the same time/frequency resource. In other words, 3D-MIMO has the potential of supporting higher dimensional MU-MIMO. 
However, supporting beyond four layers in MU-MIMO would require very good spatial separation between UEs. In deployments with fractional traffic loads, the number of potential UE pairings for MU-MIMO operation may be limited. Grouping of more than four UEs is expected to be possible only in high load situation. Furthermore, the impact on the eNB scheduling cannot be ignored. For MU-MIMO, the increase of the scheduling complexity is typically proportional to the number of UE pairing hypothesis. For eNB equipped with a larger number of TXRUs, if zero forcing or SLR precoding is further utilized to minimize MU interference and provide orthogonality between UEs, the scheduling complexity for higher dimensional MU operation will be very high. Therefore, the benefits of supporting more than 4 layers MU-MIMO need to be studied further. 

Given the factor that the MU-MIMO operation so far have focused on single layer transmission to each scheduled user. Allowing a high number of layers per UE in MU-MIMO operation would make link adaptation difficult since it is difficult to predict CQI accurately at UE side due to potentially excessive MU interference. As a result, serving a UE with multiple layers could require eNB to fully null MU interference via TX beamforming especially for UE with 2 RX antenna, which will impose a strong constraint on eNB. On the other hand, the current LTE release already supports two layers per UE and two users in MU-MIMO via quasi-orthogonal DMRS ports, it would be natural to include this mode for 3D-MIMO. Supporting more than two layers per UE in MU-MIMO can be implemented in a UE-transparent manner, i.e., using the quasi-orthogonal DMRS having different virtual cell ID (VCID) between UEs. 
Proposal 1: DMRS enhancement shall prioritize one layer per UE with up to total four layers for MU-MIMO operation.   
In general, the DMRS enhancement can be classified into two categories. One is to use orthogonal DMRS among UEs in MU-MIMO. This type of operation requires design of four orthogonal DMRS ports and control signalling to indicate the DMRS port assigned to each UE. The specification efforts for orthogonal DMRS pattern would be high and the backward compatibility needs to consider also. The second solution is based on UE implementation. If total number of layers in MU-MIMO operation is no more than four, based on DL control signalling design, UE can know the DMRS sequence and layer mapping for the interfering layer of the co-scheduled UEs. In such way, UE can use joint channel estimation to improve channel estimation performance and reduce the inter layer interference of quasi-orthogonal DMRS. The benefit of this solution is no specification change, but the performance gain is highly dependent on UE implementation, i.e., the probability to detect the interfering layer. To improve the joint channel estimation performance, a bitmap of assigned DMRS ports can be considered. However, considering the DMRS port assignment for MU-MIMO operation could vary per resource block, the bitmap solution may imply a prohibitively high PDCCH signalling overhead. 
For 3D-MIMO with a large number of TXRUs, it is in principle possible to achieve very good spatial separation between UEs via beamforming, especially when total number of layers is no more than four. The residual MU interference could be small and the impact of quasi-orthogonal DMRS on channel estimation performance is very limited. For joint channel estimation, UE is not required to estimate the channels of all the interfering layers but only the strongest interfering layers. Therefore, it is still beneficial to consider the standard transparent solution as one DMRS enhancement scheme.
Proposal 2: DMRS enhancement shall not exclude standard transparent solution such as joint channel estimation for the co-scheduled UEs.   
3 Simulations
In this section, link level simulations have been conducted to verify the standard transparent solution discussed in previous section. Simulation assumptions are summarized in Table 1, and a set of simulation results are presented in Figure 1, 2, 3 and 4. In these simulations, we assume four UEs are paired each with rank 1 transmission. We simulate one UE using a conservative MU-MIMO pairing. The beamformer for the simulated user is based on the dominant eigenvector feedback, the beams used for the interfering layers generated using the following structure
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We consider two different channel estimation implementation. 
Transparent CE – UE only estimates the channel for its own layer. It then estimates the residual interference. The residual interference includes interference from the signals transmitted to the co-scheduled UEs as well as the thermal noise

Joint CE – UE estimates the channel for its own layer as well as the channel for the other three layers. The channel estimation for the interfering layers is used then to construct per-RE interference covariance matrix for PDSCH demodulation.
From the simulation results, it is observed that the joint channel estimation can greatly improve the system throughput performance. Hence, these simulation results support the conclusion of using joint channel estimation as one DMRS enhancement.
Table 1: Simulation assumptions

	Parameter
	Value

	Transmission Bandwidth
	20 MHz

	Allocation Size 
	4 RBs

	PDCCH Symbols
	2

	Number of CRS Ports
	2

	MU MIMO
	4L1L (total 4 layers w/ 1 layer per UE)

	Power offset between spatial layers
	0 dB

	PDSCH-to-DM-RS power ratio
	0 dB

	Antenna Configuration
	8TX/2RX or 8TX/4RX

	CSI Feedback
	Eigen BF w/ ideal CSI, 5ms delay

	Pre-coding Granularity
	1RB

	Channel Model
	EPA, ETU, 3Kmph, 15Kmph

	Channel Estimation
	2D MMSE w/ genie profile

	Interference Estimation
	Realistic

	Receiver Type
	LMMSE

	HARQ
	On

	MCS
	Adaptive
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Figure 1: EPA 8x2, Corr. Factor=0.1
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Figure 2: ETU 8x2, Corr. Factor=0.1
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Figure 3: EPA 8x4, Corr. Factor=0.1
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Figure 1: EPA 8x4, Corr. Factor=0.1
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Conclusion

In this contribution, we have the potential DMRS enhancements to support higher dimensional MU-MIMO. Based on the discussion, we propose the following:

Proposal 1: DMRS enhancement shall prioritize one layer per UE with up to total four layers for MU-MIMO operation.   

Proposal 2: DMRS enhancement shall not exclude standard transparent solution such as joint channel estimation for the co-scheduled UEs.   
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