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Introduction
DMRS enhancement to support higher order MU-MIMO was discussed in the elevation beamforming and FD-MIMO study item (SI) [1], with the following conclusions. 
· From the performance perspective, DMRS enhancements are beneficial for EB/FD-MIMO.
Several alternatives have been proposed for DMRS enhancements in [1], i.e.,
-	Alternative 1: 12 DM-RS REs with OCC = 4 for up to total 4 layers per scrambling sequence, This alternative allows up to total 4 layers per scrambling sequence
-	Alternative 2: 24 DM-RS REs with OCC = 2 for up to total 4 layers per scrambling sequence, This alternative allows up to total 4 layers per scrambling sequence
-	Alternative 3: 24 DM-RS REs with OCC = 4 for up to total 8 layers per scrambling sequence, This alternative allows up to total 8 layers per scrambling sequence
-	Alternative 4: DM-RS estimation accuracy improvement by advanced receiver assuming interference channel estimation
-	Alternative 5: Larger PRG size
In this contribution, we further discuss the detailed standardization impacts of DMRS enhancement schemes.
DMRS Enhancement Schemes
Comparison of candidate DMRS enhancement schemes
In Table 1, the pros and cons of each alternatives have been brief summarized according to our investigation.
[bookmark: _Ref427265232]Table 1: Comparison of candidate DMRS enhancement schemes
	Alternative
	Pros
	Cons
	Spec. impact

	1
	· Less overhead
· Retain the UE-transparent implementation
	· Less robustness against user mobility with respect to channel estimation accuracy
	· DCI and RRC signalling enhancements.
· Possibly, new DMRS pattern

	2
	· Better channel estimation accuracy
· Better robustness against user mobility
	· Larger overhead
· Rate matching issue
	· DCI and RRC signalling enhancements
· Possibly, new DMRS pattern

	3
	· More orthogonal DMRS layers are provided
	· Large overhead
· Rate matching issue 
	· DCI and RRC signalling enhancements
· Possibly, new DMRS pattern

	4
	· No specification impaction
	· High UE complexity
	· No specification within the scope of this WI

	5
	· Better channel estimation accuracy
· Reduce the size of DCI
	· Impact on precoding and scheduling flexibility
	· DCI and RRC signalling enhancements




DMRS port number
Among the alternative DMRS enhancement schemes, Alt. 1, 2 and 3 are about the DMRS ports number extension per scrambling sequence. With Alt. 1 and Alt. 2, up to 4 orthogonal layers can be supported. With Alt. 3, up to 8 orthogonal layers can be supported. Based on the system-level evaluation results shown in the SI, it is observed that the major performance benefit is brought by extending from the legacy 2 orthogonal ports to 4 orthogonal ports. Whereas the additional benefit brought by extending from 4 orthogonal layers to 8 orthogonal layers is still to be verified, especially when considering realistic CSI at transmitter (CSIT) acquisition schemes and the Rel. 13 scope of the antenna array structures. Therefore, 4 layers per scrambling sequences can be considered for the elevation beamforming and FD-MIMO in Rel. 13; whereas more than 4 orthogonal layers per scrambling sequences can be considered in the future releases.

Proposal 1: DMRS enhancements with up to 4 layers per scrambling sequence are considered in Rel. 13.

DMRS port design
If no new DMRS ports will be specified in Rel. 13, Alt. 1 can be implemented by using DMRS port 7, 8, 11 and 13; and Alt. 2 can be implemented by using DMRS port 7, 8, 9 and 10. During the SI, there were some proposals on defining new DMRS ports. However, those are not justified by showing adequate performance benefit. In addition, defining new DMRS ports may incur a lot of specification effort. Therefore we have the following proposal.

Proposal 2: Reuse current DMRS ports defined for multi-layer transmissions to support Alt. 1 and Alt. 2 for multi-user transmissions. For Alt. 1, current DMRS ports 7, 8, 11, and 13 are reused; and for Alt. 2, current DMRS port 7, 8, 9, and 10 are used.

Signaling enhancement to support DMRS port extension
In the legacy MU-MIMO operation, port 7 and port 8 are used to differentiate UEs or to differentiate layers per UE. MU scheduling is transparent to the UE since port 7 and port 8 occupy the same resources. When Alt. 1 is considered for DMRS enhancements and port 7, 8, 11, and 13 are reused, the downlink MU-MIMO transmission remains transparent to the UE since two additional ports, port 11 and 13, still uses the same REs as the legacy MU-MIMO DMRS ports, i.e., port 7 and 8. In this sense, it is just necessary to extend the “antenna port(s), scrambling identity and number of layers indication” definition in the current specification to include additional DMRS ports and possibly their combination with different scrambling sequence IDs. When Alt. 2 is considered for DMRS enhancements and ports 7, 8, 9, and 10 are reused, the downlink transmission is not transparent anymore. It is necessary to have new signalling to inform the UE of additional DMRS REs so that the UE can make an appropriate rate-matching. For example, for UEs scheduled on port 7 or 8, it shall know whether DMRS port 9 or 10 is used or not. It is necessary to design a signalling to distinguish between legacy SU/MU-MIMO scheme and higher-order MU-MIMO. One possible way is to define a new transmission mode and associate is with a new DCI format, e.g., DCI format 2E. Another way is to extend DCI format 2D. In the extended DCI format 2D, high-order MU-MIMO is supposed to be supported. In this case, an RRC signalling can be used to let the UE distinguish between the legacy DCI format 2D and the extended DCI format 2D, and thus indicate whether legacy SU/MU-MIMO scheme or the high-order MU-MIMO is used. Based on the above analysis, we have the following proposals:

Observation: For Alt. 2, additional signalling may need to be specified to indicate UE the presence of DMRS ports for the purpose of rate matching.
· When port 7 or port 8 is assigned to a UE for downlink transmission, the presence of port 9 or port 10 is indicated and vice versa.

Proposal 3: Considering the rate matching and overhead issues, Alt. 1 of DMRS enhancements is preferred over Alt.2.

Proposal 4: Extend the current DCI format 2D to indicate UE additional information corresponding to DMRS enhancements.
· Specification changes should be introduced to the existing “antenna port(s), scrambling identity and number of layers indication” to indicate UE the port(s) used for higher-order MU-MIMO downlink transmissions.

Summary
In this contribution, we discussed the detailed standardization impacts of DMRS enhancement schemes. Based on the discussion, we made the following proposals.
Observation: For Alt. 2, additional signalling may need to be specified to indicate UE the presence of DMRS ports for the purpose of rate matching.
· When port 7 or port 8 is assigned to a UE for downlink transmission, the presence of port 9 or port 10 is indicated and vice versa.
Proposal 1: DMRS enhancements with up to 4 layers per scrambling sequence are considered in Rel. 13.
Proposal 2: Reuse current DMRS ports defined for multi-layer transmissions to support Alt. 1 and Alt. 2 for multi-user transmissions. For Alt. 1, current DMRS ports 7, 8, 11, and 13 are reused; and for Alt. 2, current DMRS port 7, 8, 9, and 10 are used.
Proposal 3: Considering the rate matching and overhead issues, Alt. 1 of DMRS enhancements is preferred over Alt.2.
Proposal 4: Extend the current DCI format 2D to indicate UE additional information corresponding to DMRS enhancements.
· Specification changes should be introduced to the existing “antenna port(s), scrambling identity and number of layers indication” to indicate UE the port(s) used for higher-order MU-MIMO downlink transmissions.
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