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Introduction

In 3GPP RAN #65 meeting, a new study item (SI) on EBF and Full Dimension MIMO (3D-MIMO) was approved for Release 13 [1].  One of the objectives of the SI is, 
· 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.
· ……
And in the previous RAN1 meetings, designs of DMRS enhancement for high order of MU-MIMO are proposed. In this contribution, we discuss the orthogonal and quasi-orthogonal design of DMRS enhancement and link level evaluation are made.
Discussion on design of DMRS enhancement
There are several alternatives to realize the DMRS enhancement, and in this contribution, we compare two alternatives, with current 4 UE MU-MIMO DMRS pattern as baseline. 
· Alt1：12 DM-RS REs with OCC = 4 for up to total 4 layers per scrambling sequence
An example is shown in table 1 and figure 1.

Table 1. DMRS ports for alt.1
	
	Scrambling
(quasi-orthogonal)

	
	nSCID = 0
	nSCID = 1

	OCC
(orthogonal)
	Port 7
	[+1 +1 +1 +1]
	Layer 1
	Layer3

	
	Port 8
	[+1 -1 +1 -1]
	Layer2
	Layer4

	
	Port 11
	[+1 +1 -1 -1]
	Layer5
	Layer7

	
	Port 13
	[+1 -1 -1 +1]
	Layer6
	Layer8
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figure 1. RE mapping of DMRS enhancement Alt.1
· Alt 2: 24 DM-RS REs with OCC = 2 for up to total 4 layers per scrambling sequence, 

An example is show in table 2 and figure 2.
Table 2. DMRS port for Alt.2

	
	Scrambling
(quasi-orthogonal)

	
	nSCID = 0
	nSCID = 1

	FDM
(orthogonal)
	OCC
(orthogonal)
	Port 7
	[+1 +1]
	Layer1
	Layer3

	
	
	Port 8
	[+1 -1]
	Layer2
	Layer4

	
	OCC
(orthogonal)
	Port 9
	[+1 +1]
	Layer5
	Layer7

	
	
	Port 10
	[+1 -1]
	Layer6
	Layer8
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Figure 2.  RE mapping of DMRS enhancement Alt.2
· Baseline : 12 DM-RS REs with OCC = 2 for up to total 2 layers per scrambling sequence, i.e.,
	
	Scrambling
(quasi-orthogonal)

	
	nSCID = 0
	nSCID = 1

	OCC
(orthogonal)
	Port 7
	[+1 +1]
	Layer1
	Layer3

	
	Port 8
	[+1 -1]
	Layer2
	Layer4
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Figure 3. RE mapping of MU-MIMO DMRS in current specification
Of course, there are still some other alternatives, such as 24 DM-RS REs with OCC = 4 for up to total 8 layers per scrambling sequence, however, performance and analysis is not include in this contribution.
Link level evaluation of DMRS enhancement alternatives.
Detail simulation parameters are listed in table 2 of Appendix. For alt.1 and alt.2, the four UEs’ DMRS are orthogonal, and for baseline scheme, UEs using the same antenna port but different scrambling IDs are quasi-orthogonal.
The upper two graphs in figure 4 show performance comparison of different alternatives at speed of 3km/h, with paired algorithm EBB and BD, respectively.  It can be seen from the result that alt. 2, referring to 24 DM-RS REs with OCC = 2 for up to total 4 layers per scrambling sequence provides best channel estimation. With BD algorithm, more inter-user interference can be cancelled than EBB, so the channel estimation is more accurate. In this case, alt.1 performs similar with alt. 2 at low mobile speed. At the same time, since there are two quasi-orthogonal layers among the four layers, the baseline performs worst. 
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Figure 4. Performance comparison: upper two graph for 3km/h, lower two for 30km/h; multi-user beamforming for the left two are EBB and right are BD.
While for a higher mobile speed, 30km/h, as shown by the lower two graphs in figure 4, all alternatives suffer from performance loss. That is because the channel varies with time. Still alt.2 has best performance.  Different from low speed of 3km/h, the baseline alternative outperforms alt.1, which is the only one using OCC=4. 
From the simulation results, it can be concluded that, for low mobile speed, quasi-orthogonal DMRS pattern perform worse than orthogonal DMRS patterns, no matter the orthogonal pattern is OCC=2 or OCC=4. With the increasing of mobile speed, the channel estimation suffers large performance loss with OCC=4. OCC=2 provide robust and best performance, but it requires double resource overhead.
· Conclusions 

In this contribution, we discussed the alternatives of DMRS enhancement to support high order MU-MIMO, and link level simulation is done to compare them. From the simulation results, it can be concluded that:

· for low mobile speed (3km/h), quasi-orthogonal DMRS pattern perform worse than orthogonal DMRS patterns, no matter the orthogonal pattern is OCC=2 or OCC=4. 
· With the increasing of mobile speed (30km/h), the channel estimation suffers large performance loss with OCC=4.  OCC=2 provide robust and best performance, but it requires double resource overhead.  
Considering that 3D-MIMO is mainly serving indoor  (low mobility) users, it is slightly preferred to use orthogonal DMRS pattern with OCC=4 to keep channel estimation performance while still maintain low DMRS overhead, for four UE pairing.
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Appendix
Table 2 simulation parameters
	Parameter
	Value

	Scenarios
	3D-UMi 

	Frequency
	2GHz

	Bandwidth
	10MHz 

	eNB Antenna configurations
	(M,N,P, Q)=(8,4,2,64)
Cross-polarization: +/-45 degrees

	UE configurations
	Speed:  3km/h, 30km/h.

	
	2 Rx with X-polarized: 0/+90 degrees

	Number of UEs
	4UEs, each with one layer

	UE location
	The vertical angle of UE locations are supposing on the 2nd and 7th floor of a building, 50m away from the base station. While +15 degrees and -15 degrees on horizontal direction.

	MU-MIMO algorithm
	EBB, BD

	Channel estimation
	practical estimation 

	Channel delay
	5ms


