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1 Introduction

It is expected that the interference channel estimation accuracy will have significant impact on the degree of effective interference suppression/cancellation in the receiver. Regarding that issue, some companies have already shown some approaches for DMRS orthogonality enhancement [1]

 REF _Ref378346203 \r \h 
[2]. 
In this contribution, we would like to discuss using zero power DMRS (ZP-DMRS) for that purpose and provide corresponding system level evaluation results.
2 DMRS coordination among neighbour cells
Assuming a synchronized network, the orthogonality among mutually interfered DMRSs (i.e. DMRS to DMRS interference only) can be obtained by CDM and/or FDM.
1) CDM: 
The same values of nIDDMRS,0 and nIDDMRS,1 are configured for different cells, meanwhile different Walsh-code sequences/ports are used by mutually interfering cells on the same DMRS REs, e.g. port 7 and port 8 with same DMRS ID used by two different cells. Precise coordination is here essential for maintaining orthogonality, thus the restriction in terms of nIDDMRS,0 and nIDDMRS,1and port usability in each cell would be restricted..
2) CDM+FDM: 
In addition to CDM, FDM by means of ZP-DMRS could also be used for reducing mutual interference between DMRS transmissions from neighbouring cells. For example, REs for port 7 and 9 (RE sets: A, B, C, D, E, and F in Figure 1) are further divided into two sets (e.g., A, C, E and B, D, F). Independent values of nIDDMRS,0 and nIDDMRS,1 can be used by neighbouring cells for transmitting DMRS on these mutually exclusive RE sets.

The precondition for this approach is that the use of ZP-DMRS patterns needs to be coordinated between mutually interfering cells. The benefit of this strategy is seen in the independent selection of sequences for the DMRS transmission in interfering cells. The use of ZP-DMRS could guarantee some degree of scheduling flexibility and orthogonality between DMRS transmissions in interfering cells
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3 System level evaluation results
We have evaluated the ZP-DMRS based E-LMMSE-IRC under Scenario 2a/2b with full buffer.
Table 1 Evaluation results for 2Tx×2Rx

	DMRS type
	Receiver type
	5% CDF user
	Average user
	50% CDF user

	
	
	Throughput [Mbps]
	Gain[%]
	Throughput [Mbps]
	Gain[%]
	Throughput [Mbps]
	Gain[%]

	Non-orthogonal
	Rel-11 LMMSE-IRC
	0.60 
	-
	3.67
	-
	2.64 
	-

	Ideal Orthogonal
	E-LMMSE-IRC
	0.63 
	5.4
	3.79
	3.3 
	2.75 
	4.2 

	ZP-DMRS
	E-LMMSE-IRC
	0.62 
	4.6 
	3.78
	3.0 
	2.75 
	4.2 

	Non-orthogonal
	E-LMMSE-IRC
	0.62 
	4
	3.73
	1.6 
	2.70 
	2.3 


Table 2 Evaluation results for 2Tx×4Rx

	DMRS type
	Receiver type
	5% CDF user
	Average user
	50% CDF user

	
	
	Throughput [Mbps]
	Gain[%]
	Throughput [Mbps]
	Gain[%]
	Throughput [Mbps]
	Gain[%]

	Non-orthogonal
	Rel-11 LMMSE-IRC
	0.87
	-
	4.77
	-
	3.66
	-

	Ideal Orthogonal 
	E-LMMSE-IRC
	1.03
	18.3
	5.46
	14.5 
	4.25
	16.1 

	ZP-DMRS
	E-LMMSE-IRC
	1.01
	16.4
	5.42
	13.6 
	4.22
	15.3 

	Non-orthogonal 
	E-LMMSE-IRC
	0.99
	14.3
	4.99
	4.6 
	3.98
	8.7 


The comparisons reveals that applying strategies improving the channel estimation accuracy by means of DMRS orthogonalisation can yield notable throughput enhancements in case of four RX antennas, especially for cell-edge UEs.

The evaluation of ZP-DMRS and ideal DMRS orthogonality without muting shows furthermore that the latter achieves as expected higher throughput values. The reduced performance of ZP_DMRS compared with ideal DMRS orthogonality is based on the reduced number of REs used for DMRS transmission which results in reduced channel estimation accuracy. However, it could be considered to apply here DMRS power boosting by utilizing the available transmit power resources that normally would have been used for the now muted DMRS REs. 
Proposal: ZP-DMRS should be considered as a strategy for coordinating the DMRS transmissions of mutually interfering cells. 
4 Summary

In this contribution we discussed and evaluated the use of ZP-DMRS as a means for increasing the interference channel estimation accuracy. Our proposal is the following:
Proposal: ZP-DMRS should be considered as a strategy for coordinating the DMRS transmissions of mutually interfering cells. 
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Appendix – Simulation assumption
	　
	macro cell
	Small cell

	Layout
	Hexagonal grid, 3 sectors per site, 7 macro sites

	System bandwidth per carrier
	10MHz 

	Carrier frequency 
	2.0GHz

	Total BS TX power (Ptotal per carrier)
	46dBm
	30 dBm (for small-cell)

	Distance-dependent path loss
	ITU UMa
	ITU  UMi

	Penetration loss
	For outdoor UEs:0dB
	For outdoor UEs:0dB

	
	For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)
	For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)

	Shadowing
	ITU UMa
	ITU UMi 

	Antenna pattern
	3D (referring to TR36.819)
	2D Omni-directional is baseline for small cell; directional  antenna is not precluded

	Antenna Height: 
	25m
	10m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi
	5dBi for small cell

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa
	ITU UMi 

	Antenna configuration
	2Tx cross-polarized
	2Tx(0.5 lambda), cross-polarized

	
	2, 4 Rx, cross-polarized 
	2 , 4Rx, cross-polarized 

	Number of small cells per macro cell geographical area
	-
	4

	Number of UEs 
	90UE (full buffer)

	UE dropping
	20% UEs are outdoor and 80% UEs are indoor.
	Configuration #4b as in TR36.814,

	
	
	20% UEs are outdoor and 80% UEs are indoor.

	Minimum distance 
	-
	Same as CoMP Scenario #3/4 in TR36.819

	
	
	• Macro – RRH/Hotzone: >75m

	
	
	• Macro – UE : >35m

	
	
	• RRH/Hotzone – RRH/Hotzone: >40m

	
	
	• RRH/Hotzone – UE : >10m

	Traffic model
	full buffer

	UE noise figure
	9dB

	UE speed
	3km/h

	Cell selection criteria
	RSRP with no CRE, no handover hysteresis

	Considered transmission schemes from a single point
	SU-MIMO (adaptive rank-1 &2)

	Channel estimation error
	For E-LMMSE-IRC in 36.866
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Figure � SEQ Figure \* ARABIC �1� ZP-DMRS pattern for port 7 and 8
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