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1 Introduction
According to the chairman’s note in the RAN1 #80 meeting [1], we have several alternatives for DM-RS enhancements in the elevation beamforming/full-dimension MIMO (hereafter EBF/FD-MIMO) SI. Although most of the alternatives are standard non-transparent, it should be point out that the essential purpose of DM-RS enhancements would be to improve the “DM-RS channel estimation performance” for FD-MIMO. In that regard, DM-RS enhancements should not necessarily be done in a standard non-transparent manner. In this contribution, we show that the standard-transparent DM-RS performance enhancement with the aid of MU-CSI feedback (referred to as MUI) can be good enough to support higher-order MU-MIMO. Moreover, our approach inherits benefits of the transparent MU-MIMO operation adopted in the current specification.

2 Preliminaries
2.1 Non-transparent DM-RS enhancements
A natural way in DM-RS enhancements would be to increase the number of orthogonal DM-RS ports to support high-order MU-MIMO. To this end, RAN 1 is supposed to evaluate the performance of some alternatives in this #80bis meeting. Notice that non-transparency here does not imply only additional DCI signaling but also impact on the legacy UE performance, as mentioned in [2].
2.2 Conventional transparent approach
In order to avoid the above difficulties in non-transparent DM-RS enhancements, one may think of a standard transparent approach, in which more than 4 layers in MU-MIMO pairs can be configured by using different VCIDs as well as nSCIDs. As we know, the scheduled MU-MIMO pairs at the eNB do not necessarily imply that the selected UEs are not interfering with each other. Therefore, this transparent approach with the Rel-12 CSI feedback mechanism must suffer from significant channel estimation performance degradation, thus yielding no real DM-RS performance enhancement. 

3 Transparent DM-RS Enhancement Based on MUI Feedback
As mentioned in the previous section, enabling a transparent DM-RS enhancement with the current SU-CSI feedback seems infeasible. In this contribution, we introduce an enabling technology based on the MUI feedback in [3]. Thanks to the MUI feedback, the eNB can figure out the accurate multi-UE interference between UEs. So, the eNB is able to co-schedule a group of UEs/layers, seeing if their MUIs are sufficiently low. As a consequence, the transparent MU-MIMO operation can be still supported just by increasing the number of quasi-orthogonal sequences using VCIDs. With the aid of MUI, the proposed approach can achieve the DM-RS performance enhancement so as not to noticeably degrade the channel estimation performance, relative to non-transparent approaches. 
4 Initial Evaluation Results
For Alts 1, 2, 3 in [1], we will use the details of Alts 6, 5, 1 in [2], respectively. Obeying the simulation assumptions in [1], we assume the same CSI feedback enhancement scheme, i.e., MUI on top of SU-CSI feedback, for both baseline and enhancement. We employ “category 2” baseline (virtual sectorization using one or more beamformed CSI-RS resources). In the following table, #1 and #2 mean 1 and 2 CSI-RS processes, where Q = 8, 16, respectively. 
Table 1: Evaluation results for 8(M)×4(N)×2 antenna configuration in 3D-UMi

	Feedback schemes
	Cell average throughput (bps/Hz)
	Median UE throughput (bps/Hz)
	5% UE 
throughput (bps/Hz)

	Transparent (baseline)
	#1
	2.660 (0%)
	0.148 (0%)
	0.047 (0%)

	
	#2
	3.105 (0%)
	0.174 (0%)
	0.056 (0%)

	Alt 1
	#1
	2.718 (2%)
	0.148 (0%)
	0.050 (5%)

	
	#2
	3.091 (0%)
	0.174 (0%)
	0.057 (2%)

	Alt 2
	#1
	2.644 (0%)
	0.148 (0%)
	0.046 (-2%)

	
	#2
	3.074 (-1%)
	0.172 (-1%)
	0.053 (-5%)

	Alt 3
	#1
	2.470 (-7%)
	0.133 (-9%)
	0.048 (2%)

	
	#2
	2.885 (-7%)
	0.158 (-9%)
	0.051 (-9%)


It turns out that the proposed transparent approach based on MUI feedback (baseline) has a competitive performance relative to the all other alternatives. In particular, this transparent approach shows only marginal cell average throughput degradation (at most -2%) compared to the best non-transparent approach (Alt 1) in this setting where MUI is used as the common CSI feedback for both baseline and enhancements. Although Alt 1 outperforms Alts 2 and 3, we point out that this result strongly depends on the CSI feedback assumption. Notice that the increased number of orthogonal DM-RS ports was taken into account in scheduling UEs based on MUI feedback. That is, the eNB configured different DM-RS ports to certain UEs having non-negligible MUI each other, when the number of co-scheduled layers is larger than the number of orthogonal DM-RS ports.

Table 3: Evaluation results for 8(M)×4(N)×2 antenna configuration in 3D-UMa

	Feedback schemes
	Cell average throughput (bps/Hz)
	Median UE throughput (bps/Hz)
	5% UE 
throughput (bps/Hz)

	Transparent 

(baseline)
	#1
	2.474 (0%)
	0.146 (0%)
	0.054 (0%)

	
	#2
	2.531 (0%)
	0.150 (0%)
	0.023 (0%)

	Alt 1
	#1
	2.530 (2%)
	0.144 (-1%)
	0.055 (2%)

	
	#2
	2.674 (5%)
	0.158 (5%)
	0.025 (8%)

	Alt 2
	#1
	2.478 (0%)
	0.138 (-5%)
	0.051 (-5%)

	
	#2
	2.638 (4%)
	0.155 (3%)
	0.023 (0%)

	Alt 3
	#1
	2.349 (-5%)
	0.131 (-9%)
	0.049 (-9%)

	
	#2
	2.357 (-7%)
	0.139 (-7%)
	0.021 (-8%)


For the UMa case, our transparent approach still shows marginal performance degradation (at most -5%) compared to the best non-transparent approach (Alt 1).
5 Conclusion
Observations: 
· Compared to Alts 1, 2, 3, the proposed transparent DM-RS enhancement based on MUI feedback does not noticeably degrade the DM-RS channel estimation performance at least for co-scheduling up to 8 layers. 
Proposals: 

· DM-RS enhancements should be considered in conjunction with MU-CSI feedback enhancements.
· Transparent approach should be considered for DM-RS performance enhancements.
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Table A: Evaluation assumptions.

	Parameter
	Value

	Scenarios
	3D-UMa (ISD 200m), 3D-UMi

	Frequency
	2GHz

	Bandwidth
	10MHz (50RBs)

	eNB Antenna configurations
	(M,N,P, Q)=(8,4,2,8/16)
Cross-polarization: +/-45 degrees

	UE configurations
	Speed:  3km/h

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

	Scheduler
	PF 

	Down-tilt
	1) 1 CSI-RS process:  102 
2) 2 CSI-RS processes: 85, 105 

	Traffic load
	Full Buffer

	Number of UEs per cell
	15  

	Transmit Mode
	Dynamic SU/MU: rank-adaption

	Receiver
	Non-Ideal DMRS channel estimation and interference estimation, detailed guidelines according to Rel. 12 [71-12] assumptions 

	
	MMSE-IRC receiver aligned with phase 1, detailed guidelines according to Rel. 12 [71-12] assumptions

	Hybrid ARQ
	Maximum 4 transmissions

	CSI Feedback 
	SU-MIMO: PUSCH 3-1 

MU-MIMO: wideband PMI/CQI/MUI/MU-CQI

Periodicity: 5 ms 

	# of layers
	Up to 8 

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 or 24 REs per PRB depending on the alternative enhancement scheme

	UE attachment
	Based on RSRP from CRS port 0 aligned with Phase-1

	Wrapping method
	Geographical distance based

	Handover margin
	3 dB


