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1. Introduction
In RAN#65, EBF/FD-MIMO SI was approved for evaluating enhancements considering measurement antenna ports up to 64. In this paper, we discuss the potential enhancements for DMRS and multi-user transmissions for FD-MIMO.
2. The need for enhancing current DMRS and multi-user dimensioning for FD-MIMO
FD-MIMO antenna arrays have the potential of providing much better beamforming capability. Although the actual system level gain depends on the resolution of channel knowledge available at the eNB side (from feedback or TDD reciprocity), it is expected significant gains can be achieved over conventional passive antenna systems. A higher beamforming gain or the ability of steering a narrower beam can potentially lead to a higher dimension of spatial multiplexing among users. Therefore the question is whether we need to enhance the multi-user dimensioning capabilities in order to harvest the better beamforming gain. We conducted a system level simulation to observe the MU-pairing statistics using a greedy pairing algorithm. The results are shown below where a MU pairing pattern recorded as “2211” means a 4 user pairing choice with 2 rank-2 users 2 rank-1 users. We have the following observations: 

1. Even with FTP traffic, a 16 Tx AP can increase the MU pairing probability, especially for 2 or 3 user pairing, compared to an 8 Tx baseline. 
2. MU-pairing probability is related to system load. Low load means an un-saturated system providing fewer opportunities for MU scheduling. 
3. Codebook based CSI is not sufficiently enabling rank2 operation since rank2 codebook is too coarse. 

4. Even with FTP traffic with (40%-60%) RU, there is significant probability of 2 user pairing, up to 15% in codebook based case.  

5. With ideal CSI, rank 2 MU operation occurs at a reasonable rate: >15% chance
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Based on the results, we have the following proposal: 
1. Consider to enhance DMRS to support rank2 user in MU-MIMO operation
2. Consider to enhance the MU-MIMO dimensioning to support 3 user pairing
3. Conclusion
In this contribution, we presented our opinion regarding some of the potential enhancement for FD-MIMO with the following observations and proposals:
Observations:
1. Even under FTP traffic, 16Tx AP can increase the MU pairing probability, especially for 2 or 3 users pairing, compared to an 8Tx baseline. 

2. MU-pairing probability is related to system load. Low load means an un-saturated system thus there are fewer opportunities for MU scheduling. 

3. Codebook based CSI is not sufficiently enabling rank2 operation since rank2 codebook is too coarse.
4. Even with FTP traffic with (40%-60%) RU, there is significant probability of 2 user pairing (15%) in codebook based case.  

5. With ideal CSI, rank 2 MU operation occurs at a reasonable rate: >15% probability
Proposals: 

1. Consider to enhance DMRS to support rank2 user in MU-MIMO operation.

2. Consider to enhance the MU-MIMO dimensioning to support 3 user pairing. 
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Table 1: Simulation assumptions

	
	Parameters

	Scenario
	3D-UMi, 200m ISD

	eNB Tx antenna configuration
	See table.2

	Tx power
	41dBm

	Polarized antenna modeling
	Model -2 from 36.873

	Traffic model 
	Full-buffer or FTP Model 1 with packet size 0.5 Mbytes (high ~70%RU), the number of UEs is variable and according to desired load for bursty

	Wrapping method
	Geographical distance based

	Metrics
	Mean, 5%, 50% UPT

	System bandwidth
	10MHz (50 PRBs)

	UE attachment 
	Based on RSRP (formula)

	Carrier Frequency 
	2GHz

	Network synchronization 
	Synchronized

	UE Speed 
	3km/h

	UE distribution 
	according to 36.873 [3]

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern A’(θ’,ф’) = 1

	Receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel-12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions

	UE Rx antenna configuration
	2 Rx cross-polarized (0/+90)

	CSI feedback
	CQI/PMI/RI Mode 3-2 based on Rel-12 8Tx codebook or Ideal

	Transmission scheme
	TM10

	Scheduler
	Frequency selective scheduling (multiple UEs per TTI allowed)

	
	


Table 2: Antenna and TxRU mapping 
	Parameter
	values
	

	
	Rel.10 Baseline
	FD-MIMO(16AP)

	Scenario
	3D-UMi 200m ISD
	3D-UMi 200m ISD

	Antenna array
configuraton (M, N, P, Q)
	(8,4,2,16)
	(8,4,2,16)

	TXRU virtualization weights
	vertical sectorization (sub-array): 2 vertical TXRUs per polarization, sub-array model, each TXRU virtualized with a 4-element DFT weight. The high sector is tilted to 73  degrees, and the low sector tilted to 105 degrees
	2 vertical TXRUs per polarization, sub-array model, both TXRU virtualized with a 4-element DFT weight tilted to 100 degrees

	CSI-RS to TXRU virtualization
	One to one mapping. Hence there are two CSI-RS resources - one for the high sector and another for the low sector, each comprising of 4 horizontally spaced CSI-RS ports, per polarization
	One to one mapping, assuming a 16 AP CSI-RS.

	CSI-RS port indexing
	As in Rel.10, port 15-18 are co-polarized and port 19-22 are co-polarized.
	

	Cell association weights
	CRS port 0 mapped to the 16 TXRUs via [1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0]/sqrt(2) where the non-zero power corresponds to the 2 TXRUs in the first column connected to +45 degree polarized elements
	CRS port 0 mapped to the 16 TXRUs via [1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0]/sqrt(2) where the non-zero power corresponds to the 2 TXRUs in the first column connected to +45 degree polarized elements

	Cell-association method
	RSRP on CRS port 0
	RSRP on CRS port 0

	SRS configurations - number of SRS ports, periodicity, SRS bandwidth
	none
	none


