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1 Introduction
Two dimensional antenna arrays (2DAAs) and 1D antenna arrays with larger antenna apertures have different characteristics than the antenna arrays considered in prior releases, most notably better spatial separation between UEs due to the larger number of controllable antenna elements/TXRUs.  This better spatial separation may allow more UEs to be transmitted simultaneously from an array, and so makes them a candidate for use with MU-MIMO transmission.  Since MU-MIMO schemes often use high resolution adaptive array transmission, they can require more accurate channel state information than SU-MIMO.  

This contribution considers the benefit of increased resolution feedback for MU-MIMO and SU-MIMO.  Since channel state information is best inferred from implicit feedback using direct measurements of the channel (rather than feedback using subsampled antenna subelement measurements with beamformed CSI-RS or element space decimation), codebook based feedback with varying amounts of spatial oversampling is studied.  
2 Discussion 
MU-MIMO schemes are often designed to attenuate interference between the served UEs as much as possible through the use of “null-steering” with high resolution adaptive arrays rather than phase-only beamforming such as a DFT grid of beams.  Because such transmissions use different antenna array weights than are recommended by the UE in its CSI feedback, the eNB essentially uses the CSI feedback as measurements of the downlink channel to determine the high resolution adaptive array weights. This use of the CSI feedback as quantized channel measurements leads to a need for more accurate CSI feedback for MU-MIMO than for SU-MIMO transmission.  
A UE can calculate CSI feedback based on CSI-RS transmitted on each subelement (“non-precoded CSI-RS”), on a set of virtualized subelements (“beamformed CSI-RS”), or on CSI-RS transmitted only on a subset of elements (“element space decimation”).  If the number of CSI-RS measured by the UE is less than the number of subelements, the UE will have less knowledge of the channel, and therefore the channel feedback will be less accurate.  Given the need for more accurate CSI feedback for MU-MIMO, per-element transmission of non-precoded CSI-RS is needed for the best MU-MIMO performance. 

One should note that channel reciprocity may also provide high resolution channel state information. However, the use of reciprocity cannot always be assumed. For instance, a UE seldom has the same number of transmit and receive antennas which implies that only part of the downlink MIMO channel can be acquired from the uplink. Also, the duplex distance in FDD makes the uplink channel measurements less useful for high resolution downlink precoding.  Moreover, in TDD carrier aggregation, only the Pcell is transmitting in the uplink so reciprocity cannot be used for Scells. 
Observations:

· MU-MIMO requires higher resolution channel state information to provide the best gains over SU-MIMO.

· High resolution CSI is best supplied by closed loop operation with a codebook based feedback using per-element non-precoded CSI-RS.

One straightforward way to gauge the benefit of increased CSI resolution for MU-MIMO is to vary the spatial oversampling rate of a baseline codebook.  This contribution considers a “1Dx1D” Kronecker-codebook with a grid of DFT beams that is a simple extension of the Rel-10 codebook [1], comparing performance when oversampling factors of Q=2 and Q=4 are used.  MU-MIMO array weights are determined using a SLNR criterion [3] determined from the DFT beams corresponding to the fed back PMIs. The relative performance of the two oversampling factors can be used to gauge the need for higher resolution feedback to support MU-MIMO.

We consider “MU-MIMO friendly” conditions to best determine the potential gains of higher resolution feedback.  Since MU-MIMO gains tend to be greater with larger arrays, two large antenna array configurations are considered: one with M=3 rows and N=9 columns, and one with M=8 and N=4.  The 3x9 antenna configuration was chosen since it is likely to perform better due to its use of more horizontal than vertical elements, as well as because it is more realistic due to its use of 9 elements which is a commonly used size for active arrays [2].  Results for the 8x4 configuration are provided since this is a common configuration in the EBF/FD-MIMO study.  Also, the number of co-scheduled UEs is not limited in order to best allow MU-MIMO gains.
Simulation results comparing the performance of SU-MIMO and MU-MIMO as a function of codebook oversampling are provided below.  Results are reported for the 3D UMi scenario at 2GHz with 50% resource utilization.  Detailed simulation parameters are provided in the appendix.
Table 1 and Table 2 show results for the 3x9 and 8x4 arrays, where the baseline is SU-MIMO with 2x oversampling.  The two configurations have similar behavior with respect to the gains of MU-MIMO and oversampling.  We see that increasing the oversampling to 4x for SU-MIMO provides a modest average throughput gains of 8-9%, and a significant cell edge throughput gain of 22-23%.  Using MU-MIMO with an oversampling of 2x provides about the same gains as using 4x oversampling with SU-MIMO.  Furthermore, using both MU-MIMO and 4x oversampling provides additional gains: significant average throughput gains of 18-19% and relatively large cell edge gains of 50-55%.
Table 1: Throughput Gains vs. Oversampling for M=3,N=9 Array

	Simulation
Condition
	Average

Throughput Gain
	Cell Edge 

Throughput Gain

	Baseline SU-MIMO 2x
	0
	0

	SU-MIMO 4x
	8%
	22%

	MU-MIMO 2x
	7%
	21%

	MU-MIMO 4x
	18%
	55%


Table 2: Throughput Gains vs. Oversampling for M=8,N=4 Array

	Simulation

Condition
	Average

Throughput Gain
	Cell Edge 

Throughput Gain

	Baseline SU-MIMO 2x
	0
	0

	SU-MIMO 4x
	9%
	23%

	MU-MIMO 2x
	9%
	25%

	MU-MIMO 4x
	19%
	50%


Observations:

· Increasing spatial oversampling from 2x to 4x for SU-MIMO can provide modest average (e.g. 8-9%) and significant cell edge (e.g. 22-23%) throughput gains.

· Using MU-MIMO with 2x oversampling has about the same gains as 4x oversampling with SU-MIMO.
· MU-MIMO with 4x oversampling provides additional gains over 2x SU-MIMO: significant average throughput gains of 18-19% and relatively large cell edge gains of 50-55%.
3 Conclusion
This contribution has considered the benefit of mechanisms providing increased resolution feedback for MU-MIMO.  Given the analysis and results, we make the following observations and proposal:
Observations:

· MU-MIMO requires higher resolution channel state information to provide the best gains over SU-MIMO.

· High resolution CSI is best supplied by codebook based feedback with per-element non-precoded CSI-RS.

· MU-MIMO requires a codebook that supports realistic antenna configurations with non-power-of-two elements 

· SU-MIMO also has some benefit from higher resolution feedback.

Proposal:

Enhancements to CSI feedback for non-precoded CSI-RS should be introduced for FD-MIMO
· Including both 1D and 2D antenna port configurations with non-power-of-two ports
· Codebook resolution should be determined considering MU-MIMO as well as SU-MIMO performance.
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5 Appendix

For the system simulations, these assumptions were used:

	Simulation parameters

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMi 200m ISD

	Cell layout
	1 vertical sector per azimuthal sector (baseline), 57 azimuthal sectors in total

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	5 ms

	CSI delay 
	5 ms

	CSI mode
	Aperiodic mode 3-2

	Outer loop LA
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	eNB Tx power 
	41 dBm 

	Traffic model
	Non-full buffer, 500 kB packet size

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	CRS interference 
	Not modeled. Overhead accounted for 2 CRS ports.

	DMRS overhead
	2 antenna ports

	CSI-RS
	Overhead accounted for.  

Channel estimation error modeled.

	Codebook
	2D Grid of Beams based on DFT [1]

	HARQ
	Max 5 retransmissions

	Antenna Configurations
	M=3,N=9 with 54 TXRUs (no virtualization)

M=8,N=4 with 64 TXRUs (no virtualization)

	Antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Handover margin
	3 dB



