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1 Introduction
In RAN1#80, several potential enhancements targeting 2D antenna array are discussed [1].  Five high-level categories of CSI-RS and feedback enhancements were agreed in principal:
· Enhancements related to beamformed CSI-RS-based schemes

· Enhancements related to non-precoded CSI-RS-based schemes

· Enhancements related to schemes based on hybrid beamformed CSI-RS and non-precoded CSI-RS

· Enhancements related to non-codebook based CSI reporting for TDD

· Enhancements related to SRS

In this contribution, we present our views on enhancements related to beamformed CSI-RS-based schemes.
2 CSI feedback based on beamformed CSI-RS
One straightforward enhancement of CSI feedback to support 2D antenna arrays is to transmit non-precoded CSI-RS on a per TXRU basis.  Details of non-precoded CSI-RS and feedback enhancements are discussed in our companion contribution [2].  For large number of TXRUs, non-precoded CSI-RS based CSI feedback may not applicable due to prohibitive overhead in UL feedback and increased UE complexity.  To address these issues, beamformed CSI-RS can be introduced.  The benefits of beamformed CSI-RS are two folds:

· Affordable UL overhead and moderate UE complexity – Instead of measuring the channel at a TXRU level, beamformed CSI-RS allows a UE to perform CSI measurement from a port perspective.  As the port-level channel has a much lower dimension compared to the TXRU-level channel, both UL feedback overhead and UE complexity can be kept on the same order as conventional MIMO in Rel-12.
· Improved CSI-RS coverage – For non-precoded CSI-RS, there is one-to-one mapping between TXRU and CSI-RS port. The coverage of non-precoded CSI-RS is limited by the antenna gain of a TXRU.  Compared to non-precoded CSI-RS, beamformed CSI-RS is transmitted on more antennas via beamforming among multiple TXRUs.  The coverage can thus be improved due to the beamforming gain.   
Beamformed CSI-RS based CSI feedback may be achieved in a standard transparent manner by leveraging existing CSI feedback framework for transmission mode 10 in Rel-12.  Given a cell, there could be multiple groups of beamformed CSI-RSs.  A UE can be configured with one or more CSI processes via higher layer signaling.  Each CSI process is associated with a CSI-RS resource on which one group of beamformed CSI-RS is transmitted.  There are some drawbacks of this standard transparent solution.  

According to current specification, a UE can be configured with up to 3 non-zero power CSI-RSs, e.g. measuring up to 3x8=24 CSI-RS ports per serving cell.  However, in scenarios like 3D-UMi, the network may need to configure more than 3 beamformed CSI-RSs to provide sufficient coverage. The eNB needs to decide which beamformed CSI-RS(s) should be configured for a UE based on certain long-term measurement/reporting.  There could be some mismatch between the configured CSI-RS(s) and the UE’s actually preferred one(s).  Besides, the configuration of the CSI-RS resources is via RRC signaling, the signaling overhead may be prohibitive to timely update each UE’s CSI configuration.  Missing the optimality, a UE may report inaccurate CSI.  Moreover, the eNB may transmit to a UE on a sub-optimal beam, which may cause severe leakage to UEs.
Observation 1: Standard transparent beamformed CSI-RS may be limited by the semi-static nature of the CSI-RS configuration and by CSI-RS/CSI process related numerology/definition in Rel-12.
One possible solution to alleviate those problems is to allow the UE to measure CSI on more CSI-RS resources and to report CSI on its preferred beam(s).  It doesn’t mean that a UE shall estimate the channel on all configured beamformed CSI-RS ports.  A UE may select a subset of configured beams to perform CSI measurement.  In addition to the conventional CSI feedback, the UE may feedback one or more indices to indicate its preferred beams.  
3 Performance evaluation

To evaluate the performance benefit of CSI feedback enhancement discussed in Section 2, system-level evaluation has been performed. We have simulated those schemes for 16 and 32 TXRUs virtualized from an (8, 4, 2) cross-polarization 2D antenna element array. 1D TXRU virtualization is applied to the whole column of antennas with the same polarization.  Two DFT beams are used to virtualize two TXRUs from each column of antennas. For 16 TXRUs, 2 groups of beamformed CSI-RSs are transmitted; for 32 TXRUs, 4 groups of beamformed CSI-RSs are transmitted.  Each group of beamformed CSI-RS is comprised of 8 antenna ports. Rel-12 8TX codebook is adopted for CSI feedback based on each group of beamformed CSI-RS. In addition to PMI/RI and CQI, a beam index (BI) is also reported by the UE to indicate its preference on beamformed CSI-RS ports. The period of BI reporting, TBI, is {5ms, 100ms} in the simulation. FTP traffic is assumed and the packet arrival rate ( is selected such that a resource utilization of about {20%, 50%} is reached with the baseline scheme.    
The simulation results are summarized in Table 1 and 2 for 16 and 32 TXRUs. It shows that beamformed CSI-RS with enhanced feedback outperforms the baseline scheme in which no beam index feedback is assumed. It also shows that the performance benefit is less sensitive to beam index reporting period.
Table 1: Non-full buffer performance benefit with beamformed CSI-RS and feedback enhancements in 3D-UMi, 200m ISD, 2GHz (16-TXRU)

	Scheme
	( = 1.7
	( = 3.3

	
	RU
	5%-tile UPT
	50%-tile UPT
	Mean UPT
	RU
	5%-tile UPT
	50%-tile UPT
	Mean UPT

	
	
	[Mbps]
	[%]
	[Mbps]
	[%]
	[Mbps]
	[%]
	
	[Mbps]
	[%]
	[Mbps]
	[%]
	[Mbps]
	[%]

	Baseline
	19.5%
	12.2
	
	39.6
	
	40.5
	
	54.4%
	4.0
	
	15.3
	
	21.6
	

	BF CSI-RS 
(TBI = 100ms)
	19.3%
	12.4
	1.2%
	39.6
	0.0%
	40.4
	-0.2%
	50.3%
	4.9
	24.2%
	18.8
	23.0%
	24.6
	13.7%

	BF CSI-RS 
(TBI = 5ms)
	18.8%
	12.7
	3.8%
	41.2
	4.1%
	41.3
	1.8%
	50.7%
	4.5
	13.4%
	17.3
	13.4%
	22.7
	5.1%


Table 2: Non-full buffer performance benefit with beamformed CSI-RS and feedback enhancements in 3D-UMi, 200m ISD, 2GHz (32-TXRU)

	Scheme
	( = 1.9
	( = 3.5

	
	RU
	5%-tile UPT
	50%-tile UPT
	Mean UPT
	RU
	5%-tile UPT
	50%-tile UPT
	Mean UPT

	
	
	[Mbps]
	[%]
	[Mbps]
	[%]
	[%]
	[Mbps]
	
	[Mbps]
	[%]
	[Mbps]
	[%]
	[%]
	[Mbps]

	Baseline
	19.6%
	13.1
	
	43.0
	
	42.1
	
	54.2
	5.3
	
	20.1
	
	25.1
	

	BF CSI-RS 
(TBI = 100ms)
	19.9%
	12.8
	-2.2%
	42.6
	-0.9%
	41.6
	-1.2%
	48.8
	6.4
	20.8%
	22.2
	10.3%
	27.7
	10.4%

	BF CSI-RS 
(TBI = 5ms)
	19.3%
	13.3
	1.5%
	43.5
	1.2%
	42.1
	0.0%
	48.9
	6.4
	20.8%
	23.4
	16.3%
	28.3
	12.8%


Observation 2: Beamformed CSI-RS with beam index reporting outperforms the standard transparent baseline in both lightly- and moderately loaded scenarios.

Proposal 1: Beamformed CSI-RS with beam index reporting based feedback enhancement shall be considered. Study potential specification changes to support beamformed CSI-RS with the beam index reporting.

4 Conclusions
In summary, we discuss beamformed CSI-RS based CSI feedback enhancement and study its performance benefit against the standard transparent baseline scheme.  We have following Observation:
Observation 1: Standard transparent beamformed CSI-RS may be limited by the semi-static nature of the CSI-RS configuration and by CSI-RS/CSI process related numerology/definition in Rel-12.
Observation 2: Beamformed CSI-RS with BI reporting outperforms the standard transparent baseline in both lightly- and moderately loaded scenarios.

We propose:
Proposal 1: Study potential specification changes to support beamformed CSI-RS with long-term BI reporting.
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