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Introduction
Since 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
As identified in [2], potential specification enhancements in beamformed CSI-RS-based schemes include one or more of the following:
· Measuring one or multiple beamformed CSI-RS resources. A resource can be a NZP CSI-RS resource, CSI-RS port(s), a CSI process, or a DRS
· Indicating selection of one or multiple resource(s)
· CSI reporting, such as CQI and/or PMI(s)/RI(s), associated with the selected resource(s)
· Enhancements of the definition of CSI process, CSI-RS resource, CSI, and/or DRS over Rel.12, possibly including where the enhanced definitions are used in the other enhancements above
In this contribution, we present our views on enhancements related to beamformed CSI-RS-based schemes.
CSI feedback based on beamformed CSI-RS
Beamformed CSI-RS based schemes can provide efficient support of FD-MIMO by elevation beamforming CSI-RS ports with predetermined weights. 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 antenna gain of a TXRU and maximum RS power boosting.  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 and full power utilization.   
Beamformed CSI-RS based CSI feedback can be achieved in a standard transparent manner by leveraging existing CSI feedback framework for transmission mode 10 in Rel-12. In a serving 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 resources per serving cell.  However, in scenarios like 3D-UMi the network may need to configure more beamformed CSI-RS resources to provide sufficient coverage. The eNB needs to decide which beamformed CSI-RS(s) resource should be configured for a UE based on certain long-term channel 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-RS resource 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 other 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 be configured with more than 3 beamformed NZP CSI-RS resources per serving cell and to report the CSIs on its preferred resources. It doesn’t mean that a UE shall estimate the channel on all configured CSI-RS resources. A UE may select a subset of resources for CSI measurement. The selection of CSI-RS resources can dynamically change. In addition to the conventional CSI feedback, the UE may feedback one or more beam indices (BI) to indicate its preferred beamformed CSI-RS resources. 
Depending on UE capability and UCI payload size, beam selection can have different time/frequency granularity.  For example, for CSI reporting on PUCCH a wideband beam selection with a long-duty cycle can be considered. And for CSI reporting on PUSCH, multiple beam indices can be reported to provide finer vertical beamforming resolution which is more beneficial for MU operation. As identified in [2], UE may report separate RI/PMI/CQI for each selected CSI-RS resource or a single CSI report for all the selected CSI-RS resources. For the latter case an indication of the preferred beam index for each subband is needed. 
The selection of preferred CSI-RS resource may also be layer-specific and/or polarization specific.  That means each spatial data layer may be transmitted on its own beam.  For example, a UE may report a rank-2 PMI which indicates a precoding matrix , where  is the precoding vector for the th layer; and two beam indices which indicate the preferred beam weights  and  for each layer. From the eNB’s perspective, the reported CQI is derived by assuming precoding over TXRUs using . In fact the layer-specific selection of beamformed CSI-RS resources is equivalent to non-precoded CSI reporting with partial Kronecker product codebooks.   
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 64 TXRUs virtualized from an (8, 4, 2) cross-polarization 2D antenna element array. For 16-TXRU, 1D TXRU virtualization with 4 antennas is adopted, which results in a (2, 4, 2) TXRU array.  For 64-TXRU, one-to-one mapping between TXRU and antenna is assumed.
Multiple groups of beamformed CSI-RSs are transmitted for CSI feedback. Each group of beamformed CSI-RS is comprised of 8 antenna ports. Rel-12 8TX codebook is adopted for channel quantization for each group of beamformed CSI-RS.
We compare the performance benefit of the enhancement scheme with standard transparent beamformed CSI-RS. For the baseline scheme, the beam selection is based on the long-term CSI-RSRP with 3dB margin. As shown in the companion contribution [3], long-term and wideband beam selection does not bring any benefits as the number of TXRUs increases.
For specification enhancement, we consider beam index reporting in addition to PMI/RI/CQI reporting. UE can be configured with all the available beamformed CSI-RS resources in the cell. But only a subset of CSI-RS resources are selected for CSI feedback. The selection of CSI-RS resources can dynamically change. We consider two beam selection algorithms. For wideband beam index feedback, the selection is based on the spectrum efficiency determined from the selected codebook. And for the subband and/or layer specific beam index feedback, a single CSI is reported for one or multiple selected CSI-RS resources. To reduce UE complexity, we use a two-step beam selection approach. Firstly, we select a subset of CSI-RS resources (e.g. one or two CSI-RS resources) based on the long-term received signal power. Then for the selected CSI-RS resources we compute the spectrum efficiency for different combinations of beam index selection and horizontal precoding codebook. The combination with the best spectrum efficiency is reported. 
In Figure 1, we show the performance benefit of short-term beam index reporting over the baseline scheme with a semi-static long-term beam index selection. Both the enhancement and baseline schemes use the wideband beam selection so there is only one CSI report for the selected CSI-RS resource. 
For a given TXRU configuration, the traffic arrival rate is selected such that a resource utilization of about {20%, 50%, 70%} is reached with the standard transparent scheme. For 16-TXRU, gain of more than 10% can be provided for 5%-tile UPT at median and high loading. For 64-TXRU, significant gain can be observed for both 5%- and 50%-tile UPT at low, median and high loading.
Observation 2: Beamformed CSI-RS with short-term beam index reporting outperforms the standard transparent baseline in lightly-, moderately-, and highly loaded scenarios.
In Figure 2, we show the benefit of subband beam index reporting in addition to short-term reporting.  For 16-TXRU, subband beam index reporting provides significant gain for 50%-tile UPT and mean UPT.  For 64-TXRU, the gain of subband reporting over wideband reporting is marginal.
Observation 3: Beamformed CSI-RS with subband beam index reporting can provide additional gain compared to the wideband beam index reporting.
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Figure 1: Performance benefit of short-term/wideband beam index reporting.
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Figure 2: Performance benefit of short-term/subband beam index reporting.
In Figure 3, we show the benefit of increasing number of beamformed CSI-RS resources for 16TXRU configuration. As shown in the figure, increasing the number of the CSI-RS resources provides significant gain in highly loaded scenario.  There is only marginal gain by increasing resources from 4 to 8 brings in lightly loaded scenario. This is because in lightly loaded scenarios, SU-MIMO is scheduled in most cases due to few active UEs for MU paring. SU-MIMO is much less sensitive to spatial quantization error.  In highly loaded scenarios, MU-MIMO can benefit from finer quantization improved by additional beams.
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Figure 3: Performance benefit of increasing number of beamformed CSI-RS resources.
Based on the above performance evaluation we propose to consider the following enhancements for beamformed CSI-RS based schemes. 
Proposal 1: For beamformed CSI-RS based schemes, CSI-RS enhancements shall enable more than 3 CSI-RS resources configured to UE to support more than 8 CSI-RS ports (e.g. 16, 32, 64 or more).
Proposal 2: Potential feedback enhancements for beamformed CSI-RS based schemes shall include dynamic beam index reporting. The beam index reporting could be subband-wise and/or layer specific.
[bookmark: _Ref378529477]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 short-term beam index reporting outperforms the standard transparent baseline in lightly-, moderately-, and highly loaded scenarios.
Observation 3: Beamformed CSI-RS with subband beam index reporting can provide additional gain compared to the wideband beam index reporting.
We propose:
Proposal 1: For beamformed CSI-RS based schemes, CSI-RS enhancements shall enable more than 3 CSI-RS resources configured to UE to support more than 8 CSI-RS ports (e.g. 16, 32, 64 or more).
Proposal 2: Potential feedback enhancements for beamformed CSI-RS based schemes shall include dynamic beam index reporting. The beam index reporting could be subband-wise and/or layer specific.
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Appendix
In this appendix, we provide detailed performance evaluation results in Tables 1—6.
Table 1.  16-TXRU performance results in 3D-UMi (RU of 20%)
	Scheme
	Arrival rate
[0.5MB/s/cell]
	RU
	5% UPT
	50% UPT
	Mean UPT

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

	Baseline
	1.7
	18%
	12.4
	
	43.0
	
	42.1
	

	BI feedback (ST, WB)
	1.7
	17.2%
	13.3
	7.6%
	43.5
	1.1%
	42.3
	0.3%

	BI feedback (ST, SB)
	1.7
	15.6%
	13.9
	12.3%
	43.4
	0.9%
	43.7
	3.8%



Table 2.  16-TXRU performance results in 3D-UMi (RU of 50%)
	Scheme
	Arrival rate
[0.5MB/s/cell]
	RU
	5% UPT
	50% UPT
	Mean UPT

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

	Baseline
	3.3
	49.9%
	5.0
	
	18.9
	
	24.5
	

	BI feedback (ST, WB)
	3.3
	49.6%
	5.8
	14.9%
	19.4
	3.0%
	26.3
	7.4%

	BI feedback (ST, SB)
	3.3
	42.9%
	6.8
	36.0%
	20.8
	10.5%
	26.7
	8.8%



Table 3.  16-TXRU performance results in 3D-UMi (RU of 70%)
	Scheme
	Arrival rate
[0.5MB/s/cell]
	RU
	5% UPT
	50% UPT
	Mean UPT

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

	Baseline
	4.2
	66.8%
	2.6
	
	10.9
	
	17.1
	

	BI feedback (ST, WB)
	4.2
	66.4%
	2.9
	12.6%
	11.2
	2.8%
	17.2
	0.4%

	BI feedback (ST, SB)
	4.2
	64.2%
	3.1
	20.2%
	11.9
	9.5%
	18.2
	6.6%



Table 4.  64-TXRU performance results in 3D-UMi (RU of 20%)
	Scheme
	Arrival rate
[0.5MB/s/cell]
	RU
	5% UPT
	50% UPT
	Mean UPT

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

	Baseline
	2
	20.7%
	11.7
	
	38.8
	
	40.2
	

	BI feedback (ST, WB)
	2
	18.8%
	14.5
	23.8%
	45.5
	17.0%
	43.8
	9.1%

	BI feedback (ST, SB)
	2
	18.6%
	13.6
	16.0%
	46.0
	18.4%
	43.5
	8.3%



Table 5.  64-TXRU performance results in 3D-UMi (RU of 50%)
	Scheme
	Arrival rate
[0.5MB/s/cell]
	RU
	5% UPT
	50% UPT
	Mean UPT

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

	Baseline
	3.5
	53.6%
	4.3
	
	17.4
	
	23.6
	

	BI feedback (ST, WB)
	3.5
	42.5%
	7.2
	68.6%
	24.0
	38.0%
	29.0
	23.0%

	BI feedback (ST, SB)
	3.5
	43.6%
	7.5
	76.1%
	24.9
	43.3%
	30.0
	27.1%



Table 6.  64-TXRU performance results in 3D-UMi (RU of 70%)
	Scheme
	Arrival rate
[0.5MB/s/cell]
	RU
	5% UPT
	50% UPT
	Mean UPT

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

	Baseline
	4.5
	72.0%
	2.8
	
	11.4
	
	17.1
	

	BI feedback (ST, WB)
	4.5
	63.6%
	3.6
	30.9%
	13.0
	14.0%
	18.4
	7.5%

	BI feedback (ST, SB)
	4.5
	65.3%
	3.9
	41.8%
	13.9
	22.3%
	18.3
	6.9%
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