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1 Introduction
In the RAN#71 meeting a Rel-14 work item on Enhancements on Full-Dimension MIMO for LTE was approved [1]. One of the objectives defined in the work item is to specify enhancements to support joint utilization of different CSI-RS types at the UE such as between non-precoded CSI-RS and beamformed CSI-RS as well as between different types of beamformed CSI-RS. In this contribution we provide our views regarding CSI reporting enhancements to provide more efficient support of the hybrid Class A and Class B FD-MIMO schemes.
2 Discussion
In Rel-13 two classes of FD-MIMO schemes were specified – Class A and Class B. The CSI feedback in Class A FD-MIMO is derived using the channel measurement from the non-precoded CSI-RS and the configurable dual-codebook designed to support various 1D / 2D antenna port layouts. The CSI feedback for Class B FD-MIMO is derived using the channel measurement from the beam formed CSI-RS. The conventional Rel-12 codebooks, supporting 1D antenna port layouts, or the new Rel-13 beam selection codebooks can be used to calculate CSI feedback information. 

Comparing to Class A, the CSI-RS transmission for FD-MIMO with single CSI-RS resource (K=1) should be assisted by some additional information from the UE. More specifically, for Class B FD-MIMO at most eight CSI-RS antenna ports can be configured, limiting the maximum number of beams that can be used for the beamformed CSI-RS transmission to four. To assist eNB in the selection of the candidate beams for CSI-RS transmission, the legacy Rel-12 procedures can be used. For example, the RSRP measurements derived on the beamformed CSI-RS antenna ports can be exploited to identify the preferred beam set that should be used by the eNB for CSI-RS transmission. Such RSRP measurements on CSI-RS can be realized using the existing Rel-12 DRS framework and, therefore, should be used for the comparison. 

To demonstrate the performance of Class B FD-MIMO operation with DRS RSRP beam selection, system-level simulations were carried out. The simulation results for the different number of RSRP-based configured beams per UE are shown in Table I. For performance reference, Class A CSI reporting with the grid of beams corresponding to configuration Config-1 was used. The overhead of Class A and Class B was not considered in the evaluations. More detailed simulation assumptions are provided in the Appendix. 

Table I. System-level simulation results

	Schemes
	5%-tile UPT, Mbps
	50%-tile UPT, Mbps
	95%-tile UPT, Mbps
	Mean UPT, Mbps
	RU

	Class A (Config-1)
	8.25
	
	25.07
	
	55.51
	
	28.05
	
	31.90%

	Class B, 1 best RSRP
	8.01
	(-3%)
	24.70
	(-1%)
	55.49
	(0%)
	27.72
	(-1%)
	32.36%

	Class B, 2 best RSRP
	8.20
	(-1%)
	25.12
	(0%)
	55.52
	(0%)
	28.16
	(0%)
	31.86%

	Class B, 4 best RSRP
	8.29
	(0%)
	25.53
	(2%)
	55.55
	(0%)
	28.59
	(2%)
	31.53%

	Class B, 8 best RSRP
	8.43
	(2%)
	26.18
	(4%)
	55.56
	(0%)
	28.95
	(3%)
	31.31%


From the results presented in Table I, it can be seen that the performance of Class B FD-MIMO with DRS RSRP-based beam selection is very close to the performance of Class A FD-MIMO with Config-1 codebook regardless of the number of beams configured per UE for selection. The results demonstrate that long term single beam selection for Class B FD-MIMO operation is already sufficient to achieve the reference performance of Class A FD-MIMO with dynamic beam selection. It can be also observed that the selection of multiple best beams for Class B operation doesn’t provide significant improvement. The small performance is explained by high correlation of the 3GPP channel where CSI-RS transmission using the best single beam is already sufficient to support high performance operation of Class B over long period of time. In realistic environments such assumption may not be always valid, e.g., due to dynamic shadowing. Therefore, an appropriate propagation model should be defined for hybrid operation.
Observation:

· For 3GPP 3D channel propagation model, the RSRP-based beam selection for Class B FD-MIMO provides the system performance close to the reference performance questioning the need of hybrid Class A / Class B FD-MIMO specification
· Further discussion is needed whether the existing 3GPP propagation models are sufficiently good to represent realistic environment with dynamic shadowing of the channel clusters
3 Hybrid Class A and Class B FD-MIMO schemes

One of the solution to enhance the existing scheme is to consider hybrid FD-MIMO operation with Class A and Class B FD-MIMO configured at the same time. In this schemes the beamformed CSI-RS Class B scheme is utilized in conjunction with non-precoded CSI-RS Class A scheme. In this case, beamforming applied by a serving eNB to generate beamformed CSI-RS can be derived based on CSI reporting from the UE based on Class A scheme. For example, Class A and Class B FD-MIMO may be configured for different CSI processes in TM10. The PMI report provided for CSI process with Class A CSI process can be used to identify the candidate beams for CSI-RS transmission. Due to reporting on the physical layer, the candidate beam information can be provided to the eNB more dynamically comparing to RSRP reports in the legacy systems.
It should be noted, however, that the existing Class A CSI feedback framework is not sufficiently optimized to provide information about the preferred candidate beams. More specifically, the existing Class A codebook framework has limitation in indicating more than one candidate beam. Figure 1 illustrates the issue in more details, where the set of the possible Class A beams, grid of beams and channel clusters are shown. In Class A FD-MIMO, UE reports i1 index to provide wideband information about the selected grid of beams. The grid of beams supported by specification is fixed and in most of the cases does not match to the channel statistics. As can be seen from Figure 1, the existing PMI reporting framework of Class A FD-MIMO most likely provides information about single channel cluster (i.e. the beam). As can be also seen from Figure 1, the actual number of the candidate directions could be higher but not visible to the eNB if the existing Class A PMI reporting is used. 
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Figure 1: Illustration of beam selection for Class A FD-MIMO
Based on the discussion above we propose several enhancements to Class A CSI reporting when it is used together with Class B FD-MIMO. More specically best-M i1 reporting may be considered for specification to provide information about the set of the candidate beams. Since the actual set of beams and corresponding CQI information can be provided as part of Class B CSI reporting, the RI and CQI reporting can be disabled to reduce the signalling overhead. The Class A PMI reporting can be further limited to rank 1. Based on the discussion above the following proposal can be made:
Proposal: Study the following CSI reporting enhancements schemes:
· Best-M CSI reporting for i1 in Class A FD-MIMO
· Disabling CQI/RI reporting for Class A FD-MIMO
· Limiting PMI reporting for Class A CSI-RS to rank 1

4 Conclusion

In this contribution we shared our views on the hybrid FD-MIMO operation. The observation and proposal are recapped as:

Observation:

· For 3GPP 3D channel propagation model the RSRP-based beam selection for Class B FD-MIMO provides the system performance close to the reference performance questioning the need of hybrid Class A / Class B FD-MIMO specification

· Further discussion is needed whether the existing 3GPP propagation models are sufficiently good to represent realistic environment with dynamic shadowing of the channel clusters
Proposal: 
· Study the following CSI reporting enhancements schemes:

· Best-M CSI reporting for i1 in Class A FD-MIMO

· Disabling CQI/RI reporting for Class A FD-MIMO

· Limiting PMI reporting for Class A CSI-RS to rank 1
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Appendix: simulation assumptions
	Parameter
	Value

	Scenario
	3GPP 3D-UMa

	Deployment
	Hexagonal

19 sites w/ 3 macro-cell areas per site

	Wrap-around model
	Geometric

	Bandwidth
	10 MHz

	Duplexing
	FDD

	BS antenna
	URA X-Pol, (45° polarization slant

Layout:

#of X-Pols in a column M=8,

#of X-Pols in a raw N=4
TXRU layout: 4(2 antenna elements with the same polarization

16 TXRUs

0.5 horizontal antenna spacing

0.8 vertical antenna spacing

Electrical down-tilt  = 100°

	UE antenna
	Two co-located elements

0°, 90° polarization slant

	BS beamforming
	DFT-based with oversampling (O1, O2) = (4,4)

	Traffic model
	FTP Model 1,

S = 0.5 Mbyte,

 = 2.3 s-1

	Transmission scheme
	SU-MIMO w/ rank adaptation

Max rank-2 per UE

	Scheduler
	Proportional fair

	CSI feedback
	Per subband (10 subbands)

Periodicity 5 ms

Delay 5 ms

	HARQ
	Chase combining

Up to 3 retransmissions

	Outer loop link adaptation
	10% target BLER

	UE receiver
	MMSE-IRC

	Channel estimation
	Perfect knowledge for demodulation and CSI feedback

	Interference estimation
	Perfect knowledge for demodulation and CSI feedback

	Simulation time
	2000 frames (10ms/frame)
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