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Introduction
LTE supports two different types of CSI reports – aperiodic reports on PUSCH triggered by an UL grant (A-CSI) and periodic reports on PUCCH (P-CSI). Since A-CSI is dynamically scheduled, rather large payloads and hence detailed reports can be supported. In contrast, P-CSI is efficient in terms of requiring limited resources but at the same time constitutes a very narrow data pipe for which considerably coarser reports (in time/frequency/space) are more appropriate. 
Typically, not that many UEs are simultaneously receiving data in a subframe and there could even be many subframes without any traffic at all for considerable time. But many UEs can be in an active state simultaneously. Letting all UEs in active state transmit detailed CSI reports would not be feasible from an overhead perspective, not to mention from a DRX point of view. Such an operation would be highly inefficient considering the few UEs that actually receive data simultaneously. 
Instead, coarse P-CSI is used which only gives a rough measure, complemented with more detailed A-CSI reports a short while (6-15 ms) after the UE starts being scheduled. The LTE CSI feedback concept is highly efficient and scalable with the number of active UEs in the cell and thus remains an attractive solution also for FD-MIMO.
Observation
· Rel-8 aperiodic/periodic CSI feedback types remain highly efficient also for FD-MIMO
· Detailed CSI feedback on aperiodic CSI on PUSCH
· Coarse CSI feedback on the narrow data pipe of PUCCH
In LTE, coarse spatial information has previously been achieved by subsampling of the codebook, so that only a few precoder codewords remain to be selected for P-CSI reporting. It is noted that this subsampling only gives a coarser selection of the beam directions, not coarser beams, e.g. wider beam widths. Hence, a UE has two parallel CSI estimation procedures, one that operates on the full codebook and another that operates on a smaller codebook. 
However, in EB/FD-MIMO, the number of ports is increased even further. Then the codebook subsampling approach for P-CSI becomes problematic, since the actual beams can now have a rather narrow beam width due to the many ports, and traditional codebook subsampling may thus provide gaps in the coverage. Therefore, subsampling does not really provide a coarse CSI feedback, but instead a rather detailed feedback but with poor precision. This is not desirable and not forward compatible to a further increase in the number of CSI-RS ports. It would be more desirable if the coarse P-CSI would not need to be based on all the large number CSI-RS ports that result in narrow beams.    
Observation: 
The technique of codebook subsampling for P-CSI reporting may create problems due to narrow beam widths and is not scalable when the number of ports increase further
Moreover, an EB/FD-MIMO equipped Rel.13 eNB must also support legacy terminals. Since legacy terminals support at most eight CSI-RS ports, the eNB must implement functionality to support these legacy terminals even though Rel.13 and beyond terminals can measure more than eight CSI-RS ports. Hence, in any case, there will be UEs served that measure and report CSI on at most 8 CSI-RS ports even though the eNB has more than 8 port functionality. 
Our proposal for an EB/FD-MIMO capable Rel.13 UE is thus the following:
Proposal:
· For P-CSI reporting, the UE measures and reports CSI on {2,4,8} CSI-RS ports, using legacy codebooks, CSI reporting modes and procedures
· For A-CSI reporting, the UE measures and reports CSI on {8,12,16} CSI-RS ports based on Rel.13 CSI feedback design
This thus breaks the current convention that the P-CSI and A-CSI reporting always refer to the same set of antenna ports. One possible configuration could then be that legacy and Rel.13 terminals use the same CSI-RS ports for the P-CSI reporting while the Rel.13 terminals measures additional ports for the A-CSI reporting. Hence, the P-CSI reporting is coarse, uses only the legacy codebook and can only take limited benefit of a 2D port layout. Note that the UE complexity is unchanged, because legacy UEs also have two different procedures for P-CSI and A-CSI since different codebooks are used for the two CSI reports. 
This proposal is well motivated since the P-CSI is anyway not used for PDSCH link adaptation to any larger extent; it is more a “stay alive” CSI feedback message, which can be used for initial PDSCH scheduling before the A-CSI report is available and for link adaptation of the control channel. Note that PDSCH link adaptation is anyway coarse before the open loop link adaptation has converged. Some other benefits of this proposal are:
· Energy efficiency: If there is no data to transmit in the cell, some TXRUs used for A-CSI can be powered down, and still CSI-RS measurements and P-CSI feedback can be obtained for served UEs. 
· UE complexity and power consumption: No need to measure more than 8 ports for the periodic reporting.  The 8/12/16/16+ ports measurements using 2D codebook are only needed when there is actual data to receive.  Existing P-CSI measurement and feedback implementation that are already in place for legacy terminals can be re-used. 
· Standardization effort: No need to discuss and specify P-CSI details such as codebook subsampling, since P-CSI reporting follows legacy. 
· Robustness: Fewer measured ports and legacy codebooks effectively imply wider beams which gives robustness. Subsampling a 2D codebook may require spreading UCI across more than two subframes which jeopardize robustness due to dependencies and error propagation 
· RAN4 Testing: No need for new P-CSI tests as legacy P-CSI is used for EB/FD-MIMO

Performance
We have investigated the performance of using legacy PUCCH and a subsampled 2D codebook PUCCH by system simulations. Each UE is feeding back P-CSI until a packet arrives, and then A-CSI is triggered. During the period before A-CSI is obtained, link adaptation is performed on the P-CSI report.
The performance comparison between legacy PUCCH and subsampled 2D codebook PUCCH for the 2x3, 1x6, 2x4 and 4x2 port layouts are given in Tables 1-4.  For legacy PUCCH, the subsampled Rel10 8Tx codebook is assumed (Rel10 PUCCH mode 1-1, submode 2). Before aperiodic CSI reports are available, PDSCH is transmitted on only the antenna ports associated with periodic CSI feedback.  Therefore, the PDSCH corresponding to Rel-10 P-CSI is transmitted at reduced power, proportional to number of CSI-RS ports.  The evaluated port layouts for the legacy feedback are:
· Legacy PUCCH using the 2x2 port layout for the Rel.13 2x3 port layout case of Table 1
· Legacy PUCCH using the 1x4 port layout for the Rel.13 1x6 port layout case of Table 2
· Legacy PUCCH using the 1x4 port layout for the Rel.13 2x4 port layout case of Table 3.
· Legacy PUCCH using the 4x1 port layout for the Rel.13 4x2 port layout case of Table 4.
For the subsampled Rel.13 2D codebook PUCCH, a total of 4 PMI bits are assumed in order to have the same payload as for legacy PUCCH.  The remaining simulation details are given in the Appendix.
As can be seen from the results, legacy PUCCH suffers almost no performance loss compared to subsampled 2D codebook PUCCH.  In all the cases simulated, the performance loss is less than 1.3% for both the mean user throughput and cell edge user throughput.
Observation: 
Using legacy PUCCH instead of a newly designed subsampled 2D codebook based PUCCH implies less than 1.3% performance loss in both mean and cell edge user throughput.
Hence, there is no performance benefit to specify PUCCH for Rel.13 port layouts. It suffices that PUCCH use the Rel.12 port layouts.
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	Reference resource utilization 
	50%

	
	3D-UMi
	3D-UMa

	
	P-CSI with subsampled
2D Codebook
	P-CSI with subsampled
Rel10 8Tx Codebook
	P-CSI with subsampled
2D Codebook
	P-CSI with subsampled
Rel10 8Tx Codebook

	Cell edge throughput [bps/Hz/user]
	0.473
	0.472
	0.421
	0.420

	Mean User Throughput [bps/Hz/user]
	2.30
	2.28
	2.10
	2.08

	Cell edge gain
	0%
	-0.22%
	0%
	-0.22%

	Mean user throughput gain
	0%
	-0.76%
	0%
	-0.80%
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	Reference resource utilization 
	50%

	
	3D-UMi
	3D-UMa

	
	P-CSI with subsampled
2D Codebook
	P-CSI with subsampled
Rel10 8Tx Codebook
	P-CSI with subsampled
2D Codebook
	P-CSI with subsampled
Rel10 8Tx Codebook

	Cell edge throughput [bps/Hz/user]
	0.476
	0.475
	0.463
	0.461

	Mean User Throughput [bps/Hz/user]
	2.31
	2.30
	2.22
	2.20

	Cell edge gain
	0%
	-0.19%
	0%
	-0.29%

	Mean user throughput gain
	0%
	-0.65%
	0%
	-0.89%
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	Reference resource utilization 
	50%

	
	3D-UMi
	3D-UMa

	
	P-CSI with subsampled
2D Codebook
	P-CSI with subsampled
Rel10 8Tx Codebook
	P-CSI with subsampled
2D Codebook
	P-CSI with subsampled
Rel10 8Tx Codebook

	Cell edge throughput [bps/Hz/user]
	1.181
	1.176
	0.442
	0.442

	Mean User Throughput [bps/Hz/user]
	3.583
	3.561
	2.188
	2.180

	Cell edge gain
	0%
	-0.45%
	0%
	-0.10%

	Mean user throughput gain
	0%
	-0.60%
	0%
	-0.39%
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	Reference resource utilization 
	50%

	
	3D-UMi
	3D-UMa

	
	P-CSI with subsampled
2D Codebook
	P-CSI with subsampled
Rel10 8Tx Codebook
	P-CSI with subsampled
2D Codebook
	P-CSI with subsampled
Rel10 8Tx Codebook

	Cell edge throughput [bps/Hz/user]
	0.528
	0.527
	0.406
	0.405

	Mean User Throughput [bps/Hz/user]
	2.370
	2.344
	2.071
	2.046

	Cell edge gain
	0%
	-0.27%
	0%
	-0.24%

	Mean user throughput gain
	0%
	-1.08%
	0%
	-1.21%




Standard impact
There are many different ways to implement/virtualize the ports used for P-CSI and A-CSI respectively. However, from a specification perspective, it is only matter of a configuration of the ports to be used for P-CSI and A-CSI respectively. Hence, we propose:
Proposal:
· For Class A and Class B, one CSI resource in the CSI process with Nk={2,4,8} CSI-RS ports is configured to be used for periodic CSI reporting using Rel.12 PUCCH procedures (including codebooks, reporting modes)  
Whether this resource used for P-CSI measurements is part of the resources used for A-CSI measurements, or a separate resource, needs to be discussed further as it depends on the CSI-RS resource design. 
Conclusion
We propose the following
Proposal:
· For Class A and Class B, one CSI resource in the CSI process with Nk={2,4,8} CSI-RS ports is configured to be used for periodic CSI reporting using Rel.12 PUCCH procedures (including codebooks, reporting modes)  

Appendix
	Simulation parameters

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMi 200m ISD, 3D UMa 500m ISD

	Antenna Configurations
	4x3 with 2x1 virt. to 2x3, tilts: 130° (UMi) 122° (UMa)
2x6 with 2x1 virt. to 1x6, tilts: 130° (UMi) 122° (UMa)
8x2 with 2x1 virt. to 4x2, tilts: 130° (UMi) 122° (UMa

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

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	A-CSI triggered every 5ms, 20ms for P-CSI

	CSI delay 
	5 ms

	CSI mode
	PUSCH Mode 3-2, PUCCH Mode 1-1 submode 2

	Outer loop Link Adaptation
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	eNB Tx power 
	41 dBm (UMi), 46 dBm (UMa) 
PDSCH corresponding to Rel-10 P-CSI is transmitted at reduced power, proportional to number of CSI-RS ports.

	Traffic model
	FTP Model 1, 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 DMRS ports

	CSI-RS
	Overhead accounted for.  
Channel estimation error modeled.

	Codebook
	2D Grid of Beams based on DFT

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Handover margin
	3 dB






