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1. Introduction

The work item on elevation beamforming and full dimension MIMO was approved in the 3GPP RAN#68 meeting [1]. CSI feedback is an essential enhancement aspect to acquire the gain of FD MIMO. The CSI feedback enhancement in the WI is described below:
· Specify enhancements on CSI reporting in the following areas [RAN1]

· For non-precoded CSI-RS, codebook for 2D antenna arrays for support of {8,12,16} CSI-RS ports and associated necessary channel state information. 

· If there is not significant gain shown for new codebook for 8 CSI-RS ports, the current codebook for 8 CSI-RS ports is retained. 
· Necessary channel state information for beamformed CSI-RS
· Extension of Rel-12 CSI reporting mechanism for both periodic and aperiodic CSI reports

In our companion contribution [3], the CSI feedback framework for beamformed CSI-RS is discussed, and beam index (BI) report based on multiple CSI-RS resources is proposed to be supported in Rel-13. In this contribution, we discuss the periodic CSI feedback design to support BI report for beamformed CSI-RS.

2. Discussion
As the feedback framework described in [3], UE is configured with multiple CSI-RS resources associated with different weights. UE would measure the CSI-RS resources and report the proposed resource index as BI, along with the CSI corresponding to the reported resource. Since the RI/PMI/CQI feedback can remain the same as Rel-12, the main enhancement of this framework is the BI report. In this section, we discuss the details for periodic BI report in PUCCH with the principle of minimizing specification impact and feedback overhead.
2.1. On the size of BI report
The size of single BI report is determined by the number of beamformed CSI-RS resources configured for a UE. With more beams, the beamforming can be more accurate, but the corresponding CSI-RS overhead would be increased accordingly. The number of resources for BI should be a tradeoff between beamforming gain and overhead. To compare the FD MIMO performance with different number of resources, we provide the evaluation results in appendix for the following two cases. It should be noted that in [4], it was shown that 8 beams in a cell would provide best performance for cell-specific CSI-RS beamforming.
· Case 1: 8 beams in each cell and all the beams are configured by eNB and selected by UEs.

· Case 2: 8 beams in each cell and 4 beams are configured to UEs. The eNB should select 4 beams out of the 8 beams in advance for each UE based on the CSI-RSRP of all the 8 beamformed DRS.

From the evaluation results, it can be found that performance loss of Option 2 is negligible compared to Option 1. Beside CSI-RSRP, eNB can also select the beam subset for UE via channel reciprocity. Even if UE may need to report multiple selected beams, it seems four beamformed CSI-RS resources are sufficient for UE to report BI. The eNB can even configure fewer CSI-RS resources according to the transmission scenarios. It needs further study whether the size of BI is constant or variable with different number of configured CSI-RS resources.
Proposal 1: The maximal size of single BI report can be 2 bits in Rel-13.
2.2. On the number of reported BI
Based on the configured CSI-RS resources, UE can report one or multiple best beams for DL transmission. The potential benefits of multiple beams report can be summarized in two aspects:
· With multiple BIs and corresponding CSI, eNB can use multiple beams for DL transmission. Typically, high rank transmission in vertical dimension can be supported.

· eNB can restrict the interference among UEs, e.g. reduce the interference to neighboring UEs/cell via using a suboptimal beam.
Considering the antenna correlation is high in vertical dimension, the spatial degree of freedom is low. If at most two layers transmission is assumed for one UE, it is more likely to that rank=2 is coming from horizontal dimension. Then feedback of multiple beams in vertical dimension would not provide benefits. According to the evaluation in [5], support of multiple beams in vertical dimension can only provide negligible performance gain for non-precoded CSI-RS. The same conclusion can be applied to beamformed CSI-RS considering similar two dimension precoding is used for the two schemes. Also, it is unclear whether multiple BIs can help for interference restriction in eNB, since there would be only few UEs multiplexed in the same resource with FTP traffic. Considering the UL feedback overhead would linearly increase with increased number of report BIs (and CSI), it is reasonable to support only single BI for one CSI-process in Rel-13. 
If report of multiple BIs is introduced in Rel-13, e.g. to support multiple beams transmission, how to decide the number of reported BIs is an issue. In general, the number of reported BIs and corresponding CSI can be configured by eNB, and eNB would decide which beam(s) to use. However, without realistic DL channel information in eNB, it would be difficult for eNB to determine how many beams are appropriate for DL transmission. Considering DL channel can be measured by UE, UE can calculate the optimal beam number, e.g. to maximize the DL capacity, and then report the suitable beam number. For example, UEs would report N BIs and corresponding CSI where N is configured by eNB, and also a proposed beam number M (M(N). eNB can directly  use the beams corresponding to the reported beam number for DL transmission, or use a different beam number instead if necessary.
Proposal 2: Single BI report is sufficient for beamformed CSI-RS in Rel-13.

Proposal 3: If report of multiple BIs is supported for one CSI-process, a proposed beam number is reported by UE along with configured number of BIs.
2.3. BI report in PUCCH
Similar to other CSI report, BI can be reported via PUCCH format 2/2a/2b. Since BI is usually reported with long period (e.g. 200ms), the increased PUCCH resource overhead is negligible. A new PUCCH reporting type (e.g. report type 7) can be introduced for BI. Considering all the CSI report is based on latest reported BI, the reporting type for BI should have higher priority than any other reporting type for beamformed CSI-RS if BI collides with other CSI. It needs further study whether BI can be multiplexed with RI considering the impact to PUCCH detection performance. The reporting mode in Rel-12 can be reused and BI report process should be defined for each mode when a CSI-process for beamformed CSI-RS is configured.
If multiple CSI-processes are configured to UEs in case of CA/CoMP, the BI in one CSI-process may be collided with BI/CSI in another CSI-process. If BI can be multiplexed with RI, then BI would have the same priority as RI and the dropping rule in Rel-12 can be reused. If BI is independently reported, the possible collision cases are analyzed below.
· BI in one process collides with BI in another process. Similar to the rule in Rel-12, the BI in the process with lower index can have higher priority and the other would be dropped.

· BI in one process collides with CSI in another process for beamformed CSI-RS. Similar to the rule for the same CSI-process, BI should have higher priority than the CSI for beamformed CSI-RS.
· BI in one process collides with CSI in another process for non-precoded CSI-RS. It would be difficult to judge which type of CSI is more important. Either CSI-process type or reporting type can be the principle for priority. Considering introduction of CSI-process type as a new rule would make the dropping rule rather complex, it is preferred that reporting type is still used to judge the priority. Then the CSI for non-precoded CSI-RS would be dropped when collided with BI. 
Proposal 4: If BI is independently reported, it should have higher priority than any other collided CSI, regardless of the CSI-process type and CSI-process/Serving-cell index.
3. Conclusion 
In this contribution, we discuss the design of PUCCH feedback to support BI report. The size and number of BI report are both analyzed. We also provide the mechanism to report BI in PUCCH, including the PUCCH format, reporting type and dropping rule for BI. In principle of minimized specification impact and feedback overhead, we propose that:
Proposal 1: The maximal size of single BI report can be 2 bits in Rel-13.

Proposal 2: Single BI report is sufficient for beamformed CSI-RS in Rel-13.

Proposal 3: If report of multiple BIs is supported for one CSI-process, a proposed beam number is reported by UE along with configured number of BIs.
Proposal 4: If BI is independently reported, it should have higher priority than any other CSI when collided, regardless of the CSI-process type and CSI-process/Serving-cell index.
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5. Appendix
Table A1: Evaluation assumptions for baseline and vertical sectorization
	Parameter
	Value

	Antenna configuration
	Horizontal:  8 elements, X-pol (+/-45),  0.5λ space
Vertical: 8 elements, 0.8λ space

	Scenario
	3D-UMi, 3D-UMa-200m

	System bandwidth
	10MHz (50RBs)

	Carrier frequency
	2GHz

	UE  distribution
	Follows 36.873 3D-UMa, 3D-UMi

	UE speed
	3km/h

	Model of cross polarization
	36.814

	Traffic model
	Full buffer, FTP model 1

	Scheduling algorithm
	PF

	Receiver
	Realistic channel estimation

	
	MMSE-IRC receiver

	HARQ 
	Max 4 transmissions

	PMI/CQI feedback granularity
	Subband (6 PRBs per subband)

	PMI/CQI feedback periodicity
	10ms

	BI feedback granularity
	Wideband (50PRBs)

	Updating periodicity of beam set in eNB
	480ms

	BI feedback periodicity
	120ms

	RI feedback periodicity
	120ms

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB, CSI-RS overhead depends on the number of vertical sectors configured in a cell

	Wrapping  method
	Geographical distance based

	Handover margin
	3 dB


Table A2: Performance of FD-MIMO, 3D-UMi, FTP traffic, 
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=2.2
	Configuration
	CSI-RS configuration
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	3D-UMi
	16TXRU
	Case 1
	12.50
	0.0%
	31.30
	0.0%
	34.71
	0.0%
	21.8%

	
	
	Case 2
	12.05
	-3.6%
	31.75
	1.4%
	34.74
	0.1%
	21.9%

	
	32TXRU
	Case 1
	13.59
	0.0%
	35.02
	0.0%
	35.88
	0.0%
	20.8%

	
	
	Case 2
	13.55
	-0.3%
	35.26
	0.7%
	35.64
	-0.7%
	21.0%

	
	64TXRU
	Case 1
	14.91
	0.0%
	39.69
	0.0%
	37.51
	0.0%
	19.1%

	
	
	Case 2
	14.80
	-0.7%
	39.69
	0.0%
	37.53
	0.0%
	19.2%

	3D-UMa-200m
	16TXRU
	Case 1
	13.07
	0.0%
	32.40
	0.0%
	34.86
	0.0%
	21.4%

	
	
	Case 2
	13.19
	1.0%
	32.09
	-0.9%
	34.31
	-1.6%
	22.1%

	
	32TXRU
	Case 1
	14.77
	0.0%
	38.25
	0.0%
	37.15
	0.0%
	19.6%

	
	
	Case 2
	14.75
	-0.1%
	38.17
	-0.2%
	36.97
	-0.5%
	19.8%

	
	64TXRU
	Case 1
	14.17
	0.0%
	34.09
	0.0%
	35.64
	0.0%
	20.3%

	
	
	Case 2
	13.95
	-1.6%
	33.42
	-2.0%
	35.50
	-0.4%
	20.4%


Table A3: Performance of FD-MIMO, 3D-UMi, FTP traffic, 
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=5
	Configuration
	CSI-RS configuration
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	3D-UMi
	16TXRU
	Case 1
	5.12
	0.0%
	18.18
	0.0%
	21.99
	0.0%
	55.7%

	
	
	Case 2
	5.01
	-2.2%
	17.76
	-2.3%
	21.64
	-1.6%
	56.1%

	
	32TXRU
	Case 1
	6.26
	0.0%
	20.22
	0.0%
	23.74
	0.0%
	52.6%

	
	
	Case 2
	6.26
	0.0%
	19.72
	-2.5%
	23.41
	-1.4%
	52.9%

	
	64TXRU
	Case 1
	6.88
	0.0%
	21.90
	0.0%
	25.07
	0.0%
	49.1%

	
	
	Case 2
	6.59
	-4.1%
	21.31
	-2.7%
	24.67
	-1.6%
	51.0%

	3D-UMa-200m
	16TXRU
	Case 1
	4.75
	0.0%
	16.89
	0.0%
	20.56
	0.0%
	58.2%

	
	
	Case 2
	4.84
	1.8%
	16.98
	0.5%
	20.67
	0.5%
	58.0%

	
	32TXRU
	Case 1
	6.87
	0.0%
	21.03
	0.0%
	24.37
	0.0%
	50.6%

	
	
	Case 2
	6.87
	0.0%
	20.82
	-1.0%
	24.36
	-0.1%
	51.0%

	
	64TXRU
	Case 1
	6.41
	0.0%
	19.69
	0.0%
	22.76
	0.0%
	53.0%

	
	
	Case 2
	6.42
	0.2%
	19.24
	-2.3%
	22.40
	-1.6%
	53.4%
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