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1. Introduction
  In RAN1 #85, the following agreement about advanced CSI reporting to improve the performance of FD-MIMO was achieved [1]: 
· Specify enhancement on CSI reporting to improve eNB precoding. The specified enhancement is to be selected from the following categories:
· Enhancements to Rel-13 feedback codebooks (FFS which numbers of antenna ports from the set {8, 12, 16, 20, 24, 28, 32}) that increase CSI resolution through improved beam selection / construction in W1 and/or improved beam/port selection / combining / weighting mechanisms in W2 
· Parameters representing channel coefficients, or some reduced space representation thereof including beam combining / weighting with coefficient quantization or channel quantization or channel covariance matrix quantization
· Uplink physical channel enhancements to carry the representation of channel coefficients can be included if selected
· Also, interference measurement enhancement can be considered 
The detailed proposal for explicit CSI reporting using quantized Eigen vectors of channel covariance matrix is discussed in this contribution.
2. Explicit CSI report
2.1 The description of the proposed explicit CSI feedback
  The FD-MIMO system can be described as:
                                                  (1)
where y, , , , and  represent  receiving vector,  channel matrix,  precoding matrix,  vitalization matrix,  precoding matrix,  transmitting vector, and  noise vector, respectively. The matrix dimension number , ,  and  represent the number of receiving antennas, the number of transmitting antennas, the number of virtualized antenna ports and the number of layers, respectively.
  Firstly, the virtualization matrix , containing the dominant signal subspaces of all UE signals, is calculated through Eigenvalue decomposition of composite channel covariance matrix. The covariance matrix is calculated according to estimated channel on sounding RS as: 
                                                    (2)
where  is  the estimated uplink channel of UEi, and  denotes number of UEs in the cell served by this given eNB. Then  columns of Eigen matrix of the composite channel covariance matrix, corresponding to  strongest Eigen values, are adopted as . The elements of  are quantized and reported by UE to improve the CQI measurement accuracy.  
2.2 Discussion 
The proposed scheme can be implemented in the LTE system, where the beam weight for beam formed CSI-RS is equal to virtualization matrix , and the quantized elements are reported through PUSCH mode 3-1. The larger number antenna elements are virtualized into the smaller antenna ports, e. g. 8 ports, and then UE can derive and report the channel state information based on beamforming the CSI-RS, which can maintain the complexity and overhead in irrespective to the number of antenna elements. The beam formed CSI-RS ports can be shared by multiple UEs, which has reduced CSI-RS overhead, compared with UE-specific beam formed CSI-RS.  Based on beam formed CSI-RS, the channel can be estimated more accurately. 
Compared with the implicit CSI feedback mode supported in LTE system, the reporting overhead of explicit CSI may be higher and, therefore, should be carefully studied. More specifically, in the proposed scheme the channel covariance matrix is derived based on the long-term averaged measurements, so it provides more stable channel state information comparing to the instantaneous measurements and therefore avoids frequent CSI reporting updates. 
In [2], two quantization schemes, Givens Rotation (GR) and Householder (HH) transformation, are studied for element quantization. For  beam formed CSI-RS antenna ports and rank , total  real elements are required to be reported, e.g. 26/14 real elements need to be quantized and reported for rank 2/rank 1 respectively based on 8 beam formed CSI-RS antenna ports. To further reduce the CSI reporting overhead, the uneven quantization can be considered. For example in Type-I approach different distribution range of the elements can be utilized, as illustrated in the Figure 3 and Figure 4 of [2], where the elements with wider distribution range can be quantized with more bits, e.g. 4 bits, while the elements with smaller distribution range can be quantized with smaller number of bits, e.g. 3 bits. In this case the reporting overhead can be reduced to 97 bits and 52 bits for rank 2 and rank 1. On the other hand, in Type-II approach the Eigen vector corresponding to strong Eigen value are quantized by using more bits, e.g. 4 bits, while the Eigen vector corresponding to weak Eigen value by smaller number of bits, e.g. 3 bits. In this case the reporting overhead can be also reduced to 92 bits for rank 2.
Proposal 1: For beam formed CSI-RS ports, UE should explicitly report precoding matrix corresponding to the strongest Nl Eigen vectors of the beam formed channel covariance matrix, where Nl is the number of layers.
Proposal 2: Uneven quantization for GR and HH quantization schemes can be utilized to reduce the CSI reporting overhead.
2.3 The system-level evaluation results
In order to evaluate the performance of the proposed algorithm, the system-level simulation is performed, where the simulation parameters are listed in the appendix. The FTP results are summarized in the Table 1 for λ = 1.8, and Table 2 for λ = 2.8. For benchmarking implicit CSI reporting based 32 ports CLASS A codebook [3] with Config=1, =4 and =4 is adopted.
From the presented result, it can be seen that the proposed explicit CSI reporting scheme can achieve better spectral efficiency comparing to the implicit CLASS A reporting scheme. From Table 1, it can be seen that about 21% gain for 5% UPT for low load scenario, and the proposed uneven quantization can further reduce the overhead with negligible performance loss. The report overhead of the proposed scheme is also listed, which is smaller than 100 bits, and can be supported by the existing CSI reporting modes
Table 1: Gain over Rel.13 class A codebook feedback with λ = 1.8
	() = (4,4,4,4)
	Edge SE
	Mean SE
	Overhead

	Class A
	0%
	0%
	16 bits

	Non-quantization, =8
	26.8%
	2.4%
	+∞

	GR, =8, even quantization, 4bits
	21.5%
	1.9%
	~83bits

	GR, =8
Type-I uneven quantization, 4 bits+3 bits
	21.1%
	1.7%
	~78bits

	GR, =8
Type-II uneven quantization, 4 bits+3 bits
	21.5%
	1.2%
	~80bits

	GR, =8, even quantization, 3bits
	19.3%
	-0.7%
	~63bits

	HH, =8, even quantization, 4bits
	21.9%
	1.9%
	~83bits

	HH, =8
Type-I uneven quantization, 4 bits+3 bits
	16.0%
	0%
	~78bits

	HH, =8
Type-II uneven quantization, 4 bits+3 bits
	22.0%
	0.5%
	~80bits

	HH, =8, even quantization, 3bits
	17.7%
	-2.3%
	~62bits



As the load increase, more UEs are active at the same time, then the probability for MU scheduling is increased, owning to abundant MU pairing. The MU transmission mode requires more accurate CSI feedback to suppress the mutual interference. Table 2 illustrates that about 12% gain for 5% UPT and 10% gain for average UPT.
[bookmark: _Ref458725826]Table 2: Gain over Rel.13 class A codebook feedback with λ = 2.8
	() = (4,4,4,4)
	Edge SE
	Mean SE
	Overhead

	Class A
	0%
	0%
	16 bits

	Non-quantization, =8
	14.53%
	12.81%
	+∞

	GR, =8, even quantization, 4bits
	12.84%
	10.50%
	~88bits

	GR, =8
type-I uneven quantization, 4 bits+3 bits
	3.72%
	10.97%
	~69bits

	GR, =8, even quantization, 3bits
	1.69%
	5.81%
	~62bits



3. Summary
  In this contribution, the explicit CSI feedback is proposed. The evaluation results are also provided showing the benefits comparing to implicit Class A schemes. Based on the discussion the following proposals were made:
Proposal 1: For beam formed CSI-RS ports, UE should explicitly report precoding matrix corresponding to the strongest Nl Eigen vectors of the beam formed channel covariance matrix, where Nl is the number of layers.
Proposal 2: Uneven quantization for GR and HH quantization schemes can be utilized to reduce the CSI reporting overhead.
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Simulation assumption
	Parameter
	Value

	Scenario
	UMa with 500 ISD and 2GHz

	eNB Antenna 
Configuration
	X-polarized: 45/-45 degrees

	
	

horizontal spacing; vertical spacing

	
	2D antenna pattern defined in TR36.873, (4,4,2)

	UE Antenna Configuration
	+ polarized: 0/+90 degrees, 2Rxs, 

	UE 
Configurations
	Speed: 3km/h

	
	UE attachment: Based on RSRP from CRS port 0

	
	UE distribution: 80% indoor and 20% outdoor only distributed on floor

	SRS Configuration
	2Tx at UE 

	System 
Bandwidth
	10MHz (50RBs)

	Scheduler
	[bookmark: _Toc439664579]PF

	Number of UEs per cell
	10

	traffic model
	   FTP, Model 1, 0.5MByte

	Transmit Mode
	Dynamic SU/MU: rank adaptation
Max of 2 paired UEs

	Receiver
	Ideal channel estimation

	
	MMSE-IRC receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUSCH 3-1

	
	CQI and PMI reporting triggered per 10ms 

	
	Feedback delay is 10ms

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB
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