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1. Introduction

In RAN1 #82, two CSI reporting classes, A and B, are defined to differentiate schemes for non-precoded and beamformed CSI-RS. For class B where the associated CSI process can support beamformed CSI-RS, four alternatives are suggested to be considered. 
· Alt.1: Indicator for beam selection and L-port CQI/PMI/RI for the selected beam. Total configured number of ports across all CSI-RS resources in the CSI process is larger than L.
· Alt.2: L-port precoder from a codebook reflecting both beam selection(s) and co-phasing across two polarizations jointly. Total configured number of ports in the CSI process is L.
· Alt.3: Codebook reflecting beam selection and L-port CSI for the selected beam. Total configured number of ports across all CSI-RS resources in the CSI process is larger than L.
· Alt.4: L-port CQI/PMI/RI. Total configured number of ports in the CSI process is L. (if CSI measurement restriction is supported, it is always configured)
In this contribution, we will provide our views on these solutions.
2. CSI Measurement and Reporting Schemes
The overall procedures for the first three alternatives are described and compared here and the alternative 4 relevant to measurement restriction will be discussed in our companion paper [1].
2.1.  Alternative 1
In general, either cell specific or UE specific beamformed CSI-RS can be realized based on alternative 1, whereas the 3D channel CSI is reported in form of beam selection indicator (BI) and the associated CQI/PMI/RI in the selected beam. To aid the beam selection and the CSI feedback, multiple NZP CSI-RS resources, each corresponding to a specific beam direction, should be configured in a CSI process. The beam weighting vector/matrix applied to each resource should be wideband, since the available DL channel information used to determine these weights can be obtained via uplink-downlink long-term reciprocity or UE feedback based on measuring the full port CSI-RS in a long term. These beam weighting vectors or matrices represent rough channel estimations based on channel statistics.  
Multiple CSI-RS resources are used and measured by the UE and the beam selection is performed accordingly among multiple CSI-RS resources. For cell specific beamformed CSI-RS, since the choice of beam directions should take PDSCH and beamformed CSI-RS coverage into account and can only be updated in a semi-static manner, it cannot be expected that the dynamic beam selection is beneficial greatly for performance. Thus, a wideband and long-term BI feedback is enough for this case in our understanding. Therefore, beam selection can be performed in the large-scale level by using the RSRP-like measurement. However how to determine BI is up to UE implementation.   Once the BI is determined, the CQI/PMI/RI associated with selected beam can be calculated and reported by using existing codebook designed for L CSI-RS ports. For the non L1-triggered CSI reporting using PUCCH, the feedback period of BI should be as the same or even slower than the W1 part in PMI and/or RI, thus without increasing the UCI signalling overhead significantly.
Narrow-band BI based on CQI measurement might be useful for UE specific beamformed CSI-RS. In this case, preferred beam is frequency selective in some spatial domains. Therefore the effect of BI and PMI is actually very similar and both types of CSI are used to jointly measure dynamic channel characteristic at time and frequency domains. In contrast to wideband BI, associated CQI/PMI/RI feedback is tricky for narrowband BI reporting. Since narrowband BI may be used for preferred beam at subband level, RI and other wideband CSI feedback shall be estimated across beams where each of them is associated with one CSI-RS resource. Such a kind of measurement mechanism is sort of complicated and also increases the burden of UCI signalling. It can be studied further. 
2.2.  Alternative 2
In this alternative the 3D channel is virtualized into two polarization ports each with several narrow beams, if following conventional 4/8Tx codebook structure. Both beam selection and cophasing are measured and reported based on specific codebook. 
Since vector dimension of a precoder for Alternative 2 is same with total number of CSI-RS ports in a CSI process, it is natural to use a single NZP CSI-RS resource in one CSI process to indicate CSI ports where each of port may or may not represent different beams. For example, if there are four different beams per polarization using AAS full connection virtualization, an 8-port NZP CSI-RS resource can be configured and used for the UE to perform the CSI measurement using specific codebook. Note that in this example, four different beams per polarization can be 1D or 2D virtualization since the virtualization is transparent to the UE measurement.  
The advantage of this alternative is that the Rel-12 W2 codebook may be reused to perform the CSI measurement and feedback since the codebook of W2 includes both beam selection and cophasing. The W1-part channel information is obtained by eNB based on UL measurement (or other statistical methods) and virtualized into multiple CSI-RS ports in a CSI process. Without estimating W1-part CSI, UEs just need to provide a W2-type feedback to indicate preferred beams/ports and cophasing among beams. 
Although current structure of W2 codebook may work for alternative 2, it may not fully exploit performance benefits of 2D active antenna array, such as only using the same beam for different polarization direction, up to 2 beams to be selected for rank 1, and etc. The specification and implementation effort supporting such an alternative is not trivial in Rel 13. Thus, newly designed W2-type codebook in Rel 13 shall be considered to maximize the benefits of this alternative, for example more flexible beam selection, different size of beams/ports, high rank transmission, QCL, MU-type enhancement, and etc. Alternative 2 shall be studied further. 

2.3.  Alternative 3
This alternative introduces a pre-stage codebook to perform beam selection according to multiple NZP CSI-RS resources where each of them corresponds to a specific beam. This means another W0 stage codebook is added and used for beam selection before conducting dual stage W1/W2 codebook based quantization. Essentially, this alternative is very similar with alternative 1. The only difference is that beam selection operation is accomplished by a codebook of W0 and the BI feedback is replaced by a PMI feedback based on W0. The overall procedure and performance may be same with alternative 1. Therefore we do not make distinction between these two solutions in this contribution.
With above discussion, considering the complexity of specification changes, limited time for Rel 13, and possible practical performance gain, we have the following proposal:
Proposal 1: EBF/FD MIMO shall consider at least supporting alternative 1 with wideband BI for CSI reporting class B.
3. Interference Measurement for Class B CSI Reporting
One of main objectives of EBF/FD-MIMO is to support MU-MIMO using AAS with more dedicated and precisely controlled beams. The single CSI-IM is generally used for measuring inter-cell interference (ICI) and can only support CSI feedback based on the assumption of SU-MIMO transmission. Note that time-domain rotated measurement restriction applied CSI-IM is a different issue. Its outcome is equivalent to configure multiple CSI-IM for measuring different interference hypotheses.  Therefore a single CSI-IM per CSI process may not be sufficient to support MU-MIMO.
Beamformed CSI-RS schemes shall consider a possible way of enhancing the interference measurement for MU-MIMO. Since dedicated beamforming/precoding information of PDSCH can been virtualized by beamformed CSI-RS ports, the inter-beam interference (IBI) brought by other MU UE pairing can be obtained by measuring beamformed CSI-RS REs allocated to those MU UE candidates. This means that multiple CSI-IMs can be assigned to a UE, including a normal CSI-IM measuring the ICI for SU-MIMO hypothesis and several CSI-IMs measuring the IBI with different MU pairing hypotheses. It is similar with the concept of MU CSI which may measure different hypotheses with the worst/best PMI companion.

The CSI-IM resource configured for IBI measurement can overlap with beamformed CSI-RS resource configured for channel measurement at some UEs, which are also candidates of MU pairing. Thus, this will not increase the overhead of CSI-IM. Conditioned on these interference measurements with different SU and/or MU hypotheses, RI/CQI/PMI can be reported to assist the eNB to optimize scheduling decision. 
Proposal 2: EBF/FD MIMO shall consider the interference measurement to support MU MIMO more efficiently with multiple CSI-IMs per CSI process.
4. Performance Evaluation
We provide non-full buffer system performances of FDD system with beamformed CSI-RS alternative 1. For alternative 1, simulation cases with different wideband BI feedbacks, e.g. 1, 2 and 3 bits, are considered. We can see that alternative 1 with wideband BI feedback can make substantial performance improvements and once we choose larger BI feedback size, e.g., 3 bit, much more performance gain especially for the cell edge UE can be achieved. 
	Scenario
	Antenna Configuration
(M,N,P,Q)
	RU & Performance

	
	
	Resulting RU
	5%
	50%
	Mean

	3D-UMi, 200m/2GHz,
Alt.1
	(8,4,2,64)
1 bit BI
	29.20%
	7.26

(100%)
	15.11

(100%)
	14.95

(100%)

	
	(8,4,2,64)
2 bit BI
	34.11%
	8.41

(115.84%)
	17.65

(116.81%)
	16.54

(110.64%)

	
	(8,4,2,64)
3 bit BI
	36.05%
	11.85

(163.22%)
	18.62

(123.23%)
	18.27

(122.21%)


5. Conclusions
In this contribution, we share our views on several alternatives for CSI reporting class B. Based on our analysis and simulation results, we have following proposals:
Proposal 1: EBF/FD MIMO shall consider at least supporting alternative 1 with wideband BI for CSI reporting class B.
Proposal 2: EBF/FD MIMO shall consider the interference measurement to support MU MIMO more efficiently with multiple CSI-IMs per CSI process.
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Appendix: Simulation assumption

	Parameter
	Value

	Homogeneous scenarios
	3D-UMi with ISD = 200m in 2GHz, 41 dBm

	Polarized antenna modelling
	Model -2 from 36.873

	Duplex
	FDD

	Traffic model 
	Full Buffer  (Mean Throughput, 5% UE Throughput)

FTP Model 1 with packet size 0.5 Mbytes

	Wrapping method
	Geographical distance based

	Handover margin
	3dB

	System bandwidth
	10MHz

	UE attachment 
	Based on RSRP (formula) from CRS port 0 

	Network synchronization 
	Synchronized

	UE Speed 
	3km/h

	UE distribution 
	According to 36.873

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern A’(θ’,ф’) = 1

	Receiver 
	Ideal channel estimation and interference modelling

	Receiver 

UE Rx configuration
	LMMSE-IRC receiver

	
	2 Rx x-polar (+90/0)

	Feedback 
	PUSCH 3-2 for non-reciprocity operation

	Feedback 

Transmission scheme
	CQI and RI reporting triggered per 5ms 

	
	CQI Feedback delay is 5 ms and ideal channel estimation at the UE

	
	MU-MIMO with single rank

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

	Scheduler 
	Frequency selective scheduling



