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1 Introduction  
At RAN1#82 meeting, the following agreements are given
Class B of CSI reporting with PMI: UE reports L port CSI assuming one of the four alternatives below

· 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)
Study the following aspects for CSI-process reporting class B, including but not limited to 

· Number of antenna ports L for CSI (e.g., 2, 4, 8)

· Class B Alt-1:
· Beam selection indicator (BI) definition, e.g. RSRP or CSI based, wideband vs. subband, short-term vs. long-term

· BI bitwidth (related to K)

· Support for rank>2 UE specific beamforming

· UCI feedback mechanisms on PUCCH/PUSCH

· Class B Alt-2:
· Codebook for beam selection and co-phasing  (either derived from legacy codebook(s) or codebook components, or newly designed)

· Along with the associated PMI (e.g. assuming W = W2 in the newly designed or legacy codebook) 

· UCI feedback mechanisms on PUCCH/PUSCH

· Class B Alt-3: 

· Codebook for beam selection and CSI 

· PMI contains the information of selected beam and the precoding matrix for the L-port within the selected beam

· UCI feedback mechanisms on PUCCH/PUSCH

· Class B Alt-4:
· Measurement restriction mechanism; may be also applicable to Alt-1 to 3. 

· Other aspects not precluded 

· Details such as possible values of L are FFS

· Further down-selection/merging of the four alternatives is FFS

In this contribution, we discuss on the details of CSI reporting for beamformed CSI-RS. i.e., class B. Based on the agreement, the comparison of Alt. 1~Alt. 4 is given in the contribution. 
2 Comparison of Alt.1-4 

For CSI reporting Class B with PMI, there are four alternatives listed. For Alt1 and Alt3, a CSI process is associated with K (K>1) CSI-RS resources, where each CSI-RS resource is associated with a beam direction. Based on the measurement, UE reports the selected beam. 
The main difference between Alt1 and Alt3 is the method to report the selected beam, i.e. by new design or reusing legacy codebook.  For Alt2, in one CSI-RS resource a pair of CSI-RS ports corresponds to one beam weight. UE reports the selected beam and co-phase in the form of legacy W2 or enhanced W2 in Rel-13. 
For Alt. 4, the beam direction is directly determined by eNodeB, i.e. no feedback of beam selection from UE. The legacy CSI process definition and CSI reporting procedure can be reused in Rel-13. While in FDD system, the beam direction information can’t be accurately acquired by UL channel reciprocity. Thereby only coarse beam direction information for UE can be obtained by eNB and the performance of beamformed CSI-RS can’t be guaranteed in this case.
A detailed comparison between the four alternatives is given in the Table 1. 

Table 1  Comparison between Alt.1-4
	
	Alternative1
	Alternative 2
	Alternative 3
	Alternative 4

	Beam selection indication
	Beam indicator
	The component of legacy  codebook
	Codebook for beam selection
	Null

	CSI contents
	Beam indicator + PMI
	PMI (e.g. only W2)
	PMI
	Legacy PMI

	   CSI reporting type
	New report type
	New report type
	legacy
	legacy

	UCI on PUCCH
&PUSCH design
	New design
	legacy
	legacy
	legacy

	Beamformed
CSI-RS type
	Cell specific 
	UE specific 
	Cell specific
	UE specific


From the analysis with the table, it can be found that the specification work for Alt.1-Alt.3 will be the feedback mechanism of additional beam selection. The advantage of Alt3 is to reuse the legacy codebook. The effort of the design with feedback channel is saved in this way. In addition, Alt.1 and Alt.3 are suitable for cell specific beamformed CSI-RS. Alt.2 is mainly used for UE specific beamformed CSI-RS.
For Alt.2, if K=1 legacy CSI-RS resource is reused for beam selection and CSI measurement. The number of antenna port/port group associated with candidate beam can be restricted to several values, e.g. {1, 2, 4, 8}. Alt.2 is more suitable for UE specific beamformed CSI-RS. The benefit of Alt2 comes from the reusing of the legacy W2 to report beam indication and co-phase. However, this alternative has the following issue. 
· The determination of rank
In Alt.2, the number of ports and beamforming weight on each port directly impact the rank estimation. For instance, if the beams on the ports are closely distributed, UE has more possibility to report rank 1 or rank 2 even though it has the capability to support more than rank 2.  To support rank measurement, eNB should configure a number of port pairs to obtain the more accurate channel statistics, e.g. rank information. UE needs to separately measure the combinations of these ports to get the accurate rank information. It will significantly increase the complexity of CSI measurement.
· New codebook design for W2.
 For rank 1/2, the components of W2 in current dual codebook are constructed by four column selection vectors.  While for rank 3/4, the components of W2 are constructed by eight column selection vectors. When only 4 CSI-RS ports are configured in one CSI-RS resource, the structure of W2 is not applicable for rank 3/4. Thereby, a new design for W2 is needed for Alt.2. 
Based on the above discussions, it can be found that there are still some issues to be solved for Alt.2. 
For cell specific beamformed CSI-RS, the 2D space is divided into several virtual cells. In each virtual cell, the beamformed CSI-RS resource is common for all the UEs. In this scheme, beam selection is equivalent to the selection of virtual cell. Compared to UE specific beamformed CSI-RS, the configuration of cell specific beamformed CSI-RS resource is fixed. A wideband and long term beam selection is required for cell specific beamformed CSI-RS resource configuration. 

In the following subsections, the discussion for CSI reporting class B with cell specific beamformed CSI-RS are given. Alt.1 and alt.3 are mainly applicable for cell specific beamformed CSI-RS.
2.1 Alt.1 and Alt.3 for CSI report class B 
Considering that the angular spread in vertical domain is less than the angular spread in horizontal domain. The mobility in horizontal domain is more possible. Therefore, one feasible scheme for the cell specific beamforming of CSI-RS is vertical beamforming of CSI-RS.    

For Alt.3, the additional PMI for beam selection is introduced to indicate the selected beam. The precoding matrix for beam selection represented by PMI can be expressed as below
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Wherein,  
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 represents beam selection and 
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represents precoder within the selected beam. 

In Rel-10 and Rel-12, a dual book structure was introduced for 4/8TXs. For this case, the precoding matrix reflecting beam selection can be expressed as following:
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Wherein, 
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 represents beam selection, 
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 is the first precoding matrix and 
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 is the second precoding matrix in dual codebook. 

In beamformed CSI-RS based scheme, eNodeB can apply precoding weight to CSI-RS based on UL channel reciprocity or the measurement with DOA. Especially for UE specific beamformed CSI-RS, the coarse direction information for UE has been acquired by eNB before the beamforming of CSI-RS.  Thereby it is possible to restrict the size of codebook along with the selected beam(s). It is namely that eNB can perform codebook subset restriction on the above
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, 
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 or
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.  For example, when eNB acquires the coarse direction information, eNB can restrict the size of codebook for 
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 from 4 bits to 2 bits and the remaining 2 bits can be used for the precoding matrix of beam selection.           
When the number of selected beam is one, 
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is constructed in the form of port selection matrix based on 2 bits.  The detailed precoding matrix with beam selection for 
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 is as below.
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                                                         (3)
The element values in one column represent the selection weights for four beams. As seen in the FD-MIMO SI, 4 virtual vertical beams are enough for cell specific beamformed CSI-RS. 
Based on the above discussion, it can be found that the precoding matrix for beam selection can be regarded as part of
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. Thereby Rel-10’s PUCCH report type and report mode applicable for 
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can both be reused. 
In addition, for Alt.3, the KP based codebook structure can be used for non-precoded CSI-RS based scheme and beamformed CSI-RS based scheme. The CSI report between two CSI schemes can also be the same. Thereby, it is beneficial to unify the design of non precoded scheme to beamformed based scheme. 
While for Alt.1, a new DCI design is needed for the indication of beam selection. New PUCCH report type applicable for Alt.1 is needed. Thereby more specification effort is needed for Alt.1.  Considering that the limited time for EBF/FD-MIMO WI, Alt.3 is preferred for CSI report class B. 
Based on the above discussions, we have the following proposal:

Proposal: Alt. 3 (Codebook reflecting beam selection) is preferred for CSI report class B. 
3 Conclusions
In the contribution, four alternatives for CSI report class B is discussed and analyzed and there is the following proposal:
Proposal:  Alt. 3 (Codebook reflecting beam selection) is preferred for CSI report class B. 
[1] References
[2] 3GPP TR 36.897 V0.3.0 （2015-04）
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