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1 Introduction

In previous RAN1 meetings, advanced CSI reporting for non-precoded CSI-RS has been extensively discussed. In RAN1 #87, an orthogonal basis based design was agreed as a working assumption for non-precoded CSI-RS based advanced CSI [1]. However the deployment of advanced CSI in beamformed CSI-RS was not touched so far. In fact, the system performance can also be enhanced by introducing advanced Class B CSI feedback for beamformed CSI-RS. In this contribution, we discuss the application of advanced CSI feedback for beamformed CSI-RS. 
2 Discussion on enhanced Class B CSI feedback
2.1 Review of Class B CSI
Class B CSI feedback mechanism had been extensively discussed in Rel-13 to effectively support beam based data transmission. The Class B CSI can be divided into two types according to CSI-RS configurations, i.e. CSI-RS with K>1 resources and K=1 resource.
For the type of Class B CSI with K>1 resources, different beamformer is applied on each CSI-RS resource. By measuring the CSI-RS on each resource, UE selects one preferred CSI-RS resource and feedback the preference via CRI reporting.
In the other type of beamformed CSI-RS with K=1, a pair of ports correspond to one beam. A new codebook was specified to facilitate UE to report preferred beam and co-phasing between polarizations. 

For Class B CSI reporting mechanism, the beamformer adopted on CSI-RS is transparent to intended UEs. Once one preferred beam is selected, the CSI derivation will be irrelevant to beamforming vectors weighted on CSI-RS.
2.2 Principle for Class B CSI enhancement
Advanced CSI is intended to capture accurate channel information for channel with rich scatters and large angle spread. In this case, selection of one beam will lead to severe performance loss as only partial energy of wireless channel is captured, especially when the eNB is equipped with a large number of antenna ports, which forms much narrower beams. A straightforward way is to combine the channel information on more than one beam to collect useful channel paths as many as possible. As agreed in non-precoded CSI-RS, orthogonal beams should be selected for better performance. In consequence, the method to select orthogonal basis should studied for Class B eMIMO-Type. Whether the property of ‘transparent beamformer’ can be maintained as legacy Class B CSI also need to be considered.
The agreement from previous meetings is to specify advanced CSI based on orthogonal basis. Following the same principle, the beam vectors used for different CSI-RS ports should also be orthogonal. Assuming the precoding matrix W is used for beamformed CSI-RS, the receiver model can be expressed as 
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where r is received signal on UE sides. H represents the wireless channel with dimension 
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 are the number of antenna on eNB side and UE side respectively.
With careful selection of precoder matrix W, most energy of wireless channel H will fall into the space that W spans. Thus the channel coefficients can be represented by the reduced space W and associated weights. 
Given a precoding matrix W covariance of effective channel
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where columns in matrix 
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 represent eigenvectors of native channel 
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 is the diagonal matrix with eigenvalues on diagonal.
Assuming rank = R, the eigenvectors of H relative to R non-zero eigenvalues can be expressed as
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where 
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 has the dimension 
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, representing weighting coefficients to represent eigenvectors. Hence we have
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where 
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 is the non-zero eigenvalue matrix extracted from 
[image: image22.wmf]Σ

.
When precoding matrix W has normalized orthogonal column vectors, the column vectors in 
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 are orthogonal as well. Then the eigenvalues of 
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 are the same to that of native channel covariance 
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. It means UE can derive RI and CQI based on effective channel regardless the beamformer adopted on beamformed CSI-RS. Hence, the property of ‘transparent beamformer’ can be maintained. On eNB side, the optimal beamformer V can be recovered based on reported
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When the precoding matrix W is composed of non-orthogonal vectors, column vectors in 
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 are not orthogonal anymore. Additionally, the norm of each column of 
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 is not unit, which makes UE hardly to derive RI and CQI without exact indication of beamfomer W. Even with indication of W, UE has to derive 
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 and W, which brings additional complexity in UE implementation.
From the discussion above, if advanced CSI is agreed to be specified for Class B CSI-RS, it is preferred to specify orthogonal beam vectors for beamformed CSI-RS.

Proposal 1: For advanced CSI in beamformed CSI-RS, orthogonal beamformer should be selected for different CSI-RS port (or resource) if ports (resources) are linearly combined in CSI derivation.
3 Design of Class B CSI feedback
LTE Rel-13 defines two types of beamformed CSI-RS and associated CSI reporting, i.e. Class B CSI with K>1 CSI-RS resources and K=1 CSI-RS resource. In this section, we discuss the advanced CSI design for each type respectively.
Case 1: Class B CSI with one CSI-RS resource
For class B with K=1, the beamformers on different ports should be orthogonal with each other. In general, a set of orthogonal DFT vectors can be used to generate orthogonal beamformers. 
When Class B CSI-RS resource contains a relative large number of ports, port selection is firstly required which is similar to space reduction in Class A advanced CSI. Thus, the dimension of used ports is reduced without performance loss.
Within selected ports, channel 
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 is estimated. The dimension of 
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, where M is the number of selected ports. For each subband, eigenvalue decomposition is performed on channel covariance to derive eigenvectors
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where the matrix 
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 has R columns assuming rank = R. Each element of 
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 can be feedback to eNB through legacy PUSCH or uplink control channel. On eNB side, the beamforming weight for PDSCH transmission can be constructed as
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where columns in 
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 are the orthogonal vectors used for beamformed CSI-RS. The corresponding RI and CQI are derived based on
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Referring to advanced CSI in Class A, 2 CSI-RS port for each polarization can be selected when number of antenna ports is larger than 4. Hence dimension of covariance matrix is reduced to 4×4. Each element of C can be quantized with 2-bits amplitude and 2-bits phase. 
Based on above discussion, for Class B CSI with one CSI-RS resource, to support advanced CSI on M selected ports, the CSI reporting includes
· Beam selection in associated CSI-RS resource, which requires 
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 bits. Nt is the number of beamformed CSI-RS ports
· Beam combing coefficients, which requires 12 bits for rank1 and 24bits for rank2
Proposal2: For Class B CSI with one CSI-RS resource, support advanced CSI on M selected ports. The advanced CSI reporting includes beam selection and quantized beam combining coefficients.
Case 2: Class B CSI with K>1 CSI-RS resources
Class B CSI-RS with more than one resource are usually used to cover a cell or a group of UEs. Each CSI-RS resource can have a relative large coverage to support resource sharing between UEs. In this case, selection with one resource may capture majority of channel paths. So, advanced CSI based on one selected CSI-RS resource may be sufficient. 
For instance, Class B CSI-RS are configured with K CSI-RS resources, and there are Nk CSI-RS ports in each CSI-RS resource. UE selects one preferred CSI-RS resource, and derive advanced CSI on associated CSI-RS resource. The advanced CSI scheme in Class A can be directly adopted. 
Based on the discussion above, in addition to RI and CQI, the CSI reporting includes

· CRI

· PMI1 reporting
· PMI2 associated with quantized combing coefficients
Thus we propose

Proposal3: For Class B CSI with K>1 CSI-RS resources, support advanced CSI reporting on selected CSI-RS resource. The advanced CSI scheme in Class A can be directly adopted.
4 Conclusions
In this contribution, we briefly discuss the application of advanced CSI feedback for beamformed CSI-RS. If advanced CSI is agreed to be enhanced to beamformed CSI-RS, we have the following proposals
Proposal 1: For advanced CSI in beamformed CSI-RS, orthogonal beamformer should be selected for different CSI-RS port (or resource) if ports (resources) are linearly combined in CSI derivation.
Proposal2: For Class B CSI with one CSI-RS resource, support advanced CSI on M selected ports. The advanced CSI reporting includes beam selection and quantized beam combining coefficients.
Proposal3: For Class B CSI with K>1 CSI-RS resources, support advanced CSI reporting on selected CSI-RS resource. The advanced CSI scheme in Class A can be directly adopted.
References
[1] Chairman's Notes RAN1_87, 3GPP TSG RAN WG1 Meeting #87, Reno, United States, 14th - 18th November 2016.





























































































































































































_1539591644.unknown

_1539593075.unknown

_1539708007.unknown

_1539787965.unknown

_1539788038.unknown

_1547727490.unknown

_1547746290.unknown

_1539787973.unknown

_1539787950.unknown

_1539787958.unknown

_1539711160.unknown

_1539601169.unknown

_1539601490.unknown

_1539601798.unknown

_1539601836.unknown

_1539601594.unknown

_1539601237.unknown

_1539593080.unknown

_1539592690.unknown

_1539592890.unknown

_1539592900.unknown

_1539592864.unknown

_1539592323.unknown

_1539592407.unknown

_1539592420.unknown

_1539587710.unknown

_1539591487.unknown

_1539591578.unknown

_1539591601.unknown

_1539587719.unknown

_1535725214.unknown

_1539587637.unknown

_1535726387.unknown

_1535714937.unknown

_1535722166.unknown

