3GPP TSG-RAN WG1 #88	R1-1702535 
13th – 17th February 2017
Athens, Greece

[bookmark: Source]Agenda item:	7.2.2.6
Source: 	Qualcomm Incorporated
Title: 	Discussion on advanced CSI for Class B and hybrid CSI-RS
[bookmark: DocumentFor]Document for:	Discussion/Decision
Introduction
In 3GPP RAN1#87 meeting, the following agreement was made for the advanced codebook design for eFD-MIMO. Based on it, a working assumption on the codebook structure was also agreed [1]. 
Agreement: 
· {4,8,12,16,20,24,28,32} CSI-RS ports are supported in advanced CSI
· Aim for a unified structure, with a single common CSI reporting mechanism which is dimensioned or scalable to support all the numbers of ports
· Note that this does not imply a single solution for classes A and B

In this contribution, we further discuss the support of the advanced CSI codebook for Class B and hybrid CSI-RS. The CSI feedback mechanism for the advanced CSI codebook was discussed in another companion contribution [2].
Advanced CSI for Class B
The Rel.13 Class B based FD-MIMO is associated with beamformed CSI-RS and it can be further divided into two schemes based on the CSI-RS resource configurations, i.e., Class B w/ K>1 resources and K=1 resources. For Class B with K>1 CSI-RS resources, different beamformer is applied to each CSI-RS resource. By measuring the K CSI-RS resources, UE will select one resource for CSI reporting. For Class B with K=1 resource, a pair of ports is associated with one beam. UE can select one or multiple port pairs and feedback the selection and the co-phasing.
The agreement from the last meeting is to specify the advanced CSI codebook based on orthogonal beam combining. It can be understood that the previous agreement is applied to Class A non-precoded CSI-RS. Therefore it shall be discussed whether the agreed advanced CSI codebook can also be extended to Class B and hybrid CSI-RS.
Case 1: Class B with K>1 CSI-RS resources
If advanced CSI is supported for Class B with K>1 CSI-RS resources, the advanced CSI codebook can be adopted for the selected CSI-RS resource. Therefore, UE will select one CSI-RS resource and derive the advanced CSI codebook for the selected CSI-RS resource. For this scheme, the CSI feedback mechanism can be reused except that the W1/W2 is replaced by the advanced CSI codebook. 
Proposal 1: For Class B with K>1 CSI-RS resource, the advanced CSI codebook can be adopted for the selected CSI-RS resource based on the configuration.
Case 1: Class B with K=1 CSI-RS resources
For Rel.13 Class B with K=1, two types of codebook can be configured, i.e., Rel.12 codebook and Rel.13 W2 only codebook. The difference is whether a dual-stage codebook structure is used for the CSI feedback. The same issue may arise when the advanced CSI is supported for Class B with K=1. For the advanced CSI design for Class B K=1, the following two options can be considered.
Option 1: Use a dual-stage codebook structure with a wideband W1 and subband W2 
Option 2: Use a single-stage codebook based on the Class A advanced W2 matrix
However, different from the legacy beam selection codebook, the W1 matrix in the advanced CSI includes not only the beam selection but also wideband power scaling. If option 2 is used for Class B with K=1, it is assumed that the beam power scaling is done by the eNB and phase-only beam combining coefficient is reported by the UE. This may limit the eNB flexibility on beamforming the CSI-RS. However, the dual-stage codebook structure in option 1 may not support the case that a set of orthogonal DFT vectors are used to precode the CSI-RS. 
One compromise solution is to use option 1 for W1 but with the configurable feedback components, e.g., allowing feedback of a few W1 components. For example, only the power scaling in W1 is feedback when the orthogonal DFT vectors are used for precoding the CSI-RS. 
Proposal 2: For Class B with K=1 advanced CSI reporting, use a dual-stage codebook structure with the same Class A W1/W2 codebook. The feedback of beam selection and power scaling matrix in W1 can be configured independently.
Advanced CSI for Hybrid CSI-RS
Advanced CSI shall support also hybrid CSI-RS. For hybrid Class A and Class B operation, the following feedback framework can be considered for the advanced CSI for hybrid CSI-RS. 
CSI feedback for 1st eMIMO-Type:
· Option 1: wideband W1 matrix consisting of orthogonal beam selection

· The feedback may include a set of orthogonal beams basis, such as orthogonal DFT beams. For  beam basis, eNB transmit  ports precoded CSI-RS. To minimize the large overhead of non-precoded CSI-RS, beam basis feedback is tentatively to be configured with long periodicity.

· Option 2: wideband covariance matrix feedback

· The feedback consists of the best M orthogonal DFT basis vectors and also the entities of a dimension reduced covariance matrix A where A = UH Cov U and U is the matrix constructed from M orthogonal DFT vectors and Cov is wideband covariance matrix. The eigenvectors of the wideband covariance matrix can be utilized to precode the CSI-RS
CSI feedback for 2nd eMIMO-Type:
· Either advanced  W1/W2 beam combination codebook or legacy Rel.13 W2 only codebook can be used.

Figure 1 illustrates two advanced CSI alternatives for hybrid CSI-RS.
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Figure 1: Comparison of DFT beam and wideband R feedback for hybrid CSI-RS 
For Option 2, if all the eigenvectors are used for beamforming CSI-RS the performance will be similar to the DFT basis based approach. That is because the eigenvector matrix is unitary matrix and the beam combing based on B*eig(A) is essentially same as the beam combining based on the basis B when all the beams are used for combining. Therefore, option 2 allows to use a less number of eigenvectos for beamforming CSI-RS. Compared to CSI-RS beamforming with the same number of DFT beams, each CSI-RS beam coverage is improved thus the performance of the beam combining is also improved. Therefore, the wideband covariance matrix feedback for 1st eMIMO-Type has a better performance under the same CSI-RS overhead and CSI feedback overhead.
To compare the performance difference of the two alternatives, system simulation is conducted. The simulations are performed for 16 CSI-RS ports with 3D-UMi configuration. For CSI feedback of the 1st eMIMO-Type, the DFT beam feedback and wideband covariance matrix are included in evaluation, with unrestricted beam selection and oversampling ratio of 4. For 2nd eMIMO-Type, advanced W1/W2 codebook based on beam combining is used. Depending the configured number of antenna ports, either 2 beams or 4 beams combining are used. We listed the evaluation options in Table 1.
Table 1 Options under evaluation of advanced hybrid CSI feedback
	
	1st eMIMO-Type
	2nd eMIMO-Type

	Option1
	2 DFT beams
	2 beam selection

	Option2
	4 DFT beams
	2 beam selection

	Option3
	4 DFT beams
	4 beam selection

	Option4
	Wideband R
	2 beam selection


System simulation results are presented in Figure 2 below. It is observed that Option 3 with 4 beam combining provides the best performance but with almost two times overhead compared to other options. Option 4 with wideband R feedback for the 1st eMIMO-Type performs 3-4% better than option 1 and 2 with similar overhead. The overhead increase in option 4 can be negligible since the wideband R feedback typically has a long periodicity.
Proposal 3: Support wideband channel covariance matrix in advanced hybrid CSI feedback.
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Figure 2: throughput gain of hybrid CSI @ 16 ports, 4 unrestricted beam basis, 50% RU 
Conclusion
In this contribution, we discussed advanced CSI design for both Class B and hybrid CSI-RS. Our proposals are summarized as below.
Proposal 1: For Class B with K>1 CSI-RS resource, the advanced CSI codebook can be adopted for the selected CSI-RS resource based on the configuration.
Proposal 2: For Class B with K=1 advanced CSI reporting, use a dual-stage codebook structure with the same Class A W1/W2 codebook. The feedback of beam selection and power scaling matrix in W1 can be configured independently.
Proposal 3: Support wideband channel covariance matrix in advanced hybrid CSI feedback.
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