[bookmark: OLE_LINK3]3GPP TSG RAN WG1 Meeting #83                                                                   R1-157186
Anaheim, USA, 15th - 22th November 2015

Source:	NTT DOCOMO
Title:	CSI reporting for class A
[bookmark: Source][bookmark: _GoBack]Agenda Item:	6.2.4.3.2
[bookmark: DocumentFor]Document for: 	Discussion and Decision
Introduction
At the RAN1 #82 meeting, CSI reporting related issues were discussed. And the following was agreed in [1].
Agreements:
· For Rel. 13 EB/FD-MIMO,
· Notify RAN2 a summary of the contents of the following slides
· Note: CSI reporting mode is only associated with frequency granularity of CQI and PMI
· Specify extension of Rel.12 PUSCH based A-CSI reporting modes for FD-MIMO as follows:
· Supported A-CSI modes with PMI are the existing Rel.12 modes :
· 1-2, 2-2, 3-1, and 3-2
· Content of A-CSI reporting may depend on codebook-related parameters and CSI reporting class
· CQI, RI, PMI reported according to CSI reporting mode definition
· Size of base CQI and RI remains the same as Rel.12
· Note: Base CQI size per CW is 4 bits
· Exact PMI size and contents for class A is FFS
· Exact PMI size and contents and/or beam selection indication for class B FFS
· Details on additional CSI parameters (if supported) for class A and B are FFSRRC configuration details of these modes are FFS
· Specify extension of Rel.12 PUCCH based P-CSI reporting modes for FD-MIMO as follows:
· Supported P-CSI modes with PMI are the existing Rel.12 modes:
· 1-1, 2-1
· Submodes of mode 1-1 (if any) FFS
· Content of P-CSI reporting may depend on the submode (if any), codebook-related parameters and CSI reporting class
· CQI, RI, PMI reported according to CSI reporting mode definition
· Size of base CQI and RI remains the same as Rel.12
· Note: Base CQI size per CW is 4 bits
· Exact PMI size and contents for class A is FFS
· Exact PMI size and contents and/or beam selection indication for class B FFS
· Details on additional CSI parameters (if supported) for class A and B are FFS
· New CSI reporting types are possible
· RRC configuration details of these modes are FFS
· Rel. 12 CSI reporting modes without PMI are by default supported
FFS: Enhancement for Rel. 13
Although the codebook design issue for class A is still ongoing, the general framework has already been established and agreed in [2]. With that framework, it is possible to consider detailed design for feedback type and modes for class A. In this contribution, we provide our views on these issues.
Class A CSI Report Type
For PUCCH based periodic CSI feedback, in order to reuse the legacy LTE design of the CSI feedback, it is desired to limit the number of bits to 11 for each CSI report instance. 
Proposal 1: The payload of a single CSI report on PUCCH shall be limited to 11 bits. 
Following the agreements made at the RAN1 #82bis meeting, it can be understood that the master codebook for a Rel. 13 2D codebook can be formulated as follows,
where the matrix  has a dimension of (L'1, L'2) = (4,2), (2,4) for N1>=N2 and N1<N2, respectively. Codebook subset selection is applied to create a concrete codebook from the master codebook. Then, a concrete codebook can be formulated as follows:
where  represents column selection operation on a matrix X; and the subscript c indicates a detailed column selection configuration. In another word, W1 makes a 2D beam group selection which can be indexed by i1,1 and i1,2, considering there are two dimensions. On top of that, a W2 codebook is specified to make the beam selection for each layer and each polarization, the co-phase of two polarizations and beam combination for different layers. The W2 codebook entry is indexed by i2. In that sense, at least three parameter values are needed to determine the selected codebook entry, i.e., i1,1, i1,2, and i2. In some higher rank codebook (i.e., >rank-2 codebook) proposals, it is also necessary to define the orthogonal beam group combinations. Orthogonal beam groups can be defined in different ways, e.g., considering vertical dimension orthogonality (e.g., with a beam group offset of O2) only, horizontal orthogonality (e.g., with a beam group offset of O1) only or both. In that sense additional parameter, e.g., a parameter k is needed to select among the above-mentioned orthogonality options. As agreed in the previous meeting, the value of the beam subset selection config will be decided by the eNB and informed to UE via RRC signaling. Then, for class A based feedback, the necessary feedback information include, i1,1, i1,2, k, and i2, where k is only needed for rank 3 and rank 4.
Due to the introduction of a 2D codebook and due to the extension of the CSI-RS port number, the codebook size is greatly increased, which causes a big challenge to the feedback, especially for the PUCCH based periodic feedback. We roughly summarize some worst-case feedback payload size values in Table 1.
Table 1: List of the worst case payloads for Class A CSI report.
	Rank
	Config
	N1
	N2
	O1
	O2
	S1
	S2
	Number of bits

	
	
	
	
	
	
	
	
	i1,1
	i1,2
	i2
	k
	Total

	1
	1
	8
	1
	8
	-
	1
	1
	6
	0
	2
	-
	8

	1
	1
	2
	4
	8
	8
	1
	1
	4
	5
	2
	-
	11

	1,2
	2, 3, 4
	2
	4
	8
	8
	2
	2
	3
	4
	4
	-
	11

	3
	2,3
	2
	4
	8
	8
	8
	8
	1
	2
	4
	2
	9



From Table 1, it can be seen that in the worst case, the total number of bits required for the PMI feedback is 11 bits, which are much larger than the legacy total PMI bit number, i.e., 8 bits. Therefore, it is not possible to fully reuse the legacy CSI feedback types (i.e., type 1a, 2a, 2b, 2c, 3, 5, 6). The legacy PMI feedback are carried out mainly by two PMI indicators, i.e., the first PMI and the second PMI. As discussed, the total number of bits for the first PMI and the second PMI can maximally accommodate 8 bits. Then for Rel. 13 Class A feedback, an additional PMI feedback, e.g., a third PMI shall be needed. 
Proposal 2: Rel. 13 codebook feedback on PUCCH uses at least three PMIs.
It is desired to keep the capacity of the original first PMI and second PMI. Then the legacy CSI report types can be fully reused. For config 2, and 3, it can be considered that the first PMI is used to report i1,x, the second PMI is used to report i2, where x is the dimension with a smaller number of ports (i.e., x=1 when N1<=N2, x=2 when N1>N2). 
Proposal 3: At least for config 2 and 3, the first PMI is used to report i1,x, the second PMI is used to report i2, where x is the dimension with a smaller number of ports (i.e., x=1 when N1<=N2, x=2 when N1>N2).
A new CSI report type is defined to contain the rest of the indices needed to identify the precoding matrix in the codebook. For rank 1-2 and rank 5-8, the new CSI report type contains i1,x, and for rank 3-4, the new CSI report type contains i1,y and k, where y is the dimension with a larger number of ports (i.e., y=2 when N1<=N2, y=1 when N1>N2). 
Proposal 4: At least for config 2 and 3, for rank 1-2 and rank 5-8, the new CSI report type contains i1,x, and for rank 3-4, the new CSI report type contains i1,y and k, where y is the dimension with a larger number of ports (i.e., y=2 when N1<=N2, y=1 when N1>N2).
Summary
In this contribution, we discussed the feedback design for Rel. 13 CSI-process with Class A. Based on our analysis, the following observations and proposals can be made.

Proposal 1: The payload of a single CSI report on PUCCH shall be limited to 11 bits. 
Proposal 2: Rel. 13 codebook feedback on PUCCH uses at least three PMIs.
Proposal 3: At least for config 2 and 3, the first PMI is used to report i1,x, the second PMI is used to report i2, where x is the dimension with a smaller number of ports (i.e., x=1 when N1<=N2, x=2 when N1>N2).
Proposal 4: At least for config 2 and 3, for rank 1-2 and rank 5-8, the new CSI report type contains i1,x, and for rank 3-4, the new CSI report type contains i1,y and k, where y is the dimension with a larger number of ports (i.e., y=2 when N1<=N2, y=1 when N1>N2).
References
1. 3GPP, “Draft Report of 3GPP TSG RAN WG1 #82 v0.2.0.”
1. 3GPP, “Draft Report of 3GPP TSG RAN WG1 #82bis v0.2.0.”
- 3/3 -
