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In RAN1#82, it was agreed that Rel.13 EB/FD-MIMO will support a same set of CSI reporting modes as Rel.12. In particular, the following agreement was reached [1]:  
· 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 FFS
· RRC configuration details of these modes are FFS

In this contribution, design considerations for extending PUSCH based CSI reporting for Rel.13 EB/FD-MIMO will be discussed along the line of the above FFS issues.
For class A CSI reporting, the following discussion assumes the codebook framework and design agreed in [1][2] and the use of three PMI values  associated with the first dimension of stage-1 precoder, the second dimension of stage-1 precoder, and stage-2 precoder, respectively. Note that  feedback may not be needed for some higher rank values (such as RI>4). 
For class B CSI reporting, the reported CSI parameters vary depend on the value of K (assuming that both cell-specific and UE-specific BF CSI-RS are supported according to the agreement in [1][2]). When K=1 and PMI.Config = 1, {RI, CQI, } is reported. CSI reporting for K=1 and PMI.Config = 2 will not be discussed since it is identical to the legacy Rel.12 CSI reporting, When K>1, CRI and {RI, CQI, } associated with the (single) selected beam is reported.

Extension of PUSCH-based A-CSI reporting modes
Based on the agreements in [1] [2][3], the content of each A-CSI reporting mode extension is given in Table 1. 
· The PMI for the first stage precoding consists of two PMI values ( for the first dimension,  for the second dimension). Since PMI values for the first-stage precoding are always wideband, the first-stage PMIs for both dimensions are wideband. Therefore, only the frequency granularity of the second-stage PMIs (along with CQI) is determined by the CSI reporting mode. 
· For rank 3-8 class A codebooks (see, e.g. [5]), an additional codebook parameter k indicating orthogonal beam grouping can be included as a part of first-stage PMI and jointly encoded with .
· The PMI for the second stage precoding consists of only one PMI value ( being a composite of the two dimensions). Therefore, its frequency granularity is simply dictated by the default of the A-CSI reporting mode. 
· For both class A and B,  is only reported for rank 1-4 according to the codebook proposals in [4][5]. 
· A single set of CQI values, calculated jointly for the two dimensions, consists of a wideband and multiple subband CQIs for one (RI=1) or two (RI>1) codewords. Since there is no reason to-date to deviate from Rel.12, the Rel.12 bitwidth for wideband CQI (4 bits) and subband CQI (2 bits, delta CQI relative to the wideband CQI) can be readily reused.
· For class B K>1, CRI is also reported. Since CRI is a long-term and wideband CSI parameter (even longer-term than RI, see, e.g. [6]), the additional overhead (3 bits or max 3 bits) is relatively small compared to the total overhead of A-CSI reporting. Conversely, there is no need for a new triggering mechanism where only CRI is requested. Thus, CRI is included in every triggered A-CSI reporting.
· If the number of CSI-RS resources K is a UE-capability-dependent variable, the payload for CRI is log2K bits and upper-bounded by 3. Otherwise, the payload is always 3 bits. 
· Since the bitwidth for CRI is comparable to that for RI, the same mapping rule on PUSCH can be used. 
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Table 1 Extension of Rel.12 CSI reporting modes 
	CSI reporting class
	CSI mode
	RI 
(3 bits)
	PMI
	CQI (**)
	CRI 
(3 bits or max 3 bits)

	
	
	
	 or 
	 (*)
	
	

	Class A
	A-CSI 1-2
	x
	WB
	SB
	WB
	-

	
	A-CSI 2-2
	x
	WB
	M-SB
	WB, M-SB
	-

	
	A-CSI 3-1
	x
	WB
	WB
	WB, SB
	-

	
	A-CSI 3-2
	x
	WB
	SB
	WB, SB
	-

	Class B, K=1, PMI.Config = 1
	A-CSI 1-2
	x
	-
	SB
	WB
	-

	
	A-CSI 2-2
	x
	-
	M-SB
	WB, M-SB
	-

	
	A-CSI 3-1
	x
	-
	WB
	WB, SB
	-

	
	A-CSI 3-2
	x
	-
	SB
	WB, SB
	-

	Class B, K>1
	A-CSI 1-2
	x
	WB
	SB
	WB
	x

	
	A-CSI 2-2
	x
	WB
	M-SB
	WB, M-SB
	x

	
	A-CSI 3-1
	x
	WB
	WB
	WB, SB
	x

	
	A-CSI 3-2
	x
	WB
	SB
	WB, SB
	x


Legend: 
WB = wideband (calculated assuming transmission on “set S subbands”), 
SB = subband (calculated assuming transmission on that subband), 
M-SB = M subbands, 
x = reported, - = not reported (N/A)
(*) Only reported for rank 1-4
(**) 4-bit base CQI, 2-bit differential subband CQI

Overall, since there is no reason otherwise, the mapping of UCI (CQI, PMI, RI, CRI, including HARQ-ACK) on PUSCH can simply follow Rel.12, or at least the principle of Rel.12. 

The above proposal for extending A-CSI reporting can be summarized as follows:
· The content of A-CSI reporting is summarized in Table 1 for different scenarios.
· For class B with K>1, CRI (of 3 bits or max 3 bits) is included in every requested A-CSI reporting.
· Mapping of CRI on PUSCH follows that for RI in Rel.12
· Bitwidth for base and differential subband CQIs follow Rel.12.
· Mapping of UCI on PUSCH follows Rel.12 or at least in principle

Conclusion
In this contribution, we have discussed some further details on extending Rel.12 CSI reporting modes to support EB/FD-MIMO. Our proposals can be summarized as follows:
· The content of A-CSI reporting is summarized in Table 1 for different scenarios.
· For class B with K>1, CRI (of 3 bits or max 3 bits) is included in every requested A-CSI reporting.
· Mapping of CRI on PUSCH follows that for RI in Rel.12
· Bitwidth for base and differential subband CQIs follow Rel.12.
· Mapping of UCI on PUSCH follows Rel.12 or at least in principle
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