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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 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

In this contribution, the following further details needed to finalize CSI reporting mechanism (including some of the above FFS issues) are discussed:
· Design considerations for extending PUCCH based CSI reporting for Rel.13 EB/FD-MIMO
· Design considerations for extending PUSCH based CSI reporting for Rel.13 EB/FD-MIMO 
For class A CSI reporting, the following discussion assumes the KP codebook structure agreed in [1] 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, e.g. [2]). When K=1, {RI, CQI, } is reported. When K>1, BI and {RI, CQI, } associated with the (single) selected beam is reported.

Extending PUCCH-based CSI reporting
PUCCH format 2/2a/2b is to be utilized for P-CSI reporting, the maximum payload is 11 bits per reporting instance. In Rel.12, a complete P-CSI reporting (consisting of RI, PMI, and CQI) is split into at most two reporting instances for mode 1-1. For instance,  in mode 1-1 submode 1, RI is reported in separate set of subframes from CQI and PMI (where PMI consists of ). In mode 1-1 submode 2, RI and  are reported together in a separate set of subframes from CQI and . In each of the two submodes, codebook subsampling is performed, partly to ensure that the total payload per subframe does not exceed 11 bits. Therefore, two basic mechanisms are present in Rel.12 P-CSI reporting as a result of the maximum payload of 11 bits per subframe:
· Inter-subframe dependence: This comes due to splitting a complete unit of CSI reporting across more than one subframes. This mechanism can be susceptible to the following factors:
· Error propagation: CSI decoding error in one subframe will result in faulty inference of the CSI hypothesis in the following subframes. In Rel.12, this is alleviated by higher error protection for RI or RI+ (due to its smaller payload and hence lower coding rate). 
· Priority rules: If a CSI report in a subframe is dropped due to a collision with another higher-priority UCI (such as SR or HARQ-ACK), a set of priority rules needs to be defined. Typically this is feasible and has been done in Rel.12.
· Codebook subsampling: In Rel.12, codebook subsampling needs to be optimized to ensure that performance loss, if any, is minimum. For mode 1-1 (wideband CQI and PMI), Rel.12 4Tx and 8Tx codebooks can be subsampled without any significant loss in performance. For instance, the overlapping beam design in 4/8Tx codebooks is needed only for subband PMI reporting.
In Rel.13, PUCCH-based periodic CSI reporting presents some additional challenges. 
For class A, while it is possible to constrain the maximum payload for  feedback to 4 bits (same as Rel.12), an increase in feedback payload associated with stage-1 precoder () may be inevitable. To cope with this increased feedback payload, either inter-subframe dependence is increased (to, e.g. three reporting instances) or more aggressive or codebook subsampling is used. Of course, these two solutions can also be used together. Either solution could increase vulnerability of P-CSI reporting due to increased error propagation, more complex priority rules, or performance loss. Therefore, such impacts need to be carefully investigated to ensure that PUCCH-based P-CSI reporting for Rel.13 class A is robust.
For class B, with K=1, the Rel.12 CSI reporting mechanism can be readily used (with PMI reporting of  only, P-CSI reporting resembles that for Rel.9 since only one PMI value is reported). With K>1, BI is also reported. Depending on whether BI is reported together or separately from RI (see, e.g. [3]), inter-subframe dependence may be increased from two to three reporting instances. 
In addition, inter-subframe dependence should be considered in relation to features such as TDD/eIMTA and LAA. If EB/FD-MIMO is introduced in Rel.13 as a set of features (specification enhancements) rather than a new transmission mode, it can potentially be used in conjunction with LAA (if not in Rel.13, most likely in Rel.14) or eIMTA (flexible TDD where DL-UL subframe configuration may be varied from one radio frame to another). In such scenarios, increasing inter-subframe dependence beyond that in Rel.12 may not be preferred since the availability of UL subframes within one radio frame can be limited. 
Lastly, there is no reason to reduce the bitwidth of the differential CQI for the second codeword unless it is shown that the resulting performance loss is negligible. Therefore, there may be no room to further reduce the number of CQI bits to accommodate additional increase in PMI payload.
Based on the above assessment, the following proposal are made for Rel.13 P-CSI reporting:
· It is preferred not to increase inter-subframe dependence beyond that in Rel.12 – unless it is demonstrated that the impact of error propagation and the additional complexity of priority rules can be well-contained .
· For class A CSI reporting, codebook subsampling needs to be carefully chosen to minimize performance loss if format 2/2a/2b is used.
· The same differential CQI bitwidth (3 bits) as Rel.12 can be reused unless it is shown that the resulting performance loss in reducing the bitwitdh is negligible.

Extending PUSCH-based CSI reporting
Based on the assumed precoder model and its associated PMI values and the class B proposal in [2], 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. 
· 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. 
· 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 strong reason 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 reused.
· For class B K>1, BI is also reported. Since BI is a long-term and wideband CSI parameter (even longer-term than RI, see, e.g. [3]), the additional overhead (2 or 3 bits) is relatively small compared to the total overhead of A-CSI reporting. This, BI is included in every triggered A-CSI reporting.
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Table 1 Extension of Rel.12 CSI reporting modes 
	CSI reporting class
	CSI mode
	RI 
(3 bits)
	PMI
	CQI
	BI

	
	
	
	 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
	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)

The above proposal for 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, BI is included in every requested A-CSI reporting.

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:
[bookmark: _GoBack]For P-CSI reporting:
· It is preferred not to increase inter-subframe dependence beyond that in Rel.12 – unless it is demonstrated that the impact of error propagation and the additional complexity of priority rules can be well-contained .
· For class A CSI reporting, codebook subsampling needs to be carefully chosen to minimize performance loss if format 2/2a/2b is used.
· The same differential CQI bitwidth (3 bits) as Rel.12 can be reused unless it is shown that the resulting performance loss in reducing the bitwitdh is negligible.
For A-CSI reporting:
· The content of A-CSI reporting is summarized in Table 1 for different scenarios.
· For class B with K>1, BI is included in every requested A-CSI reporting.
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