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Introduction
The two-part UCI is extended to report the Rel. 16 Type II CSI based on DFT-based compression. Based on the offline email discussion, the list of agreed UCI parameters is summarized in Table 1 and the list of proposed UCI parameters is summarized in Table 2. 
[bookmark: _Ref4600270]Table 1: List of agreed UCI parameters
	Parameter
	Location 
	Details/description

	# NZ coefficients
	UCI part 1
	FFS: Exact design (joint or separate across layer)

	Wideband CQI
	UCI part 1
	Same as R15

	Subband CQI
	UCI part 1
	Same as R15

	Bitmap per layer
	UCI part 2
	RI=1-2: for layer l, size-
FFS: exact design for RI=3-4 (depending on subset selection)

	Strongest coefficient indicator (SCI)
	UCI part 2
	FFS: Exact design for all layers (bitwidth, etc.)

	SD basis subset selection indicator 
	UCI part 2
	FFS: Exact design depending on decision for SD/FD basis parameter setup for RI=3-4

	FD basis subset selection indicator
	UCI part 2
	FFS: 
· Exact design depending on decision for SD/FD basis parameter setup for RI=3-4, 
· Impact of the bitwidth if subset restriction is supported.

	LC coefficients: phase
	UCI part 2
	Quantized independently across layers

	LC coefficients: amplitude
	UCI part 2
	Quantized independently across layers (including reference amplitude for weaker polarization, for each layer)



[bookmark: _Ref4589936]Table 2 List of UCI parameters for further discussion
	Parameter
	Location 
	Details/description

	RI
	UCI part 1
	The need depends on the exact design of # NZ coefficients (NZC) indicator

	M’
	UCI part 1
	Whether to report M’ ≤ M, e.g. # bits, values

	
	UCI part 1
	Whether to report  ,  # bits, values

	,  
	UCI part 1
	Whether to report , , # bits, values

	Size of the bitmap(s) in UCI Part2: Nb
	UCI part 1
	Whether to report Nb, #bits, values

	Indication of zero Pol-reference amplitude values 
	UCI part 1
	Specific design pending

	Oversampling (rotation) factor 
	UCI part 2
	e.g. values of qi, i=1,2,3 (3 values)



This contribution discusses the following.
· Remaining details about the agreed UCI parameters (Table 1)
· Discussion on proposed UCI parameters in Table 2.
UCI Design: agreed parameters
In this section, we discuss the remaining details about some of the agreed UCI parameters in Table 1. 
The first UCI parameter (reported in UCI part 1) is the number of reported NZ coefficients (). One FFS point regarding this parameter is whether this parameter is reported jointly or independently across layers when RI > 1. There are at least the following issues with joint reporting.
· First, for joint reporting,  is the total (sum) number of NZ coefficients across all layers. Although this joint reporting can save some payload bits, but this may cause ambiguity in UCI part 2 payload. This is due to the fact the payload of the strongest coefficient indicator (SCI) for layer l (reported in UCI part 2) depends on  value for layer l, and since  can’t be decoded from UCI part 1, the payload of the SCI, and hence UCI part 2, can’t be determined. This payload ambiguity beats the purpose of having a two-part UCI. One can argue that even though  is the total (sum) number of NZ coefficients across all layers, the SCI for each layer can be indicated using a -bit indicator for each layer. But, the total payload of SCI indication for all layers increases when compared with the total payload of same in case of independent reporting across layers. Hence, there may not be any payload saving overall (since we are reducing small number of bits in UCI part 1, but increasing bits in UCI part 2). 
· Another issue is related to the UCI omission for which UCI part 2 needs to be segmented into multiple segments (similar to WB, even SBs, odd SBs in Rel. 15). The issue then is due the bitmap to indicate the indices of reported NZ coefficients. Since bitmap is a SB CSI parameter, it is also segmented into multiple segments (e.g. two segments). Assuming two SB segments (similar to even and odd SB segments in Rel. 15), if the second SB segment is omitted by the UE, then it is unclear how the location of the strongest coefficient can be determined by the gNB since it will only receive the first SB segment which includes only a part of the bitmap. The design-around for this issue can be quite complicated, primarily due to joint reporting of  across layers.
None of the above-mentioned issues are present if  is reported independently across layers. The independent reporting therefore is a simpler and preferable solution in our view. 
Observation 1: if number of NZ coefficients is reported jointly across layers, then there will be payload ambiguity for UCI part 2 since SCI payload can’t be determined from UCI part 1, and also the UCI omission rule can be quite complicated. 
Proposal 1: number of NZ coefficients is reported independently across layers.    
The second UCI parameter (reported in UCI part 2) is the bitmap to indicate the indices of the reported NZ coefficients. For RI=1-2, it has been agreed that the bitmap is independent across layers and polarizations, hence a size  bitmap is reported for each layer. For RI=3-4, there is no such agreement yet since rank > 2 extension of the DFT-compression based Type II has just started. However, in our view, the bitmap for RI=3-4 can be simple extension of rank 1-2. In particular, for RI=3-4, the bitmap is independent across layers and polarizations, and a size  bitmap is reported for layer l where  is the number SD basis vectors for layer l, and  is the number FD basis vectors for layer l.
Proposal 2: for RI=3-4, the bitmap is reported independently across layers and polarizations.    
The third UCI parameter (reported in UCI part 2) is the strongest coefficient indicator (SCI) to indicate the index  of the strongest coefficient. It has already agreed that a -bit indicator is used for the SCI. For rank > 1, since  is reported independently across layers, SCI is also reported independently across layers. 
Proposal 3: SCI is reported independently across layers.
[bookmark: _Ref446598642].
UCI Design: proposed parameters
In this section, we discuss some of the proposed UCI parameters in Table 2. 
The first proposed UCI parameter (reported in UCI part 1) is RI. The need for RI reporting depends on the exact design (joint vs. independent across layers) of the number of NZ coefficients indicator when RI > 1. As discussed in Section 2, joint reporting of the number of NZ coefficients across layers has multiple technical issues, and none of those issues are present with independent reporting. Another advantage of independent reporting is the fact that the rank information can be reported implicitly using the per layer . Hence, there is no need for a separate RI reporting in UCI part 1.
Observation 2: RI information can be derived implicitly from the per layer number of NZ coefficients reporting. 
Proposal 4: RI is not reported in UCI part 1.
The second proposed UCI parameter (reported in UCI part 2) is the oversampling factors. In our view, the oversampling factor needs to reported at least for the SD basis subset selection (similar to Rel. 15 Type II). For FD basis subset selection, the need for oversampling factor has been questioned. This is an small issue, which does not have any significant impact in terms of performance, overhead, and complexity. 
Proposal 5: The oversampling factor is reported at least for the SD basis subset selection.
The benefits of the rest of the UCI parameters in Table 2 are unclear and questionable since they either save a small number of bits, or they are beneficial only in some corner cases that are extremely unlikely to happen in practice. If some clear benefits are identified for some of these UCI parameters at later stage, then they can be considered.
Proposal 6: The remaining UCI parameters in Table 2 need more study, and can be considered at later stage if their clear benefits are identified.
PMI components
Similar to Rel. 15, the PMI comprises a first PMI (i1) and a second PMI (i2). For RI=1-2, the first PMI (i1) comprises the following components.
· Oversampling (rotation) factor : 2 bits for each 
·  to indicate SD orthogonal basis comprising  DFT beams
· L SD beams (layer-common): indicated using  bits
· M FD beams (layer-specific):indicated using  bits per layer
· Strongest coefficient (layer-specific):  bits indicating the strongest coefficient out of  reported coefficients. 
· The strongest coefficient = 1, hence its amplitude and phase are not reported.
The second PMI (i2) comprises indication about the SB components, i.e., indices of the reported NZ coefficients, and amplitude and phase of the remaining  NZ coefficients. The SB components are layer-specific. For each layer, the payload of these components are as follows.
· Size-subset selection:  bits with  ones indicating reported NZ coefficients
· Amplitude:  bits, where
·  is number of bits for the reference amplitude 
·  is number of bits for the differential amplitude 
· Phase:  bits, where  is number of bits configured for the phase. 

Proposal 7: For RI=1-2, the PMI comprises a first PMI (i1) and a second PMI (i2).
· The PMI (i1) comprises the following components.
· Oversampling (rotation) factor : 2 bits for each 
·  to indicate SD orthogonal basis comprising  DFT beams
· L SD beams (layer-common): indicated using  bits
· M FD beams (layer-specific):indicated using  bits per layer
· Strongest coefficient (layer-specific):  bits indicating the strongest coefficient out of  reported coefficients. 
· The strongest coefficient = 1, hence its amplitude and phase are not reported.
· The second PMI (i2) comprises the following layer-specific components.
· Size-subset selection:  bits with  ones indicating reported NZ coefficients
· Amplitude:  bits, where
·  is number of bits for the reference amplitude 
·  is number of bits for the differential amplitude 
· Phase:  bits, where  is number of bits configured for the phase. 
Conclusions
In this contribution, the UCI parameters for DFT-compression based Type II codebook is discussed. The observations and proposals made are summarized as follows. 
Observation 1: if number of NZ coefficients is reported jointly across layers, then there will be payload ambiguity for UCI part 2 since SCI payload can’t be determined from UCI part 1, and also the UCI omission rule can be quite complicated. 
Observation 2: RI information can be derived implicitly from the per layer number of NZ coefficients reporting. 
Proposal 1: number of NZ coefficients is reported independently across layers.    
Proposal 2: for RI=3-4, the bitmap is reported independently across layers and polarizations.    
Proposal 3: SCI is reported independently across layers.
Proposal 4: RI is not reported in UCI part 1.
Proposal 5: The oversampling factor is reported for the SD basis subset selection.
Proposal 6: The remaining UCI parameters in Table 2 need more study, and can be considered at later stage if their clear benefits are identified.
[bookmark: _GoBack]Proposal 7: For RI=1-2, the PMI comprises a first PMI (i1) and a second PMI (i2).
· The PMI (i1) comprises the following components.
· Oversampling (rotation) factor : 2 bits for each 
·  to indicate SD orthogonal basis comprising  DFT beams
· L SD beams (layer-common): indicated using  bits
· M FD beams (layer-specific):indicated using  bits per layer
· Strongest coefficient (layer-specific):  bits indicating the strongest coefficient out of  reported coefficients. 
· The strongest coefficient = 1, hence its amplitude and phase are not reported.
· The second PMI (i2) comprises the following layer-specific components.
· Size-subset selection:  bits with  ones indicating reported NZ coefficients
· Amplitude:  bits, where
·  is number of bits for the reference amplitude 
·  is number of bits for the differential amplitude 
· Phase:  bits, where  is number of bits configured for the phase. 
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