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[bookmark: _Ref494215420]Introduction
In RAN1#96 [1], many issues on Type II CSI overhead reduction have been discussed, and many agreements have been achieved. After RAN1#96, there was an email discussion on UCI design, and the FL proposal was made as copied below,
	Proposal: On UCI parameters
· Confirm the agreed UCI parameters as described in Table 1
· Continue to discuss the FFS items
· Continue to discuss the need for supporting the proposed UCI parameters in Table 2
· At least until RAN1#97 (Reno), additional proposals on UCI parameter can be made
[bookmark: _Ref4589876]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)






In this contribution, we further discuss the feedback content and some other issues on Type II CSI overhead reduction.  
Discussion 
UCI design for Rel-16 Type II CSI 
During RAN1 AH1901, it was agreed to support a two-part UCI design. The corresponding agreement can be found below,
	Agreement in RAN1 AH1901
On basis/coefficient subset selection for the first layer, support the following: 
· Size-K0 subset design: down select in RAN1#96 from the following alternatives 
· Alt1. Unrestricted subset (size=2LM)
· Alt2. Polarization-common subset (size=LM)
· Alt3. Restricted subset (for a given subset of beams and FD basis, size=2L+M)
· 
The value of K0:   where two values of β are supported  
· 
Down select in RAN1#96 from  
· The UCI consists of two parts: 
· Information pertaining to the number(s) of non-zero coefficients is reported in UCI part 1
· Note: This does not imply whether this information consists of single or multiple values 
· The payload of UCI part 1 remains the same for different RI value(s)
· Bitmap is used to indicate non-zero coefficient indices



Regarding the UCI part 1 for Type II CSI, it was agreed to introduce one or multiple values to indicate the number(s) of non-zero coefficients. Based on our understanding, the introduced value is used to indicate the bit length of UCI part 2, particularly the bit length of PMI. Considering that bitmap is introduced to indicate the number as well as the location of non-zero coefficients for each layer, a single value of total number of non-zero coefficients across all layers is enough. Additionally, comparing to introduce one value for each layer without RI, using a single value plus RI can save some feedback bits. 
Proposal 1: A single value is introduced into UCI part 1 to indicate the number of non-zero coefficients across all layers.
· RI should be included in UCI part 1
Regarding the UCI part 2, the whole Type II PMI is included.
During the last meeting, it was agreed to support layer-common SD basis selection for rank 1-2, which is the same as in Rel-15 Type II CSI. 
	Agreement in RAN1#96
On subset selection for RI=2, agree on the following
· SD basis selection (selection of L out of N1N2 SD DFT vectors) is layer-common
· Terms:
· “FD basis subset selection” refers to the selection of M out of N3 FD DFT vectors
· “Coefficient subset selection” refers to the selection of KNZ (# non-zero coefficients) out of 2LM where KNZ ≤ K0
· The size-K0 subset design for layer 0 is also applied to layer 1
· K0 is the maximum number of non-zero coefficients for each layer.



Based on this agreement, a single SD basis subset across all layers is needed, and the L SD basis vectors can be reported according to the combinatorial numbering system, which is also the same as in Rel-15 Type II CSI. For rank 3-4, whether the SD basis subset is common for each rank and each layer is FFS. Based on our understanding, this FFS only impact the number of reported SD basis subsets.
Regarding the SD basis oversampling factor, since there’s no discussion on this, we can consider it as reusing the oversampling factor specified in Rel-15, i.e., O1=4 and O2=4 when N1 and N2 are larger than 1 respectively. Therefore, the 2D oversampling shift shall be reported to achieve SD basis subset selection.
On the FD basis subset selection, it was agreed to be layer-independent. 
	Agreement in RAN1 AH1901
On basis/coefficient subset selection for the first layer, support the following: 
· Size-K0 subset design: down select in RAN1#96 from the following alternatives 
· Alt1. Unrestricted subset (size=2LM)
· Alt2. Polarization-common subset (size=LM)
· Alt3. Restricted subset (for a given subset of beams and FD basis, size=2L+M)
· 
The value of K0:   where two values of β are supported  
· 
Down select in RAN1#96 from  
· The UCI consists of two parts: 
· Information pertaining to the number(s) of non-zero coefficients is reported in UCI part 1
· Note: This does not imply whether this information consists of single or multiple values 
· The payload of UCI part 1 remains the same for different RI value(s)
· Bitmap is used to indicate non-zero coefficient indices
Agreement in RAN1#96
For RI=2, the following is supported 
· Layer-independent FD basis subset selection 
· Layer-independent coefficient subset selection



Similar to the reporting of SD basis subset per layer, combinatorial numbering system can be reused to reduce the feedback overhead. On the other hand, the coefficient subset selection is also layer-independent, and according to the agreement in RAN1 AH 1901, bitmap is used to indicate non-zero coefficient indices.
On the FD basis oversampling factor, O3 = 4 was adopted as working assumption in RAN1 AH1901. If the working assumption is confirmed, the oversampling shift shall be reported to achieve FD basis subset selection as per layer manner.
	Working Assumption
On the choice of oversampling factor O3, O3 = 4 is supported   



On the combination coefficient quantization, differential amplitude feedback scheme with 3-4 bit phase was agreed to be supported. Details can be found below,
	Agreement in RAN1#96
On LCC quantization, agree on Alt2 (differential per polarization) per the description in R1-1902304
Alt2 in R1-1902304:
· Alt2 (cf. ZTE-initiated offline discussion [9], previously labeled as Alt2’ or 2M’): UE reports the following for the quantization of the non-zero coefficients in 
· A -bit indicator for the strongest coefficient index 
· Strongest coefficient  (hence its amplitude/phase are not reported)
· Two polarization-specific reference amplitudes:
· For the polarization associated with the strongest coefficient , since the reference amplitude = 1, it is not reported
· For the other polarization, reference amplitude is quantized to 4 bits  
· The alphabet is  (-1.5dB step size)
· For : 
· For each polarization, differential amplitudes of the coefficients calculated relative to the associated polarization-specific reference amplitude and quantized to 3 bits 
· The alphabet is  (-3dB step size)
· Note: The final quantized amplitude  is 
· Each phase is quantized to either 8PSK (3-bit) or 16PSK (4-bit) (configurable) 
Agreement
For RI{3,4}, different layers are independently quantized just as RI=1 and 2



For each layer, there will be a strongest coefficient index, a 4-bit reference amplitude, a list of 3-bit differential amplitudes, and a list of 3-4 bit phase. For rank 3-4, since different layers are independently quantized, we support to adopt differential per polarization in order to guarantee unified design.
Proposal 2: Support differential quantization per polarization for rank 3-4 to achieve unified design. 
Based on the analysis above, the feedback content of Rel-16 Type II CSI at least for UCI part 2 seems to be clear. Regarding the mapping order of each feedback parameters, we can consider Rel-15 Type II CSI as starting point. 
In Rel-15, the feedback parameters can be divided into two parts: wideband parameters and per subband parameters. The mapping order of wideband parameters is {SD basis subset  strongest coefficient index for layer 0list of wideband amplitude for layer 0 strongest coefficient index for layer 1list of wideband amplitude for layer 1}, and the mapping order of parameters for each subband is {a list of differential amplitude for layer 0a list of differential amplitude for layer 1a list of phase for layer 0a list of phase for layer 1}.
[bookmark: _GoBack]Similarly, in Rel-16, the feedback parameters can be divided into two parts: common parameters and per FD basis parameters. For common parameters, the mapping order can be {SD basis subset(s) FD basis subset(s) strongest coefficient index for layer 0 bitmap of NZ coefficient index for layer 0 … strongest coefficient index for layer 3 bitmap of NZ coefficient index for layer 3}. For per FD basis parameters, two alternative mapping orders can be considered,
· Alt1. {a list of (differential amplitude, phase) pair for layer 0 a list of (differential amplitude, phase) pair for layer 1… a list of (differential amplitude, phase) pair for layer 3}
· Alt2. {a list of differential amplitude (including reference amplitude) for layer 0~3a list of phase for layer 0~3}
Since neither of these alternatives has better performance or overhead control than the other, we suggest to simply choose Alt1.
Proposal 3: The PMI content of Rel-16 Type II can be divided into two parts: common parameters and per FD basis parameters. 
· The mapping order of common parameters can be {SD basis subset(s)FD basis subset(s) strongest coefficient index for layer 0 bitmap of NZ coefficient index for layer 0 … strongest coefficient index for layer 3 bitmap of NZ coefficient index for layer 3}
· The mapping order of per FD basis parameters can be {a list of (differential amplitude, phase) pair for layer 0 a list of (differential amplitude, phase) pair for layer 1… a list of (differential amplitude, phase) pair for layer 3}
Oversampling factor O3
During RAN1 AH1901, O3 = 4 was approved as working assumption as below,  
	Working Assumption
On the choice of oversampling factor O3, O3 = 4 is supported   



Oversampling for frequency domain compression may provide performance gain with low feedback bits. However, the introduction of oversampling will increase the number of candidate DFT beams by O3 times. Since the frequency domain beamformed channel matrix is calculated per frequency beam per subband per spatial beam, the oversampling may introduce too much computation complexity. What’s more, in order to support O3=4, a longer delay cause by CSI calculation is needed. Hence, for the serving cell, the received CSI report may not reflect the current channel state accurately. 
In our opinion, it’s not an efficient way to achieve higher performance by increasing oversampling factor for frequency domain compression. We suggest to reconsider the support of O3=4.
Proposal 4: Further study the support of O3=4.  

Conclusion
In this contribution, we discussed the feedback content and some other issues on Type II CSI overhead reduction. Based on the discussion, we have the following proposals:
Proposal 1: A single value is introduced into UCI part 1 to indicate the number of non-zero coefficients across all layers.
· RI is included in UCI part 1
Proposal 2: Support differential quantization per polarization for rank 3-4 to achieve unified design. 
Proposal 3: The PMI content of Rel-16 Type II can be divided into two parts: common parameters and per FD basis parameters. 
· The mapping order of common parameters can be {SD basis subset(s) FD basis subset(s) strongest coefficient index for layer 0 bitmap of NZ coefficient index for layer 0 … strongest coefficient index for layer 3 bitmap of NZ coefficient index for layer 3}
· The mapping order of per FD basis parameters can be {a list of (differential amplitude, phase) pair for layer 0 a list of (differential amplitude, phase) pair for layer 1… a list of (differential amplitude, phase) pair for layer 3}
Proposal 4: Further study the support of O3=4.
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