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1. Introduction
In the previous RAN1 meetings several agreements on CSI reporting were made:
	Agreements:
· Support following features for NR CSI acquisition
· FFS Frequency domain subset restriction
· FFS on number of configurable subsets
· FFS on detailed signaling/configuration
· FFS measurement restriction of interference measurement
· FFS on measurement restriction of channel measurement 
· For time domain, measurement restriction of channel and interference measurement
· CSI reporting via short duration PUCCH
· FFS on detailed setting in CSI reporting setting
· CSI reporting via long duration PUCCH
· FFS on detailed setting in CSI reporting setting
· PUCCH reporting which is contained in a single slot
· FFS on PUCCH reporting which is contained in multiple slots
Agreements:
· Periodic CSI reporting is carried at least on 
· Short PUCCH 
· Long PUCCH
· FFS whether in single-slot only or in multiple slots
Agreements:
· Type I CSI feedback is supported for P/SP/A-CSI and can be carried on either one of PUCCH and PUSCH
· Type I subband CSI can be carried on either one of PUSCH and long PUCCH
· Type II CSI is carried at least on PUSCH
· FFS CSI on PUCCH


Considering that the codebook structure for both Type I and Type II CSI have been agreed agreed [1,2], issues related to CSI reporting can be discussed in more details. In this contribution we discuss issues related to CSI reporting, considering particular details of agreed codebooks.
2. Discussion
2.1. Type I CSI reporting 
During RAN1 #89 meeting, it was agreed to support single-slot CSI reporting using PUCCH. Similar to LTE, the size of CQI/PMI contents in this case depends on the reported values of CRI / RI and in general case the CQI/PMI payload is not known at gNB prior to the CRI / RI decoding. In particular, the number of reported CQI could be different depending on the reported RI, i.e. for RI ≤ 4 single CQI value is provide by the UE, while for RI > 4 two CQI values are reported. Taking into account dependency between CSI components, we can consider the following options for single-slot CSI reporting 
Option 1. Joint coding with zero-padding to maximum possible payload size of CSI report
Option 2. Separate coding of the dependent CSI components
    - 2-1: RI+PMI with padding to maximum possible size, CQI
    - 2-2: RI, PMI+CQI
Table 1 summarizes the amount of bits required to convey CSI component for Type I single panel codebook.
Table 1 Overhead for Type I single panel codebook
	Rank
	Configuration/
Applicability
	i1 (bits)
	i2 (bits/SB)
	Example (# SB = 4, N1xN2=16, CQI=4bit/SB, RI=3bits)

	
	
	
	
	RI+PMI
	CQI
	Total

	
1
	L = 1
	

	2
	19
	16
	35

	
	L = 4
	N2=1
	
-1
	4
	
	
	

	
	
	N2>1
	
-2
	
	25
	16
	41

	2
	L = 1
	
+2
	1
	17
	16
	33

	
	L = 4
	N2=1
	
+1
	3
	24
	16
	40

	
	
	N2>1
	

	
	23
	16
	39

	3-4
	# of ports < 16
	
+2
	1
	
	
	

	
	# of ports ≥ 16
	
+2
	1
	16
	16
	32

	5-6
	-
	

	1
	15
	32
	47

	7-8
	(N1,N2) = (4,1)
	

	1
	
	
	

	
	N1 > 2; N2 = 2
	

	1
	14
	32
	46

	
	otherwise
	

	1
	15
	32
	47


As shown in the above example, for option 1 and option 2-1, the payload difference between the maximum payload size and the minimum payload size is 15 bits and 11 bits for two options, respectively. While option 1 is much simpler and option 2-1 could provide better performance, we propose option 2-2 for single slot reporting. Note that the same approach can be used for UCI transmission using PUSCH as well.
[image: ]
Figure 1: Proposed coding scheme for single slot CSI reporting
Proposal 1: For CSI reporting which is contained in a single slot, NR supports separate encoding of {RI} and {PMI, CQI} for UCI transmission using both PUSCH and PUCCH.
2.2. Codebook subsampling
	In LTE the number of bits available for periodic CSI reporting is fixed for given PUCCH format, to align the number of bits required for PMI report with given codebook configuration, codebook subsampling is defined for LTE. For NR, payload size that can be carried through PUCCH is more flexible and can be different depending on the number of symbols or PRBs configured for PUCCH reporting. In this case different codebook subsampling can be applied for NR in order to provide additional flexibility for PUCCH resource allocation and allow gNB to manage overhead for CSI periodic reporting. 
	Considering that periodic CSI reporting is applied mainly for maintenance of link between gNB and UE and high granularity CSI feedback can be requested by using aperiodic CSI report, there is no strong need to support accurate channel state information feedback in periodic CSI reporting. Thus, codebook subsampling should be supported for periodic CSI report. 
Proposal 2: For periodic CSI reporting NR supports flexible codebook subsampling with following alternatives:
· Alt. 1: Codebook subsampling is configurable via high-level signalling
· Alt. 2: Codebook subsampling depends on the number of allocated resources for PUCCH transmission
	In order to minimize possible losses of channel feedback accuracy from the codebook subsampling it should be optimized for specific details of NR codebooks. First, codebook subsampling can be applied in such way to decrease beam oversampling values. Second, oversampling of polarization co-phasing can be also supported, e.g. by using only two values of polarization co-phasing (1, -1). Third, number of possibilities for selection of second beam for rank 2, 3, 4 codebooks can be reduced. Thus, overhead of PMI reporting can be reduced by up to 7 bits (up to 4 bits for beam oversampling, 1 bit for polarization combining, 2 bits for second beam selection for ranks 2, 3 ,4). Moreover, such subsampling will significantly decrease CSI computation complexity at the UE side. 
2.3. Type II CSI reporting 
	Type II CSI feedback was introduced to provide spatial channel feedback with high resolution in order to enhance performance in MU-MIMO scenario. A precoding matrix for Type II codebook is represented as linear combination of L mutually orthogonal DFT beams. Example of Type II CSI rank 2 precoding matrix W is represented below.



,
· 
 – wideband (WB) beam amplitude scaling factor for beam i and on polarization r and layer l
· 
 – subband (SB) beam amplitude scaling factor for beam i and on polarization r and layer l
· Cr,l,I – beam combining coefficient (phase) for beam i and on polarization r and layer l

PMI components and Cr,l,I for given beam/polarization/layer requires at least 2 bits per subband, which is comparable to number of bits per subband for Type I feedback. In case of zero WB beam amplitude scaling factor, subband beam power and beam phase report does not impact the final precoding matrix, hence there is no need to report them in this case. Thus, it is beneficial to split Type II CSI content in two parts, where payload size of second part is known based on decoding of the first part, in order to save CSI overhead. Some options for splitting the CSI content of Type II CSI are listed below
· 

Option 1: {RI, ki, }, { , cr,l,i, CQI}
· 


Option 2: {RI, ki}, {, , cr,l,i, CQI}, where information on number of beams with non-zero  can be derived from ki
· 


Option 3: {RI, Nr,l}, { ki, ,  , cr,l,i, CQI }, where Nr,l is number of beams with non-zero   for each layer and polarization 
Proposal 3: For Type II CSI split up CSI content in two parts
· If CSI is reported in single slot, each part of CSI content is independently encoded
· Payload of the second part is known based on decoding of the first part

3. Conclusion
	In this contribution we discussed aspects related to CSI reporting for Type I and Type II CSI. Based on the above discussion following proposals were made:
Proposal 1: For CSI reporting which is contained in a single slot, NR supports separate encoding of {RI} and {PMI, CQI} for UCI transmission using both PUSCH and PUCCH.
Proposal 2: For periodic CSI reporting NR supports flexible codebook subsampling with following alternatives:
· Alt. 1: Codebook subsampling is configurable via high-level signalling
· Alt. 2: Codebook subsampling depends on the number of allocated resources for PUCCH transmission
Proposal 3: For Type II CSI split up CSI content in two parts
· If CSI is reported in single slot, each part of CSI content is independently encoded
· Payload of the second part is known based on decoding of the first part
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