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1	Introduction
This contribution addresses two issues pertaining to the reporting of Type I and Type II CSI.  First, we address an open issue regarding the PMI used for subband CQI calculation when a portion of Part 2 CSI is omitted.  This issue was discussed in RAN1#91 [1], but no agreement was reached.  Second, we also address a reduction in feedback overhead which can be achieved as a result of agreeing to indicate the number of non-zero wideband (WB) amplitude coefficients per layer in Part 1 of the Type II feedback.  Both issues have been previously addressed in [2], so this is a modified resubmission of that contribution.
2	CQI Calculation for Partial Part 2 Reporting 
During the RAN1#90bis meeting in October, omission rules for partial reporting of Type I and Type II CSI on PUSCH were agreed as shown below [3]:
Agreement:
For NR CSI reporting on PUSCH, Part 2 information bits of partial subbands can be omitted.  
· Support the following priority rule to omit partial Part 2, where the priority level goes from high to low from Box #0 to Box #2N, and the omission granularity is one box in the following picture
· N is the number of CSI reports in one slot
· The CSI report numbers correspond to the order in the CSI report configuration
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· Down-select one of the following Alts for CQI calculation in RAN1#91
· Alt 1: Subband CQI for each omitted subband is calculated assuming PMI in the nearest subband(s) with Part 2 reporting
· Alt 2: Subband CQI for each omitted subband is calculated assuming PMI in this subband
The open issue regarding subband CQI calculation was discussed in RAN1#91 [1], but no agreement was reached.
The split of CSI into two parts is defined in Section 5.2.3 of [4].  For Type I CSI, Part 1 contains RI/CRI and the CQI for the first codeword.  Part 2 contains the PMI and, if RI > 4, the CQI for the second codeword.  For Type II CSI, Part 1 contains RI, CQI, and an indication of the number of non-zero wideband amplitude coefficients per layer.  Part 2 contains the PMI.  For both Type I and Type II CSI, the payload of Part 2 varies in size as a function of the contents of Part 1.  Part 2 omission rules are required to prioritize the elements of Part 2 and allow the UE to omit a portion of the Part 2 CSI when the resource allocation is not sufficient to contain all of the Part 2 feedback.
According to the agreed priority rules [3], Part 2 CSI is omitted beginning with the lowest priority portion (in the highest index box in the figure) and proceeding toward higher priority until the CSI payload is small enough to be transmitted in the allotted resources.  Consider the case when only one CSI report is configured using Type II CSI.  In this case, Box #0 contains Part 2 WB CSI, including beam selection, WB amplitude, and the strongest coefficient per layer.  Box #1 and Box #2 contain Part 2 subband (SB) CSI for even and odd SBs, respectively, including SB phase combining per layer and SB differential amplitude per layer (if configured).  We define different payload sizes for the three boxes in Part 2 CSI:  S0 for Box #0, S1 for Box #1, and S2 for Box #2 (naturally,  for an even number of SBs).  The Part 2 payload sizes are completely determined by the values in Part 1.
The payload size in Part 2 CSI is variable depending on RI, the number of non-zero WB amplitudes per layer, and some higher layer configured parameters.  In Table 1, the detailed payload statistics of Part 2 CSI are listed in terms of the number of non-zero WB amplitudes N per layer and the number of beams L, assuming rank 1 transmission.  Type II CSI has the following configuration assumptions according to [5]:
· (WB amplitude, SB amplitude, SB phase) are quantized and reported in (X, Y, Z) bits as follows:
· (N1, N2) = (4, 4), (O1, O2) = (4, 4)
· 
Beam selection is signaled using  bits.
· For WB+SB amplitude
· (X, Y, Z) = (3, 1, 3) for the first (K–1) leading (strongest) coefficients out of (2L–1) coefficients, and (X, Y, Z) = (3, 0, 2) for the remaining (2L–K) coefficients
· For L=2, 3, and 4, the corresponding value of K is 4 (=2L), 4, and 6, respectively.
· The index of the strongest coefficient out of 2L coefficients is reported per layer in a WB manner.
· The number of non-zero WB amplitudes is N for a layer.
· The number of subbands is 10.
Table 1: Example payload size calculations for Part 2 CSI assuming rank 1 transmission
	
	Beam Selection
	Strongest Coefficient
	WB Amp
	Payload for Box #0
(S0)
	SB Amp
(1 SB)
	SB Phase
(1 SB)
	Payload for Box #1 or #2
(5 SBs)
(S1 or S2)

	2
	11
	2
	9
	22
	
	
	

	3
	14
	3
	15
	32
	
	
	

	4
	15
	3
	21
	39
	
	
	


According to Table 1, the payload size of Box #0 is  bits considering different numbers of beam L, and the payload of Box #1 and #2 is  bits, where K is determined by the number of beams L.
The agreed priority rule 0 specifies the omission order of Part 2 information bits when considering a resource allocation with a maximum payload size of RA for Part 2 CSI.  Then partial Part 2 reporting is determined as follows:
· When , then the entire Part 2 CSI can be reported.
· When , then Box #0 and #1 of the Part 2 CSI can be reported, omitting the Part 2 CSI for odd subbands.
· When , then only Box #0 of the Part 2 CSI can be reported, omitting all Part 2 subband CSI.
· When , then none of the Part 2 CSI can be reported.
In the case when the CSI for odd subbands is omitted, a CQI is still reported for all subbands.  However, the complete PMI for the omitted subbands is not reported.  This raises the issue of how the gNB can interpret the CQI.  Ideally, the gNB must know the PMI used to calculated the CQI in order to make the best use of the CSI for scheduling.  Two alternatives were proposed in the agreement, where one alternative was to be selected in RAN1#91; however, no agreements was reached during that meeting.
The views expressed in RAN1#91 can be summarized along three main points:
1. UE complexity:  The argument in [6] is for Alt. 2 for reduced UE implementation complexity.  However, the argument in [7] indicates that the increased complexity is minimal.
2. Performance:  Simulation results in [8] and [9] indicate a significant performance advantage for Alt. 1 compared to Alt. 2.  Results in [10] indicates a slight advantage for Alt. 2 over Alt. 1.  Results in [11] indicate a more significant performance advantage for Alt. 2 over Alt. 1.  It is not clear why these studies come to different performance conclusions.
3. gNB implementation flexibility:  Both [12] and [13] indicate that, under Alt. 2, the gNB can perform interpolation to obtain a PMI for the omitted subbands.  The discussion in [13] points out that this approach provides the gNB with the flexibility to design an appropriate interpolation algorithm and also indicates that the procedure should be needed infrequently.
The view expressed in [10] proposes what, in our view, is a third alternative:  Allow the PMI used for CQI calculation to be a UE implementation issue.  We feel that this view is not a workable approach because the gNB would have no knowledge of the PMI used for the subband CQI calculation.  Interpolation approaches would be at a disadvantage because the assumptions are not known.  Approaches without interpolation would have less information about the reliability of the reported CQI.  We propose that the assumption about the PMI used for the CQI calculation for omitted subbands be standardized.
Proposal 1: When partial subband CQI is reported for Part 2 CSI, standardize which PMI can be assumed for the reported CQI values for omitted subbands.
When Part 2 WB CSI and SB CSI for even subbands are reported, Alt. 1 is preferred for CQI calculation since the gNB will clearly know the associated PMI. The omitted odd subbands in Box #2 can use the SB PMI of the nearest even subband in Box #1 for CQI calculation, using the subband with a frequency index immediately below the index of the omitted subband when two even indexed subbands are equally near.
If only Part 2 WB CSI in Box #0 is reported, both Alt. 1 and Alt. 2 are confusing due to the lack of subband level PMI reporting.  A simple solution is to employ the WB PMI for all subbands assuming that SB phases are zero and SB differential amplitudes are one.
More extremely, if none of Part 2 CSI is reported, it is impossible to determine WB or SB PMI and calculate CQI.  Therefore, this case should be avoided in NR.
Proposal 2: Subband CQI for each omitted subband is calculated considering PMI determination in the following cases:
· If WB CSI and SB CSI of even subbands are reported for Part 2 CSI, the omitted odd subband PMI reuses the nearest even subband PMI (using the subband with a lower index in frequency than the omitted subband when two even indexed subbands are equally near).
· If only WB CSI is reported for Part 2 CSI, WB PMI is reused for all the subbands assuming that SB phases are zero and SB differential amplitudes are one.
· NR does not support omitting all of Part 2 of the Type II CSI feedback. The gNB shall provide a PUSCH resource allocation large enough to cover at least WB CSI.
3	Overhead Reduction for WB Amplitude in Part 2 CSI
During RAN1#NR AH#3, the following was agreed regarding Type II feedback reporting [14]:
Agreement:
· For Type II, 
· CSI parameters of a Type II CSI report are not multiplexed across multiple PUSCH transmissions
· Use a two-part scheme with
· Part 1 contains RI, CQI and indication of the number of non-zero wideband amplitude coefficients per layer
· Fixed payload size used for part 1; part 2 contains remaining CSI
· Indication of the number of non-zero wideband amplitude coefficients per layer in part 1
In this contribution, we propose a reduction in feedback overhead which can be achieved as a result of agreeing to indicate the number of non-zero wideband amplitude coefficients per layer in Part 1 of the Type II feedback.
Since the indication of the number of non-zero WB amplitudes per layer is specifically defined in Part 1 of Type II CSI and each field in Part 1 reporting is agreed to be encoded separately [3], WB amplitude feedback in Part 2 CSI can be further optimized to reduce its feedback overhead [2].  Naturally, this overhead reduction solution is suitable for both Type II single-panel codebook and Type II codebook for beamformed CSI-RS.
For example, WB amplitude feedback in Part 2 CSI can be divided into three parameters: indices of the N non-zero WB amplitude beams per layer, the strongest index out of N non-zero coefficients per layer, and (N-1) WB amplitudes, excluding the strongest one, for each layer. Herein indices of the N non-zero WB amplitude are quantized jointly using combinatorial signaling with  bits to choose N out of 2L indices for a layer, which imposes an ordering on the reported beams from lowest to highest index. The strongest index out of N non-zero coefficients is quantized as  bits for a layer by using a binary integer from 0 to N-1. (N-1) WB amplitude coefficients are ordered from lowest to highest index and quantized as  bits for a layer assuming 3-bit WB amplitude quantization. Therefore, the total payload of the proposed WB amplitude feedback is  bits for a layer.
However, the traditional WB amplitude feedback in Part 2 CSI contains the strongest index out of 2L coefficients and (2L–1) amplitude coefficients per layer. The strongest index is quantized as  bits, and (2L–1) amplitude coefficients are quantized as  bits for a layer. Therefore, the total payload of the traditional WB amplitude feedback is  bits for a layer regardless of the number of non-zero WB amplitudes N.
The payloads of the proposed WB amplitude feedback are calculated and compared with the traditional scheme in Table 3 in terms of beam number L and the number of non-zero WB amplitudes N assuming rank 1 and 3-bit amplitude quantization. According to Table 3, the proposed WB amplitude feedback can achieve lower feedback payload than the traditional feedback scheme.
Table 3: Payload comparison of WB amplitude feedback assuming rank 1 transmission
	N
	L = 4
	L = 3
	L = 2

	
	Traditional
	Overhead reduction
	Traditional
	Overhead reduction
	Traditional
	Overhead reduction

	1
	24
	3
	18
	3
	11
	2

	2
	
	9
	
	8
	
	7

	3
	
	14
	
	13
	
	10

	4
	
	18
	
	15
	
	11

	5
	
	21
	
	18
	

	6
	
	23
	
	18
	

	7
	
	24
	

	8
	
	24
	


Observation 1: The proposed WB amplitude feedback can achieve lower feedback payload than the traditional feedback scheme.
Proposal 2: Considering feedback of the number of non-zero wideband amplitudes (N), adopt enhanced wideband amplitude feedback with 3 parameters per layer as follows to reduce its feedback overhead for the Type II codebook (both Type II single-panel codebook and Type II codebook for beamformed CSI-RS):
· 1st parameter: Joint encoding of the indices of the N non-zero coefficients using combinatorial signaling with  bits to choose N out of 2L indices per layer.
· 2nd parameter: The strongest index out of N non-zero coefficients using  bits per layer.
· 3rd parameter: (N-1) non-zero coefficients quantized as  bits per layer.
4	Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we have discussed CSI reporting issues of the Type I and Type II codebooks, and the corresponding observations and proposals are summarized as follows:
Proposal 1: When partial subband CQI is reported for Part 2 CSI, standardize which PMI can be assumed for the reported CQI values for omitted subbands.
Proposal 2: Subband CQI for each omitted subband is calculated considering PMI determination in the following cases:
· If WB CSI and SB CSI of even subbands are reported for Part 2 CSI, the omitted odd subband PMI reuses the nearest even subband PMI (using the subband with a lower index in frequency than the omitted subband when two even indexed subbands are equally near).
· If only WB CSI is reported for Part 2 CSI, WB PMI is reused for all the subbands assuming that SB phases are zero and SB differential amplitudes are one.
· NR does not support omitting all of Part 2 of the Type II CSI feedback. The gNB shall provide a PUSCH resource allocation large enough to cover at least WB CSI.
Observation 1: The proposed WB amplitude feedback can achieve lower feedback payload than the traditional feedback scheme.
Proposal 3: Considering feedback of the number of non-zero wideband amplitudes (N), adopt enhanced wideband amplitude feedback with 3 parameters per layer as follows to reduce its feedback overhead for the Type II codebook (both Type II single-panel codebook and Type II codebook for beamformed CSI-RS):
· 1st parameter: Joint encoding of the indices of the N non-zero coefficients using combinatorial signaling with  bits to choose N out of 2L indices per layer.
· 2nd parameter: The strongest index out of N non-zero coefficients using  bits per layer.
· 3rd parameter: (N-1) non-zero coefficients quantized as  bits per layer.
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