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1	Introduction
During the RAN1#90bis meeting in October, open issues on CSI reporting were discussed and finally agreed in [1] for Type I and Type II CSI, and some selective selected issues are listed as follows.
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

Agreement:
Support the following encoding for first part of Type II report
· Separate fields: Each field is encoded separately
This contribution mainly discusses some remaining details on CSI reporting for the Type II codebook.
2	Omission rules for partial Part 2 reporting
According to the agreed priority rule [1], partial Part 2 CSIs are omitted in terms of different boxes from high to low index. Assumed that only one CSI report is configured for Type II CSI. Box #0 contains Part 2 WB CSI, including beam selection, WB amplitude and its strongest coefficient per layer. Box #1 or Box #2 contains Part 2 SB CSI for even or 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, such as S0 for Box #0, S1 for Box #1 and S2 for Box #2 (naturally S1=S2 for an even number of SBs). Surely the payload sizes are completely aligned with the indication of Part 1 reporting for Type II CSI.
The payload size of different boxes 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 number of beams L, assuming rank 1 transmission. Type II CSI has the following configuration assumptions according to [2]:
· (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,YX, ,ZY, 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 numbers L, and the payload of Box #1 and #2 is  bits, where K is determined by the number of beam numbers L.
The agreed priority rule [1] specifies the omission order of Part 2 information bits considering the allocated resources with the payload size of RA for Part 2 reporting. Partial Part 2 reporting is determined as follows:
· When , then the whole Part 2 CSI can be reported.
· When , then the Box #0 and #1 of Part 2 CSI can be reported.
· When , then only Box #0 of Part 2 CSI can be reported.
· When , then none of Part 2 CSI can be reported.
According to the agreement, CQI calculation for each omitted subband needs to be down-selected from two Alts in RAN1#91, that is, Alt 1 assuming PMI in the nearest subbands and Alt 2 assuming PMI in this subband.
If the above second condition is satisfied, that is , then Part 2 WB CSI and SB CSI of even subbands are reported. Alt 1 is preferred for CQI calculation due to clear notification of a known PMI. The omitted odd subbands in Box #2 can find use the SB PMI of the nearest even subband in Box #1 with the a frequency lower index in frequencyimmediately below than the index of the omitted subband, and reuse the even SB PMI for CQI calculation.
But conversely, if only Part 2 WB CSI of Box #0 is allowed to reported as shown in the above third condition, both Alt 1 and Alt 2 are confusing due to lack of subband level PMI reporting. A simple solution is to employ WB PMI for all the subbands assuming that SB phases are zero and SB differential amplitudes are one.
More extremely, if the above fourth condition is satisfied, then none of Part 2 CSI is reported and it is impossible to determine WB or SB PMI and calculate CQI. Therefore, this case should be avoided in NR.
Proposal 1: 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 with the lower index in frequency than the omitted subband.
· 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	Additional feedback indication in Part 1 CSI
Since Type II CSI has a variable size payload, there generally exist some conflicts between the gNB resource allocationng resources and real actual UE feedback payload requirements. For example:,
Assuming  and  in Table 1. If the number of non-zero WB amplitudes is , then the payload size of Box #1 or #2 can be calculated as . So the payload sizes of different boxes are . Now if the allocated resources are  bits, then  bits. As a result, only the WB CSI of Box #0 can be reported according to the omission rule ofs for partial Part 2 reporting, and none of the SB CSI is permitted to be feed back although only a small resource gap of 159 – 150 = 9 bits exists. In fact, the omission granularity is half of the whole entire bandwidth instead of one subband for Part 2 SB CSI, and it is so coarse as to sacrifice channel feedback accuracy. In this context, frequency selective scheduling performance will be significantly affected due to the lack of subband CSI feedback.
Observation 1: The existing omission granularity, such as half of the whole bandwidth, is too large to adapt to resource allocation flexibly, especially for Type II feedback due to its heavier payload size.
How to can this dilemma be solve this dilemmad? One alternative is to adjust Tthe number of non-zero WB amplitude number coefficients N in Part 1 CSI can be adjusted alternatively to match the allocated resources. For example, if we reduce N from 8 to 7, then . In this case , and then Part 2 SB CSI of the even SBs in Box #1 can be reported as well in order to achieve frequency selective channel information.
Observation 2: Alternatively, the number of non-zero WB amplitudes in Part 1 reporting can be further adjusted to make maximum use of the allocated resources.
But it is doubtedOne concern is that if we artificially reduce the number of non-zero WB amplitude in Part 1 reporting, system performance may have greatsuffer a significant loss. According to the previous contribution [3] in RAN1 NR AH#3, we restricted some weak power levels in the WB amplitude quantization set and simulated the system performance. We observe that the average payload size can be significantly reduced for the Type II codebook, while marginal system performance loss is observed in Table 2. Some parameters are as follows:
· Type II CSI w/o any restriction:  for WB amplitude
· CSR 1 w/ restriction of one low power level:  for WB amplitude
· CSR 2 w/ restriction of two low power levels:  for WB amplitude
Table 2: Simulation results by restricting some weak power levels
	CSI feedback scheme
	Cell average loss
(%)
	5% cell edge loss
(%)

	Type II CSI
	0
	0

	CSR 1
	-2
	-5

	CSR 2
	-4
	-6


Regarding Referring to the example in this section, , we have tomust report the WB CSI only without any frequency selective PMI due to resource mismatching. AlternativelyAs an alternative, let’s check the calculated quantized WB amplitude values comparing with the lowest non-zero value . If we find one quantized value less thanequal to , we can purposely discard report the WB amplitude value as zero and discard also the corresponding SB amplitude/phase values, and hence we simply set change the number of non-zero WB amplitudes in Part 1 by reducing the count by 1. On the contrary, if we find no all the non-zero WB amplitude values less larger than , then we have no need to change the number of non-zero WB amplitudes in Part 1. Similar to the CSR 1 scheme in Table 2, there are even lessis a very marginal performance loss when artificially adjusting the number of non-zero WB amplitudes in some proper circumstances.
On the other hand, if we find restrict one quantized WB amplitude value less than  to zero, we can set a smaller number of non-zero WB amplitudes in Part 1 so as to control the payload size of SB CSI to better match the allocated resources. By doing so, Part 2 SB CSI of even SBs in Box #1 can be reported as well in order to greatly improve frequency selective performance.
Considering the above two aspects, further adjustment of the number of non-zero WB amplitudes or even RI may retain the maximum SB CSI feedback in the context of the omission rule, so significant performance gains can be achieved by fully leveraging frequency selective PMI, while very marginal performance loss happens for reduction of the number of non-zero WB amplitudes in some circumstances. Therefore, it is necessary to adjust the number of non-zero WB amplitudes to adapt to the resource allocation from gNB, based on the omission rule. But how to adjust non-zero WB amplitudes and its their number is implementation specific for the UE.
Observation 3: How to adjust non-zero WB amplitudes and its their number is implementation specific for the UE.
In order to support the above solution, Part 1 of Type II CSI should define two sets of RI and indication of the number of non-zero WB amplitude counts per layer as well as one set of CQI in each PUSCH reporting instance. For example,
· The first set of RI and indication of the number of non-zero WB amplitude counts is indicate the real payload size per the UE recommendation would use for Part 2 CSI if not limited by the size of the resource allocation.  This set in the PUSCH reporting instance, but it is used for to provide the gNB with a timely resource allocation adjustment reference of for Part 2 CSI for gNB in the next PUSCH reporting instance.
· The second set of RI and indication of the number of non-zero non-zero WB amplitude counts is used to indicate the exact payload size of the current Part 2 CSI in the PUSCH reporting instance, and in factwhere the UE has may have intentionally adjusted the Part 1 CSI indication so as to fit Part 2 CSI into the currently allocated resources. for Part 2 CSI.
By doing so, Part 1 CSI can provide the gNB with a timely resource allocation adjustment reference for gNB in the next PUSCH reporting instance. At the same time, resource allocation and feedback payload size on PUSCH can be flexibly adapted to channel variation of the UE.
Proposal 2: Adopt an additional set of indications of the number of non-zero WB amplitudes per layer and/or RI in Part 1 of Type II CSI to provide the gNB with a timely resource allocation reference for gNB in the next PUSCH reporting instance. 
4	Overhead reduction for WB amplitude in Part 2 CSI
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 [1], WB amplitude feedback in Part 2 CSI can be further optimized to reduce its feedback overhead [4] [5]. 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 4: 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 usings  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 II codebook, and the corresponding observations and proposals are summarized as follows:
Observation 1: The existing omission granularity, such as half of the whole bandwidth, is too large to adapt to resource allocation flexibly, especially for Type II feedback due to its heavier payload size.
Observation 2: Alternatively, the number of non-zero WB amplitude in Part 1 reporting can be further adjusted to make maximum use of the allocated resources.
Observation 3: How to adjust non-zero WB amplitudes and its their number is implementation specific for the UE.
Observation 4: The proposed WB amplitude feedback can achieve lower feedback payload than the traditional feedback scheme.
Proposal 1: 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 with the lower index in frequency than the omitted subband.
· 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.
Proposal 2: Adopt an additional set of indications of the number of non-zero WB amplitudes per layer and/or RI in Part 1 of Type II CSI to provide the gNB with a timely resource allocation reference for the next PUSCH reporting instanceAdopt additional set of indication of the number of non-zero WB amplitude per layer and/or RI in Part 1 of Type II CSI to provide timely resource allocation reference for gNB in the next PUSCH reporting instance. 
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.
· 1st parameter: Joint encoding of the indices of the N non-zero coefficients
· 2nd parameter: The strongest index out of N non-zero coefficients
· 3rd parameter: (N-1) non-zero coefficients
References
[1] [bookmark: Title][bookmark: _Ref456978685][bookmark: _Ref449465801]RAN1 90bis chairman’s note, October 2017
[2] R1-1709232, “WF on Type I and II CSI codebooks”, Samsung, Ericsson, Huawei, HiSilicon, NTT DOCOMO, Intel Corporation, CATT, ZTE, Nokia, Alcatel-Lucent Shanghai Bell, AT&T, BT, CATR, China Telecom, CHTTL, Deutsche Telekom, Fujitsu, Interdigital, KDDI, Mitsubishi Electric, NEC, OPPO, Reliance Jio, SK Telecom, Sharp, Sprint, Verizon, Xiaomi, Xinwei, CEWiT, IITH, Tejas Networks, IITM
[3] R1-1716504, “Codebook subset restriction configuration for type II codebook”, Nokia, Alcatel-Lucent Shanghai Bell
[4] R1-1716503, “PUSCH feedback transmission for Type II codebook”, Nokia, Alcatel-Lucent Shanghai Bell
[5] R1-1718510, “Remaining details on CSI reporting for Type II and Type I codebook”, Nokia, Alcatel-Lucent Shanghai Bell

image1.emf
Box #0

Part 2 WB CSI for CSI 

report #1

Part 2 WB CSI for CSI 

report #2

...

Part 2 WB CSI for CSI 

report #N

Box #1

Part 2 SB 

CSI of even 

SBs for CSI 

report #1

Box #2

Part 2 SB 

CSI of odd 

SBs for CSI 

report #1

Box #3

Part 2 SB 

CSI of even 

SBs 

for CSI 

report #2

Box #4

Part 2 SB 

CSI of odd 

SBs for CSI 

report #2

...

Box #2N-1

Part 2 SB 

CSI of even 

SBs 

for CSI 

report #N

Box #2N

Part 2 SB 

CSI of odd 

SBs for CSI 

report #N

High priority

Low priority


image2.wmf
(

)

12

2122

loglog

NN

OO

L

éù

æö

+

éù

êú

ç÷

êú

èø

êú


oleObject1.bin

