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1 Introduction

At the previous meeting [1-3], it is agreed that:

· 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 can be configured to be carried both on long PUCCH and on PUSCH
· CSI parameters of a report are not multiplexed across PUCCH or PUSCH transmissions
· Type II CSI reports carried on long PUCCH consist only of part 1
· Type II CSI reports carried on PUSCH consist both of part 1 and part 2

· CSI reports on long PUCCH and on PUSCH are calculated independently 
· Note: Whether a UE can be configured with Type II CSI reports on both long PUCCH and PUSCH is a UE capability

· Short PUCCH is only used for wideband and partial band reporting (one CSI for all the subbands in the CSI reporting band)
· For wideband and partial band reporting on long PUCCH, the encoding mechanism is same with short PUCCH; for subband reporting on long PUCCH, the encoding mechanism is same with PUSCH.
· Encoding on PUSCH

· For type I, only single slot reporting is supported and a CSI report is composed of 2 parts:

· Part 1: RI/CRI, CQI for the 1st CW
· FFS: if only wideband CQI is used for the first part 
· Part 2: PMI, CQI for the 2nd CW (when RI>4)
· For type II, CSI parameters of a type II CSI report are not multiplexed across multiple PUSCH transmissions and a CSI report is composed of 2 parts

· 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;

· Indication of the number of non-zero wideband amplitude coefficients per layer in part 1

· part 2 contains remaining CSI
· Separately encoded parts of a CSI report on PUSCH carrying UL-SCH have different transmission priority

· Part 1 (used to identify the number of information bits in part 2) has higher priority

· Part 1 is first included in a transmission in their entirety before part 2

· Information bits and/or channel coded bits of part 2 can only be partially transmitted

· Omit CSI parameters corresponding to at least one subbands for part 2

· TBD by RAN1#90bis: if all of part 2 can be dropped as a special case

· TBD by RAN1#90bis: specify one of the following omission rules: 

· Omitted subbands are determined based on a decimation ratio and/or a priority pattern used to order subband CSI (defined in specification)
· Omitted subbands are determined based on the measured subband CQI included in part 1

In this contribution, we discuss the remaining issues for encoding of type I and type II CSI parameters.
2 Encoding of Type I CSI parameters
Type I CSI had been supported on short PUCCH, long PUCCH and PUSCH.

2.1 Short PUCCH
For short PUCCH, only type I wideband and partial band CSI is supported. Partial band CSI reporting can be clarified as CSI reporting on the CSI reporting band configured with only single PMI and CQI. Then the payload size of partial band CSI reporting would be same with that of wideband reporting.

Only joint encoding of CRI/RI/PMI/CQI is supported (whether to support padding bits to be decided in the channel coding session) as well the same information payload irrespective of CRI/RI. To avoid large potential padding bits, the size of information payload can be different according to the largest number of CSI-RS ports of the CSI-RS resources configured within a CSI-RS resource set.
The payload size for 2/4/8/16/24/32 ports are summarized in Table I~IX. (N1, N2) are set to (1, 1) for 2 ports, (2, 1) for 4 ports, (2, 2) for 8 ports, (4, 2) for 16 ports, (4, 3) for 24 ports and (4, 4) for 32 ports. 8 CSI-RS resource are configured in a CSI-RS resource set for CSI reporting. Differential CQI reporting for second codeword are assumed.
Table I Payload size of wideband PMI reporting for 2 ports
	Type I
	Total Wideband payload

	Rank 1
	2

	Rank 2
	1


Table II Payload size for 2 ports
	Type I
	CRI
	RI
	CQI
	PMI
	SUM

	Rank 1
	3
	1
	4
	2
	10

	Rank 2
	3
	1
	4
	1
	9


Table III Payload size of wideband PMI reporting for 4 ports
	Type I
	Wideband beam selection
	Beam offset index
	Antenna group co-phasing
	wideband co-phasing
	Total

Wideband

payload

	Rank 1
	3
	-
	-
	2
	5

	Rank 2
	3
	2
	-
	1
	6

	Rank 3
	3
	0
	-
	1
	4

	Rank 4
	3
	0
	-
	1
	4


Table IV Payload size for 4 ports
	Type I
	CRI
	RI
	CQI
	PMI
	SUM

	Rank 1
	3
	2
	4
	5
	14

	Rank 2
	3
	2
	4
	6
	15

	Rank 3
	3
	2
	4
	4
	13

	Rank 4
	3
	2
	4
	4
	13


Table V Payload size of wideband PMI reporting for 8 ports
	Type I
	Wideband beam selection
	Beam offset index
	Antenna group co-phasing
	wideband co-phasing
	Total

Wideband

payload

	Rank 1
	6
	-
	-
	2
	8

	Rank 2
	6
	2
	-
	1
	9

	Rank 3
	6
	2
	-
	1
	9

	Rank 4
	6
	2
	-
	1
	9

	Rank 5
	6
	-
	-
	1
	7

	Rank 6
	6
	-
	-
	1
	7

	Rank 7
	6
	-
	-
	1
	7

	Rank 8
	6
	-
	-
	1
	7


Table VI Payload size for 8 ports
	Type I
	CRI
	RI
	CQI
	PMI
	SUM

	Rank 1
	3
	3
	4
	8
	18

	Rank 2
	3
	3
	4
	9
	19

	Rank 3
	3
	3
	4
	9
	19

	Rank 4
	3
	3
	4
	9
	19

	Rank 5
	3
	3
	7
	7
	20

	Rank 6
	3
	3
	7
	7
	20

	Rank 7
	3
	3
	7
	7
	20

	Rank 8
	3
	3
	7
	7
	20


Table VII Payload size of wideband PMI reporting for 16 ports
	Type I
	Wideband beam selection
	Beam offset index
	Antenna group co-phasing
	wideband co-phasing
	Total

Wideband

payload

	Rank 1
	7
	-
	-
	2
	9

	Rank 2
	7
	2
	-
	1
	10

	Rank 3
	7
	2
	-
	1
	9

	Rank 4
	7
	2
	-
	1
	9

	Rank 5
	7
	-
	-
	1
	8

	Rank 6
	7
	-
	-
	1
	8

	Rank 7
	7
	-
	-
	1
	8

	Rank 8
	7
	-
	-
	1
	8


Table VIII Payload size for 16 ports
	Type I
	CRI
	RI
	CQI
	PMI
	SUM

	Rank 1
	3
	3
	4
	9
	19

	Rank 2
	3
	3
	4
	10
	20

	Rank 3
	3
	3
	4
	9
	19

	Rank 4
	3
	3
	4
	9
	19

	Rank 5
	3
	3
	7
	8
	21

	Rank 6
	3
	3
	7
	8
	21

	Rank 7
	3
	3
	7
	8
	21

	Rank 8
	3
	3
	7
	8
	21


Table IX Payload size of wideband PMI reporting for 24/32 ports
	Type I
	Wideband beam selection
	Beam offset index
	Antenna group co-phasing
	wideband co-phasing
	Total

Wideband

payload

	Rank 1
	8
	-
	-
	2
	10

	Rank 2
	8
	2
	-
	1
	11

	Rank 3
	7
	-
	2
	1
	10

	Rank 4
	7
	-
	2
	1
	10

	Rank 5
	8
	-
	-
	1
	9

	Rank 6
	8
	-
	-
	1
	9

	Rank 7
	8
	-
	-
	1
	9

	Rank 8
	8
	-
	-
	1
	9


Table X Payload size for 24/32 ports
	Type I
	CRI
	RI
	CQI
	PMI
	SUM

	Rank 1
	3
	3
	4
	10
	20

	Rank 2
	3
	3
	4
	11
	21

	Rank 3
	3
	3
	4
	10
	20

	Rank 4
	3
	3
	4
	10
	20

	Rank 5
	3
	3
	7
	9
	22

	Rank 6
	3
	3
	7
	9
	22

	Rank 7
	3
	3
	7
	9
	22

	Rank 8
	3
	3
	7
	9
	22


As shown in Table I~X, the range of payload for different ports is different and are summarized in Table XI. It shows that if a constant payload size is supported for CSI reporting regardless of the configured ports, 13 bits need to be padded at most, which may lead to large coverage performance loss. 
Table XI Payload size for different ports
	Type I
	2
	4
	8
	16
	24/32

	Minimum payload size
	9
	13
	18
	19
	20

	Maximum payload size
	10
	15
	20
	21
	22


2.2 Long PUCCH
For type I CSI reporting on long PUCCH, wideband, partial band and subband CSI reporting are all supported. For wideband and partial band reporting on long PUCCH, the encoding mechanism is same with short PUCCH. For subband reporting on long PUCCH, the encoding mechanism is same with PUSCH.
2.3 PUSCH
Only single slot reporting is supported for type I CSI reporting and a CSI report is composed of 2 parts:

· Part 1: RI/CRI, CQI for the 1st CW

· FFS: if only wideband CQI is used for the first part 

· Part 2: PMI, CQI for the 2nd CW (when RI>4)
For wideband CSI reporting, 

· Part 1: RI/CRI, wideband CQI for the 1st CW
· Part 2: wideband PMI, wideband CQI for the 2nd CW (when RI>4)
As in Section 2.1, the payload size for part 1 and part 2 can be summarized in the Table XII.
Table XII Payload size of part 1 and part 2 for different ports
	
	2
	4
	8
	16
	24/32

	
	Part 1
	Part 2
	Part 1
	Part 2
	Part 1
	Part 2
	Part 1
	Part 2
	Part 1
	Part 2

	Rank 1
	8
	2
	9
	5
	10
	8
	10
	9
	10
	10

	Rank 2
	8
	1
	9
	6
	10
	9
	10
	10
	10
	11

	Rank 3
	-
	-
	9
	4
	10
	9
	10
	9
	10
	10

	Rank 4
	-
	-
	9
	4
	10
	9
	10
	9
	10
	10

	Rank 5
	-
	-
	-
	-
	10
	10
	10
	11
	10
	12

	Rank 6
	-
	-
	-
	-
	10
	10
	10
	11
	10
	12

	Rank 7
	-
	-
	-
	-
	10
	10
	10
	11
	10
	12

	Rank 8
	-
	-
	-
	-
	10
	10
	10
	11
	10
	12


The payload size of subband PMI reporting are summarized in Table XIII~XVI.
Table XIII Payload size of subband PMI reporting for 4 ports
	Type I
	L-beam selection
	Beam offset index
	Antenna group co-phasing
	Total

Wideband

payload
	Subband beam selection
	Subband co-phasing
	Total payload

(WB + 10 SBs)

	Rank 1
	L=1
	3
	-
	-
	3
	-
	2
	23

	
	L=4
	2
	-
	-
	2
	2
	2
	42

	Rank 2
	L=1
	3
	2
	-
	5
	-
	1
	15

	
	L=4
	2
	2
	-
	4
	2
	1
	34

	Rank 3
	3
	0
	-
	3
	-
	1
	13

	Rank 4
	3
	0
	-
	3
	-
	1
	13


Table XIIII Payload size of subband PMI reporting for 8 ports
	Type I
	L-beam selection
	Beam offset index
	Antenna group co-phasing
	Total

Wideband

payload
	Subband beam selection
	Subband co-phasing
	Total payload

(WB + 10 SBs)

	Rank 1
	L=1
	6
	-
	-
	6
	-
	2
	26

	
	L=4
	5
	-
	-
	5
	2
	2
	45

	Rank 2
	L=1
	6
	2
	-
	8
	-
	1
	18

	
	L=4
	5
	2
	-
	7
	2
	1
	37

	Rank 3
	6
	2
	-
	8
	-
	1
	18

	Rank 4
	6
	2
	-
	8
	-
	1
	18

	Rank 5
	6
	-
	-
	6
	-
	1
	16

	Rank 6
	6
	-
	-
	6
	-
	1
	16

	Rank 7
	6
	-
	-
	6
	-
	1
	16

	Rank 8
	6
	-
	-
	6
	-
	1
	16


Table XV Payload size of subband PMI reporting for 16 ports
	Type I
	L-beam selection
	Beam offset index
	Antenna group co-phasing
	Total

Wideband

payload
	Subband beam selection
	Subband co-phasing
	Total payload

(WB + 10 SBs)

	Rank 1
	L=1
	7
	-
	-
	7
	-
	2
	27

	
	L=4
	6
	-
	-
	6
	2
	2
	46

	Rank 2
	L=1
	7
	2
	-
	9
	-
	1
	19

	
	L=4
	6
	2
	-
	8
	2
	1
	38

	Rank 3
	7
	2
	-
	9
	-
	1
	19

	Rank 4
	7
	2
	-
	9
	-
	1
	19

	Rank 5
	7
	-
	-
	7
	-
	1
	17

	Rank 6
	7
	-
	-
	7
	-
	1
	17

	Rank 7
	7
	-
	-
	7
	-
	1
	17

	Rank 8
	7
	-
	-
	7
	-
	1
	17


Table XVI Payload size of subband PMI reporting for 24/32 ports
	Type I
	L-beam selection
	Beam offset index
	Antenna group co-phasing
	Total

Wideband

payload
	Subband beam selection
	Subband co-phasing
	Total payload

(WB + 10 SBs)

	Rank 1
	L=1
	8
	-
	-
	8
	-
	2
	28

	
	L=4
	7
	-
	-
	7
	2
	2
	47

	Rank 2
	L=1
	8
	2
	-
	10
	-
	1
	20

	
	L=4
	7
	2
	-
	9
	2
	1
	39

	Rank 3
	7
	-
	2
	9
	-
	1
	19

	Rank 4
	7
	-
	2
	9
	-
	1
	19

	Rank 5
	8
	-
	-
	8
	-
	1
	18

	Rank 6
	8
	-
	-
	8
	-
	1
	18

	Rank 7
	8
	-
	-
	8
	-
	1
	18

	Rank 8
	8
	-
	-
	8
	-
	1
	18


For subband CSI reporting,

· Part 1: 
· Opt 1, RI/CRI, wideband CQI for the 1st CW
· Opt 2, RI/CRI, wideband CQI and subband CQI for the 1st CW
· Part 2: 
· Opt 1, subband PMI, subband CQI for the 1st CW, wideband and subband CQI for 2nd CW (when RI>4)
· Opt 2, subband PMI, wideband and subband CQI for 2nd CW (when RI>4)
For the two options, the payload size for part 1 and part 2 can be summarized in the Table XVII~XVIII.

Table XVII Payload size of part 1 and part 2 for different ports with Option 1
	
	4
	8
	16
	24/32

	
	Part 1
	Part 2
	Part 1
	Part 2
	Part 1
	Part 2
	Part 1
	Part 2

	Rank 1
	L=1
	9
	43
	10
	46
	10
	47
	10
	48

	
	L=4
	9
	62
	10
	65
	10
	66
	10
	67

	Rank 2
	L=1
	9
	35
	10
	38
	10
	39
	10
	40

	
	L=4
	9
	54
	10
	57
	10
	58
	10
	59

	Rank 3
	9
	33
	10
	38
	10
	39
	10
	39

	Rank 4
	9
	33
	10
	38
	10
	39
	10
	39

	Rank 5
	-
	-
	10
	59
	10
	60
	10
	61

	Rank 6
	-
	-
	10
	59
	10
	60
	10
	61

	Rank 7
	-
	-
	10
	59
	10
	60
	10
	61

	Rank 8
	-
	-
	10
	59
	10
	60
	10
	61


Table XVIII Payload size of part 1 and part 2 for different ports with Option 2
	
	4
	8
	16
	24/32

	
	Part 1
	Part 2
	Part 1
	Part 2
	Part 1
	Part 2
	Part 1
	Part 2

	Rank 1
	L=1
	29
	23
	30
	26
	30
	27
	30
	28

	
	L=4
	29
	42
	30
	45
	30
	46
	30
	47

	Rank 2
	L=1
	29
	15
	30
	18
	30
	19
	30
	20

	
	L=4
	29
	34
	30
	37
	30
	38
	30
	39

	Rank 3
	29
	13
	30
	18
	30
	19
	30
	19

	Rank 4
	29
	13
	30
	18
	30
	19
	30
	19

	Rank 5
	-
	-
	30
	39
	30
	40
	30
	41

	Rank 6
	-
	-
	30
	39
	30
	40
	30
	41

	Rank 7
	-
	-
	30
	39
	30
	40
	30
	41

	Rank 8
	-
	-
	30
	39
	30
	40
	30
	41


Generally, the first part has higher priority and should have higher coding efficiency, then the payload size for the first part should be considerable small.
Proposal 1: For Type I CSI reporting on PUSCH, only wideband CQI for the 1st CW should be included in the first part.
3 Encoding of Type II CSI parameters

Type II CSI can be configured to be carried both on long PUCCH and on PUSCH
3.1 Long PUCCH

Only part 1 is supported and Part 1 contains RI, CQI and indication of the number of non-zero wideband amplitude coefficients per layer, which can identify the number of information bits in part 2 and help the resource scheduling in PUSCH for CSI reporting of part 2.
The payload size for part 1 is summarized in Table XVIIII.

Table XVIIII Payload size for part 1
	Type II
	RI
	CQI
	The number of non-zero wideband amplitude
	SUM

	Rank 1
	1
	4/24
	3
	8/28

	Rank 2
	1
	4/24
	6
	11/31


3.2 PUSCH

In the last meeting, omitting some of the CSI parameters in part 2 of Type II CSI reporting was discussed. The background of the discussion is that, gNB allocates PUSCH resource based on a rank prediction/ assumption, while this assumption may not be aligned with the reported RI from UE. Thus, the resource allocation may not be sufficient for a full CSI reporting. In this case, UE can drop parameters of some subbands to fit the remaining partial CSI in to the allocated resource. 

There are some remaining issues to be decided. The first one is whether all of part 2 can be dropped as a special case. Since gNB trigger the Type II CSI reporting and has prior knowledge of the to-be-transmitted UL-SCH, it would allocate sufficient resource for the UL-SCH and at least rank 1 Type II CSI transmission. Thus, dropping the entire part 2 is unnecessary. If there is not enough available PSUCH resource, then gNB should trigger the CSI reporting in another instance.
Proposal 2: For Type II CSI reporting on PUSCH, all of the part 2 being dropped is not supported.

The next issue is that at what condition UE should drop partial parameters. When UE receives a UL grant, how would UE determine whether the allocated resources are not sufficient for a full CSI reporting and UL-SCH transmission. There are several alternatives.

One direct method is to predefine that UE always drops a certain ratio of CSI whenever triggered to report a Type II CSI on PUSCH. In this way, although the CSI overhead is reduced, the rank assumption mismatch issue is still not resolved. One may argue that the gNB can allocate PUSCH resource assuming RI=2 and UE dropping half subband PMI, so that the resource allocation can always be sufficient, and CSI payload can always be reduced. However, in a downlink service centric network, PUSCH resource can be usually adequate. Thus, dropping half CSI will introduce unnecessary PDSCH transmission performance loss while bring very little benefit for PUSCH resource saving. 
Another method is to allow UE reporting full CSI or partial CSI adaptively. When the resource is sufficient for a full CSI reporting, UE report a full CSI. Otherwise, UE report partial CSI. This adaptive CSI dropping mechanism can guarantee a full CSI reporting as much as possible, and therefore, introduce as little harm as possible to the PDSCH transmission. 
For the adaptive mechanism, a CSI omitting condition is needed to avoid the mismatched anticipation of gNB and UE for the CSI dropping behaviour. Some alternatives can be considered. 
For example, gNB can indicate an assumed rank R in the UL grant. If the UE reported RI is no larger than R, UE report a full CSI; otherwise, UE drops a certain ratio of subband PMI. Another way is that, a coding rate upper bound of the UL-SCH can be predefined or indicated as the CSI dropping condition, when PUSCH carries both UL-SCH and CSI. When the coding rate of UL-SCH assuming a full CSI report does not exceed the upper bound, a full CSI is reported; otherwise, partial CSI is reported.
Proposal 3: Support a conditioned CSI parameter omitting mechanism for Type II CSI reporting on PUSCH. 
When omitting CSI parameters of at least one subband, a proper PMI assumption for the omitted subband(s) need to be specified. This PMI assumption is essential to compute appropriate feedback CSI for the entire reporting band, e.g., CQI/RI/PMI and/or subband CQI for omitted subband(s). It is of great significance to prevent gNB from using mismatched precoder(s)/mismatched MCS to schedule PDSCH on the omitted subband(s). When reporting of quite a few subbands is omitted, this issue would get even worse if this PMI assumption is not given. 
It is reasonable to make the PMI of each omitted subband assumed as same as the PMI of the nearest non-omitted subband in frequency, since the PMI(s) are omitted mostly in relative non-frequency-selective band. Such operation would make gNB easily recover the assumed PMI(s) for omitted subband(s) used in CSI reporting and avoid the aforementioned mismatch issue of choosing precoder(s)/MCS when scheduling. In this way, the scheduling performance is guaranteed.
Proposal 4: PMI of each omitted subband should be assumed to be the same as that of nearest non-omitted subband in frequency.
4 Conclusions
The contribution analyses the encoding of type I and type II CSI parameters, based on which the following proposals are made.
Proposal 1: For Type I CSI reporting on PUSCH, only wideband CQI for the 1st CW should be included in the first part.
Proposal 2: For Type II CSI reporting on PUSCH, all of the part 2 being dropped is not supported.

Proposal 3: Support a conditioned CSI parameter omitting mechanism for Type II CSI reporting on PUSCH.
Proposal 4: PMI of each omitted subband should be assumed to be the same as that of nearest non-omitted subband in frequency.
References

[1] “RAN1 Chairman’s Notes”, Qingdao, China, June 27-30, 2017.
[2] “RAN1 Chairman’s Notes”, Prague, Czech Republic, August 21–25, 2017.
[3] “RAN1 Chairman’s Notes”, Nagoya, Japan, September 18–21, 2017.


