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Introduction
In this contribution, we discuss the remaining issues and correction on CSI reporting in the specs.
Remaining issues on CSI reporting
In Subclause 5.2.2.1.1 (page 30-31) in TS 38.214[1], the CSI reference resource is defined as follows:

 (
-
In the frequency domain, the CSI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CQI value relates.
-
In the time domain, for a UE configured with 
a single CSI resource set
 for the serving cell, the CSI reference resource is defined by a single downlink slot
 n
-
n
CQI_ref
,
In the CSI reference resource, the UE shall assume the following for the purpose of deriving the CQI index, and if also configured, PMI and RI:
-
The first 2 OFDM symbols are occupied by control signaling
-
The number of PDSCH symbols is equal to 12.
-
The bandwidth part subcarrier spacing configured for the PDSCH reception
-
The bandwidth as configured for the PDSCH reception
)
[bookmark: _Hlk497896664][bookmark: _Hlk497823914]
The highlighted CSI resource set is not defined in the spec, which needs to be revised. In addition, the bandwidth of the CSI reference resource should be consistent with wideband and subband reporting not the bandwidth for the PDSCH reception.
Proposal 1: The bandwidth of the CSI reference resource should be consistent with wideband and subband reporting.

-----------------------------------------------------Start of TP for 38.214----------------------------------------------------------------
[bookmark: _Toc501048191]5.2.2.1.1	CSI reference resource definition
[bookmark: _Hlk497822531]                                                            -------------------   omitted  -----------------
In the CSI reference resource, the UE shall assume the following for the purpose of deriving the CQI index, and if also configured, PMI and RI:
-	The first 2 OFDM symbols are occupied by control signaling
-	The number of PDSCH symbols is equal to 12.
-	The bandwidth part subcarrier spacing configured for the PDSCH reception
-	The bandwidth as configured for the PDSCH receptionwideband and subband reporting
--------------------------------------------------------------------END of TP-------------------------------------------------------------

In Subclause 5.2.3 (page 52) in TS 38.214[1], CSI reporting using PUSCH is described as:
 (
A UE shall perform semi-persistent CSI reporting on the PUSCH upon 
successful
 decoding an uplink DCI format. The uplink DCI format will contain 
one or more CSI Reporting Setting Indications
 where the associated 
CSI Measurement Links and CSI Resource Settings
 are higher layer configured. Semi-persistent CSI reporting on the PUSCH supports Type I and Type II CSI with wideband, 
partial band,
 and sub-band frequency granularities. The PUSCH resources and MCS shall be allocated semi-persistently by an uplink DCI.
CSI reporting on PUSCH can be multiplexed with uplink data on PUSCH.
  CSI reporting on PUSCH can also be performed without any multiplexing with uplink data from the UE. 
)

In RAN1#91, it was agreed that 
Agreement
A set of SP-CSI report settings for PUSCH are RRC configured and CSI request field in DCI scrambled with SP-CSI C-RNTI activates one of the SP-CSI reports
According to the above agreement, only one Reporting Setting is activated. Another issue is partial band is not defined in the spec. Since both contiguous or non-contiguous subset of subbands in the bandwidth part could be configured by the parameter CSI-ReportingBand, which makes no difference between wideband and partial band, then it is not necessary to introduce the concept of partial band. Further, the subband CSI definition needs more clarification. Considering PMI and CQI could have different frequency granularities, there are four possible CSI combinations, i.e. wideband PMI+wideband CQI, suband PMI+wideband CQI, wideband PMI+subband CQI, subband PMI+subband CQI. In our opinion, wideband CSI only contains wideband PMI+wideband CQI. All the other cases belong to subband CSI. 
Proposal 2: The Partial band description should be removed from the spec.
Proposal 3: Wideband CSI only contains wideband PMI+wideband CQI. All the other cases (i.e. suband PMI+wideband CQI, wideband PMI+subband CQI, subband PMI+subband CQI) belong to subband CSI.

-----------------------------------------------------Start of TP for 38.214----------------------------------------------------------------
[bookmark: _Toc501048200]5.2.3	CSI reporting using PUSCH
-------------------   omitted  -----------------
A UE shall perform semi-persistent CSI reporting on the PUSCH upon successful decoding an uplink DCI format. The uplink DCI format will contain one or more CSI Reporting Setting Indications where the associated CSI Measurement Links and CSI Resource Settings are higher layer configured. Semi-persistent CSI reporting on the PUSCH supports Type I and Type II CSI with wideband, partial band, and sub-band frequency granularities. The PUSCH resources and MCS shall be allocated semi-persistently by an uplink DCI.
--------------------------------------------------------------------END of TP-------------------------------------------------------------

According to the following agreements in RAN1#89meeting, only aperiodic CSI was agreed to be multiplexed with UL SCH. For SP-CSI, different to the C-RNTI used in DCI for uplink data transmission, the triggering DCI is scrambled with SP-CSI C-RNTI, which makes it challenging to multiplex SP-CSI with UL SCH. 
Agreements:
1. RAN1 supports aperiodic CSI report on PUSCH, including two cases: 
a. Case-1: CSI reports multiplexing with uplink data in PUSCH
b. Case-2: CSI reports only in PUSCH (no uplink data)
c. Note: how to multiplex UCI with PUSCH is under discussing in UCI multiplexing A.I. 
2. FFS: aperiodic CSI report on PUCCH

Proposal 4: SP-CSI is not supported to be multiplexed with uplink data in PUSCH.
In Subclause 5.2.4 (page 53-54) in TS 38.214[1], CSI reporting using PUCCH is described as:
 (
A UE shall perform semi-persistent CSI reporting on the PUCCH upon 
successfully
 decoding a selection command [10, TS 38.321].  The selection command will contain 
one or more
 CSI Reporting Setting Indications where the associated CSI Measurement Links and CSI Resource Settings are configured. Semi-persistent CSI reporting on the PUCCH supports Type I CSI. Semi-persistent CSI reporting on the Short PUCCH supports Type I CSI with wideband and 
partial band
 frequency granularities. Semi-persistent CSI reporting on the Long PUCCH supports Type I Subband CSI and Type I CSI with wideband and 
partial band
 frequency granularities. 
Periodic CSI reporting on the short and long PUCCH supports wideband and partial band frequency granularities. Periodic CSI reporting on the PUCCH supports Type I CSI. When the short and long PUCCH carry Type I CSI with wideband and 
partial band
 frequency granularity, 
the CSI payload carried by the short PUCCH and long PUCCH are identical and the same irrespective of RI/CRI.
  For type I CSI sub-band reporting on long PUCCH, the payload is split into two parts. The first part contains RI/CRI, CQI for the first codeword. The second part contains PMI and contains the CQI for the second codeword when RI > 4.
)
In RAN1#91, it was agreed that 
Agreement
SP CSI reporting on PUCCH is activated by MAC CE
One of the SP CSI Report Setting for PUCCH is selected by the same MAC CE
Each SP CSI Report Setting for PUCCH is configured in RRC with the PUCCH resource used for transmitting the CSI report

Similar to SP CSI on PUSCH, only one CSI Reporting Setting could be selected by MAC CE. Therefore, the highlighted one or more should be revised to one. Moreover, for CSI carried by the short PUCCH and long PUCCH, the highlighted sentence is confusing. According to the agreement in RAN1#Ad-hoc3, for CSI on either short PUCCH or long PUCCH, information payload is the same irrespective of RI/CRI in a given slot, which aims to avoid blind decoding. However, the CSI payload on short PUCCH and long PUCCH does not have to be the same. It should depend on their individual reporting configurations. It would be more clearly to say that the CSI payload corresponding to a ReportConfig carried by either the short PUCCH or the long PUCCH are identical and the same irrespective of RI/CRI.

-----------------------------------------------------Start of TP for 38.214----------------------------------------------------------------
[bookmark: _Toc501048201]5.2.4	CSI reporting using PUCCH
-------------------   omitted  -----------------
A UE shall perform semi-persistent CSI reporting on the PUCCH upon successfully decoding a selection command [10, TS 38.321]. The selection command will contain one or more CSI Reporting Setting Indications where the associated CSI Measurement Links and CSI Resource Settings are configured. Semi-persistent CSI reporting on the PUCCH supports Type I CSI. Semi-persistent CSI reporting on the Short PUCCH supports Type I CSI with wideband and partial band frequency granularities. Semi-persistent CSI reporting on the Long PUCCH supports Type I Subband CSI and Type I CSI with wideband and partial band frequency granularities. 
Periodic CSI reporting on the short and long PUCCH supports wideband and partial band frequency granularities. Periodic CSI reporting on the PUCCH supports Type I CSI. When the short and long PUCCH carry Type I CSI with wideband and partial band frequency granularity, the CSI payload corresponding to a ReportConfig carried by either the short PUCCH or the long PUCCH are identical and the same irrespective of RI/CRIthe CSI payload carried by the short PUCCH and long PUCCH are identical and the same irrespective of RI/CRI.  For type I CSI sub-band reporting on long PUCCH, the payload is split into two parts. The first part contains RI/CRI, CQI for the first codeword. The second part contains PMI and contains the CQI for the second codeword when RI > 4. 
--------------------------------------------------------------------END of TP-------------------------------------------------------------

In Subclause 6.3.1.1.2 (page 42) in TS 38.212[2], the mapping order of RSRP reporting is described as:
 (
Table 
6.3.1.1.2-8
:
 Mapping order of CSI fields of one report for 
CRI/RSRP or SSB/RSRP reporting
CSI report number
CSI fields
CSI report #
n
CRI or SSB index as in Table 6.3.1.1.2-6, if reported
RSRP as in Table 6.3.1.1.2-6, if reported
Differential RSRP as in Table 6.3.1.1.2-6, if reported
where
 t
he bitwidth 
for
 CRI
, SSB index, RSRP, and differential RSRP are provided
 as
Table 
6.3.1.1.2-6
:
 
CRI, SSB index, and RSRP
Field
Bitwidth
CRI
SSB index
RSRP
7
Differential RSRP
4
)

In RAN1#90bis, for beam reporting, the following agreement has been achieved:

· For non-grouping based beam reporting, support the following reports parameters:
· Maximal number of configured Tx beams for beam measurement: K equals 64 
· Maximal number of configured Tx beams to be reported in one instance: N_max = 2, 4  where a subset of N (N<=N_max where N = 1, 2, 4) beams can be selected by the gNB and indicated to the UE (FFS signaling mechanism)

In RAN1#91 meeting, it was further agreed that
[bookmark: _Hlk499566428]Agreement
Differential RSRP is computed with reference to the strongest reported RSRP
Step size: 2dB

According to the agreement, the maximal configurable TX beam numbers reported by a UE per reporting instance are 4.  In addition, for grouping based beam reporting, two RSRPs (no differential RSRP) have to be reported. Since the bitwidth for CRI/SSB index/RSRP/differential RSRP is defined for each TX beam, the number of the rows of Table 6.3.1.1.2-8 should be aligned with the maximum number of CRI or SSB index allowed to be reported, i.e. four CRIs, two RSRPs and three differential RSRPs. The order of CRI and RSRP shall be the same. In addition, if differential RSRP is reported, the first CRI or SSB index in the CSI report always corresponds to the strongest beam.

Proposal 5: For CRI/RSRP or SSB/RSRP reporting, the order of CRI and RSRP shall be the same. If differential RSRP is reported, the first CRI or SSB index in the CSI report always corresponds to the strongest beam.

-----------------------------------------------------Start of TP for 38.212----------------------------------------------------------------

[bookmark: _Toc500953294]6.3.1.1.2	CSI only
                                                            -------------------   omitted  -----------------
Table 6.3.1.1.2-8: Mapping order of CSI fields of one report for CRI/RSRP or SSB/RSRP reporting
	CSI report number
	CSI fields

	CSI report #n
	CRI or SSB index#1 as in Table 6.3.1.1.2-6, if reported

	
	CRI or SSB index#2 as in Table 6.3.1.1.2-6, if reported

	
	CRI or SSB index#3 as in Table 6.3.1.1.2-6, if reported

	
	CRI or SSB index#4 as in Table 6.3.1.1.2-6, if reported

	
	RSRP#1 as in Table 6.3.1.1.2-6, if reported

	
	RSRP#2 as in Table 6.3.1.1.2-6, if reported

	
	Differential RSRP#2 as in Table 6.3.1.1.2-6, if reported

	
	Differential RSRP#3 as in Table 6.3.1.1.2-6, if reported

	
	Differential RSRP#4 as in Table 6.3.1.1.2-6, if reported



--------------------------------------------------------------------END of TP-------------------------------------------------------------

In Subclause 6.3.1.1.2 (page 42-43) in TS 38.212[2], the contents of subband CSI are described as:
 (
Table 
6.3.1.1.2-9
:
 Mapping order of CSI fields of one CSI report, CSI part 1, 
PMI-FormatIndicator
=
 
subbandPMI
 or 
CQI-FormatIndicator
=
sub
bandCQI
CSI report number
CSI fields
CSI report #
n
CSI part 1
CRI as in Tables 6.3.1.1.2-3/4/5, if reported
Rank Indicator as in Tables 6.3.1.1.2-3/4/5, if reported
Layer Indicator as in Tables 6.3.1.1.2-3/4/5, if reported
W
ideband CQI as in Tables 6.3.1.1.2-3/4/5, if reported
S
ubband differential CQI for the first TB
 as in Tables 6.3.1.1.2-3/4/5, if reported
Indicator of the n
umber of non-zero wideband amplitude coefficients 
 for layer 
 as in Table 6.3.1.1.2-5
, if reported
Table 
6.3.1.1.2-11
:
 Mapping order of CSI fields of one CSI report, CSI part 2 subband, 
PMI-FormatIndicator
=
 
subbandPMI
 or 
CQI-FormatIndicator
=
sub
bandCQI
CSI report #
n
P
art 2 subband
S
ubband differential CQI for the second TB of all even subbands with increasing order of subband number, as in Tables 6.3.1.1.2-3/4/5, if 
CQI-FormatIndicator
=
sub
bandCQI
 and if reported
PMI subband i
nformation fields 
 of all even subbands with increasing order of subband number, from left to right as in Tables 6.3.1.1.2-1/2, if 
PMI-FormatIndicator
=
 
sub
bandPMI
 
and if
 reported
S
ubband differential CQI for the second TB of all odd subbands with increasing order of subband number, as in Tables 6.3.1.1.2-3/4/5, if 
CQI-FormatIndicator
=
sub
bandCQI
 and if reported
PMI subband i
nformation fields 
 of all odd subbands with increasing order of subband number, from left to right as in Tables 6.3.1.1.2-1/2, if 
PMI-FormatIndicator
=
 
sub
bandPMI
 
and if
 reported
)


According to the agreements in RAN1#90, for PUSCH-base reporting

· For Type I: only single-slot reporting
· A CSI report is composed of up to 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)

Therefore, the highlighted Wideband CQI in Table 6.3.1.1.2-9 should be revised to Wideband CQI for the first CW. In addition, differential CQI was agreed in RAN1#91 meeting as follows:

Agreement
In NR, when a UE is configured to report subband CQI, use the same scheme as LTE for eMBB:
The bitwidth of subband CQI is 2
Subband CQI is defined as differential CQI relative to 4-bit wideband CQI

In the case of two CWs, there may be large difference between the two CQIs. In this way, for subband reporting, a wideband CQI for the second codeword is required. In Table 6.3.1.1.2-11, for the second CW, only subband differential CQI is included. We propose to add the wideband CQI for the second CW in this table. 

Proposal 6: For subband reporting in the case of two CWs, a wideband CQI for the second codeword is required.

In Subclause 6.3.1.1.2 (page 42) in TS 38.212[2], the contents of wideband CSI are described as:
 (
Table 
6.3.1.1.2-7
:
 Mapping order of CSI fields of one CSI report, 
PMI-FormatIndicator
=
w
i
debandPMI
 and 
CQI-FormatIndicator
=
w
i
debandCQI
CSI report number
CSI fields
CSI report #
n
CRI as in Tables 6.3.1.1.2-3/4/5, if reported
Rank Indicator as in Tables 6.3.1.1.2-3/4/5, if reported
Layer Indicator as in Tables 6.3.1.1.2-3/4/5, if reported
P
adding bits, if needed
PMI wideband i
nformation fields 
, from left to right as in Tables 6.3.1.1.2-1/2, if reported
PMI wideband/partial band i
nformation fields 
, from left to right as in Tables 6.3.1.1.2-1/2, if reported
W
ideband CQI as in Tables 6.3.1.1.2-3/4/5, if reported
 
Indicator of the n
u
mber of non-zero wideband amplitude coefficients 
 for layer 
 as in Table 6.3.1.1.2-5
, if reported
 
)

In RAN1#Ad-hoc3, for short PUCCH based reporting, it was agreed that
Agreement
· Proposal: 
· Short PUCCH is only used for the following cases:
· Wideband and partial-band reporting (one CSI for all the subbands in the CSI reporting band)
· The same information payload irrespective of RI/CRI in a given slot (to avoid blind decoding)
· Note: 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

For long PUCCH base reporting, the following agreements have been achieved:

· Proposal: 
· For wideband or partial-band reporting, use the same solution as short PUCCH
· The same payload irrespective of RI/CRI
Since the PMI payload size varies with different RI values, the padding bits are used to guarantee a consistent CSI payload size for a reporting setting. Such CSI payload size relates to the codebook parameters, i.e. the number of CSI-RS ports, beam restriction, RI restriction, et. al, which is determined by the potential maximum PMI payload according to the configurations. Therefore, the bitwidth of the padding bits equals to the difference between the maximum PMI payload allowed and the PMI payload corresponding to the reported RI value. In our opinion, the padding bits determination procedure should be explained clearly in the spec.

Proposal 7: The padding bits determination procedure should be explained clearly in the spec.


Conclusions
In this contribution, we discussed the remaining issues on CSI reporting and provide some corrections of specifications. We propose that:

Proposal 1: The bandwidth of the CSI reference resource should be consistent with wideband and subband reporting.
Proposal 2: The Partial band description should be removed from the spec.
Proposal 3: Wideband CSI only contains wideband PMI+wideband CQI. All the other cases (i.e. suband PMI+wideband CQI, wideband PMI+subband CQI, subband PMI+subband CQI) belong to subband CSI.
Proposal 4: SP-CSI is not supported to be multiplexed with uplink data in PUSCH.
Proposal 5: For CRI/RSRP or SSB/RSRP reporting, the order of CRI and RSRP shall be the same. If differential RSRP is reported, the first CRI or SSB index in the CSI report always corresponds to the strongest beam.
Proposal 6: For subband reporting in the case of two CWs, a wideband CQI for the second codeword is required.
Proposal 7: The padding bits determination procedure should be explained clearly in the spec.
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