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Introduction
In this contribution, we discuss the remaining issues and correction on CSI measurement in the specs.
Remaining issues on CSI measurement
In Subclause 5.2.1.4 (page 25) in TS 38.214[1], on Reporting configuration, it is described that:
When the UE is configured with the higher layer configured parameter Number-CQI set to ‘1’, a single CQI is reported for one codeword per CSI report. When the UE is configured with the higher layer configured parameter Number-CQI set to ‘2’ is configured, one CQI for each codeword is reported per CSI report. The Number-CQI is contained in ReportConfig.
The parameter Number-CQI defines the maximum number of CQIs per CSI report. Since RI restriction could be RRC configured, if RI is restricted to be no more than 4, a single CQI is reported per subband (or wideband) per CSI report. Otherwise, two CQIs with each for one codeword may be reported per subband (or wideband) per CSI report. This implies that the parameter Number-CQI is not necessary as it could be replaced by RI restriction. In addition, if the configured Number-CQI is not aligned with the number of CQIs determined from rank restriction, UE will get confused unless the UE behavior is specified. 
Proposal 1: Remove the parameter Number-CQI and send LS to RAN2.

As described in Subcaluse 5.2.1.4 (page 25) in TS 38.214 [1],
When the UE is configured with the high layer parameter ReportQuantity set to ‘CRI/SRP’
-	if the UE is configured with the higher layer parameter group-based-beam-reporting set to ‘ON’, the UE may report in a single reporting instance up to number-of-beams-reporting L1-RSRP and CSI reports, where up to number-of-beams-reporting [CSI-RS and or SSB] resources can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters.

In the case of non-group-based report, the parameter nrofReportedRS defines the number of measured RS resources to be reported per report setting. In the case of group-based report, we prefer to align the name of the parameter number-of-beams-reporting with nrofReportedRS considering their similar functions. In addition, the last sentence as highlighted above is UE implementation, which should be deleted.
Proposal 2: Align the name of the parameter number-of-beams-reporting with nrofReportedRS considering their similar functions.
-----------------------------------------------------Start of TP for 38.214----------------------------------------------------------------

[bookmark: _Toc500966082]5.2.1.4		Reporting configurations
                                                            -------------------   omitted  -----------------
-	if the UE is configured with the higher layer parameter group-based-beam-reporting set to 'ON', the UE may report in a single reporting instance up to nrofReportedRS number-of-beams-reporting L1-RSRP and CSI reports, where up to nrofReportedRSnumber-of-beams-reporting [CSI-RS and or SSB] resources can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters.
---------------------------------------------------------------------END of TP-------------------------------------------------------------

In Subclause 5.2.1.4 .1 (page 27) in TS 38.214[1], on resource setting configuration, it is described that
 (
Each trigger state configured using the higher layer parameter 
ReportTrigger
 is associated one or multiple 
ReportConfig
 where each 
ReportConfig
 is linked to periodic, or semi-persistent, or 
aperiodic
 resource setting(s): 
-
When one resource setting is configured, the resource setting is for channel measurement for L1-RSRP computation.
-
When two resource settings are configured, the first one resource setting is for channel measurement and the second one is for interference measurement performed on CSI-IM or on 
NZP
 CSI-RS.
-
When three resource settings are configured, the first one resource setting is for channel measurement, the second one is for CSI-IM based interference measurement and the third one is for 
NZP
 CSI-RS based interference measurement.
)
From the above description, for aperiodic CSI reporting, one, two or three resource settings can be configured to be linked with one reporting setting.  When one resource setting is configured, the resource setting is for channel measurement for L1-RSRP computation. This is also applicable to periodic and semi-persistent CSI reporting. When two resource settings are configured, one resource setting is for channel measurement and the other resource setting is for interference measurement based on CSI-IM and non-zero power CSI-RS. According to agreement in RAN1#90bis, interference measurement based on non-zero power CSI-RS is only applicable to aperiodic CSI-RS. Therefore, for periodic and semi-persistent CSI reporting, the interference measurement can only be made based on CSI-IM. Following the same reasoning, it is not necessary to configure three resource settings for periodic and semi-persistent CSI reporting. 
Proposal 3: For periodic and semi-persistent CSI reporting, each ReportConfig is linked to one or two P/SP CSI-RS resource setting(s)
· When one resource setting is configured, the resource setting is for channel measurement for beam management.
· When two resource settings are configured, the first one resource setting is for channel measurement and the 2nd one is for interference measurement based on CSI-IM.

In [1], for periodic/semi-persistent/aperiodic Resource Settings for channel measurement, each Resource Set contains Ks ≥ 1 NZP CSI-RS resources. The CRI reported by the UE indicates one NZP CSI-RS resource within the Resource Set for channel measurement. For interference measurement, if CSI-IM resources are used, the Resource Set configuration could adopt the following two schemes:
· Scheme-1: Analogous to LTE, each Resource Set within Resource Setting may also contain Ks ≥ 1 CSI-IM resources, and there is one-to-one association between each NZP CSI-RS resource and each CSI-IM resource. 
· Scheme-2: Each Resource Set within Resource Setting only contains Ks = 1 CSI-IM resource.
For Scheme-1, there is a resource pair to measure channel and inference for each beam. But for Scheme-2, one CSI-IM resource is shared among multiple beams. Scheme-1 provides more flexible IMR configurations, while Scheme-2 results in less resource overhead. As Scheme-1 has been supported in LTE, its functionality is preferred to be maintained in NR.
Proposal 4: For interference measurement, if CSI-IM resources are configured, each Resource Set within Resource Setting may also contain Ks ≥ 1 CSI-IM resources, and there is one-to-one association between each NZP CSI-RS resource and each CSI-IM resource.

If NZP CSI-RS resources are configured for interference measurement, all the NZP CSI-RS resources within each Resource Set should be used for the accumulated interference estimation. In addition, UE assumes each port of a NZP CSI-RS resource corresponds to an interference transmission layer. From the agreement, an NZP-CSI-RS Resource Set for IMR can have multiple resources. In NR, up to 12 users MU-MIMO is supported. To emulate these interference layers, up to 12 single-port NZP CSI-RS resources may be configured. This scheme achieves flexible configuration at the cost of the resource overhead. Another alternative is that only a single NZP CSI-RS could be used within a Resource Set. However, if the different interference transmission layers come from different panels or TRPs, their associated Pc power boosting should be configured separately. According to the current spec, the CSI-RS parameters are resource-specifically configured, i.e. all ports in the same NZP-CSI-RS resource have the same Pc. One possible solution is to allow port-specific Pc values if NZP-CSI-RS resource is to be used for IMR. 
Proposal 5: For NZP CSI-RS resource based interference measurement, if each Resource Set within Resource Setting only contains Ks = 1 NZP CSI-RS resource, port-specific parameter configuration (e.g. Pc values) should be supported.

In Subclause 5.2.1.4 .2 (page 27) in TS 38.214 [1], on non-PMI port indication, it is described that
 (
I
f a 
UE is configured with the higher layer parameter 
ReportQuantity
 set to ‘CRI/RI/CQI’: 
-
the UE is configured with higher layer parameter 
Non-PMI-
PortIndication
 contained in a 
ReportConfig
, where 
r
 ports are indicated in the order of layer ordering for rank 
r
 and each CSI-RS resource in the CSI resource setting
 is
 linked to the 
ReportConfig
 in a 
MeasLinkConfig
, 
based on the order of the associated 
NZP-CSI-RS-
ResourceConfigID
 in the linked CSI resource setting linked for channel measurement.
)

The highlighted sentence, i.e. “based on the order of the associated NZP-CSI-RS-ResourceConfigID” is confusing. It may be interpreted either as the ID order of the NZP CSI-RS resources or the IE order of the parameter non-zero power CSI-RS resource. Our understanding is the former interpretation.
Proposal 6: For non-PMI port indication, the ports indication for each CSI-RS resource should be based on the ID order of each CSI-RS resource in the linked CSI resource setting.

In Subclause 5.2.1.5 .1 (page 27) in TS 38.214 [1], on aperiodic CSI, it is described that
 (
For each 
aperiodic
 CSI-RS resource associated with each CSI triggering state, the UE is indicated the quasi co-location configuration of quasi co-location RS source(s) and quasi co-loc
ation type(s), as described in 
S
ubclause
 5.1.5, through higher layer signaling of 
QCL-Info-
Ap
erodicReportingTrigger
 which contains a list of references to 
TCI-RS-
SetConfig
’s
 for the 
aperiodic
 CSI-RS resources associated with the CSI triggering state
. If a 
TCI-RS-
SetConfig
 
in the list is configured with a reference to an RS associated with 
QCL-
TypeD
, that RS may be an SS/PBCH block or a CSI-RS resource configured as periodic or semi-persistent.
For a UE configured with the higher layer parameter 
AperiodicReportTrigger
, if a 
R
esource 
S
etting linked to a 
ReportConfig
 has multiple 
aperiodic
 resource sets and only a subset of the 
aperiodic
 
CSI-RS 
resource sets is associated with the trigger state, a higher layer configured bitmap 
ResourceSetBitmap
 is co
nfigured per trigger state per 
R
esource 
S
etting to select the CSI-IM/NZP C
SI-RS resource set(s) from the 
R
esource 
S
etting.
)
In RAN1#91 meeting, for aperiodic CSI, the following agreements have been achieved:
Agreement
Each trigger state is associated one or multiple ReportConfigs where each ReportConfig is linked to one or two or three P/SP/AP CSI-RS resource setting(s)
If a resource setting linked to a ReportConfig has multiple aperiodic resource sets and only a subset of the aperiodic resource sets is associated with the trigger state, a bitmap (with the bitwidth Nbit =number of resource sets in a resource setting.  Number of one(s) in the bitmap None = 1 for CSI acquisition) is RRC configured per trigger state per resource setting to select CSI-IM/NZP CSI-RS resource set(s) from the resource setting.    
FFS on None for multiple TRP cases
FFS: 1<= None <=Nonemax (FFS) for beam management

Agreement

	Sub-Feature Group
	Parameter
	To be added or updated
	Description
	Comments

	CSI & Beam Management Framework
	ResourceSetBitmap
	Added
	bitmap with the bitwidth Nbit =number of resource sets (max number Nbit = 16) in a linked resource setting per report trigger state.  Number of one(s) in the bitmap None = 1 for CSI acquisition and beam management
	Contained in reportTrigger



The parameter QCL-Info-AperodicReportingTrigger contains a list of reference of TCI states, which are configured for the corresponding aperiodic CSI-RS resources associated with the CSI triggering state. Therefore, it is necessary to define the mapping between each reference of TCI state and each CSI-RS resource of the triggered A-CSI-RS resource set. A one-to-one mapping between each TCI state in the list of TCI states and CSI-RS in the triggered A-CSI-RS resource set should be assumed. Moreover, the number of ones in the bitmap ResourceSetBitmap should be limited to one according to the agreements in RAN1#91. 
Proposal 7: For QCL configuration for aperiodic CSI-RS, the mapping between each reference of TCI state contained in the parameter QCL-Info-aPerodicReportingTrigger and each associated CSI-RS resource has to be defined.

-----------------------------------------------------Start of TP for 38.214----------------------------------------------------------------

[bookmark: _Toc501048187]5.2.1.5.1	Aperiodic CSI 
For a UE configured with the higher layer parameter AperiodicReportTrigger, if a Resource Setting linked to a ReportConfig has multiple aperiodic resource sets and only a subset of the aperiodic CSI-RS resource sets is associated with the trigger state, a higher layer configured bitmap ResourceSetBitmap is configured per trigger state per Resource Setting to select the CSI-IM/NZP CSI-RS resource set(s) from the Resource Setting. Number of one(s) in the bitmap is 1.
---------------------------------------------------------------------END of TP-------------------------------------------------------------

Another issue is related to the CSI-RS triggering offset X. In RAN1# Ad-hoc2, it has been agreed that 
Agreements:
· For aperiodic CSI-RS triggering offset X, X is fixed to zero. 
In addition, after email approval of RAN1#91, it was further agreed that 
Agreements:
· Aperiodic CSI-RS triggering offset X is configurable on a per resource set basis in ResourceSetConfig
· Note: The offset X is measured in slots.
· FFS: The case when multiple resource sets are associated with a trigger point.
Therefore whether X value is configurable for beam management only or for both CSI acquisition and beam management is not clear. In our opinion, for CSI acquisition, X is fixed to zero. The agreement in RAN1#91 was made in beam management agenda, it should be applicable to only beam management. In addition, for aperiodic CSI-IM, the triggering offset is also preferred to be fixed to zero, which implies that all the NZP CSI-RS resources and CSI-IMs should be in the same slot.
Proposal 8: For CSI acquisition, the aperiodic CSI-RS triggering offset X is fixed to zero. In addition, the triggering offset of the aperiodic CSI-IM is also fixed to zero. For beam management, X should be configurable.

In Subclause 5.2.1.5 .2 (page 28) in TS 38.214[1], on semi-persistent CSI, it is described that
 (
For semi-persistent reporting on PUSCH, a set of semi-persistent CSI report settings are higher layer configured by 
Semi-persistent-on-
PUSCHReportTrigger
 and the 
CSI request field in DCI scrambled with SP-CSI C-RNTI activates one of the semi-persistent CSI reports
.  
For semi-persistent reporting on PUCCH, a set of semi-persistent CSI report settings are higher layer configured 
and the
 PUCCH resource used for transmitting the CSI report
 are configured by
 
reportConfigType
. Semi-persistent reporting on PUCCH is activated by an activation command [
10
, TS 38.321], which selects one of the semi-persistent CSI Report settings for use by the UE on the PUCCH. If the field 
r
eportConfigType
 is not present, the UE shall report the CSI on PUSCH. 
)
In RAN1#91, it was agreed that bitwidth of the CSI request field in DCI scrambled by C-RNTI is configurable by RRC signaling from 0 to 6 for aperiodic CSI triggering. Compared with the number of trigger states of aperiodic CSI, the number of trigger states of semi-persistent CSI in DCI scrambled by SP-CSI C-RNTI may be much smaller considering SP CSI tends to be UE-group specific due to its larger overhead. Therefore, the bitwidth configured for aperiodic CSI seems not necessary for SP-CSI on PUSCH activation. One possible scheme to save the DCI payload is to introduce a new RRC parameter to indicate the bitwidth of the CSI request field for SP-CSI activation. In this way, the bitwidth is related to two RRC parameters, i.e. ReportTriggerSize for aperiodic CSI and the new introduced parameter. If they have the same value, the SP-CSI C-RNTI is used to differentiate aperiodic CSI or SP-CSI is triggered. Otherwise, blind decoding is used instead.
For SP-CSI on PUCCH, if the field reportConfigType is not present, there would be no PUCCH resource for CSI reporting. However, since SP-CSI on PUCCH is activated by MAC CE, the PUSCH resource allocation is also problematic, unless DCI is used instead for SP-CSI activation. In this way, the last sentence needs to be modified as in the following TP. 
Proposal 9: For SP-CSI activation, a new RRC parameter is introduced to indicate the bitwidth of the CSI request field. 

-----------------------------------------------------Start of TP for 38.214----------------------------------------------------------------

[bookmark: _Toc500966087]5.2.1.5.2	Semi-persistent CSI/Semi-persistent CSI-RS
For semi-persistent reporting on PUSCH, a set of semi-persistent CSI report settings are higher layer configured by Semi-persistent-on-PUSCHReportTrigger and the CSI request field in DCI scrambled with SP-CSI C-RNTI activates one of the semi-persistent CSI reports.  
For semi-persistent reporting on PUCCH, a set of semi-persistent CSI report settings are higher layer configured by reportConfigType with the PUCCH resource used for transmitting the CSI report. Semi-persistent reporting on PUCCH is activated by an activation command [10, TS 38.321], which selects one of the semi-persistent CSI Report settings for use by the UE on the PUCCH. If the field reportConfigType is not present, the UE shall report the CSI on PUSCH. which is activated by the CSI request field in DCI scrambled with SP-CSI C-RNTI. 
---------------------------------------------------------------------END of TP-------------------------------------------------------------
Conclusions
In this contribution, we discussed the remaining issues on CSI measurement and provide some corrections of specifications. We propose that:

Proposal 1: Remove the parameter Number-CQI and send LS to RAN2.
Proposal 2: Align the name of the parameter number-of-beams-reporting with nrofReportedRS considering their similar functions.
Proposal 3: For periodic and semi-persistent CSI reporting, each ReportConfig is linked to one or two P/SP CSI-RS resource setting(s)
· When one resource setting is configured, the resource setting is for channel measurement for beam management.
· When two resource settings are configured, the first one resource setting is for channel measurement and the 2nd one is for interference measurement based on CSI-IM.
Proposal 4: For interference measurement, if CSI-IM resources are configured, each Resource Set within Resource Setting may also contain Ks ≥ 1 CSI-IM resources, and there is one-to-one association between each NZP CSI-RS resource and each CSI-IM resource.
Proposal 5: For NZP CSI-RS resource based interference measurement, if each Resource Set within Resource Setting only contains Ks = 1 NZP CSI-RS resource, port-specific parameter configuration (e.g. Pc values) should be supported.
Proposal 6: For non-PMI port indication, the ports indication for each CSI-RS resource should be based on the ID order of each CSI-RS resource in the linked CSI resource setting.
Proposal 7: For QCL configuration for aperiodic CSI-RS, the mapping between each reference of TCI state contained in the parameter QCL-Info-aPerodicReportingTrigger and each associated CSI-RS resource has to be defined.
Proposal 8: For CSI acquisition, the aperiodic CSI-RS triggering offset X is fixed to zero. In addition, the triggering offset of the aperiodic CSI-IM is also fixed to zero. For beam management, X should be configurable.
Proposal 9: For SP-CSI activation, a new RRC parameter is introduced to indicate the bitwidth of the CSI request field.
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