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1	Introduction
When reviewing Rel-17 38.331 and 38.306, we identify two issues related to FeMIMO. In this contribution, we discuss these two issues and provide the corresponding CR in the annex section. 
2	Discussion
2.1	BWP ID field in TCI-State
In Rel-15/16 TCI framework, when the reference signal in QCL-Info is CSI-RS, then the bwp-Id field is mandatory present. The bwp-Id field is to indicate the DL BWP in which the CSI-RS is located. The Rel-16 TCI-State is defined as follows:
-- ASN1START
-- TAG-TCI-STATE-START

TCI-State ::=                       SEQUENCE {
    tci-StateId                         TCI-StateId,
    qcl-Type1                           QCL-Info,
    qcl-Type2                           QCL-Info                            OPTIONAL,   -- Need R
    ...
}

QCL-Info ::=                        SEQUENCE {
    cell                                ServCellIndex                       OPTIONAL,   -- Need R
    bwp-Id                              BWP-Id                              OPTIONAL, -- Cond CSI-RS-Indicated
    referenceSignal                     CHOICE {
        csi-rs                              NZP-CSI-RS-ResourceId,
        ssb                                 SSB-Index
    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}

-- TAG-TCI-STATE-STOP
-- ASN1STOP

The condition is:
	Conditional Presence
	Explanation

	CSI-RS-Indicated
	This field is mandatory present if csi-rs is included, absent otherwise



In Rel-17, this field is unchanged. However, in RAN1 design of the Rel-17 unified TCI framework, the bwp-Id can be optionally present. When the bwp-Id is absent for CSI-RS, the UE assumes that the CSI-RS is located in the DL BWP to which the TCI-State applies. E.g., when the network sends a MAC CE to indicate a TCI state #X for Cell2 BWP2, and the TCI state #X defined in Cell2 BWP2 includes a CSI-RS and does not include a bwp-Id, then the UE assumes that the CSI-RS is located in BWP2. This rule is captured in 38.214 v17.4.0 [1]:
	[bookmark: _Toc11352096][bookmark: _Toc20317986][bookmark: _Toc27299884][bookmark: _Toc29673149][bookmark: _Toc29673290][bookmark: _Toc29674283][bookmark: _Toc36645513][bookmark: _Toc45810558][bookmark: _Toc122105108]5.1.5	Antenna ports quasi co-location
The UE can be configured with a list of up to M TCI-State configurations within the higher layer parameter PDSCH-Config to decode PDSCH according to a detected PDCCH with DCI intended for the UE and the given serving cell, where M depends on the UE capability maxNumberConfiguredTCIstatesPerCC. Each TCI-State contains parameters for configuring a quasi co-location relationship between one or two downlink reference signals and the DM-RS ports of the PDSCH, the DM-RS port of PDCCH or the CSI-RS port(s) of a CSI-RS resource. The quasi co-location relationship is configured by the higher layer parameter qcl-Type1 for the first DL RS, and qcl-Type2 for the second DL RS (if configured). For the case of two DL RSs, the QCL types shall not be the same, regardless of whether the references are to the same DL RS or different DL RSs. The quasi co-location types corresponding to each DL RS are given by the higher layer parameter qcl-Type in QCL-Info and may take one of the following values: 
[bookmark: _Hlk500800106][bookmark: _Hlk500784100]-	'typeA': {Doppler shift, Doppler spread, average delay, delay spread}
-	'typeB': {Doppler shift, Doppler spread}
-	'typeC': {Doppler shift, average delay}
-	'typeD': {Spatial Rx parameter}
--------------------------------------------------Omitted-----------------------------------------------------
[bookmark: _Hlk86865630]When the bwp-id or cell for QCL-TypeA/D source RS in a QCL-Info of the TCI state is not configured, the UE assumes that QCL-TypeA/D source RS is configured in the CC/DL BWP where TCI state applies.


QCL-TypeA RS is CSI-RS and the QCL-TypeD RS can be either SSB or CSI-RS. So according to the TS 38.214, even if the reference signal is CSI-RS, the bwp-Id field can still be absent.
Observation 1: According to TS 38.214, the bwp-Id field in QCL-Info can be absent when the reference signal is CSI-RS. However, in TS 38.331 v17.3.0, the bwp-Id field in QCL-Info is mandatory present when the reference signal is CSI-RS.
In our understanding, for fine tracking, the UE should always use as QCL RS an RS in the current cell and BWP. In the Rel-17 TCI framework, the TCI state list of a cell & BWP can refer to another cell & BWP. For example, there can be an explicitly defined TCI state list in (Cell 1, BWP 1) that is indicated by unifiedTCI-StateRef for (Cell 2, BWP 2). If the network sends a MAC CE to indicate a QCL-TypeA RS for fine time tracking in (Cell 1, BWP 1), the indicated TCI state should be located in (Cell 1, BWP 1) so if the indicated TCI state includes the cell and bwp-Id field explicitly, it can't be used both in (Cell 1, BWP 1) and in (Cell 2, BWP 2), i.e. separate TCI states are required and defining them both in the TCI state list of (Cell 1, BWP 1) is not very useful, as compared with not using unifiedTCI-StateRef in (Cell 2, BWP 2) and defining the TCI state for this cell and BWP there. If the cell and the bwp-Id can be omitted, there is no such problem, the UE considers the RS to be in the (Cell, BWP) in which the TCI state applies.
Observation 2: When unifiedTCI-StateRef is used in PDSCH-Config, mandating the bwp-Id in TCI-State when CSI-RS is used for QCL makes it not possible to use the same TCI state for fine tracking for multiple (Cell, BWP), so separate TCI states must be defined for each (Cell, BWP) and the benefit of unifiedTCI-State is largely reduced.
Proposal 1: In TS 38.331, allow the bwp-Id to be absent when CSI-RS is used for QCL (i.e. modify the presence condition) and clarify in the field description that, when absent, the BWP is the one where the TCI state applies (like for the cell field).
A corresponding CR is provided in annex.
2.2	UE capability fetype2R2
In RAN1 #110, the UE feature 23-9-4 was agreed to indicate "Support of R = 2 for FeType-II". The detailed agreement is shown in R1-2207923.
The related field in TS 38.331 is:
CodebookParametersfetype2-r17 ::= SEQUENCE {
    -- R1 23-9-1  Basic Features of Further Enhanced Port-Selection Type II Codebook (FeType-II)
    fetype2basic-r17        SEQUENCE (SIZE (1.. maxNrofCSI-RS-ResourcesExt-r16)) OF INTEGER (0..maxNrofCSI-RS-ResourcesAlt-1-r16),
    -- R1 23-9-2  Support of M=2 and R=1 for FeType-II
    fetype2R1-r17           SEQUENCE (SIZE (1..maxNrofCSI-RS-ResourcesExt-r17)) OF INTEGER (0.. maxNrofCSI-RS-ResourcesAlt-1-r16)
                                                       OPTIONAL,
    -- R1 23-9-4  Support of R = 2 for FeType-II
    fetype2R2-r17           SEQUENCE (SIZE (1..maxNrofCSI-RS-ResourcesExt-r17)) OF INTEGER (0.. maxNrofCSI-RS-ResourcesAlt-1-r16)
                                                       OPTIONAL,
    -- R1 23-9-3  Support of rank 3, 4 for FeType-II
    fetype2Rank3Rank4-r17   ENUMERATED {supported}     OPTIONAL
}

In TS 38.306, it is specified as follows:
	codebookParametersfetype2-r17
Indicates the UE support of additional codebooks and the corresponding parameters supported by the UE of Further Enhanced Port-Selection Type II Codebook (FeType-II).

The UE indicating this feature shall include fetype2basic-r17 to indicate basic features of FeType-II. This capability signalling comprises the following parameters:
-	indicates the list of supported CSI-RS resources in a band by referring to codebookVariantsList. The following parameters are included in codebookVariantsList:
-	maxNumberTxPortsPerResource indicates the maximum number of Tx ports in a resource of a band
-	maxNumberResourcesPerBand indicates the maximum number of resources across all CCs in a band, simultaneously
-	totalNumberTxPortsPerBand indicates the total number of Tx ports across all CCs in a band, simultaneously
The UE indicating fetype2basic-r17 shall support parameter combinations with M=1 and support rank 1 and 2. UE indicating this feature shall also include csi-ReportFramework.

The UE optionally includes fetype2R1-r17 to indicate whether the UE supports M=2 and R=1 for FeType-II. This capability signalling comprises the following parameters:
- indicates the list of supported CSI-RS resources in a band by referring to codebookVariantsList.
The UE indicating support of fetype2R1-r17 shall also indicate support of fetype2basic-r17 and parameter combinations with M=2.

The UE optionally includes fetype2R2-r17 to indicate whether the UE supports rank = 2 for FeType-II. This capability signalling comprises the following parameters:
- indicates the list of supported CSI-RS resources in a band by referring to codebookVariantsList.
UE indicating support of fetype2R2-r17 shall also indicate support of fetype2R1-r17.

The UE optionally includes fetype2Rank3Rank4-r17 to indicate whether the UE supports rank = 3 and rank = 4 for FeType-II. UE indicating support of fetype2Rank3Rank4-r17 shall indicate support of fetype2basic-r17.

For codebookVariantsList related to the FeType-II:
-	The minimum of maxNumberTxPortsPerResource is 'p4';
-	The minimum value of totalNumberTxPortsPerBand is 4.
	Band
	No
	N/A
	N/A



According to TS 38.214 clause 5.2.2.2.5:
-	The parameter  is configured with the higher-layer parameter numberOfPMI-SubbandsPerCQI-Subband. This parameter controls the total number of precoding matrices  indicated by the PMI as a function of the number of configured subbands in csi-ReportingBand, the subband size configured by the higher-level parameter subbandSize and of the total number of PRBs in the bandwidth part according to Table 5.2.1.4-2, as follows:
This parameter is not a rank, it has a completely different purpose.
Therefore, according to the above description, it seems that fetype2R2-r17 is not related to the support of R = 2, and as there is no associated UE capability, it seems to be a mandatory feature for a UE that supports "Further Enhanced Port-Selection Type II Codebook".
Proposal 2: Correct 38.306 to capture that fetype2R2-r17 is related to the support of R = 2, not rank = 2.
The corresponding CR is provided in annex.
3	Conclusion
In this contribution, we have the following proposals.
Proposal 1: In TS 38.331, allow the bwp-Id to be absent when CSI-RS is used for QCL (i.e. modify the presence condition) and clarify in the field description that, when absent, the BWP is the one where the TCI state applies (like for the cell field).
Proposal 2: Correct 38.306 to capture that fetype2R2-r17 is related to the support of R = 2, not rank = 2.
Corresponding CRs are provided in annex.
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[bookmark: _Toc124713381]–	TCI-State
The IE TCI-State associates one or two DL reference signals with a corresponding quasi-colocation (QCL) type.
TCI-State information element
-- ASN1START
-- TAG-TCI-STATE-START

TCI-State ::=                       SEQUENCE {
    tci-StateId                         TCI-StateId,
    qcl-Type1                           QCL-Info,
    qcl-Type2                           QCL-Info                                                    OPTIONAL,   -- Need R
    ...,
    [[
    additionalPCI-r17                   AdditionalPCIIndex-r17                                      OPTIONAL,   -- Need R
    pathlossReferenceRS-Id-r17          PathlossReferenceRS-Id-r17                                  OPTIONAL,   -- Cond JointTCI1
    ul-powerControl-r17                 Uplink-powerControlId-r17                                   OPTIONAL    -- Cond JointTCI
    ]]

}

QCL-Info ::=                        SEQUENCE {
    cell                                ServCellIndex                                               OPTIONAL,   -- Need R
    bwp-Id                              BWP-Id                                                      OPTIONAL, -- Cond CSI-RS-Indicated
    referenceSignal                     CHOICE {
        csi-rs                              NZP-CSI-RS-ResourceId,
        ssb                                 SSB-Index
    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}

-- TAG-TCI-STATE-STOP
-- ASN1STOP

	QCL-Info field descriptions

	bwp-Id
The DL BWP which the RS is located in. If the field is absent, the RS is located in the BWP in which the TCI-State is applied by the UE.

	cell
The UE's serving cell in which the referenceSignal is configured. If the field is absent, it applies to the serving cell in which the TCI-State is applied by the UE. The RS can be located on a serving cell other than the serving cell for which the TCI-State is applied by the UE only if the qcl-Type is configured as typeC or typeD. See TS 38.214 [19] clause 5.1.5.

	referenceSignal
Reference signal with which quasi-collocation information is provided as specified in TS 38.214 [19] clause 5.1.5.

	qcl-Type
QCL type as specified in TS 38.214 [19] clause 5.1.5.



	TCI-State field descriptions

	additionalPCI
Indicates the physical cell IDs (PCI) of the SSBs when referenceSignal is configured as SSB for both QCL-Type1 and QCL-Type2. In case the cell is present, the additionalPCI refers to a PCI value configured in the list configured using additionalPCI-ToAddModList in the serving cell indicated by the field cell. Otherwise, it refers to a PCI value configured in a list additionalPCI-ToAddModList configured in the serving cell where the TCI-State is applied by the UE. When this field is present the cell for qcl-Type1 and qcl-Type2 is configured with same value, if present.

	pathlossReferenceRS-Id
The ID of the reference signal (e.g. a CSI-RS or an SS block) used for PUSCH, PUCCH and SRS path loss estimation.

	qcl-Type1, qcl-Type2
QCL information for the TCI state as specified in TS 38.214 [19] clause 5.1.5.

	tci-StateId
ID number of the TCI state.

	ul-PowerControl
Configures power control parameters for PUCCH, PUSCH and SRS for this TCI state. The field is present here only if ul-powerControl is not configured in any BWP-Uplink-Dedicated of this serving cell.



	Conditional Presence
	Explanation

	CSI-RS-Indicated
	This field is mandatory present if csi-rs is included and unifiedTCI-StateType is not configured for this serving cell. This field is optionally present, Need R, if csi-rs is included and unifiedTCI-StateType is configured for this serving cell. Otherwise, it is absent Need R otherwise.

	JointTCI
	This field is optionally present, Need R,if this serving cell is configured with unifiedTCI-StateType set to 'joint'. It is absent, Need R, otherwise.

	JointTCI1
	This field is mandatory present, if this serving cell is configured with unifiedTCI-StateType set to 'joint'. It is absent, Need R, otherwise.
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    -- R1 23-9-4  Support of R = 2 for FeType-II
fetype2R2-r17 SEQUENCE (SIZE (1..maxNrofCSI-RS-ResourcesExt-r17)) OF INTEGER (0.. maxNrofCSI-RS-ResourcesAlt-1-r16)              OPTIONAL,

However, TS 38.306 indicates that “The UE optionally includes fetype2R2-r17 to indicate whether the UE supports rank = 2 for FeType-II”.
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	Change "rank = 2" to "R = 2". Add a reference to TS 38.214 clause 5.2.2.2.7
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	codebookParametersfetype2-r17
Indicates the UE support of additional codebooks and the corresponding parameters supported by the UE of Further Enhanced Port-Selection Type II Codebook (FeType-II) as specified in TS 38.214 [12] clause 5.2.2.2.7.

The UE indicating this feature shall include fetype2basic-r17 to indicate basic features of FeType-II. This capability signalling comprises the following parameters:
-	indicates the list of supported CSI-RS resources in a band by referring to codebookVariantsList. The following parameters are included in codebookVariantsList:
-	maxNumberTxPortsPerResource indicates the maximum number of Tx ports in a resource of a band
-	maxNumberResourcesPerBand indicates the maximum number of resources across all CCs in a band, simultaneously
-	totalNumberTxPortsPerBand indicates the total number of Tx ports across all CCs in a band, simultaneously
The UE indicating fetype2basic-r17 shall support parameter combinations with M=1 and support rank 1 and 2. UE indicating this feature shall also include csi-ReportFramework.

The UE optionally includes fetype2R1-r17 to indicate whether the UE supports M=2 and R=1 for FeType-II. This capability signalling comprises the following parameters:
- indicates the list of supported CSI-RS resources in a band by referring to codebookVariantsList.
The UE indicating support of fetype2R1-r17 shall also indicate support of fetype2basic-r17 and parameter combinations with M=2.

The UE optionally includes fetype2R2-r17 to indicate whether the UE supports rank R= 2 for FeType-II. This capability signalling comprises the following parameters:
- indicates the list of supported CSI-RS resources in a band by referring to codebookVariantsList.
UE indicating support of fetype2R2-r17 shall also indicate support of fetype2R1-r17.

The UE optionally includes fetype2Rank3Rank4-r17 to indicate whether the UE supports rank = 3 and rank = 4 for FeType-II. UE indicating support of fetype2Rank3Rank4-r17 shall indicate support of fetype2basic-r17.

For codebookVariantsList related to the FeType-II:
-	The minimum of maxNumberTxPortsPerResource is 'p4';
-	The minimum value of totalNumberTxPortsPerBand is 4.
	Band
	No
	N/A
	N/A



