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1. TCI-StateIds in TS 38.331

The list of TCI states is configured for the UE PDSCH-Config:
PDSCH-Config information element
-- ASN1START
-- TAG-PDSCH-CONFIG-START

PDSCH-Config ::=                        SEQUENCE {
    dataScramblingIdentityPDSCH             INTEGER (0..1023)                                                       OPTIONAL,   -- Need S
    dmrs-DownlinkForPDSCH-MappingTypeA      SetupRelease { DMRS-DownlinkConfig }                                    OPTIONAL,   -- Need M
    dmrs-DownlinkForPDSCH-MappingTypeB      SetupRelease { DMRS-DownlinkConfig }                                    OPTIONAL,   -- Need M

    tci-StatesToAddModList                  SEQUENCE (SIZE(1..maxNrofTCI-States)) OF TCI-State                      OPTIONAL,   -- Need N
    tci-StatesToReleaseList                 SEQUENCE (SIZE(1..maxNrofTCI-States)) OF TCI-StateId                    OPTIONAL,   -- Need N

tci-StatesToAddModList
A list of Transmission Configuration Indicator (TCI) states indicating a transmission configuration which includes QCL-relationships between the DL RSs in one RS set and the PDSCH DMRS ports (see TS 38.214 [19], clause 5.1.4).
The maximum value is:
maxNrofTCI-States                       INTEGER ::= 128     -- Maximum number of TCI states.

And the related capabilities are:
MIMO-ParametersPerBand ::=          SEQUENCE {
    tci-StatePDSCH                      SEQUENCE {
        maxNumberConfiguredTCIstatesPerCC   ENUMERATED {n4, n8, n16, n32, n64, n128}                               OPTIONAL,
        maxNumberActiveTCI-PerBWP           ENUMERATED {n1, n2, n4, n8}                                            OPTIONAL
    }                                                                                                              OPTIONAL,

The PDSCH-Config is given per BWP and thus the list of TCI states is per BWP. However, it is not described how the ID space should be used. As the max value is 128 it would be possible to configure UEs with unambiguous TCI state IDs such that one ID is not reused in another bandwidth part. It is also possible to reuse the IDs in each BWP as the UE capabilities would then limit the total number.


[bookmark: _Toc1064507][bookmark: _Toc1064775]It is not described in PDSCH-Config whether the TCI states IDs can be reused or not in the per BWP lists. 

The TCI states for PDCCH are also per BWP and use the IDs configured in PDSCH-Config:
ControlResourceSet information element
-- ASN1START
-- TAG-CONTROLRESOURCESET-START

ControlResourceSet ::=              SEQUENCE {
    controlResourceSetId                ControlResourceSetId,

    frequencyDomainResources            BIT STRING (SIZE (45)),
    duration                            INTEGER (1..maxCoReSetDuration),
    cce-REG-MappingType                 CHOICE {
        interleaved                         SEQUENCE {
            reg-BundleSize                      ENUMERATED {n2, n3, n6},
[bookmark: _Hlk514758623]            interleaverSize                     ENUMERATED {n2, n3, n6},
            shiftIndex                          INTEGER(0..maxNrofPhysicalResourceBlocks-1)          OPTIONAL -- Need S
        },
        nonInterleaved                      NULL
    },
    precoderGranularity                 ENUMERATED {sameAsREG-bundle, allContiguousRBs},
    tci-StatesPDCCH-ToAddList           SEQUENCE(SIZE (1..maxNrofTCI-StatesPDCCH)) OF TCI-StateId    OPTIONAL,-- Cond NotSIB1-initialBWP
    tci-StatesPDCCH-ToReleaseList       SEQUENCE(SIZE (1..maxNrofTCI-StatesPDCCH)) OF TCI-StateId    OPTIONAL, -- Cond NotSIB1-initialBWP
    tci-PresentInDCI                        ENUMERATED {enabled}                                     OPTIONAL,   -- Need S
    pdcch-DMRS-ScramblingID                 INTEGER (0..65535)                                       OPTIONAL,   -- Need S
    ...
}

-- TAG-CONTROLRESOURCESET-STOP
-- ASN1STOP
tci-StatesPDCCH-ToAddList
A subset of the TCI states defined in pdsch-Config. They are used for providing QCL relationships between the DL RS(s) in one RS Set (TCI-State) and the PDCCH DMRS ports (see TS 38.213 [13], clause 6.). The network configures at most maxNrofTCI-StatesPDCCH entries.
maxNrofTCI-StatesPDCCH                  INTEGER ::= 64

As this configuration is also per BWP, the field description should add “included in the BWP-Downlink corresponding to the serving cell and to the DL BWP to which the ControlResourceSet belong to”.


[bookmark: _Toc1064508][bookmark: _Toc1064776]In order to clarify that the TCI-State Ids in ControlResourceSet point to correct TCI-States in PDSCH-Configs a clarification is needed as shown above.

Other places where TCI state Ids are used in TS 38.331 are CSI-AperiodicTriggerStateList and NZP-CSI-RS-Resource:

CSI-AperiodicTriggerStateList information element
-- ASN1START
-- TAG-CSI-APERIODICTRIGGERSTATELIST-START

CSI-AperiodicTriggerStateList ::=   SEQUENCE (SIZE (1..maxNrOfCSI-AperiodicTriggers)) OF CSI-AperiodicTriggerState

CSI-AperiodicTriggerState ::=       SEQUENCE {
    associatedReportConfigInfoList      SEQUENCE (SIZE(1..maxNrofReportConfigPerAperiodicTrigger)) OF CSI-AssociatedReportConfigInfo,
    ...
}

CSI-AssociatedReportConfigInfo ::=      SEQUENCE {
    reportConfigId                      CSI-ReportConfigId,
    resourcesForChannel                 CHOICE {
        nzp-CSI-RS                          SEQUENCE {
            resourceSet                         INTEGER (1..maxNrofNZP-CSI-RS-ResourceSetsPerConfig),
            qcl-info                            SEQUENCE (SIZE(1..maxNrofAP-CSI-RS-ResourcesPerSet)) OF TCI-StateId OPTIONAL -- Cond Aperiodic
        },
        csi-SSB-ResourceSet                 INTEGER (1..maxNrofCSI-SSB-ResourceSetsPerConfig)
    },
    csi-IM-ResourcesForInterference     INTEGER(1..maxNrofCSI-IM-ResourceSetsPerConfig)         OPTIONAL, -- Cond CSI-IM-ForInterference
    nzp-CSI-RS-ResourcesForInterference INTEGER (1..maxNrofNZP-CSI-RS-ResourceSetsPerConfig)    OPTIONAL, -- Cond NZP-CSI-RS-ForInterference
    ...
}

-- TAG-CSI-APERIODICTRIGGERSTATELIST-STOP
-- ASN1STOP
qcl-info
List of references to TCI-States for providing the QCL source and QCL type for each NZP-CSI-RS-Resource listed in nzp-CSI-RS-Resources of the NZP-CSI-RS-ResourceSet indicated by nzp-CSI-RS-ResourcesforChannel. Each TCI-StateId refers to the TCI-State which has this value for tci-StateId and is defined in tci-StatesToAddModList in the PDSCH-Config included in the BWP-Downlink corresponding to the serving cell and to the DL BWP to which the resourcesForChannelMeasurement (in the CSI-ReportConfig indicated by reportConfigId above) belong to. First entry in qcl-info-forChannel corresponds to first entry in nzp-CSI-RS-Resources of that NZP-CSI-RS-ResourceSet, second entry in qcl-info-forChannel corresponds to second entry in nzp-CSI-RS-Resources, and so on (see TS 38.214 [19], clause 5.2.1.5.1)


NZP-CSI-RS-Resource information element
-- ASN1START
-- TAG-NZP-CSI-RS-RESOURCE-START

NZP-CSI-RS-Resource ::=             SEQUENCE {
    nzp-CSI-RS-ResourceId               NZP-CSI-RS-ResourceId,
    resourceMapping                     CSI-RS-ResourceMapping,
    powerControlOffset                  INTEGER (-8..15),
    powerControlOffsetSS                ENUMERATED{db-3, db0, db3, db6}                         OPTIONAL,   -- Need R
    scramblingID                        ScramblingId,
    periodicityAndOffset                CSI-ResourcePeriodicityAndOffset                        OPTIONAL,   -- Cond PeriodicOrSemiPersistent
    qcl-InfoPeriodicCSI-RS              TCI-StateId                                             OPTIONAL,   -- Cond Periodic
    ...
}

-- TAG-NZP-CSI-RS-RESOURCE-STOP
-- ASN1STOP
qcl-InfoPeriodicCSI-RS
For a target periodic CSI-RS, contains a reference to one TCI-State in TCI-States for providing the QCL source and QCL type. For periodic CSI-RS, the source can be SSB or another periodic-CSI-RS. Refers to the TCI-State which has this value for tci-StateId and is defined in tci-StatesToAddModList in the PDSCH-Config included in the BWP-Downlink corresponding to the serving cell and to the DL BWP to which the resource belongs to (see TS 38.214 [19], clause 5.2.2.3.1)

Seems both would work with either option of the TCI state handling in PDSCH-Config due to the detailed field descriptions.

[bookmark: _Toc1064509][bookmark: _Toc1064777]Both CSI-AperiodicTriggerStateList and NZP-CSI-RS-Resource would work with either option of the TCI state handling in PDSCH-Config.
[bookmark: _Toc1064510][bookmark: _Toc1064778]Currently 38.331 and other specification seem to allow re-using the TCI-StateId in each BWP of a serving cell, i.e., to configure different TCI-States with the same TCI-StateID in different BWPs of the same serving cell. But since this is not stated explicitly it should be clarified to avoid diverging implementations.

1. [bookmark: _Toc1064512]Decide whether the TCI-StateID number space is shared across all BWPs of a serving cell or whether the same TCI-StateIDs may be re-used in each BWP. Clarify 38.331 accordingly.

For example, if the latter is adopted, it could be considered to add field description for the TCI State ID in the TCI-State IE to clarify that. One wording option is presented below.

[bookmark: _Toc535261589]–	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
    ...
}

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.

	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 configured. The RS can be located on a serving cell other than the serving cell in which the TCI-State is configured only if the qcl-Type is configured as typeC or typeD. See TS 38.214 [19] clause 5.1.5.

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

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

	qcl-Type
QCL type as specified in TS 38.214 [19] subclause 5.1.5.
TCI-StateId
TCI-State IDs are configured such that same TCI-StateID´is not used multiple PDSCH-Configs for one UE



	Conditional Presence
	Explanation

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







1. Conclusion
We made the following observations:
Observation 1	It is not described in PDSCH-Config whether the TCI states IDs can be reused or not in the per BWP lists.
Observation 2	In order to clarify that the TCI-State Ids in ControlResourceSet point to correct TCI-States in PDSCH-Configs a clarification is needed as shown above.
Observation 3	Both CSI-AperiodicTriggerStateList and NZP-CSI-RS-Resource would work with either option of the TCI state handling in PDSCH-Config.
Observation 4	Currently 38.331 and other specification seem to allow re-using the TCI-StateId in each BWP of a serving cell, i.e., to configure different TCI-States with the same TCI-StateID in different BWPs of the same serving cell. But since this is not stated explicitly it should be clarified to avoid diverging implementations.
Observation 5	TCI States Activation/Deactivation for UE-specific PDSCH MAC CE seems to work with either option for TCI-StateId handling in PDSCH-Config.

We propose the following:
Proposal 1	Decide whether the TCI-StateID number space is shared across all BWPs of a serving cell or whether the same TCI-StateIDs may be re-used in each BWP. Clarify 38.331 accordingly.


1. [bookmark: _In-sequence_SDU_delivery]Appendix
TCI state related MAC CEs in TS 38.821:
6.1.3.14	TCI States Activation/Deactivation for UE-specific PDSCH MAC CE
The TCI States Activation/Deactivation for UE-specific PDSCH MAC CE is identified by a MAC PDU subheader with LCID as specified in Table 6.2.1-1. It has a variable size consisting of following fields:
-	Serving Cell ID: This field indicates the identity of the Serving Cell for which the MAC CE applies. The length of the field is 5 bits;
-	BWP ID: This field indicates a DL BWP for which the MAC CE applies as the codepoint of the DCI bandwidth part indicator field as specified in TS 38.212 [9]. The length of the BWP ID field is 2 bits;
-	Ti: If there is a TCI state with TCI-StateId i as specified in TS 38.331 [5], this field indicates the activation/deactivation status of the TCI state with TCI-StateId i, otherwise MAC entity shall ignore the Ti field. The Ti field is set to "1" to indicate that the TCI state with TCI-StateId i shall be activated and mapped to the codepoint of the DCI Transmission Configuration Indication field, as specified in TS 38.214 [7]. The Ti field is set to "0" to indicate that the TCI state with TCI-StateId i shall be deactivated and is not mapped to the codepoint of the DCI Transmission Configuration Indication field. The codepoint to which the TCI State is mapped is determined by its ordinal position among all the TCI States with Ti field set to "1", i.e. the first TCI State with Ti field set to "1" shall be mapped to the codepoint value 0, second TCI State with Ti field set to "1" shall be mapped to the codepoint value 1 and so on. The maximum number of activated TCI states is 8;
-	R: Reserved bit, set to "0".


Figure 6.1.3.14-1: TCI States Activation/Deactivation for UE-specific PDSCH MAC CE


[bookmark: _Toc1064779]TCI States Activation/Deactivation for UE-specific PDSCH MAC CE seems to work with either option for TCI-StateId handling in PDSCH-Config.



6.1.3.15	TCI State Indication for UE-specific PDCCH MAC CE
The TCI State Indication for UE-specific PDCCH MAC CE is identified by a MAC PDU subheader with LCID as specified in Table 6.2.1-1. It has a fixed size of 16 bits with following fields:
-	Serving Cell ID: This field indicates the identity of the Serving Cell for which the MAC CE applies. The length of the field is 5 bits;
-	CORESET ID: This field indicates a Control Resource Set identified with ControlResourceSetId as specified in TS 38.331 [5], for which the TCI State is being indicated. In case the value of the field is 0, the field refers to the Control Resource Set configured by controlResourceSetZero as specified in TS 38.331 [5]. The length of the field is 4 bits;
-	TCI State ID: This field indicates the TCI state identified by TCI-StateId as specified in TS 38.331 [5] applicable to the Control Resource Set identified by CORESET ID field. If the field of CORESET ID is set to 0, this field indicates a TCI-StateId for a TCI state of the first 64 TCI-states configured by tci-States-ToAddModList and tci-States-ToReleaseList in the PDSCH-Config in the active BWP. If the field of CORESET ID is set to the other value than 0, this field indicates a TCI-StateId configured by tci-StatesPDCCH-ToAddList and tci-StatesPDCCH-ToReleaseList in the controlResourceSet identified by the indicated CORESET ID. The length of the field is 7 bits.


Figure 6.1.3.15-1: TCI State Indication for UE-specific PDCCH MAC CE
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