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Introduction
In R17, the core requirements for R17 unified TCI state switching delay have been defined in TS38.133. Accordingly, the corresponding unified TCI state switching delay test cases need to be defined. In this contribution, we provide discussion on the test setup for unified TCI state switching delay test cases.
Discussion
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]In RAN4, the following test cases are considered for R17 unified TCI state switching testing in both EN-DC and NR SA mode.
· DL TCI switching associated with non-serving PCI
· Joint TCI switching associated with serving PCI
· UL TCI switching associated with serving PCI
On Rel-17 unified TCI framework, a DL or joint TCI state is indicated by the same IE DLorJoint-TCIState. If the unified TCI state type is indicated as ‘SeparateULDL’, then the IE DLorJoint-TCIState indicates QCL information for only DL. If the unified TCI state type is indicated as ‘JointULDL’, then the IE DLorJoint-TCIState indicates QCL information for both DL and UL. A UL TCI state in R17 is indicated by the IE UL-TCIState, which needs to be indicated only when the unified TCI state type is indicated as ‘SeparateULDL’. 
On R17 beam indication, the list of R17 unified TCI state is configured by RRC message. The list of DL/joint TCI states is configured in the dedicated UL BWP configuration, which is similar to the list configuration of TCI states in R15/R16. The list of UL TCI states is configured in the dedicated UL BWP configuration, which is similar to the list configuration of uplink spatial relation list in R15/R16. 
Both MAC-CE based beam indication and DCI-based beam indication are supported for Rel-17 unified TCI framework. A unified TCI state can be activated via a MAC-CE that activating only a single TCI codepoint or via a DCI that indicating a TCI codepoint. In R15/R16, only MAC-CE based and DCI-based TCI beam indications are tested. In R17, it suggested only to test MAC-CE based beam indication. The existing test method of active TCI state switching can be used as reference for R17 DL/joint TCI state switching testing, and the existing UL spatial relation switching test method can be used as reference for R17 UL TCI state switching testing.
Proposal 1: For R17 unified TCI state switch testing, it is suggested only to test MAC-CE based beam indication.
Proposal 2: The existing test method of MAC-CE based active TCI state switching in R15/R16 can be used as reference for R17 DL/joint TCI state switching testing.
Proposal 3: The existing test method of MAC-CE based UL spatial relation switching in R15/R16 can be used as reference for R17 UL TCI state switching testing.
For legacy active TCI state switching, the test consists of two time periods. The test procedure can be defined as follows:
	Before the test starts
	· UE is connected to SpCell.
· UE is configured with two different TCI states for SpCell, TCI state 0 (associated to SSB0) and TCI state 1 (associated to SSB1).
· UE is indicated in TCI state 0 as active TCI state.

	During T1
	Only SSB0 and PDCCH/PDSCH associated to SSB0 is transmitted.

	During T2
	SSB1 starts transmitting. The UE is configured to provide periodic L1-RSRP reports with results for both SSB0 and SSB1. In slot n, UE receives a MAC-CE command indicating a switch to TCI state 1.


The above test procedure can be reused for R17 unified TCI state switching testing. In TS38.331, the followings are defined for TCI state.
	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          PUSCH-PathlossReferenceRS-Id                                OPTIONAL,   -- Cond JointTCI
    ul-powerControl-r17                 Uplink-powerControlId-r17                                   OPTIONAL    -- Cond JointTCI
   
    ]]

}

TCI-UL-State-r17 ::=             SEQUENCE {
    tci-UL-State-Id-r17              TCI-UL-State-Id-r17,
    servingCellId-r17                ServCellIndex                                         OPTIONAL,   -- Need R
    bwp-Id-r17                       BWP-Id                                                OPTIONAL,   -- Cond CSI-RSorSRS-Indicated
    referenceSignal-r17              CHOICE {
        ssb-Index-r17                    SSB-Index,
        csi-RS-Index-r17                 NZP-CSI-RS-ResourceId,
        srs-r17                          SRS-ResourceId
    },
    additionalPCI-r17                AdditionalPCIIndex-r17                                OPTIONAL,   -- Need R
    ul-powerControl-r17              Uplink-powerControlId-r17                             OPTIONAL,   -- Need R
    pathlossReferenceRS-Id-r17       PUSCH-PathlossReferenceRS-Id-r17                      OPTIONAL,   -- Need R
    ...
          
}


Both R15/R16 TCI state and R17 DL/joint TCI State are indicated by the IE ‘TCI-State’. When the IE ‘TCI-State’ is indicated for a joint TCI, PL-RS and UL power control parameters can be associated to the ‘TCI-State’. R17 ULTCI State is indicated by the IE ‘TCI-UL-State’. It can be observed that R17 unified TCI signaling is different from R15/R16 TCI signaling, RAN4 need to introduce new TCI configurations for R17 unified TCI in order to differentiating with R15/R16 TCI configurations.
Proposal 4: New TCI configurations for R17 unified TCI shall be introduced for defining R17 unified TCI switching delay tests.
For the test of DL TCI switching associated with non-serving PCI, the target TCI shall be associated to a SSB with non-serving PCI, corresponding. For the test of joint TCI switching associated with serving PCI, the joint TCI shall be configured to UE. 
In TS 38.214, the followings are defined for TCI configuration of PDCCH/PDSCH DMRS.
	For the DM-RS of PDCCH, the UE shall expect that an indicated DLorJointTCIState indicates one of the following quasi co-location type(s):
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with the same CSI-RS resource, or
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition.
For the DM-RS of PDSCH, the UE shall expect that an indicated DLorJointTCIState indicates one of the following quasi co-location type(s) if the UE is configured [TCI-State](s) with [tci-StateId_r17]:
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with the same CSI-RS resource, or
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'typeD' with a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition.


It can be observed that only CSI-RS can be indicated as reference signal in a DLorJointTCIState for PDCCH/PDSCH. Since UE needs to perform L1-RSRP measurements on SSB0 and SSB1 for beam reporting, CSI-RS resource which is QCL’d to SSB can be indicated as PL-RS in joint TCI state or UL TCI state. According to the test purpose and signaling design, the TCI configuration for R17 unified TCI state can be defined as follows:
Table 1: TCI configurations for unified TCI state switch delay test
	Test case
	TCI state 0
	TCI state 1

	DL TCI state switching associated with different PCI
	DL TCI state 0:
referenceSignal is CSI-RS which is QCL’d to SSB0.
SSB0 is associated with serving PCI
	DL TCI state 1:
referenceSignal is CSI-RS which is QCL’d to SSB1.
SSB1 is associated with non-serving PCI.

	Joint TCI state switching associated with serving PCI
	Joint TCI state 0:
referenceSignal is CSI-RS which is QCL’d to SSB0.
SSB0 is associated with serving PCI.
PL-RS is same CSI-RS for referenceSignal.
	Joint TCI state 1:
referenceSignal is CSI-RS which is QCL’d to SSB1.
SSB0 is associated with serving PCI.
PL-RS is same CSI-RS for referenceSignal.

	UL TCI state switching associated with serving PCI
	UL TCI state 0:
referenceSignal is SSB0.
SSB0 is associated with serving PCI
PL-RS is CSI-RS which is QCL’d to SSB0.
	UL TCI state 1:
referenceSignal is SSB1.
SSB1 is associated with serving PCI.
PL-RS is CSI-RS which is QCL’d to SSB1.


Proposal 5: The TCI configurations for R17 unified TCI switching delay tests can be defined as Table 1.
In R17, the UE shall be configured with the parameter unifiedtci-StateType for unified TCI indication. For both DL TCI state and UL TCI state switching delay test cases, the parameter unifiedtci-StateType shall be configured as SeparateULDL.
Proposal 6: The parameter ‘unifiedtci-StateType’ shall be configured to serving cell in R17 unified TCI state switching tests, where unifiedtci-StateType is indicated as ‘SeparateULDL’ for DL TCI and UL TCI switching tests and indicated as ‘JointULDL’ for joint TCI switching tests.
Conclusions
This contribution provides our discussion on test setup for R17 unified TCI state switching delay test cases. The followings are provided:
Proposal 1: For R17 unified TCI state switch testing, it is suggested only to test MAC-CE based beam indication.
Proposal 2: The existing test method of MAC-CE based active TCI state switching in R15/R16 can be used as reference for R17 DL/joint TCI state switching testing.
Proposal 3: The existing test method of MAC-CE based UL spatial relation switching in R15/R16 can be used as reference for R17 UL TCI state switching testing.
Proposal 4: New TCI configurations for R17 unified TCI shall be introduced for defining R17 unified TCI switching delay tests.
Proposal 5: The TCI configurations for R17 unified TCI switching delay tests can be defined as Table 1.
Table 1: TCI configurations for unified TCI state switching delay test
	Test case
	TCI state 0
	TCI state 1

	DL TCI state switching associated with different PCI
	DL TCI state 0:
referenceSignal is CSI-RS which is QCL’d to SSB0.
SSB0 is associated with serving PCI
	DL TCI state 1:
referenceSignal is CSI-RS which is QCL’d to SSB1.
SSB1 is associated with non-serving PCI.

	Joint TCI state switching associated with serving PCI
	Joint TCI state 0:
referenceSignal is CSI-RS which is QCL’d to SSB0.
SSB0 is associated with serving PCI.
PL-RS is same CSI-RS for referenceSignal.
	Joint TCI state 1:
referenceSignal is CSI-RS which is QCL’d to SSB1.
SSB0 is associated with serving PCI.
PL-RS is same CSI-RS for referenceSignal.

	UL TCI state switching associated with serving PCI
	UL TCI state 0:
referenceSignal is SSB0.
SSB0 is associated with serving PCI
PL-RS is CSI-RS which is QCL’d to SSB0.
	UL TCI state 1:
referenceSignal is SSB1.
SSB1 is associated with serving PCI.
PL-RS is CSI-RS which is QCL’d to SSB1.


Proposal 6: The parameter ‘unifiedtci-StateType’ shall be configured to serving cell in R17 unified TCI state switching tests, where unifiedtci-StateType is indicated as ‘SeparateULDL’ for DL TCI and UL TCI switching tests and indicated as ‘JointULDL’ for joint TCI switching tests.
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