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Introduction
In this contribution, we provide further discussion on RRM impacts of Rel-17 unified TCI in NR FeMIMO.
Discussion
For NR FeMIMO, TCI state switching and PL-RS switching are discussed for unified TCI framework.
TCI state switching for unified TCI in Rel-17
In last RAN4 meeting, it has agreed to define MAC-CE based and DCI based TCI switching delay requirements for unified TCI. DL/UL TCI switching requirements need to be defined for both joint TCI and separate TCI. Hence, the TCI state switching delay requirements shall include four cases: MAC-CE based DL TCI switching, MAC-CE based UL TCI switching, DCI based DL TCI switching and DCI based UL TCI switching.
Proposal 1: The following TCI state switching delay requirements needs to be defined for R17 unified TCI framework.
· MAC-CE based DL TCI state switching delay
· MAC-CE based UL TCI state switching delay
· DCI based DL TCI state switching delay
· DCI based UL TCI state switching delay
For MAC-CE/DCI based TCI switching, one TCI codepoint can represent a pair of DL TCI state and UL TCI state. Then, the UE needs to perform DL TCI state switching and UL TCI state switching respectively according to the indicated DL TCI and UL TCI. It is equivalent to a case where the UE receives the DL TCI state and the UL TCI state simultaneously. Both DL TCI state switching delay requirements and UL TCI state switching delay requirements shall be applied. However, the DL TCI state switching delay requirements shall be the same when being triggered by a DL TCI state or by a TCI state pair, and the UL TCI state switching delay requirements shall be the same when being triggered by a UL TCI state or by a TCI state pair. When the TCI codepoint represents a joint TCI, the UE also needs to perform DL TCI state switching and UL TCI state switching. It is equivalent to a case where the UE receives a TCI state pair and the same source RS is included in both DL TCI state and UL TCI state. Hence, the same DL/UL TCI state switching delay requirements can be applied also.
Proposal 2: The same DL TCI state switching delay requirements are applied when the target DL TCI state is indicated by a DL TCI state, a joint TCI state or a TCI pair.
Proposal 3: The same UL TCI state switching delay requirements are applied when the target UL TCI state is indicated by a UL TCI state, a joint TCI state or a TCI pair.
For DCI based DL/UL TCI state switching, according to RAN1 agreements, the switching delay shall be defined (THARQ + Y symbols), where THARQ is the time between DL data transmission and acknowledgement, and Y symbols is configured by gNB based on UE capability. For MAC-CE based DL/UL TCI state switching, RAN4 agreed to reuse R15/R16 MAC-CE based TCI switching delay requirements for R17 DL TCI switching delay requirements and to reuse R15/R16 MAC-CE based uplink spatial relation switching delay requirements for R17 UL TCI switching delay requirements. Hence, the DL/UL TCI switching requirements can be defined as follows:
	Requirement Type
	Known/Unknown
	Switching Delay

	MAC-CE based DL TCI state switching
	known
	THARQ + + TOk*(Tfirst-SSB + TSSB-proc)

	
	unknown
	THARQ + + TL1-RSRP +TOuk*(Tfirst-SSB+ TSSB-proc)

	MAC-CE based DL TCI state switching
	known
	THARQ + + 1

	
	unknown
	THARQ + + TL1-RSRP +1

	DCI based DL TCI state switching
	known only
	THARQ + Y symbol

	DCL based UL TCI state switching
	known only
	THARQ + Y symbol


Proposal 4: The TCI state switching delay requirements for R17 unified TCI can be defined as follows:
	Requirement Type
	Known/Unknown
	Switching Delay
	Applicable cases

	MAC-CE based DL TCI state switching
	known
	THARQ + + 
TOk*(Tfirst-SSB + TSSB-proc)
	DL TCI, joint TCI or TCI pair

	
	Unknown
	THARQ + + TL1-RSRP +
TOuk*(Tfirst-SSB+ TSSB-proc)
	

	MAC-CE based DL TCI state switching
	known
	THARQ + + 1
	UL TCI, joint TCI or TCI pair

	
	Unknown
	THARQ + + TL1-RSRP +1
	

	DCI based DL TCI state switching
	Known only
	THARQ + Y symbol
	DL TCI, joint TCI or TCI pair

	DCI based UL TCI state switching
	Known only
	THARQ + Y symbol
	UL TCI, joint TCI or TCI pair


For MAC-CE based DL/UL TCI state switching, RAN4 has agreed to reuse the existing known condition for the associated DL-RS. For known TCI, the associated DL-RS is used for L1-RSRP measurement reporting. According to RAN1 agreements, both SSB and CSI-RS can be used as the source RS in a TCI state. However, only CSI-RS can be configured in the TCI state of PDCCH/PDSCH. A SSB can be used as the source RS (QCL-typeD) in a TCI state of CSI-RS. So, the source RS in the TCI state of PDCCH/PDSCH can be QCL-typeD to a SSB. In R17, a cell with PCI different from the serving cell can be served as a TRP, and UE receives and transmits signals using UE-dedicated channel on the TRP with different PCI. SSB with PCI different from the serving cell can be used as a QCL Type-D source RS for CSI-RS for BM/TRS. L1-RSRP measurements based the SSB with PCI different from the serving cell are supported in R17. Hence, the associated DL-RS for target TCI can be a SSB with PCI different from the serving cell. For this case, the DL/UL TCI state switching delay requirements suggested in Proposal 4 also can be applied.
Proposal 5: For R17 unified TCI, the same DL/UL TCI state switching delay requirements are applied when the associated SSB for target TCI is with the serving cell PCI or with PCI different from the serving cell.
Pathloss-RS switching in Rel-17
RAN4 needs to further study whether UL TCI state switching requirements can be re-used for PL-RS switching delay if UL TCI state switching can trigger PL-RS switch.
According to RAN1 agreements, a PL-RS is either included in UL/joint TCI state or associated with UL/joint TCI state. The maximum number of activated UL TCI states or (if applicable) joint TCI states per band per cell is a UE capability, i.e. the maximum number of UL/joint TCI activated via MAC-CE is a UE capability. The UE maintains the PL-RS of the activated UL/joint TCI state. When UL/joint TCI state switching is indicated by a DCI and a PL-RS is included in or associated with the UL/joint TCI state, the UE maintains the PL-RS and the DCI based UL state switching delay (THARQ + Y symbol) can be reused as PL-RS switching delay.
Proposal 6: When the UE needs to update a PL-RS which is included in or associated with the UL/joint TCI state by DCI, the DCI based UL state switching delay can be reused as PL-RS switching delay.
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Conclusions
This contribution provides our analysis on RRM requirements for Rel-17 unified TCI in NR FeMIMO. The following are provided:
Proposal 1: The following TCI state switching delay requirements needs to be defined for R17 unified TCI framework.
· MAC-CE based DL TCI state switching delay
· MAC-CE based UL TCI state switching delay
· DCI based DL TCI state switching delay
· DCI based UL TCI state switching delay
Proposal 2: The same DL TCI state switching delay requirements are applied when the target DL TCI state is indicated by a DL TCI state, a joint TCI state or a TCI pair.
Proposal 3: The same UL TCI state switching delay requirements are applied when the target UL TCI state is indicated by a UL TCI state, a joint TCI state or a TCI pair.
Proposal 4: The TCI state switching delay requirements for R17 unified TCI can be defined as follows:
	Requirement Type
	Known/Unknown
	Switching Delay
	Applicable cases

	MAC-CE based DL TCI state switching
	known
	THARQ + + 
TOk*(Tfirst-SSB + TSSB-proc)
	DL TCI, joint TCI or TCI pair

	
	Unknown
	THARQ + + TL1-RSRP +
TOuk*(Tfirst-SSB+ TSSB-proc)
	

	MAC-CE based DL TCI state switching
	known
	THARQ + + 1
	UL TCI, joint TCI or TCI pair

	
	Unknown
	THARQ + + TL1-RSRP +1
	

	DCI based DL TCI state switching
	Known only
	THARQ + Y symbol
	DL TCI, joint TCI or TCI pair

	DCI based UL TCI state switching
	Known only
	THARQ + Y symbol
	UL TCI, joint TCI or TCI pair


Proposal 5: For R17 unified TCI, the same DL/UL TCI state switching delay requirements are applied when the associated SSB for target TCI is with the serving cell PCI or with PCI different from the serving cell.
Proposal 6: When the UE needs to update a PL-RS which is included in or associated with the UL/joint TCI state by DCI, the DCI based UL state switching delay can be reused as PL-RS switching delay.
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