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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 R17, according to RAN1’s agreements, the TCI type/terms for unified TCI can be summarized as Table 1.
Table 1: TCI types/terms for unified TCI in R17
	TCI type/term
	Indications

	DL-only TCI
	The source reference signal(s) in the DL TCI provides QCL information at least for UE-dedicated reception on PDSCH and all/subset of CORESETs in a CC.

	UL-only TCI
	The source reference signal in the UL TCI provides a reference for determining UL TX spatial filter at least for dynamic-grant/configured-grant based PUSCH and all/subset of dedicated PUCCH resources in a CC.

	Joint DL/UL TCI
	The TCI refers to at least a common source reference RS used for determining both the DL QCL information and the UL TX spatial filter.


In R15/R16, the TCI state only indicates the QCL information for DL channel or RS, and the TX spatial filter information of UL channel or RS is indicated by the spatial relation. In TS38.133, the TCI state switch requirements and the spatial relation switch requirements are defined separately for different command types, which can be summarized as Table 2.
Table 2: TCI types/terms for unified TCI in Rel-17
	Requirement Type
	Signaling Type
	Switching Delay

	TCI state switching delay
	RRC
	Known case: TRRC_processing +TOk*(Tfirst-SSB + TSSB-proc)
Unknown case: TRRC_processing +TL1-RSRP +TOuk*(Tfirst-SSB + TSSB-proc)

	
	MAC CE
	Known case: THARQ + + TOk*(Tfirst-SSB + TSSB-proc)
Unknown case: THARQ + + TL1-RSRP +TOuk*(Tfirst-SSB+ TSSB-proc)

	
	DCI
	Known case: timeDurationForQCL

	UL spatial relation switching delay
	RRC
	Known case: THARQ + TRRC_processing+ 1
Unknown case: THARQ +TRRC_processing + TL1-RSRP +1

	
	MAC CE
	Known case: THARQ + + 1
Unknown case: THARQ + + TL1-RSRP +1

	
	DCI
	Known case: slotOffset

	Note 1: TRRC_processing is the RRC processing delay defined in TS38.331. T L1-RSRP is the time for Rx beam refinement in FR2. THARQ is the timing between DL data transmission and acknowledgement.
Note 2: timeDurationForQCL is the time required by the UE to perform PDCCH reception and applying spatial QCL information received in DCI for PDSCH processing as described in TS 38.214
Note 3: slotOffset is the configured higher layer parameter for each triggered SRS resources set and is based on the subcarrier spacing of the triggered SRS transmission.


It can be observed that the TCI/spatial relation switching delay is related to the signaling type and the known/unknown state of the RS resource. The RRC based or MAC-CE based TCI/spatial relation switching delay includes the necessary processing time for activation command and Rx beam refinement time (for unknown TCI). If the target TCI is not in the active TCI list, additional time for fine time tracking needs to be considered for TCI state switching delay. The DCI based TCI/spatial relation switching delay is configured by network based on UE capability and only known case is considered.
Observation 1: In R15/R16, the TCI state/spatial relation switching delay requirements are defined separately for different signaling types.
In RAN1, the following agreements have been achieved on beam indication signalling medium to support joint or separate DL/UL beam indication in R17 unified TCI framework
	· Support L1-based beam indication using at least UE-specific (unicast) DCI to indicate joint or separate DL/UL beam indication from the active TCI states 
· The existing DCI formats 1_1 and 1_2 are reused for beam indication
· Support a mechanism for UE to acknowledge successful decoding of beam indication
· The ACK/NAK of the PDSCH scheduled by the DCI carrying the beam indication can be used as an ACK also for the DCI
· FFS: Whether any additional specification support is needed
· Support activation of one or more TCI states via MAC CE analogous to Rel.15/16:
· At least for the single activated TCI state, the activated TCI state is applied
· The content for the MAC CE is determined based on the outcome of issue 1
· FFS: If supported, default TCI state when more than one TCI states are activated by MAC CE
· Note: There is no implications on the support of single TRP or multi-TRP


Both MAC-CE based and DCI based beam indications are supported for joint/separate TCI in Rel-17. The TCI state pool(s) can be configured in the PDSCH configuration (PDSCH-Config) for each BWP/CC as in Rel-15/16. In R15/R16, RRC based DL TCI state switching delay requirements apply when only 1 TCI state is configured in RRC TCI state pool. However, there is no consensus on how to indicate the pool(s) for joint or separate DL/UL TCIs. Whether to define RRC based TCI state switching delay requirements for joint or separate DL/UL TCIs needs RAN1’s inputs on TCI state pool(s). 
Proposal 1: For Rel-17 unified TCI, it is suggested to define TCI switching delay requirements separately for MAC-CE based indication and DCI based indication.
Proposal 2: For Rel-17 unified TCI, whether to define TCI switching delay requirements for RRC based indication needs RAN1’s inputs on TCI state pool configuration.
For MAC-CE based or DCI based activation, one TCI field can represents the following: 1) DL-only TCI state, 2) UL-only TCI state, 3) Joint DL/UL TCI state, 4) a pair of DL TCI state and UL TCI state. 
How to define the TCI switching delay requirements in Rel-17 are summarized as Table 3.
Table 3: Analysis of MAC-CE/DCI based TCI switching for R17 unified TCI
	Command type
	TCI field representation
	Related action(s)
	Issues/suggestion related to TCI switching requirements

	MAC-CE
	DL-only TCI state
	- DL TCI state switching
	- Define DL TCI state switching delay
- Whether to reuse R15/R16 MAC-CE based TCI state switching delay

	
	UL-only TCI state
	- UL TCI state switching
	- Define UL TCI state switching delay
- Whether to reuse the existing MAC-CE based spatial relation switching delay

	
	joint DL/UL TCI state
	- DL TCI state switching 
- UL TCI state switching
	- Whether to define single or separate delay for DL and UL
- Whether to reuse R15/R16 MAC-CE based TCI or spatial relation switching delay

	
	pair of DL TCI state and UL TCI state
	- DL TCI state switching
- UL TCI state switching
	- FFS: define separate delays for DL and UL
- FFS: whether to reuse the existing MAC-CE based TCI/spatial relation switching delay

	DCI
	DL-only TCI state
	- DL TCI state switching
	- Whether to reuse the existing DCI based TCI state switching delay

	
	UL-only TCI state
	- UL TCI state switching
	- Whether to reuse the existing DCI based spatial relation switching delay

	
	joint DL/UL TCI state
	- DL TCI state switching 
- UL TCI state switching
	- FFS: whether to define single or separate delay for DL and UL
- FFS: whether to reuse the existing DCI based switching delay

	
	pair of DL TCI state and UL TCI state
	- DL TCI state switching
- UL TCI state switching
	- FFS: whether to define separate delays for DL and UL
- Whether to reuse the existing DCI based TCI/spatial relation switching delay


In Rel-17, at least for MAC-CE based and DCI based beam indication, both DL TCI state and UL spatial relation switching can be indicated by one instance of beam indication, e.g. a joint TCI state or a pair of DL TCI and UL TCI states. However, according to R15/R16 TCI/spatial relation switch delay requirements, it can be observed that DL TCI switching delay may be longer than UL TCI switching delay due to considering fine time tracking for DL. So, RAN4 shall study how to specify the TCI switching delay requirements. Whether to separately define for different command types and whether to separately define for different TCIs need to be considered.
Proposal 3: For MAC-CE or DCI based TCI indication in Rel-17, RAN4 shall study the following aspects:
· Whether to further define TCI switching delay requirements separately for different TCI field types.
· Whether to further define TCI switching delay requirements separately for DL and UL when the TCI field represents a joint DL/UL TCI state or a pair of DL TCI state and UL TCI state.
Pathloss-RS switching in Rel-17
In Rel-16, a UE does not expect to simultaneously maintain more than four pathloss estimates per serving cell for all PUSCH/PUCCH/SRS transmissions and the number of RRC-configurable pathloss RSs can be larger than 4. The UE can be indicated by a MAC-CE command to update the pathloss-RS of serving cell, where the target pathloss-RS can be maintained or not maintained by the UE. The pathloss-RS switching delay includes at least the necessary processing time for MAC-CE command. If the target pathloss-RS is not maintained by the UE, the additional time for RSRP measurements needs to be considered for pathloss-RS switching delay.
In RAN1, the following agreements have been achieved on PL-RS measurements for R17 unified TCI
	On path-loss measurement for Rel.17 unified TCI framework, a PL-RS (configured for path-loss calculation) is either included in UL TCI state or (if applicable) joint TCI state or associated with UL TCI state or (if applicable) joint TCI state.
· Whether a UE supports “beam misalignment or not” (detailed definition FFS) between the DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication and the PL-RS is a UE capability
· Note: The term “beam misalignment” is for discussion purpose only
· Whether it is ‘included in’ or ‘associated with’ (including the manner it is performed and the signaling) is up to RAN2
· The UE maintains the PL-RS of the activated UL TCI state or (if applicable) 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
· FFS: detailed aspects of PL-RS, e.g. CSI-RS type(s), restriction on configuration
· FFS: For the definition of “beam misalignment or not”, at least consider the case where the periodic DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication is configured/associated as the PL-RS
· Note: PL-RS is assumed to be periodic


In Rel-17, a pathloss-RS could be included in or associated with UL TCI state or (if applicable) joint TCI state. The UE maintains the PL-RS of the activated UL TCI state or (if applicable) joint TCI state, and the maximum number of activated UL TCI states or (if applicable) joint TCI states per band per cell is a UE capability. However, RAN1 also agreed that the total number of maintained PL-RSs per CC is still no more than 4. The target pathloss-RS indicated by MAC-CE command could be not maintained by the UE, and the additional time for RSRP measurements still needs to be included into pathloss-RS switching delay. The current pathloss-RS switching delay requirements in R16 can be applied for both maintained case and non- maintained case. Hence, the current pathloss-RS switching delay requirements in R16 can also be reused in Rel-17.
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Conclusions
This contribution provides our analysis on RRM impacts of Rel-17 unified TCI and L1/L2-centric inter-cell mobility in NR FeMIMO. The following are provided:
Observation 1: In R15/R16, the TCI state/spatial relation switching delay requirements are defined separately for different signaling types.
Proposal 1: For Rel-17 unified TCI, it is suggested to define TCI switching delay requirements separately for MAC-CE based indication and DCI based indication.
Proposal 2: For Rel-17 unified TCI, whether to define TCI switching delay requirements for RRC based indication needs RAN1’s inputs on TCI state pool configuration.
Proposal 3: For MAC-CE or DCI based TCI indication in Rel-17, RAN4 shall study the following aspects:
· Whether to further define TCI switching delay requirements separately for different TCI field types.
· Whether to further define TCI switching delay requirements separately for DL and UL when the TCI field represents a joint DL/UL TCI state or a pair of DL TCI state and UL TCI state.
Proposal 4: The existing pathloss-RS switching delay requirements in R16 can be reused for Rel-17 unified TCI framework.
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