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Introduction
In previous RAN4 meeting, overall impact to RRM requirements for unified TCI were discussed. WF [1] has been approved for the following issues
	Issue 1: PL-RS switching delay requirement for beam alignment case
Issue 2: MAC-CE based DL/UL TCI switching delay in separate TCI mode for serving cell
Issue 3: MAC-CE based DL/UL TCI switching delay in Joint TCI mode for serving cell
Issue 4: DCI based TCI state switching delay for serving cell
Issue 5: Multiple TCI switching delay
Issue 6: Common TCI switching delay for CA case
Issue 7: TCI switch delay requirements for target TCI is associated with non-serving cell (i.e., cell with different PCI)


First of all, considering WI core part timeline, the specification structure has been proposed in order to encourage companies to provide the relative CRs in the next RAN4 meeting. Furthermore, the impact to RRM requirements for above open issues has been provided to progress the work. 
Discussion
Overall specification structure
To support unified TCI framework in Rel-17 RAN4 specification, additional sub sections in section 8 have to be introduced for TCI switching delay. There are several alternatives for specification structure, e.g., section(s) for downlink TCI and uplink TCI respectively, or section(s) for separated TCI mode and joint TCI mode. In our understanding, from UE behaviour/implementation perspective, still there are two switching behaviour, i.e., downlink TCI switching, uplink TCI switching. In our understanding, it is benefit to follow the existing the specification structure to keep the downlink, uplink switching delay separately. Therefore, one of example of specification structure could be 
	8.10.15 Active downlink TCI state switching delay for unified TCI 
	8.10.15.1 Introduction 
	8.10.15.2 Know condition for downlink TCI state 
	8.10.15.3 MAC-CE based downlink TCI state switch delay 
	8.10.15.4 DCI based downlink TCI state switch delay 
	8.10.15.5 Active downlink TCI state list update delay 
8.10.16 Active uplink TCI state switching delay for unified TCI 
	8.10.16.1 Introduction 
	8.10.16.2 Know condition for uplink TCI state 
	8.10.16.3 MAC-CE based uplink TCI state switch delay 
	8.10.16.4 DCI based uplink TCI state switch delay 
	8.10.16.5 Active uplink TCI state list update delay 



Following such above structure, in the introduction part, it has to clearly indicate requirements are applied for the downlink TCI state switching configured by either separated TCI mode or joint TCI mode. 
In each sections, the delay requirements for serving cell and cell with different cell ID can be described separately, .e.g, 
“The requirements in this clause apply for a UE configured with one or more TCI state configurations on serving cell and cell with different cell ID from serving cell in MR-DC or standalone NR.”
We are open to discuss whether to have separate sections for serving cell and cell with different cell ID for specification structure based on the outcome of requirement delta between serving cell and cell with different cell ID, i.e., if identical requirements or similar requirements are specified for both serving cell and cell with different cell ID, no need to have separate sections.   
Also, following the agreements in previous RAN4 meeting, there is no additional PL-RS switching delay requirements which can be accommodated in the section of uplink TCI switching. Such indication can be also added in the introduction part of uplink TCI switching. 
We can also understand there may be other alternatives to specify the requirements for switching requirements for unified TCI. Given March 2022 is the deadline for core requirements, it is strongly recommended RAN4 could agree on the specification structure in RAN4 101bis-e meeting taking the above suggestion into accounts. Relative CRs can be prepared in coming RAN4 Feb meeting in order to meet the schedule of FeMIMO WI core part. 
Proposal 1: RAN4 agreed the specification structure for switching delay requirements for unified TCI in RAN4 101bis meeting taking the above suggestions into account  
Additionally, the existing descriptions on known condition as well the delay requirements for section 8.10 and 8.12 can be largely reused for newly introduced sections. 
PL-RS switching delay requirements
In current RAN4 specifications, uplink spatial relation switch delay and PL-RS switch delay are defined in the separate sections (8.12 and 8.14). For new introduced the unified TCI framework, PL-RS has been included in or associated with the TCI framework. As agreed in previous RAN4 meeting for PL-RS switching delay requirements, i.e., 
	· Don’t need to specify additional PL-RS switching delay requirement.
· RAN4 will further discuss 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, how to capture this in the spec is FFS. 



In the existing Rel-16 specification, PL-RS switching delay requirements is specified based on the condition of known PL-RS which shall be also applied in Rel-17 TCI framework. As agreed in RAN1, UE shall maintains the PL-RS of the activated UL TCI state or joint TCI state. In current specification, the maintained PL-RS switching delay is as identical as uplink spatial relation switching delay (with 1 slot difference in the equations will somehow cause misunderstanding anyway), i.e., 
	Uplink spatial relation switch delay 
If the target spatial relation associated to DL RS is known, upon receiving PDSCH carrying MAC-CE activation command in slot n, for UL spatial relation switch for PUCCH or semi-persistent SRS transmission of serving cell with a target UL spatial relation, the UE shall be able to transmit PUCCH or semi-persistent SRS with the target UL spatial relation in the slot n+ THARQ + + 1 when beamCorrespondenceWithoutUL-BeamSweeping is set to 1 where THARQ is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3].  
Path-loss reference signal switching delay 
If the target pathloss reference signal is known, upon receiving PDSCH carrying MAC-CE activation in slot n, UE shall be able to apply the target pathloss reference signal of the serving cell on which pathloss reference signal switch occurs no later than the slot n + + + NM*.  The UE shall be able to apply old pathloss reference signals until the slot n + + .



Therefore, 
Proposal 2: Specify the PL-RS switching delay for known and maintained condition by specifying requirements as same delay requirements as UL TCI switching delay requirements, e.g., slot n+ THARQ +  for MACE-CE based PL-RS switching delay  
MAC-CE based DL/UL TCI switching delay requirements for serving cell 
In previous RAN4 meeting, the following aspects have been agreed as 
	Issue 2: MAC-CE based DL/UL TCI switching delay in separate TCI mode for serving cell
· Re-use existing known conditions for associated DL-RS 
· Re-use existing MAC-CE based TCI switching delay requirements for DL TCI switching delay requirements for PDCCH and PDSCH 
· Reuse existing MAC-CE based uplink spatial relation switching requirements for UL TCI switching delay as starting points 
· FFS: Whether and how to specify requirements for MAC-CE based TCI state-pair indication, considering such one TCI state-pair containing 1 DL TCI and 1 UL TCI, and the source RSs for the 2 TCIs are different.

Issue 3: MAC-CE based DL/UL TCI switching delay in Joint TCI mode for serving cell
· Re-use existing known conditions for associated DL-RS 
· RAN4 will further discuss whether to define a total switching delay requirement or re-use the legacy requirements or DL/UL TCI switching delay defined in separate mode



For joint TCI with both uplink TCI and downlink TCI update case, RAN4 is required to further discuss on whether to specify the total delay requirements or apply the DL or UL switching delay specified in the separated mode respectively. In current RAN4 specification, for MAC-CE based DL TCI and Uplink spatial relation, the requirements are specified as below 
· DL unknown TCI:  n+ +(THARQ +TOk*(Tfirst-SSB + TSSB-proc+TSSB*LMAC,unknown)) /NR slot length. 
· UL unknown DL-RS: n+ THARQ + + TL1-RSRP+1
Additional delay proponents on top of MAC processing time have been added for timing/frequency tracking for downlink case and PL-RS measurement for uplink case. In our understanding, in simultaneous uplink TCI and downlink TCI update case, such additional delay proponent for uplink and downlink can be conducted independently. Also, UE does not have to wait the additional delay for receiving PDCCH with target TCI until UE is ready to transmit PUCCH or SRS in target UL TCI. With such understanding, 
Proposal 3: For joint TCI with both uplink TCI and downlink TCI update case, separated delay requirements for downlink and uplink is applied.
DCI based TCI switching delay for serving cell 
For DCI switching delay for serving cell, as specified in Rel-16 specifications, to refer to RAN1 decision on processing delay as RAN4 delay requirements can be also used in Rel-17 for both uplink switching and downlink switching 
	DCI based Downlink TCI switching delay 
If the target TCI state is known, when a UE is configured with the higher layer parameter tci-PresentInDCI which is set as 'enabled' for the CORESET scheduling the PDSCH at slot n, UE shall be able to receive PDSCH with target TCI state of the serving cell on which TCI state switch occurs at the first slot that is after slot n+timeDurationForQCL, where, 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 [26], the value of timeDurationForQCL is defined in TS 38.306 [14].
DCI based uplink TCI switching delay 

If the target spatial relation associated to DL RS is known, when a UE receives the DCI triggering aperiodic SRS at slot n with the higher layer parameter spatialRelationInfo, UE shall be able to transmit aperiodic SRS with target spatial relation of the serving cell on which spatial relation switch occurs in the slot+1, where, k is configured via higher layer parameter slotOffset[2] for each triggered SRS resources set and is based on the subcarrier spacing of the triggered SRS transmission, µSRS and µPDCCH are the subcarrier spacing configurations for triggered SRS and PDCCH carrying the triggering command respectively in TS 38.214 [26]. 



Proposal 4: RAN4 specification can refer to RAN1 decision on DCI processing delay as TCI switching delay requirements for both uplink the downlink 
TCI switch delay requirements for cell with different cell ID
In Rel-17 unified TCI framework, both serving cell TCI state and non-serving cell TCI state has been introduced in the TCI framework based on RAN1 conclusion. 
	On Rel-17 beam indication enhancements for inter-cell beam management, for separate DL/UL TCI, there is no consensus in restricting the indicated DL TCI and UL TCI to be associated with SSBs of a same physical cell ID.
· Whether a corresponding UE feature can be introduced can be discussed in UE feature agenda



In previous RAN plenary, the WID has been updated to only focus on the intra-frequency (and intra-DU) for inter-cell beam management in Rel-17. Therefore, RAN4 also has to limit the scope for non-serving cell TCI switch delay only to intra-frequency non-serving cells including both downlink TCI and uplink TCI  
To enable the inter-cell beam management, as similar as serving cell, TCI list configured by network shall be also included the non-serving cell, network will active the corresponding TCI for relative channel by DCI or MAC-CE. Therefore, the known condition for serving cell TCI in current specifications can be also applied for non-serving cell including L1-RSRP measurement, SSB/DL-RS side condition and so on. 
For downlink TCI, the delay requirements for MAC-CE based TCI and RRC based TCI defined in RAN4 spec consists of signalling processing time, delay if target TCI not in active TCI list and Rx beam refinements. Such above delay components can be also considered for non-serving cell TCI switching. Furthermore, in RAN4 #106bis meeting, the restriction of non-serving cell in Multi-TRP scenario has been agreed as 
	Agreement 
· Center frequency, SCS, SFN offset are assumed to be the same for SSBs from the serving cell and the configured  SSBs with PCI different from the serving cell for inter-cell multi TRP operation.
· The information related to “SSB time domain position” for  SSB with PCI different from the serving cell consists of [halfFrameIndex and] ssb-PositionsInBurst



With such understanding, RAN4 shall first discuss whether the existing requirements for serving cell can be applied for non-serving cell considering the know condition for TCI state and also limited intra-frequency non-serving cell scenario. In general, with newly introduced unified TCI frame for both uplink and downlink, RAN4 shall strive to specify the Rel-17 delay requirements not worse than Rel-15/16 switching performance. At least, in our understanding the TCI switch delay for non-serving cell shall be the same as delay performance for serving cells. 
Proposal 5: It is suggested to apply known condition in current specification for both serving cell and non-serving cell TCI switch delay requirements. 
Proposal 6: Apply the existing TCI switch delay and spatial relation switch delay for intra-frequency non-serving cell downlink TCI and uplink TCI switch delay 
Conclusion 
In this contributions, the following proposals have been provided based on the previous RAN4 agreements and existing RAN4 specifications 
Proposal 1: RAN4 agreed the specification structure for switching delay requirements for unified TCI in RAN4 101bis meeting taking the above suggestions into account  
Proposal 2: Specify the PL-RS switching delay for known and maintained condition by specifying requirements as same delay requirements as UL TCI switching delay requirements, e.g., slot n+ THARQ +  for MACE-CE based PL-RS switching delay  
Proposal 3: For joint TCI with both uplink TCI and downlink TCI update case, separated delay requirements for downlink and uplink is applied.
Proposal 5: It is suggested to apply known condition in current specification for both serving cell and non-serving cell TCI switch delay requirements. 
Proposal 6: Apply the existing TCI switch delay and spatial relation switch delay for intra-frequency non-serving cell downlink TCI and uplink TCI switch delay 
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