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[bookmark: _Toc116995841]Introduction
RAN1 has sent an LS to RAN4 in [1], where one of the questions to RAN4 considers beam application time at LTM cell switch. The relevant part of the LS is:
	A. Beam application time

RAN1 has made the following agreement in RAN1#113:

Agreement
· For the beam application time for Rel-18 LTM,
· Beam application time is supported, and starts after the last symbol of the PUCCH or PUSCH carrying the HARQ-ACK for the PDSCH which carries MAC-CE containing cell switch command with the beam indication for the target cell(s)
· FFS: reference SCS, i.e. serving cell and/or target cell
· At least the following components are further studied to define the beam application time
· Whether TCI state activation is received before/together with cell switch command
· Legacy values, i.e.  and BeamAppTime-r17
· RF retuning time when inter-frequency switch is performed, which is up to RAN4
· Whether the target cell is one of the current serving cells
· Cell switching time, which is defined by RAN2 and RAN4, may or may not include the potential components of beam application time above. 

RAN1 respectfully asks RAN2 and RAN4 to provide their feedback to complete the RAN1 work on beam switching time for LTM.




In this contribution we discuss the LS response to RAN1 regarding this part of the LS.
TCI state activation and indication baseline in LTM
RAN1 has agreed that unified TCI framework is used for indicating the target beam for LTM. 
In unified TCI framework, the procedure consists of the following steps:
1. RRC-based configuration of TCI states (joint UL/DL TCI states or separate UL and DL TCI states)
2. MAC-CE based activation of up to 8 joint UL/DL TCI states or separate UL and DL TCI states
· RAN4 requirements for activation of a single joint UL/DL or separate UL and DL TCI states:
· 8.15.3	MAC-CE based downlink TCI state switch delay
· 8.16.3	MAC-CE based uplink TCI state switch delay
· RAN4 requirements for activation of more than one joint UL/DL state or separate UL and DL TCI states
· 8.15.5	Active Downlink TCI state list update delay
· 8.16.5	Active Uplink TCI state list update delay
3. DCI-based indication of a single joint UL/DL TCI state or a pair of UL and DL TCI states
· RAN4 requirements:
· 8.15.4	DCI based downlink TCI state switch delay
· 8.16.4	DCI based uplink TCI state switch delay

According to RAN1/RAN2 agreements, TCI state activation can be either done before the cell switch command with a separate MAC-CE for a candidate cell or at the cell switch command for the target cell. 
[bookmark: _Toc142663273]In LTM, TCI state activation can be done either with a separate MAC CE before the cell switch command or at the cell switch command.
Instead of indicating the TCI state in DCI, TCI state indication in LTM is done at the cell switch command, which is a MAC CE message. TCI state indication at the cell switch command is done either together with TCI state activation or alone for a TCI state that was activated before the cell switch command.
[bookmark: _Toc142663274]In LTM, TCI state indication is done at the cell switch command, which is a MAC-CE command (not DCI as in legacy).
When TCI state indication (and activation) is done at the cell switch command, a single joint TCI state or a pair of UL/DL TCI states is indicated/activated. The legacy delay for DCI-based TCI state switch for a unified DL TCI state i.e. TCI state indication is defined follows:
	8.15.4	DCI based downlink TCI state switch delay
When a UE is configured with the higher layer parameter with DLorJointTCIState or UL-TCIState, activated with TCI states for downlink transmission by MAC CE indication of more than one codepoints, and receives DCI format 1_1/1_2 with or without DL assignment providing indicated TCI-State or TCI state pair in the active TCI list for a CC, the UE transmits a PUCCH with HARQ-ACK information corresponding to the DCI carrying the TCI-State indication.
If the target TCI state is known, the downlink TCI switching to the indicated DL TCI state or joint TCI state in the DCI format shall be completed starting from the first slot that is at least BeamAppTime-r17 symbols after the last symbol of the PUCCH carrying HARQ-ACK in response to the DCI triggering TCI state activation. The first slot and the BeamAppTime-r17 symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. The value of BeamAppTime-r17 is defined in TS 38.331 [2]. The known condition for TCI state defined in clause 8.15.2 is applied.



As shown above, the delay starting point is the UE transmission of a PUCCH with HARQ-ACK information corresponding to the DCI carrying the TCI-State indication. The ending point is at the first slot that is at least BeamAppTime-r17 symbols after the last symbol of the PUCCH carrying HARQ-ACK in response to the DCI triggering the TCI state activation.
BeamAppTime-r17 is defined in TS 38.133 and gets the following values:
[image: ]
RAN1 has agreed that beam application time is also supported in LTM, with the details pending on RAN4 and RAN2 feedback. 
[bookmark: _Toc142663275]For DCI-based TCI state indication in Rel-17, beam application time is defined as the time from when the network receives from the UE a HARQ-ACK response to the DCI until the slot where the indicated TCI state is considered applied. 
Beam application time as part of LTM cell switch delay
Similar to legacy, RAN1 has agreed that also for LTM cell switch, beam application time is supported, and starts after the last symbol of the PUCCH or PUSCH carrying the HARQ-ACK for the PDSCH which carries MAC-CE containing cell switch command with the beam indication for the target cell(s). However, it is unclear whether RAN1 is going to define beam application time in a similar manner also for LTM cell switch, or whether beam application time can be considered to be included, partially or fully, in the cell switch. 
In the LS, what RAN1 needs to know is whether the components of the beam application time as described in the LS are taken into account in the cell switch delay by RAN4. 
Based on the current RAN4 agreements, there is no final consensus on any of the components RAN1 has listed. However, in our view RAN4 has already started the discussion on each of the components individually. Moreover, the listed aspects are discussed in:
· Whether TCI state activation is received before/together with cell switch command: Discussed at least as part of  the definition of T∆ and Tmargin
· Legacy values, i.e.  and BeamAppTime-r17: MAC-CE processing is discussed as part of Tcmd.
· RF retuning time when inter-frequency switch is performed, which is up to RAN4: Discussed as part of TLTM_processing
· Whether the target cell is one of the current serving cells: Discussed at least as part of TLTM_processing, T∆ and Tmargin
Considering the status of the discussion for the cell switch delay, RAN4 can respond to RAN1 at this point that the components listed by RAN1 are to be taken into account in the cell switch delay, and the cell switch delay may be different depending on one or more of these components. Furthermore, RAN4 should keep the beam application time definition and legacy requirement, as well as any new RAN1 agreements regarding beam application time in mind when defining the cell switch requirements.
[bookmark: _Toc142663276]The components of beam application time listed by RAN1 are being discussed as part of the cell switching delay in RAN4, and the cell switch delay may be different depending on at least some of the components.
[bookmark: _Toc142663277]Considering the current status of RAN4 discussion about LTM cell switch delay, RAN4 may reply to RAN1 LS about beam application time that the components listed by RAN1 are studied and will be taken into account as part of the cell switch delay in RAN4.
In the LS response RAN4 may also include any relevant agreements that may be reached during the RAN4#108 meeting.
[bookmark: _Toc116995848]Conclusion
In the paper, the following Observations and Proposals were made:
Observation 1: In LTM, TCI state activation can be done either with a separate MAC CE before the cell switch command or at the cell switch command.
Observation 2: In LTM, TCI state indication is done at the cell switch command, which is a MAC-CE command (not DCI as in legacy).
Observation 3: For DCI-based TCI state indication in Rel-17, beam application time is defined as the time from when the network receives from the UE a HARQ-ACK response to the DCI until the slot where the indicated TCI state is considered applied.
Observation 4: The components of beam application time listed by RAN1 are being discussed as part of the cell switching delay in RAN4, and the cell switch delay may be different depending on at least some of the components.
Proposal 1: Considering the current status of RAN4 discussion about LTM cell switch delay, RAN4 may reply to RAN1 LS about beam application time that the components listed by RAN1 are studied and will be taken into account as part of the cell switch delay in RAN4.
[bookmark: _Toc116995849]
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