
3GPP TSG RAN WG1 #115	R1-2311055
Chicago, USA, Nov 13th – Nov 17th, 2023

Source:	vivo
Title:	Discussion on beam application time for L1/L2-triggered Mobility
Agenda Item:	5
Document for:	Discussion and Decision
Introduction
According to the reply LS from RAN2 [1], there is no impact on RAN2 specifications regarding beam application time and the actual value of beam application time should be determined by RAN1 and RAN4. In RAN1#113 meeting, following agreement related to beam application time was agreed [2]. 
	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. 
· Send an LS to RAN2 and RAN4 to ask their feedback


In this contribution, we clarify the functionality of beam application time and discuss its necessity for LTM from RAN1 perspective. 
Discussion 
Beam application time is used to standardize the beam switch behavior on the UE side and ensure that both the UE side and the gNB side can transmit signal(s) and channel(s) based on the corresponding beam pair after this time. Generally, beam application time starts after UE confirms the correct reception of beam indication (e.g., ACK) and lasts for the duration of beam application. For example, for DCI-based beam indication in Rel-17 unified TCI framework, as shown in Figure 1, beam application time starts after the last symbol of the PUCCH/PUSCH with positive HARQ-ACK corresponding to the DCI scheduling the PDSCH that carries the beam indication, plus several slots defined in Table 5.3.1-1 of TS 38.214 [3]. And, the timeline applies for intra-cell and inter-cell beam management. 


Beam application time for DCI-based beam indication in unified TCI framework
For intra-cell and inter-cell beam management, due to no cell switch and no additional operation like interaction between F1 interfaces, data transmission and reception based on the indicated TCI state will be performed after beam application time. While for LTM, it is a handover case. And, according to RAN2’s process [4], the first UL transmission from UE to the target cell can be carried by dynamic grant and/or configured grant, which is scheduled or transmitted based on the QCL assumption determined by the indicated TCI state in the cell switch command. If beam application time is considered for LTM, potential timeline is shown as in Figure 2 and Figure 3 for DG-based and CG-based first UL transmission respectively. 


Timeline of LTM when UE arrival indication carried by dynamic grant
[bookmark: _Hlk146614847]As shown in Figure 2, if beam application time is introduced, TCI state#1 could be applied at the first slot that is at least X symbols/slots/msecs after the last symbol of the PUCCH or PUSCH carrying the ACK information, i.e., t1. However, UE could monitor PDCCH scheduling the first UL transmission based on the QCL assumption indicated by the TCI state#1 after high layer switch is complete, which at least includes RRC configuration application, i.e., t2. While for the network side, after sending cell switch command, source cell would send UE-related information to target cell, such as TCI state id and/or UE id. When the Target cell receives the information, it will adjust Tx beam based on the TCI state and then transmit PDCCH, i.e., t3. t3 is not equal to t1, especially for inter-DU scenarios where the duration of interaction of UE-related information between F1 interfaces is tens of msecs. Therefore, the introduction of beam application time is not beneficial for DG-based first UL transmission, especially in inter-DU cases. 
[bookmark: _Hlk146618553]For DG-based first UL transmission in inter-DU scenario, due to the timing that the network starts PDCCH transmission is always later than the timing that the indicated TCI state applies, the introduction of beam application time is unnecessary for LTM.   


Timeline of LTM when UE arrival indication carried by configured grant
[bookmark: _Hlk146698586]For CG-based first UL transmission, as shown in Figure 3, if beam application time is introduced, TCI state#1 could be applied at the first slot that is at least X symbols/msecs after the last symbol of the PUCCH or PUSCH carrying the ACK information, i.e., t1. However, the transmission of CG occasions can start only after the higher layer switch procedure is complete, i.e., t2, which includes RRC configuration application and MAC reset. For the network side, due to introduction of association between beams and CG occasions agreed in RAN2 [4], interaction between F1 interfaces can be avoided. Therefore, after the target cell accomplishes the CG configuration for the UE, it will monitor UL transmission on the allocated resource. Hence, the introduction of beam application is meaningless.
[bookmark: _Hlk146618560]For CG-based first UL transmission, beam application time is meaningless since UE can transmit UL data only after the completion of cell switch-related operations such as RRC configuration application, MAC reset and beam switch, rather than only after beam switch. 
Furthermore, according to the reply LS from RAN4[5], current cell switch delay defined in RAN4 can cover the TCI state application time, and there is no need to include additional beam application time component in the cell switch delay requirements. 
Current cell switch delay defined in RAN4 can cover the TCI state application time and RAN4 does not define additional requirement on beam application time.
With above analysis, it is also not necessary to consider beam application time for the indicated TCI state as a separate component from RAN1 perspective, since the beam switch triggered by cell switch command happens within the procedure of cell switch.  
[bookmark: _Hlk146807961]It is not necessary to consider the beam application time for the indicated TCI state in the cell switch command as a separate component from RAN1 perspective. 
Conclusions 
1. For DG-based first UL transmission in inter-DU scenario, due to the timing that the network starts PDCCH transmission is always later than the timing that the indicated TCI state applies, the introduction of beam application time is unnecessary for LTM.   
For CG-based first UL transmission, beam application time is meaningless since UE can transmit UL data only after the completion of cell switch-related operations such as RRC configuration application, MAC reset and beam switch, rather than only after beam switch. 
Current cell switch delay defined in RAN4 can cover the TCI state application time and RAN4 does not define additional requirement on beam application time.
1. It not necessary to consider the beam application time for the indicated TCI state in the cell switch command as a separate component from RAN1 perspective. 
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