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1 Introduction
In RAN96 , the WID about FR2 SCell activation delay reduction is agreed, which is shown below
	· FR2 SCell activation delay reduction
· Identify cases where FR2 SCell activation delay can be reduced (e.g., unknown target cell cases), and specify reduced delay requirements for such cases, including but not limited to [RAN4]
· Study and, if feasible, enhance cell detection for unknown SCell and time/frequency tracking
· Study and, if feasible, enhance L1-RSRP measurement delay reduction on target SCell
· Note: Subject to RAN4’s agreement, the technical solutions can be extended to other general RRM requirements if applicable.
· Specify if needed, reference signal enhancement and/or signaling enhancement for the UE to meet the enhanced delay requirements [RAN4, RAN2]
· Note: No RAN1 work, i.e. introducing new RS, is expected.
· Note: the technical solutions can be extended to FR1, when applicable


2 SSB based FR2 SCell activation delay
In legacy Rel-15 FR2 SCell activation,  the Tactivation_time is defined based on 4 scenarios:
Scenario 1: at least one active serving cell on that FR2 band, SMTC of target SCell is provided.
Scenario 2: at least one active serving cell on that FR2 band, No SMTC is not provided.
Scenario 3: No active serving cell on that FR2 band, target SCell is known
Scenario 4: No active serving cell on that FR2 band, target SCell is unknown
	SCell activation on FR2
	scenario 
	Delay
	procedure

	at least one active serving cell on that FR2 band
	scenario 1: SMTC of target SCell is provided
	TfirstSSB +5ms  
	No AGC and one fine timing acquisition is required.

	
	scenario 2: No SMTC is not provided
	3ms
	No AGC and fine timing acquisition are required.


	No active serving cell on that FR2 band
	scenario 3: target SCell is known 
	semi-persistent CSI-RS is used for CSI reporting:
3ms + max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP)
	TCI activation and fine time tracking are considered.

	
	
	periodic CSI-RS is used for CSI reporting:
max(Tuncertainty_MAC + 5ms + TFineTiming, Tuncertainty_RRC + TRRC_delay-THARQ)
	

	
	scenario 4: target SCell is unknown
	semi-persistent CSI-RS is used for CSI reporting:
6ms + TFirstSSB_MAX + 15*TSMTC_MAX + 8*Trs  + TL1-RSRP, measure + TL1-RSRP, report  
+ THARQ + max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP)
	
cell detection, AGC, beam sweeping, TCI activation, CSI activation/configuration

	
	
	periodic CSI-RS is used for CSI reporting:
3ms + TFirstSSB_MAX + 15*TSMTC_MAX + 8*Trs + TL1-RSRP, measure + TL1-RSRP, report 
+ max {(THARQ + Tuncertainty_MAC + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)}
	



For scenario 1 to 2, the delays are short and don’t need to consider extra delay reduction. 
Observation 1: For FR2 SCell activation, if there is active serving cell on the FR2 band, no delay reduction is needed.
For scenario 3, even through UE has sent L3 measurement before receiving SCell activation command, however, UE will not maintain the result as the SCell is deactivated. Therefore, TCI activation is still needed. There is no need to further reduce delay for TCI activation. However, since the total delay will also depend on the maximum delay between TCI activation delay and CSI activation delay, i.e. max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP) for SP CSI and  max {(THARQ + Tuncertainty_MAC + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)} for periodic CSI. Besides, CSI-RS activation/configuration delay will have impact on the unknown SCell case either, which will be analyzed later. Therefore, we need to discuss how to further reduce CSI activation/configuration delay, e.g. semi-persistent CSI-RS activation or RRC based CSI configuration command can be sent with SCell activation command together. 
Observation 2: For FR2 SCell activation, if SCell is known, no delay reduction for TCI activation is needed. CSI-RS activation/configuration delay will have impact on the total delay.
For scenario 4,  since the target SCell is unknown, many steps are involved, which are as follows:
In unknown case, UE needs to perform the following steps:
1) Application of SCell activation MAC CE
2) Cell detection, in order to find coarse timing of the SCell, and 
3) AGC, in order to settle the gain setting for the SCell, and 
4) L1-RSRP measurement and reporting, in order to find Rx beam for receiving and help the network to select Tx beam
5) Application of the PDCCH TCI activation MAC CE
6) Fine time tracking
7) CQI measurement and reporting

For step 2 and 3, 1 SSB for cell search and 2 SSB for AGC are assumed. Since the RX beam sweeping factor is 8, therefore total 3*8=24 SMTC is assumed. 
For step 4, L1-RSRP measurement will also be dependent on the Rx beam sweeping factor.
In Rel-18, we can further check whether RX beam sweeping factor can be reduced.
Observation 3: For FR2 SCell activation, if SCell is unknown, RX beam sweeping factor will have great impact on cell search time, AGC time and L1-RSRP measurement.
Proposal 1: For FR2 SCell activation, if SCell is unknown, further discuss whether RX beam sweeping factor can be reduced.
For step 5 and 6, it’s related to TCI activation. Since in step 4, UE has already performed L1-RSRP measurement. If UE report the best TX beam with SSB index, it’s reasonable that UE can assume to use the same beam assumption for the following PDCCH and CQI measurement. Therefore, UE doesn’t need to wait for the MAC CE based TCI activation and perform fine time tracking.
Observation 4: MAC CE based TCI activation will have great impact on the total delay. It’s possible that UE may assume to use the best reported beam for the following PDCCH and CQI measurement to reduce the delay.
Proposal 2: For FR2 SCell activation, if SCell is unknown, further discuss the UE beam assumption after L1-RSRP report to reduce MAC CE based TCI activation delay.
Besides, the semi-persistent CSI-RS activation or RRC based CSI configuration delay will also have impact on the total delay. if TCI activation skipped, the total delay will include the delay of SP CSI-RS activation or RRC based CSI configuration. If the delay is too long, e.g. larger than TCI activation delay, there is no delay reduction even if TCI activation is skipped. 
Observation 5: If semi-persistent CSI-RS activation delay or RRC based CSI configuration delay is too long, e.g. larger than TCI activation delay, there is no delay reduction even if TCI activation is skipped.
Therefore, we also need to discuss how to reduce the semi-persistent CSI-RS activation or RRC based CSI configuration delay. Similar with scenario 3, one possible solution is that semi-persistent CSI-RS activation or RRC based CSI configuration command can be sent with SCell activation command together, while this will require the signalling update in RAN2.
Proposal 3: Futher discuss how to reduce the semi-persistent CSI-RS activation or RRC based CSI-RS configuration delay.
For FR1 unknown target SCell case, similar, UE will wait for TCI activation and fine time tracking as well. It’s still possible that UE can assume TCI state by using the reported L1-RSRP result. If semi-persistent CSI-RS activation or RRC based CSI-RS configuration delay can be reduced, the same method for FR2 can be applied to FR1 as well.
Observation 6: The same TCI activation delay reduction and CSI activation/configuration delay reduction method can apply for FR1 SCell activation as well.
3 Conclusion
In this contribution, we provide our views regarding SCell activation delay reduction:
Observation 1: For FR2 SCell activation, if there is active serving cell on the FR2 band, no delay reduction is needed.
Observation 2: For FR2 SCell activation, if SCell is known, no delay reduction for TCI activation is needed. CSI-RS activation/configuration delay will have impact on the total delay.
Observation 3: For FR2 SCell activation, if SCell is unknown, RX beam sweeping factor will have great impact on cell search time, AGC time and L1-RSRP measurement.
Proposal 1: For FR2 SCell activation, if SCell is unknown, further discuss whether RX beam sweeping factor can be reduced.
Observation 4: MAC CE based TCI activation will have great impact on the total delay. It’s possible that UE may assume to use the best reported beam for the following PDCCH and CQI measurement to reduce the delay.
Proposal 2: For FR2 SCell activation, if SCell is unknown, further discuss the UE beam assumption after L1-RSRP report to reduce MAC CE based TCI activation delay.
Observation 5: If semi-persistent CSI-RS activation delay or RRC based CSI configuration delay is too long, e.g. larger than TCI activation delay, there is no delay reduction even if TCI activation is skipped.
Proposal 3: Futher discuss how to reduce the semi-persistent CSI-RS activation or RRC based CSI-RS configuration delay.
Observation 6: The same TCI activation delay reduction and CSI activation/configuration delay reduction method can apply for FR1 SCell activation as well.
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