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Introduction
At RAN4#104e meeting, the WI Even Further RRM enhancement for NR and MR-DC was discussed for the first time. Companies brought contributions identifying the potential problems on FR2 SCell activation and the WF was agreed in [1] leaving all the proposals open for further discussion. In this paper, we are discussing the L3 part enhancement for FR2 SCell activation delay reduction.
Discussion
According to the WF, it was agreed to prioritize at least the FR2 unknown SCell activation delay reduction in the 1st phase. The known/unknown condition for the FR2 SCell is defined in TS38.133 as below: 
For the first SCell activation in FR2 bands, the SCell is known if it has been meeting the following conditions:
-	During the period equal to 4s for UE supporting power class 1/5 and 3s for UE supporting power class 2/3/4 before UE receives the last activation command for PDCCH TCI, PDSCH TCI (when applicable) and semi-persistent CSI-RS for CQI reporting (when applicable):
-	the UE has sent a valid L3-RSRP measurement report with SSB index 
-	SCell activation command is received after L3-RSRP reporting and no later than the time when UE receives MAC-CE command for TCI activation
-	During the period from L3-RSRP reporting to the valid CQI reporting, the reported SSBs with indexes remain detectable according to the cell identification conditions specified in clauses 9.2 and 9.3, and the TCI state is selected based on one of the latest reported SSB indexes.
Otherwise, the first SCell in FR2 band is unknown.
From the text, the known/unknown condition is currently based on the L3-RSRP reporting within a time period. However, a UE is required to perform intra-frequency L3 measurement on deactivated SCell according to TS 38.133 clause 9.2.5.1. Unless the SCell is activated immediately after configuration, the UE would likely have detected the SCell and acquired a valid L3-RSRP measurement result at the time of SCell activation. Such L3 measurement well reflects the latest DL beam information of the SCell hence can be used to speed up the SCell activation. Therefore, the availability of a valid L3 measurement result at the time of SCell activation shall be considered to reduce the SCell activation delay. 
Observation 1: A UE is required to perform intra-frequency L3 measurement on deactivated SCell according to TS 38.133 section 9.2.5.1, which reflects the latest DL beam information of the SCell.
Proposal 1: The availability of a valid L3 measurement result at the time of SCell activation shall be considered to reduce the SCell activation delay.
The timeline for activating an FR2 unknown SCell is illustrated in Fig.1. As discussed above, if the UE has acquired a valid L3 measurement result at T1, it is unnecessary for the UE to do cell detection and beam measurement i.e. L1-RSRP measurement when activating the SCell. The SCell could have been considered as known since the UE has recognized the DL beams and is ready to be scheduled. The concern is network may not know about the latest measurement status at the UE. If the UE could send the latest L3 measurement status at the time of SCell activation, the network shall be able to determine the TCI state and the SCell can be activated in the same way as it is known. Therefore, the UE indication on the up-to-date L3 measurement status of the to-be-activated SCell can be introduced to reduce the FR2 unknown SCell activation delay.          
Proposal 2: The UE indication on the up-to-date L3 measurement status of the to-be-activated SCell is introduced to reduce the FR2 unknown SCell activation delay. 


Fig.1 Timeline for FR2 unknown SCell activation
In addition, the UE may not have the valid L3 measurement result at SCell activation e.g. SCell is activated immediately after configuration. In this case, the SCell is truly uknown to both UE and network hence UE would have to start from cell detection to acquire the DL beam information. At RAN4#104e meeting, there were a number of proposals to reduce the time period for each of the unknown SCell activation steps e.g. AGC, T/F tracking, L1-RSRP measurement etc. We are discussing the open issues relevant to L3 part enhancment in the following.  
Beam sweeping factor reduction
One of the most popular proposals is beam sweeping factor reduction where 8 Rx beams are currently assumed for both L3 measurement including AGC and T/F tracking and L1 measurement. 
Issue 2-2-1: Beam sweeping factor enhancement in L3 part of FR2 unknown SCell activation (not related with WI of FR2 multi-Rx chain DL reception)
· FFS on beam sweeping factor reduction during unknown FR2 SCell activation. 
· Option 1a (CMCC): The agreements on reduced RX beam sweeping factor for Rel-17 FR2 HST or positioning enhancement can be considered as baseline.
· Option 1b (vivo): Introduce the UE capability to support Rx beam sweeping factor can be less than 8 for FR2
· Option 1c (Ericsson): 
· RAN4 to define RX beam constant time. Where, RX beam constant time is a time duration or window within which the RX beams are assumed to be constant or non changing. Rx beam constant time to be agreed as [X=1280ms].
· If UE performed a full RX beam sweeping for a procedure, next procedures or steps fall within RX beam constant time do not need to perform RX beam sweeping.
· UE can speed up the remaining steps in SCell activation with a shorter beam scaling factor based on prior Rx beam information from the step before
· Other option is not precluded

We believe it is possible for the UE to apply a reduced beam sweeping factor based on the latest cell/measurement status at the time of SCell activation. For instance, if the cell has been detected, the UE may have some knowledge of the best candidate Rx beams hence a smaller factor can be adopted. The UE shall indicate the capability of applying a reduced beam sweeping factor to the network. 
Proposal 3: The UE can apply a reduced beam sweeping factor based on the latest cell/measurement status at the time of SCell activation.
In addition, the reduced Rx beam sweeping factor can be considered based on the measurement during SCell activation procedure. For instance, if the UE is able to identify the Rx beam setting after AGC settling, the UE may not need a full beam sweeping in the following cell search (8*Trs) step hence a smaller sweeping factor may apply. 
Proposal 4: The reduced Rx beam sweeping factor can be assumed for cell search step (X*Trs) if the UE is able to identify the Rx beam setting after AGC settling. 

Cell measurement/synchronization sample number reduction
Another aspect for optimization is the number of samples used for AGC. There are proposals to reduce the sample number from 2 to 1. 
Issue 2-2-3: Cell measurement/synchronization sample number related enhancement of FR2 unknown SCell activation
· FFS to align the understanding of cell measurement/synchronization/AGC in the existing FR2 unknown SCell activation delay requirement.
· FFS on all options for issue 2-2-3
· Option 1 (Apple, OPPO, CMCC, LGE, MTK, NTT DCM): RAN4 to study sample number reduction for L3 measurement/synchronization during unknown FR2 SCell activation (with -2dB SINR side condition)
· Option 1a(Apple, CMCC): RAN4 to study if we can remove or reduce L3 T/F tracking time (8 Trs)
· Option 2 (ZTE): Based on the assumption of scaling factor 8, whether the processing latency of AGC can be reduced, should be further discussed.
While we understood (TFirstSSB_MAX + 15*TSMTC_MAX + 8*Trs) represents the overall cell detection time, there seems to be different understanding on the time period used for cell measurement, cell synchronization, AGC and Time/frequency tracking. RAN4 should align the understanding on these sub-steps in existing FR2 unknown SCell activation delay requirement. 
Proposal 5: RAN4 should align the understanding of cell measurement/synchronization/AGC/T/F tracking in the existing FR2 unknown SCell activation delay requirements.
In existing FR2 SCell activation, 2 samples are assumed for AGC settling. We wonder if 2 samples are mandatorily needed and if the UE is possible to complete AGC settling with 1 sample. The potential of simplified AGC with 1 sample can be discussed in RAN4 to reduce the SCell activation delay.  
Proposal 6: RAN4 to discuss the potential of simplified AGC settling with 1 sample. 

RS related enhancements for fast activation
Issue 2-2-4: RS related enhancement of FR2 unknown SCell activation
· FFS: AP-CSI-RS and/or A-TRS based fast SCell activation may also apply to unknown FR2 SCell activation enhancement
In R17, the fast SCell activation is defined to speed up the SCell activation procedure. According to TS38.300, aperiodic CSI-RS for tracking i.e. A-TRS can be configured for an SCell to assist AGC and time/frequency synchronization. But the A-TRS is triggered only when SCell is known, or SCell is unknown but sharing the same beam information with an active serving cell in the same band i.e. in contiguous intra-band scenario. It is currently not applicable to FR2 unknown SCell. As the UE is experiencing a much longer activation delay when activating an FR2 unknown SCell, it is expected to study the solution to reduce the unknown SCell activation delay based on the A-TRS.
Proposal 7: RAN4 to study the solution to reduce the unknown SCell activation delay based on the A-TRS.
In existing spec, A-TRS can be triggered only if the UE has sent a valid measurement report for the SCell within a certain time period i.e. the SCell is known. However, this does not fully reflect the latest UE knowledge of the SCell. As discussed in Proposal 1, the UE is required to perform the intra-frequency measurement of the deactivated SCell and likely have the latest beam information of the SCell at the time of SCell activation. In the case, the UE may ask for the A-TRS based on the latest measurement status hence the A-TRS can be triggered accordingly. 
Proposal 8: A-TRS can be triggered based on the latest measurement status at UE. 

Conclusion
This contribution discusses the L3 part enhancement for FR2 SCell activation delay reduction. The observations and proposals are summarized as below:  
Observation 1: A UE is required to perform intra-frequency L3 measurement on deactivated SCell according to TS 38.133 section 9.2.5.1, which reflects the latest DL beam information of the SCell.
Proposal 1: The availability of a valid L3 measurement result at the time of SCell activation shall be considered to reduce the SCell activation delay.
Proposal 2: The UE indication on the up-to-date L3 measurement status of the to-be-activated SCell is introduced to reduce the FR2 unknown SCell activation delay. 
Proposal 3: The UE can apply a reduced beam sweeping factor based on the latest cell/measurement status at the time of SCell activation.
Proposal 4: The reduced Rx beam sweeping factor can be assumed for cell search step (X*Trs) if the UE is able to identify the Rx beam setting after AGC settling. 
Proposal 5: RAN4 should align the understanding of cell measurement/synchronization/AGC/T/F tracking in the existing FR2 unknown SCell activation delay requirements.
Proposal 6: RAN4 to discuss the potential of simplified AGC settling with 1 sample. 
Proposal 7: RAN4 to study the solution to reduce the unknown SCell activation delay based on the A-TRS.
Proposal 8: A-TRS can be triggered based on the latest measurement status at UE. 
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