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Introduction
At RAN4#104bis-e meeting, companies further discussed the potentials on FR2 SCell activation delay reduction and the WF was captured in [1]. In this paper, we are discussing the L3 part enhancement for FR2 SCell activation delay reduction.
Discussion
At last meeting, it was agreed to further discuss the unknown scenario categorization and the enhancements respectively. 
Issue 2-1-1: Scenarios/status/categories for FR2 SCell activation enhancement 
Agreement:
· RAN4 to use option 4 as baseline to discuss the enhancement, and further unknown SCell scenario categorization can be discussed case-by-case in enhancement issues to determine whether and how to use such new category for enhancement.
· Option 4 (last meeting agreement): RAN4 to prioritize at least FR2 unknown SCell delay reduction in the 1st phase of the WI
· FR2 unknown Scell without intra-band serving cell is considered for 1st phase.
· The extension of the enhancement solutions to FR1 can also be discussed. 
· FFS on option 1/2/3 and other options are not precluded.
In existing SCell activation requirement, the known/unknown condition is based on the L3 measurement reporting within a time period. However, a UE is required to perform intra-frequency measurement on deactivated SCell according to TS 38.133 clause 9.2.5.1. In most cases the UE has detected the SCell and acquired a valid L3 measurement result at the time of SCell activation. For an unknown SCell, such L3 measurement reflects the latest DL beam information of the SCell and can be used to save the UE from cell search, beam measurement etc. which was designed assuming worst blind SCell activation. Therefore, the unknown scenario categorization shall at least consider the L3 measurement status at the time of SCell activation. If the UE has a valid L3 measurement result, the unknown SCell is considered as “semi-unknown” or “semi-known” to fascilitate the discussion. 
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 unknown scenario categorization shall at least consider the L3 measurement status at the time of SCell activation. If the UE has a valid L3 measurement result, the unknown SCell is considered as “semi-unknown” or “semi-known”.
Semi-unknown scenario
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. Hence, for the semi-unknown scenario, the UE shall send the up-to-date L3 measurement status of the to-be-activated SCell upon receiving SCell activation command. 
Proposal 2: For the semi-unknown scenario, the UE shall send the up-to-date L3 measurement status of the to-be-activated SCell upon receiving SCell activation command.  


Fig.1 Timeline for FR2 unknown SCell activation
After receiving the latest L3 measurement, the nework is able to activate the SCell by taking it as known. The following activation steps would be the same as activating a known SCell, except the TCI and SP-CSI-RS activation are based on the received L3 measurement after SCell activation command. 
Proposal 3: For the semi-unknown scenario, the unknown SCell shall be activated as known after the UE has sent the up-to-date L3 meeasurement upon receiving SCell activation command. 
In R17 fast SCell activation, A-TRS can be triggered if the UE has sent a valid measurement report for the SCell within a certain time period i.e. the SCell is known. In the semi-unknown scenario, the network can also trigger A-TRS based on the received latest L3 measurement status to speed up the AGC and time/frequency synchronization. In this case, A-TRS for fast SCell activation in R17 can be activated in TCI activation command.
Proposal 4: For the semi-unknown scenario, A-TRS for fast SCell activation can be triggered based on the received latest measurement status following SCell activation command. 
If the activation steps for the semi-unknown scenario above could be aligned, we need further discuss how to transmit the latest L3 measurement information upon receiving the SCell activation command. There was a proposal to use MAC message. The other alternatives could be using RRC signaling or DCI-based scheduling. We believe this should be discussed in RAN1/2 so we recommend sending LS to RAN1/2 asking for the feasible solution.
Proposal 5: Send LS to RAN1/2 asking for the solution to transmit the latest L3 measurement status upon receiving the SCell activation command. 

“Pure” unknown scenario
There are still the worst case where the UE does 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 unknown to both UE and network hence UE would have to start from AGC and cell search 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. These are more relevant to the pure unknown scenario.

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)
· Option 1: RAN4 to introduce the UE capability to support the UE Rx beam sweeping factor less than 8 for FR2 SCell activation.
· Option 1a: for RX beam sweeping factor reduction, the agreements on reduced RX beam sweeping factor for Rel-17 FR2 HST or Rel-17 positioning enhancement can be considered as baseline.
· Option 1b: Introduce the UE capability to support Rx beam sweeping factor can be less than 8 (i.e., 1, 2, 4, 6) for AGC settling and cell detection during unknown FR2 Scell activation.
· Option 2:
· Since L3 part is the first procedure after RF retuning, reducing RX beam sweeping factor at this stage could have negative impact on the performance of AGC and cell search procedure, which is a significant sacrifice to enhance the SCell activation delay.
· Option 3: RAN4 to consider introducing the UE capability to support the UE Rx beam sweeping factor less than 8 for FR2 Scell activation which is subject to the discussion on feasible conditions and scenarios.
As beam sweeping has been assumed in multiple activation steps e.g. AGC, cell search and L1-RSRP measurement, we believe it is possible for the UE to apply a reduced beam sweeping factor based on the latest measurement status during SCell activation. 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. The UE shall indicate the capability of applying a reduced beam sweeping factor to the network.
Proposal 6: A reduced Rx beam sweeping factor can be assumed for cell search step (X*Trs) and/or L1-RSRP measurement if the UE is able to identify the Rx beam setting after AGC settling. 
Proposal 7: The UE shall indicate the capability of applying a reduced beam sweeping factor to the network.

Cell measurement/synchronization sample number reduction
Issue 2-3-1: Align the understanding of cell measurement /synchronization /AGC in the existing FR2 unknown SCell activation delay requirement
· Option 1(Intel, CMCC, Ericsson, OPPO, Nokia, ZTE): RAN4 should align the understanding of cell measurement/synchronization/AGC/T/F tracking in the existing FR2 unknown SCell activation delay requirements
· Option 1a (QC, HW, OPPO, Nokia, vivo, ZTE, CTC, MTK): in existing FR2 unknown SCell activation case:
· TFirstSSB_MAX + 15*TSMTC_MAX: AGC (1 sample for coarse AGC and 1 sample for fine AGC)
· 8*Trs: cell search, time/frequency synchronization, time/frequency tracking
· Option 2 (Apple, Xiaomi): Option 1 is not needed.
Before discussing the potential enhancements, we believe it is helpful to understand the UE behaviour and align the terminologies for each of the L3 part steps. Based on the discussion so far, the controversial part is if AGC is counted as part of cell search. We understood there could be different UE implementation, but we may clarify the terminology when defining the requirement to avoid the misunderstanding. 
Proposal 8: RAN4 to clarify if AGC is counted as part of cell search step and align the understanding of terminology used for each of the L3 part steps. 
Issue 2-3-2: enhancement of “TFirstSSB_MAX + 15*TSMTC_MAX” part of current FR2 unknown SCell activation delay
· Option 1 (Apple, LGE, CMCC, Ericsson(for semi-unknown), OPPO, Nokia, ZTE): reduce the sample number to 1 for L3 measurement/synchronization during unknown FR2 Scell activation (with -2dB SINR side condition); i.e., change TFirstSSB_MAX + 15*TSMTC_MAX to TFirstSSB_MAX + 7*TSMTC_MAX.
· Option 2 (Ericsson(for semi-unknown), Nokia, ZTE): RAN4 to discuss the potential of simplified AGC settling with 1 sample.
· Option 3 (HW, vivo, MTK): The sample number of L3 part is 3 (2 for AGC and 1 for cell search), which is already small and can’t be reduced any further especially for the unknown Scell activation scenario.
· Option 4 (Ericsson(for semi-unknown), Nokia, ZTE): based on option 3 in issue 2-1-1
· For scenario 1, RAN4 to agree only one sample is required for AGC. That means TFirstSSB_MAX + N1*TSMTC_MAX.
Another aspect for optimization is the number of samples used for AGC. 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 9: RAN4 to discuss the potential of simplified AGC settling with 1 sample. 

RS related enhancements for fast activation
Issue 2-4-1: RS related enhancement of FR2 unknown SCell activation
· Option 1 (Xiaomi, HW, OPPO, CTC): The A-TRS can be used for L3 measurement for FR2 unknown Scell activation if the QCL information of the A-TRS is provided to UE. 
· Option 1a (Xiaomi, ZTE, CTC): If the triggered A-TRS is QCL-ed with the SSB of inter-band SpCell or one of inter-band active serving cell, A-TRS is configured for AGC adjustment, cell search and fine timing tracking for FR2 unknown Scell activation.
· Option 1b (ZTE, CTC): The extension of A-TRS based unknown FR1 Scell activation into inter-band scenario can also be introduced.
· Option 2 (Apple, QC, LGE, Intel, Ericsson, MTK): AP-CSI-RS and/or A-TRS based fast Scell activation is not apply to L3 part for unknown FR2 Scell activation enhancement.
· Option 3 (Nokia): based on option 2 in issue 2-1-1:
· RAN4 to study the solution to reduce the unknown Scell activation delay based on the A-TRS.
· A-TRS can be triggered based on the latest measurement status at UE.
· Option 4 (Xiaomi, HW, ZTE, CTC): 
· UE can obtain coarse timing information via QCL TypeC to inter-band serving cell subject to gNB configuration where the cell detection can be skipped.
· UE can obtain beam information via QCL TypeD to inter-band serving cell subject to gNB configuration.
· For FR2 unknown Scell activation without intra-band serving cell, up to gNB configuration, when the CSI-RS for CQI and TCI state of PDCCH/PDSCH is associated with the A-TRS, and the QCL source of A-TRS is configured as SSB in inter-band active serving cell (type C/D), A-TRS can be used for fine timing and the requirements is TFirstATRS + 5ms.
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 9: RAN4 to study the solution to reduce the unknown SCell activation delay based on the A-TRS.

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 unknown scenario categorization shall at least consider the L3 measurement status at the time of SCell activation. If the UE has a valid L3 measurement result, the unknown SCell is considered as “semi-unknown” or “semi-known”.
Proposal 2: For the semi-unknown scenario, the UE shall send the up-to-date L3 measurement status of the to-be-activated SCell upon receiving SCell activation command.  
Proposal 3: For the semi-unknown scenario, the unknown SCell shall be activated as known after the UE has sent the up-to-date L3 measurement upon receiving SCell activation command. 
Proposal 4: For the semi-unknown scenario, A-TRS for fast SCell activation can be triggered based on the received latest measurement status following SCell activation command. 
Proposal 5: Send LS to RAN1/2 asking for the solution to transmit the latest L3 measurement status upon receiving the SCell activation command. 
Proposal 6: A reduced Rx beam sweeping factor can be assumed for cell search step (X*Trs) and/or L1-RSRP measurement if the UE is able to identify the Rx beam setting after AGC settling. 
Proposal 7: The UE shall indicate the capability of applying a reduced beam sweeping factor to the network.
Proposal 8: RAN4 to clarify if AGC is counted as part of cell search step and align the understanding of terminology used for each of the L3 part steps. 
Proposal 8: RAN4 to discuss the potential of simplified AGC settling with 1 sample. 
Proposal 9: RAN4 to study the solution to reduce the unknown SCell activation delay based on the A-TRS.
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