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1	Introduction
A WF on Rel-18 eFeRRM [1] was approved in RAN4#104bis-e meeting. In this contribution, we discuss the L3 enhanced requirements for FR2 SCell activation delay reduction.
	· 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	Discussion
Scenarios for FR2 SCell activation enhancement
In last meeting, RAN4 to use option 4 in WF[1] 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: 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.
As suggested, new UE categorization based on option 1/2/3 can be discussed case-by-case to determine whether and how to use such new category for enhancement. We also understand the motivation of introducing different scenarios or different type of UEs. Actually, UE may use some prior known information to reduce the Scell activation delay. We can further discuss such limitations, but prefer not to change current definition of known/unknown state. They may be decoupled with the known or unknown conditions which can be kept as the legacy.
We are open to further discuss the details of enhancement requirements, e.g.m how L3 report can be configured/allowed/triggered during L3, what UE can report and how frequently, what is UE/NW behavior after report (keep doing L1 (enhanced way) or skip to TCI activation command, etc)
Proposal 1: RAN4 not to change current definition of known/unknown state and discuss prior conditions to reduce the Scell activation delay.
Beam related enhancement for L3 part 
	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:
· 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.
Issue 2-2-2: Beam sweeping factor enhancement related with WI of FR2 multi-Rx chain DL reception
Agreement：
· In 1st phase, RAN4 not to consider to leverage conclusions from multi-Rx chain DL reception WI to FR2 SCell activation enhancement in R18 eFeRRM WI. 
· In 2nd phase, if the multi-Rx chain DL reception WI has corresponding conclusions for measurement delay reduction of single carrier case, RAN4 to discuss whether or how to leverage conclusions from multi-Rx chain DL reception WI to FR2 Scell activation enhancement in R18 eFeRRM WI.



Most companies agreed to reduce Rx beam sweeping factor for SCell activation delay in FR2. For AGC adjustment, cell search or time/frequency tracking in L3 measurement, Rx beam sweeping factor less than 8 can be considered to cover the most common cases. We think the method for HST or FR2 positioning can be reused by defining a set of candidate Rx beam sweep factors based on UE capability, e.g., {1, 2, 4, 6, 8}.  
Proposal 2: RAN4 to introduce UE capability for FR2 Rx beam sweep factors less than 8 for FR2 SCell activation.
AGC/Cell measurement/synchronization sample number related enhancement for L3 part
	Issue 2-3-1: Align the understanding of cell measurement /synchronization /AGC in the existing FR2 unknown SCell activation delay requirement
FFS：
· 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.
Issue 2-3-2: enhancement of “TFirstSSB_MAX + 15*TSMTC_MAX” part of current FR2 unknown SCell activation delay
FFS:
· 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.
Issue 2-3-3: enhancement of “8*Trs” part of current FR2 unknown SCell activation delay
FFS:
· Option 1 (Apple, QC (for semi-unknown), OPPO, Nokia, ZTE): for unknown R18 FR2 SCell activation enhancement, RAN4 to further discuss remove or reduce L3 T/F tracking time (8 Trs) after concluding beam sweeping factor and PSS/SSS detection enhancement.
· Option 2 (CMCC, OPPO, ZTE): if timing information can be acquired in the component of AGC/Cell synchronization (i.e. TFirstSSB_MAX + 15*TSMTC_MAX ), 8*Trs can be removed.
· Option 3 (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.


RAN4 can align the understanding of cell measurement/synchronization/AGC/T/F tracking in the existing FR2 unknown SCell activation delay requirements. Considering some UE implementation, cell search may be performed together with AGC. We can only consider such assumptions in defining requirements but not explicitly state them in the spec.
· 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
Proposal 3: RAN4 can align the understanding of cell measurement/synchronization/AGC/T/F tracking in the existing FR2 unknown SCell activation delay requirements for discussion but not explicitly state them in the spec.
For L3 measurement, we can also consider to reduce the number of measured RS samples under -2dB SINR. For instance, 1 sample for L3 measurement/synchronization for unknown case could be further check based on simulation results, e.g., change TFirstSSB_MAX + 15*TSMTC_MAX to TFirstSSB_MAX + 7*TSMTC_MAX.
Proposal 4：For L3 measurement, consider to reduce measured RS samples (e.g., 1 sample) under -2dB SINR.
For unknown R18 FR2 SCell activation enhancement, RAN4 to further discuss remove or reduce L3 T/F tracking time (8 Trs) after concluding beam sweeping factor and PSS/SSS detection enhancement.
Proposal 5：RAN4 to further discuss remove or reduce L3 T/F tracking time (8 Trs) after concluding beam sweeping factor and PSS/SSS detection enhancement.
RS related enhancement for L3 part
	Issue 2-4-1: RS related enhancement of FR2 unkown 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.



According to the agreements in R17, A-TRS has been well verified and used for fast SCell activation, including both FR1 known and unknown case, and FR2 known case. It is feasible to reduce the time period of cell search, acquiring frequency/timing tracking, and even fine timing for target TCI RS. Compared to periodic signals such as SSB or CSI-RS used for cell search and/or timing tracking, A-TRS can avoid to wait for the RS occasions in a long periodic duration.
One concern is that, for FR2 unknown case, it may be hard to acquire the first aperiodic RS before achieving the cell timing information. If the triggered A-TRS is QCL-ed TypeC and/or TypeD with the SSB of inter-band SpCell or one of inter-band active serving cell, such timing uncertainty can be removed by obtaining coarse timing information and/or beam information via associated RS. In this case, we think A-TRS can also be considered to reduce L3 part delay for FR2 unknown SCell activation. 
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Figure 2. an illustration of reduced latency with A-TRS
Besides, we are open to discuss how to reuse the timing and beam information from inter-band serving cell.
Proposal 6：A-TRS can also be considered to reduce L3 part delay for FR2 unknown SCell activation if timing information and/or beam information are obtained via QCL-ed RS.
3	Conclusion
Proposal 1: RAN4 not to change current definition of known/unknown state and discuss prior conditions to reduce the Scell activation delay.
Proposal 2: RAN4 to introduce UE capability for FR2 Rx beam sweep factors less than 8 for FR2 SCell activation.
Proposal 3: RAN4 can align the understanding of cell measurement/synchronization/AGC/T/F tracking in the existing FR2 unknown SCell activation delay requirements for discussion but not explicitly state them in the spec.
Proposal 4：For L3 measurement, consider to reduce measured RS samples (e.g., 1 sample) under -2dB SINR.
Proposal 5：RAN4 to further discuss remove or reduce L3 T/F tracking time (8 Trs) after concluding beam sweeping factor and PSS/SSS detection enhancement.
Proposal 6：A-TRS can also be considered to reduce L3 part delay for FR2 unknown SCell activation if timing information and/or beam information are obtained via QCL-ed RS.
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