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1. Introduction
As discussed in last RAN4#106-bis-e meeting, the WF of eFeRRM has been agreed in [1]. In this paper, we further discuss the possible L3 part enhancement to shorten the FR2 SCell activation delay.
2. Discussion on L3 part enhancement for FR2 SCell activation
2.1 L3 reporting during SCell activation 
Issue 1-1-1: when to report L3 measurement results for unknown FR2 SCell activation enhancement 

The options we discussed in last meeting were:
	· Agreements (GTW, Monday Apr 17, 2023)
· UE needs to report the L3 measurement result after SCell activation command
· FFS if additional solutions should be considered. Decision on additional solutions need to be made no later that in RAN4 #107.



In another WI mobility enhancement, we also saw some discussion about using MAC CE to trigger or report the measurement result. In RAN1 #112bis-e meeting, the CSI reporting triggered by MAC CE is still FFS.
	Agreement
From RAN1 point of view, at least the following information can be included in the cell switch command, which is conveyed by MAC CE
· Information to identify the target cell(s)
· The details including bit number are designed by RAN2
· TA related information (details up to the discussion in A.I. 9.10.2)
· 1 joint or 1 pair of UL and DL unified TCI State index for the target Cell
· Note: discussion on target SpCell is not precluded
· Active DL and UL BWPs for the target cell
· FFS: Triggering of aperiodic TRS transmitted from the target cell
· FFS: Triggering the CSI acquisition of the target cell and reporting to the target cell
· FFS: Triggering of aperiodic SRS transmission to the target cell
· FFS: C-RNTI
· FFS: the presence of each field (i.e. always present or configurable)



And also in last RAN4 meeting, it was agreed in mobility enhancement that,
	Issue 2-3-2: Whether to use L3 measurement results or intermediate L3 measurement results for FR1 intra-frequency L1 measurement report
Issue 2-3-3: Whether to consider using L3 measurement results or intermediate L3 measurement results for FR1 inter-frequency L1 measurement report
< GTW Agreement>:
· Do not use L3 intermediate results for FR1 intra-frequency L1 report and FR1 inter-frequency L1 report
· FFS on the assumptions on the number of cells used for L1 measurements
· Note: Intermediate L3 measurement results are any measurements samples or average of the samples obtained for the purpose of L3 reporting
· FFS whether to recommend RAN1/2 to consider a new reporting mechanism
· FFS whether to use final L3 measurement results for FR1 intra-frequency L1 measurement report or for FR1 inter-frequency L1 measurement report.



The baseline solution is not ready to be adopted in the current mobility enhancement WI, and therefore we shall leave it to mobility enhancement. How to extend the solution from R18 mobility enhancement WI to SCell activation can be discussed in future release. In this WI for FR2 SCell activation enhancement, we only focus on “report the L3 measurement result after SCell activation command”.
Proposal 1: RAN4 to not consider additional solution for report L3 measurement results for unknown FR2 SCell activation enhancement in R18. Whether and how to extend the solution from R18 further mobility enhancement WI to SCell activation can be discussed in future release. 
Issue 1-1-6: If measurement results are available, the UE will report them to the NW. How to determine the measurement result is available?
The options we discussed in last meeting were summarized:
	FFS:
· Option 1 (Apple, OPPO, Huawei, Xiaomi, vivo): 
· No need to define criteria to determine the L3 measurement result is available or not for FR2 unknown SCell activation enhancement.
· Option 2 (Nokia, Ericsson): 
· The L3 measurement report is considered as valid only if it fulfils the measurement requirement for a deactivated Scell as specified in TS38.133 Table 9.2.5.2-3 (for FR1) and Table 9.2.5.2-4 (for FR2).
· Option 3 (Intel):
· If UE already has available L3 measurement result when Scell activation command is triggered, the measurement result can be reported only if it satisfied the following conditions:
· Measurement should satisfy the requirement for a deactivated Scell as specified in TS38.133 Table 9.2.5.2-3 (for FR1) and Table 9.2.5.2-4 (for FR2)
· the time duration between measurement and Scell activation command is less than [X]s.
· Option 4 (MTK):
· RAN4 to define a new window [W]s to determine the freshness of the available L3-RSRP measurements at the UE prior to the reception time of Scell activation command. 
· Proposal 6: If L3-RSRP measurements are within [W], then the UE can send L3-RSRP report.
· Option 6 (vivo):
· The criteria to determine whether a measurement result is valid (i.e. available), including the signal quality thresholds and the maximum time-delta of the measurement before the reporting, are configured by network
· Option 7 (CMCC, ZTE):
· for L3 measurement report after Scell activation command, the reported SS-RSRP, SS-RSRQ, and SS-SINR measurements need to meet the accuracy requirements spedified in Clause 10.
· Option 8 (ZTE):
· To address the concern of the quick report is valid or not, the verification lies in two aspects:
· 1)Whether the measurement report is fresh enough. 
· 2)Whether the quality of measurement result in the report is good or available enough.
· The 1st aspect can be ignored since same issue exists in legacy L3 report. The 2nd aspect should be considered to guarantee the NW can obtain useful RSRP and SSB index info from the report.
· Option 9 (Apple, CMCC, LGE, CTC, QC, OPPO):
· Option 1 and the valid reporting must meet the existing measurement delay/accuracy requirement.



This issue is about “If measurement results are available, the UE will report them to the NW. How to determine the measurement result is available is FFS.” We don’t think we need extra criteria for UE to determine the measurement is available or not, since even for the L3 reporting before SCell activation RAN4 has no such availability criteria. In other word, the validity of L3 measurement report shall be up to UE implementation as long as UE can meet the corresponding SCell activation requirement, and we don’t believe UE will intentionally delay the SCell activation if it has valid measurement result to speed up. At UE, accuracy requirement cannot be a condition to determine whether UE shall report or not, because UE has no idea about accuracy in reality. Whether report or not is up to UE implementation, but as long as UE reports it, it must meet the accuracy requirement.
Proposal 2: No need to define criteria to determine the L3 measurement result is available or not for FR2 unknown SCell activation enhancement, and the reported results must meet the existing measurement accuracy requirement.
Issue 1-1-7: FFS on necessity of L3 measurement reporting if UE has no valid measurement results?
The options we discussed in last meeting were summarized:
	FFS:
· Option 1 (Apple, ZTE, CTC, OPPO, Ericsson, Xiaomi, HW, vivo, QC): No need to report L3 measurement reporting after receiving SCell activation command if UE has no valid measurement results. 
· Option 2 (Nokia, Intel, vivo, Ericsson): The UE may continue the measurement and report a valid L3 measurement result when it is ready, if there is no valid L3 measurement result at the time of Scell activation.
· Option 3 (LGE, CTC, MTK): If a UE has no valid measurement results, UE needs to report even the lowest RSRP reported value to notice whether a UE has valid measurement results to the network.
· Option 4 (vivo, MTK): If the reporting of the results is carried by uplink L1L2 signaling, and UE has no valid measurement results at the L1L2 reporting occasion, UE may report -Inf value, e.g. ‘RSRP<-156dBm’.
· Option 5 (MTK): when report triggering conditions are met, but UE has no fresh L3-RSRP measurements within [W] period, then instead of sending the report UE indicates unknown status for the target Scell.



In our view, if UE has no valid L3 measurement result, UE does not need to report anything to network, which is as same as legacy R15/16/17 behavior. For instance, if L3 measurement report for being-activated SCell is configured by network but no CG PUSCH is configured, when UE has no valid L3 measurement result, UE may not request UL grant for such reporting(DG-PUSCH for L3 reporting). For option 2, we think the enhancement is for UE to report the existing measurement result, but if UE has no such existing result, we can follow the legacy unknown procedure to let UE perform L3 and L1. We are open to introduce such L3 reporting after UE complete L3 part after SCell activation command during the activation procedure, if majority companies want that.

Proposal 3: No need to report L3 measurement reporting after receiving SCell activation command if UE has no valid measurement results.
Issue 1-1-8: FFS: If valid L3 measurement results are reported, L3 and L1 parts can be skipped, i.e., network can perform TCI activation after valid L3 measurement results are reported.
The options we discussed in last meeting were summarized:
	FFS:
· Option 1 (Apple, Nokia, Intel, QC, MTK, LGE, Xiaomi, vivo, CMCC, ZTE, CTC, OPPO): 
· if UE reports valid L3 measurement result, L3 and L1 parts can be skipped, i.e., network can perform TCI activation after valid L3 measurement results are reported; 
· Proposal 1a (Apple, CTC, QC): after receiving SCell activation command,
· if UE reports valid L3 measurement result before n+X slot (n is the slot when UE received SCell activation command), L3 and L1 parts can be skipped, i.e., network can perform TCI activation after valid L3 measurement results are reported; 
· otherwise, it shall be treated as legacy unknown case.
· Proposal 1b(QC, CTC):
· RAN4 shall define the reporting delay requirements from MAC-CE to trigger report and actual measurement report. If UE do not report measurement results during the reporting delay requirements, the new measurement configuration shall be expired.  
· Proposal 1c(vivo):
· Send LS to RAN2, asking RAN2 to design a timer, so as to supervise the longest period between gNB triggering the reporting and the actual result being sent by the UE in PUSCH. The RRM requirements are not enhanced in R18 for the case when a UE does no report a valid measurement result before this timer expires.
· Proposal 1d(OPPO):
· FFS the side conditions.
· Proposal 1e(Nokia):
· A-TRS for fast SCell activation can be triggered based on the valid L3 measurement report after SCell activation command. 
· Proposal 1f(Xiaomi):
· If no valid result to be reported, the UE needs to perform L3 measurement and L1 measurement with/without enhanced requirement according to UE capability.
· Option 2 (HW, vivo, Apple (bullet #2)): (moderator: this option is also up to the conclusion in issue 1-1-1)
· When the new triggered measurement reporting is reported before SCell activation command, it can be considered as known cases.
· When the new triggered measurement reporting is reported after SCell activation, it can be considered as unknown case where the uncertainty for TCI can be defined as the time period between TCI configuration/activation relative to the first valid L1-RSRP reporting and the new triggered L3 measurement report which occurs earlier.
· Option 3 (Ericsson):
· RAN4 to agree that L3 part can be skipped and whether L1 part can be skipped or not pending on whether NW sends TCI command or not.
· Option 4 (moderator):
· use option 1 as starting point, 
· FFS on the detailed requirement design, e.g. option 2. 




If UE can report valid L3 measurement result to network after SCell activation command, we can treat it as a known case and it can skip L3 part and L1 part to move to TCI activation directly, as shown in figure 1. If UE does not report a valid L3 measurement result after SCell activation command, it shall be treated as legacy unknown case and the L3 part and L1 part enhancement shall be up to the discussion on those L3/L1 related issues. 
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Figure 1. Enhancement with L3 measurement reporting after Scell activation command

I think option 1 and 2 are not contradicted, option 1 means L3 report is sent and then TCI activation can be triggered by network. However, as described in option 2, if UE reports legacy L1-RSRP even before such L3 report(may be due to the delay of acquiring the UL grant), then the TCI activation can be triggered after this L1 report rather than waiting the L3 report. Since in last meeting, companies had concern on the wording of “skipping L3 and L1 part”, we think it will not impact the network behavior since in the TCI activation we still have “Tuncertainty_MAC ” for network to decide if it shall immediately activate TCI or waiting for the legacy L1-RSRP report. Moreover, in the option 1, it mentioned that network CAN perform TCI activation after valid L3 measurement results are reported, rather than “network should perform…”.

Proposal 4: after receiving SCell activation command, if UE reports valid L3 measurement result, 
· L3 and L1 parts can be skipped in the activation delay requirement design, i.e., network can perform TCI activation after valid L3 measurement results are reported. 
· the uncertainty for TCI can be defined as the time period between TCI configuration/activation relative to the first valid L1-RSRP reporting and the new triggered L3 measurement report which occurs earlier.
2.2 Beam related enhancement for L3 part 
Issue 1-2-1: Beam sweeping factor enhancement in L3 and L1 part of FR2 unknown SCell activation (not related with WI of FR2 multi-Rx chain DL reception)

The agreements achieved in last meeting were:
	Agreement:
· For unknown FR2 SCell activation enhancement, introduce the UE capability to support Rx beam sweeping factor less than 8 for cell detection part and SSB based L1-RSRP measurement.
· if UE has full set (N=8) of beam sweeping during AGC settling part during FR2 unknown SCell activation procedure.
· Introduce beam sweeping factor capability of X1 for cell detection part (X1*Trs) and beam sweeping factor capability of X2 for SSB based L1-RSRP measurement
· Beam sweeping factor capability X1/X2 are two independent capabilities  
· Note: above enhancement only applies for FR2 unknown SCell activation enhancement
· Note: How to capture in spec can be discussed in CR stage
· The candidate values for X1/X2 are FFS



Beam sweeping factor is assumed to be 8 in the L3 cell synchronization and measurement during FR2 SCell activation. However, since SSB is used for L3 measurement including PSS/SSS/DMRS for PBCH, UE may be able to perform symbol level beam sweeping inside SSB; and moreover, the SNR side condition is -2dB for activation requirement. Thus, it may be possible to reduce the Rx beam sweeping factor for AGC and L3 measurement for FR2 SCell activation enhancement. Since the beam sweeping is related with the UE implementation, we also agree with other companies that the same methodology from FR2 HST and positioning enhancement can be reused here, i.e., introduce the UE capability to indicate Rx beam sweeping factor (8). The condition to support such enhancement is up to the UE capability and also the high SNR scenario, e.g., -2dB. Since in SCell activation the side condition of SNR is already specified as -2dB in the spec, we only need to define the UE capability to support such Rx beam reduction. Similar as L3 part, UE may be able to reduce the beam sweeping factor for SSB based L1-RSRP like L3 enhancement. 
In last meeting, companies also commented that the signaling overhead of beam sweeping factor reduction shall be considered, e.g., how many candidate numbers for each capability of L1 and L3. In positioning capability “supportedLowerRxBeamSweepingFactor-FR2”, the signaling design is as following:
	supportedLowerRxBeamSweepingFactor-FR2
Indicates support of the lower Rx beam sweeping factor than 8 for FR2. Enumerated value indicates the number of Rx beam sweeping factors supported
[image: ]



To limit the signaling overhead as well as the combination possibilities, we propose to define two separated capability of X1=2/4/6 for cell detection part and X2=2/4/6 for SSB based L1-RSRP measurement.
Proposal 5: Beam sweeping factor capability of X1 of {2,4,6} for cell detection part (X1*Trs) of L3 and beam sweeping factor capability of X2 of {2,4,6} for SSB based L1-RSRP measurement. If X1/X2 is absent in capability indication, legacy beam sweeping factor (i.e., 8) shall be assumed for X1/X2.
Issue 1-2-2: can X1(Beam sweeping factor enhancement in L3 part of FR2 unknown SCell activation) be zero? (not related with WI of FR2 multi-Rx chain DL reception)

The agreements achieved in last meeting were:
	FFS:
· Option 1 (Apple, MTK, Xiaomi, HW (option 4b in issue 1-2-1 comments), Intel, QC, OPPO): no
· Option 2 (Ericsson, vivo, Nokia, HW (option 4a in issue 1-2-1 comments)): Yes


In RAN4#106 meeting, RAN4 compromised to: NOT to remove the whole cell detection part (8*Trs) but to discuss the beam sweeping factor reduction of X1 for cell detection part. So we think this X1 shall be greater than 0, if it’s only for beam sweeping factor reduction but not for cell detection stage skipping. 

	Issue 1-3-3: enhancement of “8*Trs” part of current FR2 unknown Scell activation delay
Agreement in last meeting R4-2303228
· To keep “X1*Trs” part of current FR2 unknown Scell activation delay in the delay requirement for FR2 Scell activation enhancment.
· X1 can be less than 8 in the beam sweeping factor reduction discussion for cell detection stage in L3 part based on UE capability.



Proposal 6: X1 cannot be 0.
2.5 others for L3 part
Issue 1-5-1: whether to use SSB periodicity instead of SMTC periodicity for FR2 unknown Scell activation
The options we discussed in last meeting were:
	Agreement (GTW, Tuesday, Apr 25, 2023)
· FFS whether to use SSB periodicity instead of SMTC periodicity for FR2 unknown Scell activation
· Option 1:
· Do not change the definition/usage of SMTC periodicity for FR2 unknown Scell activation requirements.
· Option 2: 
· For enhanced unknown FR2 Scell activation requirement, RAN4 to use SSB periodicity instead of SMTC periodicity.
· Such enhancement is only applied for FR2 unknown SCell activation.



As discussed in last meeting, since target SCell is an deactivated serving cell to the UE before activation, the SSB periodicity of the serving cell is known to the UE. In RAN2 TS38.331, the corresponding signaling has been specified as:
[image: ]
UE can get such SSB periodicity information either from network RRC configuration or from by-default assumption of 5ms. Thus, here, to speed up the SCell activation, we think it makes sense to assume SSB periodicity instead of SMTC periodicity in the unknown FR2 SCell activation enhancement requirement.
In WF R4-2120241, it was agreed that,
Common understanding: 
It is an error case if the SSB transmission periodicity is greater than the configured SMTC for the same carrier.
Thus, we believe here SSB periodicity of target SCell shall not be greater than SMTC periodicity. On the other aspect, since unknown SCell activation may require UE to perform cell detection, the SMTC window duration can be used from UE implementation perspective but it’s no need to be reflected in the requirement, the duration or window of the cell detection shall be same as SMTC duration even though the detection/measurement periodicity is enhanced to be smaller than SMTC periodicity, as shown below.
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Proposal 7: For enhanced unknown FR2 SCell activation requirement, 
· RAN4 to use SSB periodicity instead of SMTC periodicity.
· The window of the cell detection can be same as SMTC duration from UE implementation perspective but it’s no need to be reflected in the requirement.
3. Conclusion
In this discussion, we further discuss the possible L3 part enhancement to shorten the FR2 SCell activation delay.

Proposal 1: RAN4 to not consider additional solution for report L3 measurement results for unknown FR2 SCell activation enhancement in R18. Whether and how to extend the solution from R18 further mobility enhancement WI to SCell activation can be discussed in future release. 
Proposal 2: No need to define criteria to determine the L3 measurement result is available or not for FR2 unknown SCell activation enhancement, and the reported results must meet the existing measurement accuracy requirement.
Proposal 3: No need to report L3 measurement reporting after receiving SCell activation command if UE has no valid measurement results.
Proposal 4: after receiving SCell activation command, if UE reports valid L3 measurement result, 
· L3 and L1 parts can be skipped in the activation delay requirement design, i.e., network can perform TCI activation after valid L3 measurement results are reported. 
· the uncertainty for TCI can be defined as the time period between TCI configuration/activation relative to the first valid L1-RSRP reporting and the new triggered L3 measurement report which occurs earlier.
Proposal 5: Beam sweeping factor capability of X1 of {2,4,6} for cell detection part (X1*Trs) of L3 and beam sweeping factor capability of X2 of {2,4,6} for SSB based L1-RSRP measurement. If X1/X2 is absent in capability indication, legacy beam sweeping factor (i.e., 8) shall be assumed for X1/X2.
Proposal 6: X1 cannot be 0.
Proposal 7: For enhanced unknown FR2 SCell activation requirement, 
· RAN4 to use SSB periodicity instead of SMTC periodicity.
· The window of the cell detection can be same as SMTC duration from UE implementation perspective but it’s no need to be reflected in the requirement.
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