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1. Introduction
The Rel-18 WI of even further RRM enhancement was approved in [1] and further revised in [2]. One of the objectives is to study the SCell activation delay reduction in FR2. In RAN4#104-bis-e meeting, the scope and solutions were further discussed with agreements and open issues captured in the WF [3]. In this paper, we further provide our views of RRM impact of the objective and provide further analysis on the solutions.
2. Discussion
During the discussion in last meeting, the scenarios for FR2 SCell activation enhancement were further discussed with following options and agreements. Based on the online GTW discussion, it was agreed to keep the previous high-level agreements (option 4 listed below), and other options can be further discussed. Based on the discussion in last meeting, option 1-3 are technically reasonable observations. For instance, proponent proposed that if the target SCell is measured but the measurement result is not reported to gNB, then UE still have some information about the target cell, and the delay can be reduced for certain procedures. 
From our views, these options on categorization are for certain delay component. For instance, the so-called semi-unknown case is proposed for delay reduction in AGC and cell detection. For other proposed solutions, they maybe regardless of the whether UE is in the semi unknown case, e.g. A-TRS based SCell activation, TCI activation enhancement, fine timing tracking enhancement. Thus, there is no needed to put such categorization as high level principle, which will make the discussion more complicated. Instead, it is more reasonable to be discussed under the delay reduction for certain component as conditions, or it can be discussed as known conditions extension if the intention is to introduce an intermediate sate between known and unknown cases.
Observation 1: Further categorization of unknown cases can only work for delay reduction of certain component, which cannot apply to other reduction solutions.
	Issue 2-1-1: Scenarios/status/categories for FR2 SCell activation enhancement 
· Option 1 (Qualcomm, Nokia, vivo(1st and 3nd bullet), ZTE): 
· Unknown SCell in FR2 needs to split in two categories for FR2 SCell activation delay reduction purpose. 1) completely unknown SCell, 2) semi-unknown SCell.
· SCell activation delay reduction should be applied for semi-unknown SCell scenario where SCell is activated from deactivated state.
· Optional UE capability to indicate the required SSBs to be measured during AGC and cell search before RSRP reporting from UE side for semi-unknown scenario.
· Option 2 (Nokia, ZTE):
· The availability of a valid L3 measurement result at the time of SCell activation shall be considered to reduce the SCell activation delay.
· 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.
· Option 3 (Ericsson, QC(scenario 1), Nokia, ZTE):
· RAN4 to discuss and specify SCell activation for following two cases.
· Scenario1: SCell is unknown due to the fact that UE did not sent measurement report to gNB in last X seconds. 
· Scenario2: SCell is unknown due to the fact that UE may be measuring it for first time.
· Option 4 (last meeting agreement) (Apple, LGE, Xiaomi, HW, OPPO, CTC, MTK): 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.
· Option 5 (Moderator): 
· RAN4 to use option 4 as baseline to discuss the enhancement, and the new UE categorization based on option 1/2/3 can be discuss case-by-case in enhancement issues to determine whether and how to use such new category for 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.



Besides on the options proposed in last meeting, another important direction is that UE can obtain timing/AGC/beam information via inter-band serving cell since there is no intra-band serving cell. Based on our analysis, cell search/AGC can be saved under certain conditions. The details will be explained in following part.
Proposal 1: Further categorization of unknown cases can be discussed as conditions for the delay reduction of related components. 
Proposal 1-1: UE can obtain timing information via inter-band serving cell when the QCL source of RS(s) of SCell being activated is configured on inter-band serving cell.
Proposal 1-2: UE can obtain AGC information via inter-band serving when the QCL source of RS(s) of SCell being activated is configured on inter-band serving cell.
Proposal 2: Further categorization of unknown cases can be discussed in known conditions extension on whether to introduce intermediate state between known and unknown case. 
Regarding the beam related enhancement for L3 (AGC and cell search), the status are summarized as follows:
	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.



Regarding the beam sweeping factor reduction for L3 part (AGC + SCell search), as commented in last meeting, RAN4 should first investigate and confirm the feasibility of the beam sweeping reduction before considering introducing the capability directly. Specific solutions including beam sweeping factor reduction in high RSRP conditions. However, as commented by companies, what matters is the RSSI instead of the RSRP conditions. The reason why RAN4 consider multiple samples for AGC is that, for pure unknown case, there is risk that UE may fail the first AGC settling, then coarse and fine AGC is considered. Thus, without prior information, with reduced beam sweeping factor, UE may needs more rounds for AGC adjustment. 
Observation 2: Without any prior information, UE may need more rounds AGC adjustment with reduced beam sweeping factor.
Proposal 3: Without any prior information, the beam sweeping factor reduction is not recommended.
From our understanding, it is feasible to consider beam sweeping factor reduction for L1 after L3 part, which will be discussed in our contribution for L1.
For enhancement on sample number reduction for AGC, the status are summarized as follows:
	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.



As commented by companies during last meeting, the SINR condition cannot guarantee that UE can settle and AGC by one sample since the AGC depends on the total power received. But we think it is a promising directions to consider less sample for AGC under certain conditions. In existing requirements, we could observe that for some cases, there is strict power difference conditions (less than 6 dB) which is shown as follows:
		If the SCell is unknown and belongs to FR1, and if one of the following conditions is met
-	 ‘ssb-PositionInBurst’ indicates only one SSB is being actually transmitted, or
-	 ‘ssb-PositionInBurst’ indicates multiple SSBs and TCI indication is provided in same MAC PDU with SCell activation,
provided that the side condition Ês/Iot ≥ -2dB is fulfilled, Tactivation_time is:
-	TFirstSSB_MAX + TSMTC_MAX + Trs + 5ms, if the following conditions are met, 
-	the SCell is contiguous to an active serving cell in the same band, and
-	its ssb-PositionInBurst is same as the one of contiguous FR1 active serving cell, and
-	its SMTC offset is same as the one of contiguous FR1 active serving cell, and 
-	its RTD with contiguous FR1 active serving cell is smaller than or equal to 260ns with respect to the to-be-activated SCell’s SSB numerology, and its reception power difference with contiguous FR1 active serving cell is smaller than or equal to 6dB;



From our understanding, the power difference within 6 dB is rather strict conditions for UE to settle the AGC. If UE is aware of that the power difference between the to-be-activated SCell and an active serving cell is with 6 dB, UE can directly apply the AGC without AGC adjustment. In current requirement for FR2 SCell activation when there is active serving cell within the same band, such power difference conditions are assumed can be guaranteed by default.
Observation 3: If UE is aware of that the power difference between the to-be-activated SCell and an active serving cell is with 6 dB, UE can directly apply the AGC without AGC adjustment.
Thus, companies have the concerns that the number of samples for AGC cannot be directly reduced as the worst case has to be considered when multiple attempts for AGC may be needed. For enhancement related to A-TRS, we have proposed that UE can be configured with inter-band QCL-ed relations for timing and beam determination. Then, based on the same conditions for intra-band FR2 cases, if the QCL source of RS(s) is configured as SSB in inter-band active serving cell, and the power difference between the to-be-activated SCell and the inter-band active serving cell is within 6 dB, AGC can be skipped.
Proposal 4: If the QCL source of RS(s) of SCell being activated is configured as SSB in inter-band active serving cell, and the power difference between the SCell being activated and the inter-band active serving cell is within 6 dB, AGC can be skipped.
For delay reduction for cell search, the status are summarized as follows:
	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.



As discussed in last meeting about the alignment of the definition of each components of L3 parts, most companies agreed that from specification perspective, two samples for AGC +1 samples for cell search is the common understanding. But also there are many companies commented that how to use the samples for AGC and cell search is up to UE implementation. Thus, it is hard to specify that UE can or cannot acquire the timing information via AGC/Cell synchronization since different UE may have different implementations.
Observation 4: It is hard to specify whether UE can or cannot acquire the timing information via AGC/Cell synchronization since different UE may have different implementations.
Similar as the issues analyzed above, we believe one possible solution which can apply to all UE is when UE can acquire the coarse timing from active serving cell from another band. If the QCL source of RS(s) of SCell being activated is configured as SSB in inter-band active serving cell, and the RTD between the SCell being activated and the inter-band active serving cell is within 260ns, cell search can be skipped.
Proposal 5: If the QCL source of RS(s) of SCell being activated is configured as SSB in inter-band active serving cell, and the RTD between the SCell being activated and the inter-band active serving cell is within 260ns, cell search can be skipped.
For the RS related enhancement for L3, the status are summarized as follows:
	Issue 2-4-1: RS related enhancement of FR2 unknown SCell activation
FFS:
· 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.



As explained during last meeting, two aspects are actually discussed under the same issue. The first one is whether UE can perform L3 measurement based on A-TRS. From our understanding, it is the common understanding that A-TRS cannot be used for cell search since it is not supported by current spec.
Observation 5: UE cannot perform cell search or beam measurement based on A-TRS measurement for FR2 SCell activation.
Another aspect is whether A-TRS can also be used with information obtained from inter-band serving cell as proposed by option 4. Based on the same logic for proposal 3/4, for some gNB deployment/scenario, the timing alignment between two bands can be better than TAE requirement (e.g. 3 us). For instance, when the two bands are co-located deployed, it is possible that timing alignment can approximate that of intra-band case.
Observation 6: Under some deployment/scenarios (e.g. co-located), the timing alignment between two bands can be better than TAE requirements which can approximate that of intra-band case.
Based on the discussion in last meeting, companies raised the concerns that the timing misalignment could be up to 3 us for inter-band case which cannot be used. We do agree with the observation, and the intention is not to tighten the TAE requirements for all inter-band cases. As mentioned above, such inter-band timing acquirement can only be used in certain deployment. Thus, by reusing the same condition in existing spec, the cell search can be saved with following conditions:
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.
The RTD between the SCell being activated and the inter-band active serving cell is within 260ns
The power difference between the SCell being activated and the inter-band active serving cell is within 6 dB
Proposal 6: 
A-TRS based fast SCell activation can apply with following conditions where the AGC and cell search can be saved
· 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.
· The RTD between the SCell being activated and the inter-band active serving cell is within 260ns
· The power difference between the SCell being activated and the inter-band active serving cell is within 6 dB
Another issue is whether UE can utilize the inter-band QCL-ed type D to determine the UE Rx beam. We recognize that it is different from previous assumptions for IBM/CBM UE. Even gNB using same beam for two bands, UE may have band specific beam and it cannot support the inter-band QCL-ed type D coordination. However, it may depends on different UE implementations, especially when the frequency separation between two bands are close. Thus, we are open to further consider different UE implementations on inter-band QCL-ed type D supporting.
When UE supports inter-band QCL-ed type D beam indication, L1-RSRP measurement and L1-RSRP report can be skipped.
Proposal 7: When UE supports inter-band QCL-ed type D beam indication, L1-RSRP measurement and L1-RSRP report can be skipped.
Thus, based on proposal 6, the possible delay can be formulated as follows:
When UE supports inter-band QCL-ed type D beam indication, the delay can be reduced to: TFirstATRS + 5ms.
When UE does not support inter-band QCL-ed type D beam indication, the delay can be reduced to:  
6ms+ TL1-RSRP, measure + TL1-RSRP, report + THARQ + max(Tuncertainty_MAC + TFirstATRS + 2ms, Tuncertainty_SP) for CSI reporting with semi-persistent CSI-RS
3ms + TFirstSSB_MAX + TL1-RSRP, measure + TL1-RSRP, report + max {(THARQ + Tuncertainty_MAC + 5ms + TFristATRS), (Tuncertainty_RRC + TRRC_delay)} for CSI reporting with periodic CSI-RS.
Proposal 8:
With the condtions of proposal 6, A-TRS based fast SCell activation can apply where the requirements can be defined as:
When UE supports inter-band QCL-ed type D beam indication, the delay can be reduced to: TFirstATRS + 5ms.
When UE does not support inter-band QCL-ed type D beam indication, the delay can be reduced to:  
6ms+ TL1-RSRP, measure + TL1-RSRP, report + THARQ + max(Tuncertainty_MAC + TFirstATRS + 2ms, Tuncertainty_SP) for CSI reporting with semi-persistent CSI-RS
3ms + TFirstSSB_MAX + TL1-RSRP, measure + TL1-RSRP, report + max {(THARQ + Tuncertainty_MAC + 5ms + TFristATRS), (Tuncertainty_RRC + TRRC_delay)} for CSI reporting with periodic CSI-RS.
3. Conclusions
Observation 1: Further categorization of unknown cases can only work for delay reduction of certain component, which cannot apply to other reduction solutions.
Proposal 1: Further categorization of unknown cases can be discussed as conditions for the delay reduction of related components. 
Proposal 1-1: UE can obtain timing information via inter-band serving cell when the QCL source of RS(s) of SCell being activated is configured on inter-band serving cell.
Proposal 1-2: UE can obtain AGC information via inter-band serving when the QCL source of RS(s) of SCell being activated is configured on inter-band serving cell.
Proposal 2: Further categorization of unknown cases can be discussed in known conditions extension on whether to introduce intermediate state between known and unknown case. 
Observation 2: Without any prior information, UE may need more rounds AGC adjustment with reduced beam sweeping factor.
Proposal 3: Without any prior information, the beam sweeping factor reduction is not recommended.
Observation 3: If UE is aware of that the power difference between the to-be-activated SCell and an active serving cell is with 6 dB, UE can directly apply the AGC without AGC adjustment.
Proposal 4: If the QCL source of RS(s) of SCell being activated is configured as SSB in inter-band active serving cell, and the power difference between the SCell being activated and the inter-band active serving cell is within 6 dB, AGC can be skipped.
Observation 4: It is hard to specify UE can or cannot acquire the timing information via AGC/Cell synchronization since different UE may have different implementations.
Proposal 5: If the QCL source of RS(s) of SCell being activated is configured as SSB in inter-band active serving cell, and the RTD between the SCell being activated and the inter-band active serving cell is within 260ns, cell search can be skipped.
Observation 5: UE cannot perform cell search or beam measurement based on A-TRS measurement for FR2 SCell activation.
Observation 6: Under some deployment/scenarios (e.g. co-located), the timing alignment between two bands can be better than TAE requirements which can approximate that of intra-band case.
Proposal 6: 
A-TRS based fast SCell activation can apply with following conditions where the AGC and cell search can be saved
· 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.
· The RTD between the SCell being activated and the inter-band active serving cell is within 260ns
· The power difference between the SCell being activated and the inter-band active serving cell is within 6 dB
Proposal 7: When UE supports inter-band QCL-ed type D beam indication, L1-RSRP measurement and L1-RSRP report can be skipped.
Proposal 8:
With the condtions of proposal 6, A-TRS based fast SCell activation can apply where the requirements can be defined as:
When UE supports inter-band QCL-ed type D beam indication, the delay can be reduced to: TFirstATRS + 5ms.
When UE does not support inter-band QCL-ed type D beam indication, the delay can be reduced to:  
6ms+ TL1-RSRP, measure + TL1-RSRP, report + THARQ + max(Tuncertainty_MAC + TFirstATRS + 2ms, Tuncertainty_SP) for CSI reporting with semi-persistent CSI-RS
3ms + TFirstSSB_MAX + TL1-RSRP, measure + TL1-RSRP, report + max {(THARQ + Tuncertainty_MAC + 5ms + TFristATRS), (Tuncertainty_RRC + TRRC_delay)} for CSI reporting with periodic CSI-RS.
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