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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
Regarding the enhancement on L1-RSRP, the agreements and open issues are summarized as follows:
	Issue 3-1-1: Beam sweeping factor enhancement in L1-RSRP measurement of FR2 unknown SCell activation (not related with WI of FR2 multi-Rx chain DL reception)

Agreement:
· If L1-RSRP measurement of FR2 unknown SCell activation is not skipped, RAN4 to consider Rx beam sweeping factor reduction for L1-RSRP
· Details are FFS


Issue 3-1-2: Sample number enhancement in L1-RSRP measurement of FR2 unknown SCell activation 

Agreements:
· If L1-RSRP measurement is needed, the sample number of PHY filtering cannot be reduced since M=1 is used for L1-RSRP measurement in FR2 unknown Scell activation requirement.


Issue 3-1-3: Whether and how to skip L1-RSRP measurement of FR2 unknown SCell activation?

Agreements:
· RAN4 to discuss the conditions for skipping L1-RSRP measurement when activating an FR2 unknown SCell.


Issue 3-1-4: Prioritization enhancement for L1-RSRP measurement of FR2 unknown SCell activation

Agreement:
· L1-RSRP measurement is performed in non-DRX mode even DRX is configured.
· FFS on whether prioritization needs to be changed between L1-RSRP measurements and L3 measurements during FR2 unknown SCell activation




There are two issues which are related to each other. One is whether the L1-RSRP measurement can be skipped, and other one is if L1-RSRP cannot be skipped, then whether Rx beam sweeping factor can be reduced. For completely skipping the L1-RSRP, there is risk that that beam selected by the L3 measurement is misaligned with the L1 beam, which will impact the subsequent data receiving. Regarding the misalignment between rough beam peak and fine beam peak, there was discussion about inter-f test cases with margin introduced.
Observation 1: If the L1-RSRP is completely skipped, the beam could be wrongly chosen due to the misalignment between the beams selected by L3 part.
Thus, compared with completely skipping L1-RSRP measurement, it is feasible that UE use less number of beam sweeping round after L3 part.
Proposal 1: compared with completely skipping L1-RSRP, it is suggested to discuss beam sweeping factor reduction for L1-RSRP after L3 part when UE can acquire some information via L3 measurement (AGC+Cell search).
For fine timing tracking enhancement, the status are summarized as follows:
	Issue 3-2-1: Fine timing tracking for SSB corresponding to the TCI state during FR2 unknown SCell activation

FFS:
· Option 1 (Apple, QC, Intel, HW, ZTE, MTK): Fine timing tracking is still needed no matter whether TCI activation is skipped or not.
· Option 2 (Apple, QC, Intel, Xiaomi, HW, OPPO, vivo, ZTE, MTK): Skipping fine timing tracking for SSB corresponding to TCI state (by reusing SSB timing from L3/ L1 measurements) is not recommended, because during L1/L3 measurements UE tracking performance is not accurate enough. In addition, this skipping does not reduce the delay much (only 1*Trs) compared to its impact on acquiring the accurate timing.
· Option 3 (Ericsson): RAN4 to confirm, UE timing assumption when performing L1-RSRP measurements. 
Option 4 (Apple): for unknown R18 FR2 SCell activation enhancement, skip fine timing tracking for SSB corresponding to the TCI state, if SSB



Most companies commented that fine timing is still needed as it does not contribute much to the overall SCell activation delay. From our understanding, for unknown FR2 SCell activation, if UE needs to perform AGC/Cell/search/L1-RSRP measurement, the fine timing is not recommended to be skipped as UE has no ideas of the Cell before activation. But, one thing that we need to further consider is that there is also discussion under Topic#4 when UE can directly activate the SCell with 3ms under stricter conditions or certain scenarios. The details will be discussed in the related issue under Topic#4.
Proposal 2: Fine timing can be skipped if the SCell activation delay can be further reduced to 3 ms.
Regarding the TCI activation enhancement, the status are summarized as follows:
	Issue 3-2-2: TCI activation enhancement during FR2 unknown SCell activation

FFS:
· Option 1 (Apple, Intel, CMCC, Xiaomi, HW, OPPO, CTC, MTK): the uncertainty of TCI configuration/activation can be saved when TCI of PDCCH/PDSC/CSI-RS is associated with the best L1-RSRP report.
· Option 1a(Apple, Intel, HW, CTC): for FR2 unknown SCell activation enhancement, the TCI of PDCCH/PDSC/CSI-RS is associated with the best L1-RSRP report if no MAC CE or RRC indication for TCI is sent to UE.
· Option 2 (vivo): During the Scell activation, only the TCI from CSI-RS used for CQI needs to be configured. The PDCCH/PDSCH can follow the same TCI state information as CSI-RS. In this way, the PDCCH/PDSCH TCI configuration can be saved and the Scell activation delay can be reduced accordingly.
· Option 3 (QC, Ericsson, Nokia, vivo, ZTE): Gain in delay reduction is quite small for skipping TCI state indication and RAN4 not consider TCI state skipping.



In current spec, the time uncertainty for TCI is described as follows. It means UE has to be explicitly configured with TCI before it can receive PDCCH/PDSCH. As proposed in last meeting, if UE assumes the TCI is associated with the best reported L1-RSRP, the uncertainty can be removed.
		Tuncertainty_MAC is the time period between reception of the last activation command for PDCCH TCI, PDSCH TCI (when applicable) relative to
-	SCell activation command for known case;
-	First valid L1-RSRP reporting for unknown case.
	Tuncertainty_RRC is the time period between reception of the RRC configuration message for TCI of periodic CSI-RS for CQI reporting (when applicable) relative to
-	SCell activation command for known case;
-	First valid L1-RSRP reporting for unknown case. 



However, as commented by companies in last meeting, the gain is not significant as the uncertainty could be very short if gNB want to schedule the UE as early as possible. Another issue is that this may have further RAN1 impact on default QCL assumption. Thus, we are fine to focus on other cases with more potential gains.
For A-TRS related enhancement for L1 part, the status are summarized as follows:
	Issue 3-3-1: Aperiodic RS for TFineTiming during FR2 unknown SCell activation

Agreement:
· A-TRS can be configured for fine timing tracking after TCI state activation, and the A-TRS is QCL-ed with the selected SSB index. 


Issue 3-3-2: Aperiodic RS for L1-RSRP measurement during FR2 unknown SCell activation

FFS:
· Option 1 (Apple): Use AP CSI-RS for L1-RSRP measurement if UE can indicate the completion of L3 stage or can indicate the readiness of L1 measurement.
· Option 2 (Ericsson, LGE, Nokia):
· RAN4 to study usage of AP-RS and A-TRS for L1-RSRP measurement.
· RAN4 to send LS to RAN1 if A-TRS can be used for L1-RSRP measurement. If it cannot be used as it is, RAN4 to ask if it can be enhanced to support L1-RSRP measurement on the A-TRS.
Issue 3-5-1: Other enhancement for L1 part

FFS:
· Proposal 1 (NTT DoCoMo): FR2 SCell activation delay requirement should be studied under the assumption that UE performs L1-RSRP measurements for a cell with different PCI from serving cell.
· Proposal 2 (QC, Nokia, vivo): When Scell is semi-unknown to UE, NW can trigger UE to report RSRP before L1 RSRP measurement and report. The framework can be illustrated as following steps while UE perform the legacy FR2 Scell activation procedure.
· Step 1. NW configure either periodic or aperiodic (event-based) report config before Scell activation command.   
· Step 2. NW trigger preconfigured report config. (e.g MAC-CE can trigger the report config)
· Step 3: UE report latest RSRP measurement for target Scell 
· Step 4: UE can skip L1-RSRP measurement and report when UE reports RSRP measurement with associated SSB index during step3.  
· Step 5: Either A-TRS based or SSB-based for fine time tracking. TCI activation command and CSI-RS recourse activation for CQI reporting.
· Proposal 3 (Xiaomi, HW, ZTE, CTC): 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.




Based on the discussion in last meeting, it was agreed that A-TRS can be used for fine timing tracking when needed. For FR2 unknown SCell activation, the problem is how NW can determine the time instance to schedule the A-TRS. But we do not think it is feasible to perform L1-RSRP based on A-TRS which may have significant RAN1 impact.
Proposal 3: It is not recommended to A-TRS based L1-RSRP which may have significant RAN1 impact.
For A-TRS usage for fine time tracking, we provide following analysis on the overall frame work which is also discussed in our contribution for L3 part.
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 4: 
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 5: 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 5 and 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 6:
With the condtions of proposal 4, 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: If the L1-RSRP is completely skipped, the beam could be wrongly chosen due to the misalignment between the beams selected by L3 part.
Proposal 1: Compared with completely skipping L1-RSRP, it is suggested to discuss beam sweeping factor reduction for L1-RSRP after L3 part when UE can acquire some information via L3 measurement (AGC+Cell search).
[bookmark: _GoBack]Proposal 2: Fine timing can be skipped if the SCell activation delay can be further reduced to 3 ms.
Proposal 3: It is not recommended to A-TRS based L1-RSRP which may have significant RAN1 impact.
Proposal 4: 
A-TRS based on 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 5: When UE supports inter-band QCL-ed type D beam indication, L1-RSRP measurement and L1-RSRP report can be skipped.
Proposal 6:
With the condtions of proposal 4, 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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