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1. Introduction
As discussed in last RAN4#104e meeting, some of the FR2 RRM requirements allow excessively long delay for UE in certain RRM operations, and it’s observed that there are feasible ways to enhance specific requirements to guarantee fair performance in the field for FR2 networks, e.g., FR2 SCell activation delay requirement. The WF of eFeRRM has been agreed in [1], and the open issues were also captured.
	Sub-topic 2-1 General
Issue 2-1-1: Baseline scope for FR2 SCell activation enhancement
Agreement:
· 1st phase: RAN4 starts the discussion of the R18 unknown FR2 SCell activation enhancement based on baseline FR2 SCell activation requirement in TS38.133 section 8.3.2 
· Discuss the feasibility and method of SCell activation enhancement based on AP-CSI-RS and/or A-TRS
· 2nd phase: the other SCell activation cases, e.g., multiple SCell activation, direct SCell activation, and PUCCH SCell activation, to be discussed after baseline case (i.e. single FR2 SCell activation) is completed.
· 2nd phase will start from RAN4 #107 meeting.
Issue 2-1-2: Prioritization for initial phase
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.



In this paper, we further discuss the possible L1 part enhancement to shorten the FR2 SCell activation delay.
2. Discussion on L1 part enhancement for FR2 SCell activation
2.1 Enhancement for L1-RSRP  
Issue 2-3-1: Beam sweeping factor enhancement in L1-RSRP measurement of FR2 unknown SCell activation (not related with WI of FR2 multi-Rx chain DL reception)

The options we discussed in last meeting were:
	· FFS on beam sweeping factor reduction for L1 measurement during unknown FR2 SCell activation. 
· Option 1a (vivo): Introduce the UE capability to support Rx beam sweeping factor can be less than 8 for FR2
· Option 1b (Ericsson): 
· RAN4 to discuss the solutions or pre-conditions to reduce the scaling factor N1 in FR2 SCell activation.
· RAN4 to define RX beam constant time. Where, RX beam constant time is a time duration or window within which the RX beams are assumed to be constant or non changing. Rx beam constant time to be agreed as [X=1280ms].
· If UE performed a full RX beam sweeping for a procedure, next procedures or steps fall within RX beam constant time do not need to perform RX beam sweeping.
· UE can speed up the remaining steps in SCell activation with a shorter beam scaling factor based on prior Rx beam information from the step before
· Option 2 (LG, MTK, HW, ZTE): Consider reporting (rough) best Tx beam during cell detection to reduce L1-RSRP measurement delay



The L1-RSRP measurement and report is mainly to help network for TCI determination as well as the UE fine Rx beam training. However, during the L3 measurement or synchronization UE can also perform the measurement on SSBs. 
As shown in example figure 1, if SSBs are configured as L1-RSRP/beam measurement RS and this SSB has been measured during L3 synchronization or measurement, UE may skip L1-RSRP/beam measurement, and directly report SSB-RSRP to network based on L3 measurement (L1-RSRP or L3-RSRP reporting can be FFS). If CSI-RS is configured as L1-RSRP/beam measurement RS and this CSI-RS is QCLed type D with the SSB measured during L3 synchronization or measurement, UE may skip L1-RSRP/beam measurement, and also directly report SSB-RSRP to network based on L3 measurement. As mentioned by other companies in last meeting, another alternative is that UE can also report the beam information based on cell search and skip the L1-RSRP procedure, and then network can also use the reported rough beam information to determine the TCI. 
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Figure 1. example for the enhanced unknown FR2 SCell activation without L1-RSRP measurement

On the other hand, UE may be also able to reduce the beam sweeping factor for SSB based L1-RSRP like L3 enhancement. If CSI-RS is used for L1-RSRP, it has little room to do enhancement with beam sweeping factor reduction, as the CSI-RS based L1-RSRP measurement delay is using the beam sweeping factor of {resource number each resource set}/UE Rx number.
Proposal 1: for unknown R18 FR2 SCell activation enhancement, following L1 part enhancement alternatives can be considered:
(1) skip L1-RSRP measurement and use measurement result from L3 stage for L1-RSRP reporting, if L3 measurement and L1 measurement are using same RS or QCLed type D RSs
(2) UE can also report the beam information based on cell search and skip the L1-RSRP procedure
(3) Introduce UE capability to support beam sweeping factor reduction for SSB based L1 measurement
Issue 2-3-3: Sample number enhancement in L1-RSRP measurement of FR2 unknown SCell activation
In exiting FR2 SCell activation requirement, the L1-RSRP delay was defined as:
	TL1-RSRP, measure is L1-RSRP measurement delay TL1-RSRP_Measurement_Period_SSB ms or TL1-RSRP_Measurement_Period_CSI-RS based on applicability as defined in clause 9.5 assuming M=1.
	TL1-RSRP, report is delay of acquiring CSI reporting resources.

Since M=1 is used for L1-RSRP measurement in FR2 unknown SCell activation requirement, there is no room to further reduce the sample number of PHY filtering for L1-RSRP measurement.
Proposal 2: 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 2-3-4: Prioritization enhancement for L1-RSRP measurement of FR2 unknown SCell activation
The options we discussed in last meeting were:
	FFS:
· Proposal 1 (Huawei, vivo, Apple): study whether L1-RSRP measurement during SCell activation shall have higher priority over L3 measurement and whether it should be performed in non-DRX mode even DRX is configured.
· Proposal 1a (Huawei): agree that L1-RSRP measurement during SCell activation shall have higher priority over L3 measurement and it should be perform in non-DRX mode even DRX is configured.



We also see the benefit to prioritize the SCell activation over other L3 measurement if the L3 measurement has also been configured on the target SCC. At the meanwhile, in order to speed up the activation procedure, it also makes sense to ignore C-DRX for the target SCell measurement during the activation stage.
Proposal 3: L1-RSRP measurement during FR2 unknown SCell activation has higher priority over L3 measurement and it’s performed in non-DRX mode even DRX is configured.

Issue 2-3-5: Other enhancement for L1-RSRP measurement of FR2 unknown SCell activation
Same proposal was discussed in issue 2-3-1.
2.2 TCI related enhancement for L1 part 
Issue 2-3-6: Fine timing tracking for SSB corresponding to the TCI state during FR2 unknown SCell activation
The options we discussed in last meeting were:
	· FFS: whether and how to skip fine timing tracking for SSB corresponding to the TCI state, if SSB timing from L3 measurement stage or SSB timing from L1-RSRP measurement stage can be reused.



During the unknown FR2 Scell activation, the fine timing tracking delay is defined as,
	TFineTiming is the time period between UE finish processing the last activation command for PDCCH TCI, PDSCH TCI (when applicable) and the timing of first complete available SSB corresponding to the TCI state. 

After TCI activation, in legacy activation procedure UE will perform the fine timing tracking and then UE is able to perform the CQI measurement. However, in R18 enhanced activation, we may need to consider two possibilities: the SSB corresponding to the TCI state has been measured in the L3 measurement stage and the SSB timing from L3 measurement stage can be reused; or the SSB corresponding to the TCI state has been measured in the L1-RSRP measurement stage and the SSB timing from L1 measurement stage can be reused, as shown in the following figure 2.
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Figure 2. example for the enhanced unknown FR2 SCell activation without fine timing tracking

Proposal 4: for unknown R18 FR2 SCell activation enhancement, skip fine timing tracking for SSB corresponding to the TCI state, if SSB timing from L3 measurement stage or SSB timing from L1-RSRP measurement stage can be reused.

Issue 2-3-7: TCI activation enhancement during FR2 unknown SCell activation
The options we discussed in last meeting were:
	FFS:
· Proposal 1 (Intel, Apple, Xiaomi,): further discuss the UE beam assumption after L1-RSRP report to reduce MAC CE based TCI activation delay.
· Proposal 1a(Huawei, Apple, Intel, Xiaomi, OPPO, MTK, Ericsson, NTT DCM): the uncertainty of TCI configuration/activation can be saved when TCI of PDCCH/PDSC/CSI-RS is associated with the best L1-RSRP report.
· Proposal 2 (ZTE): to consider whether the TCI state indication can be acquired by UE before SCell activation or not, which would impact the total latency.
· Proposal 3 (ZTE): to consider whether and how to identify TCI state without L1-RSRP measurement and report, which is the core issue for latency reduction for unknown case.



In the legacy SCell activation requirement, two kinds of uncertainty time were defined, as followings,
	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. 
The legacy procedure requires UE to report L1-RSRP to network first and then network can determine the TCI for this UE, however, as proposed by companies in last meeting, if the RS with reported best L1-RSRP can always be considered as the best TCI RS, the time uncertainty of TCI configuration/activation can be saved. We are fine to introduce such assumption to the requirement to make RS associated with best L1-RSRP as the by-default TCI if no MAC CE or RRC indication for TCI.
Proposal 5: 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.
2.3 Aperiodic RS related enhancement for L1 part 
Issue 2-3-8: Aperiodic RS related enhancement during FR2 unknown SCell activation
The options we discussed in last meeting were:
	FFS:
· Proposal 1 (Apple, Ericsson): RAN4 to discuss: use AP RS for L1-RSRP measurement if UE can indicate the completion of L3 stage or can indicate the readiness of L1 measurement
· Proposal 2a(Apple, Xiaomi, MTK, Ericsson, ZTE): RAN4 to discuss: use A-TRS corresponding to the TCI state for fine timing tracking after TCI activation command
· Proposal 2b(Xiaomi): If there is no any QCL information of reference signal for target SCell, A-TRS is configured for fine timing tracking, and the A-TRS is QCL-ed with the selected SSB index.
· Proposal 3: Any other solutions to enable A-TRS usage to unknown SCell activation is not precluded.



In the fast SCell activation requirement, the A-TRS is used to speed up the activation procedure. However, the fast SCell activation requirement didn’t consider the unknown FR2 SCell activation case, as network has no idea about when UE can complete L3 synchronization/measurement or when UE is ready to perform timing tracking or L1-RSRP. 
In R18 unknown FR2 SCell activation, if UE can indicate the completion of L3 stage or can indicate the readiness of L1 measurement, network can schedule the AP CSI-RS for UE to perform the L1 measurement without any resource wasting (don’t need to schedule periodic CSI-RS or configure SSB for L1 measurement or periodically schedule AP CSI-RS for L1 measurement), as shown in the figure 3.
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Figure 3. example for the enhanced unknown FR2 SCell activation with AP CSI-RS based L1 measurement 

Another potential enhancement is: after UE report the L1-RSRP to network for TCI determination, network can also use A-TRS for UE to perform fine timing tracking for TCI after the TCI activation command. The existing fine timing delay is defined as,
	TFineTiming is the time period between UE finish processing the last activation command for PDCCH TCI, PDSCH TCI (when applicable) and the timing of first complete available SSB corresponding to the TCI state. 

Such use case of A-TRS may also help to reduce the TFineTiming from ‘up to one time of SSB periodicity’ to a relatively small value based on the first coming A-TRS (TFirstATRS).
Proposal 6: for unknown R18 FR2 SCell activation enhancement, following enhancements based on AP CSI-RS and/or A-TRS are considered:
(1) 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
(2) Use A-TRS corresponding to the TCI state for fine timing tracking after TCI activation command

2.4 SP CSI-RS and periodic CSI-RS related enhancement for L1 part
Issue 2-3-9: SP CSI-RS and periodic CSI-RS related enhancement during FR2 unknown SCell activation
The options we discussed in last meeting were:
	FFS:
· Proposal 1 (Intel, MTK): Futher discuss how to reduce the semi-persistent CSI-RS activation or RRC based CSI-RS configuration delay. 



In our view, the CSI-RS configuration and activation is completely up to network behavior, and it may not be able to reflect in the UE requirement. But we are open to discuss it if companies can clarify the UE behavior impact or UE side enhancement.
3. Conclusion
In this discussion, we further discuss the possible L1 part enhancement to shorten the FR2 SCell activation delay.

Proposal 1: for unknown R18 FR2 SCell activation enhancement, following L1 part enhancement alternatives can be considered:
(1) skip L1-RSRP measurement and use measurement result from L3 stage for L1-RSRP reporting, if L3 measurement and L1 measurement are using same RS or QCLed type D RSs
(2) UE can also report the beam information based on cell search and skip the L1-RSRP procedure
(3) Introduce UE capability to support beam sweeping factor reduction for SSB based L1 measurement
Proposal 2: the sample number of PHY filtering cannot be reduced since M=1 is used for L1-RSRP measurement in FR2 unknown SCell activation requirement.
Proposal 3: L1-RSRP measurement during FR2 unknown SCell activation has higher priority over L3 measurement and it’s performed in non-DRX mode even DRX is configured.
Proposal 4: for unknown R18 FR2 SCell activation enhancement, skip fine timing tracking for SSB corresponding to the TCI state, if SSB timing from L3 measurement stage or SSB timing from L1-RSRP measurement stage can be reused.
Proposal 5: 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.
Proposal 6: for unknown R18 FR2 SCell activation enhancement, following enhancements based on AP CSI-RS and/or A-TRS are considered:
(1) 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
(2) Use A-TRS corresponding to the TCI state for fine timing tracking after TCI activation command
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