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1. Introduction
As discussed in last RAN4#104-bis-e meeting, the WF of eFeRRM has been agreed in [1]. 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 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)

The options we discussed in last meeting were:
	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



Similar as L3 part, UE may be 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 N=ceil(maxNumberRxBeam / Nres_per_set); that is, CSI-RS based L1-RSRP measurement has already consider the UE Rx beam number as following,
- For periodic CSI-RS resources in a resource set configured with higher layer parameter repetition set to ON, N=ceil(maxNumberRxBeam / Nres_per_set), where Nres_per_set is number of resources in the resource set. The requirements apply provided qcl-InfoPeriodicCSI-RS is configured with QCL-TypeD for all resources in the resource set.
- For semi-persistent CSI-RS resources in a resource set configured with higher layer parameter repetition set to ON, N=ceil(maxNumberRxBeam / Nres_per_set), where Nres_per_set is number of resources in the resource set. The requirements apply provided TCI state is provided with QCL-TypeD for all resources in the resource set in the MAC CE activating the resource set.
The maxNumberRxBeam for R15/16 has been defined as “INTEGER (2..8)” in TS38.331, and therefore we think it’s no need to consider Rx beam sweeping enhancement for CSI-RS based L1-RSRP.
Proposal 1: For unknown FR2 SCell activation enhancement, introduce the UE capability to support Rx beam sweeping factor can be less than 8 for SSB based L1-RSRP measurement.

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

The options we discussed in last meeting were:
	Agreements:
· RAN4 to discuss the conditions for skipping L1-RSRP measurement when activating an FR2 unknown SCell.



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. However, to narrow down the solution and make it more realistic, we think the QCLed typeD relation can be used as a kind of assumption to determine if L3 measurement can be used for L1 reporting, i.e., L1 measurement is based on a RS QCLed typeD with L3 measurement SSB.
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Figure 1. example for the enhanced unknown FR2 SCell activation without L1-RSRP measurement

Proposal 2: for unknown R18 FR2 SCell activation enhancement, following L1 part enhancement can be considered:
· If L3 measurement is performed and if L3 and L1 measurement are using same RS or QCLed type D RSs, skip L1-RSRP measurement and use measurement result from L3 stage for L1-RSRP reporting. 

Issue 3-1-4: Prioritization enhancement for L1-RSRP measurement of FR2 unknown SCell activation
The options we discussed in last meeting were:
	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



We see the benefit to prioritize the SCell activation over other L3 measurement if the L3 measurement has also been configured on the target SCC. However, in last meeting, companies commented that it would impact the mobility performance due to the impacted L3 measurement, and also such prioritization is contradicted with the existing prioritization between L3 and L1 in legacy measurement. To compromise the options, we recommend to leave it to network decision.
Proposal 3: compromise solution: to introduce network indication for the prioritization between L1-RSRP measurements and L3 measurements for FR2 unknown SCell activation.
2.2 TCI related enhancement for L1 part 
Issue 3-2-1: Fine timing tracking for SSB corresponding to the TCI state during FR2 unknown SCell activation 
The options we discussed in last meeting were:
	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 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. However, during the last meeting discussion, companies had strong concern to reuse L3 measurement to determine the fine timing of TCI-RS, and we are also fine to perform the fine timing tracking on TCI-RS for more accurate timing information acquisition to help the following CQI measurement. 
Proposal 4: Skipping fine timing tracking for SSB corresponding to TCI state (by reusing SSB timing from L3/ L1 measurements) is not recommended.

Issue 3-2-2: TCI activation enhancement during FR2 unknown SCell activation
The options we discussed in last meeting were:
	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 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. In last meeting, some companies also mentioned that by using such assumption, UE needs to know whether network will indicate the explicit TCI activation command or not.
In our view, there is a backward compatibility issue to assume the TCI is always associated with the best L1-RSRP report, and we think it makes sense to discuss how UE can know if it shall use the by-default TCI determination or wait for network’s TCI activation command. To support enhancement in this issue, UE needs to have a time range for waiting the TCI from network, if within such time range there is no incoming TCI command from network, then UE can by-default use the max L1-RSRP report related TCI for CQI measurement as well as PDCCH reception of target SCell. The time range can be FFS, e.g., X=10ms.
Proposal 5: For FR2 unknown SCell activation enhancement, the TCI of PDCCH/PDSCH/CSI-RS is associated with the best L1-RSRP report if no MAC CE or RRC indication for TCI is sent to UE in Xms after L1-RSRP reporting.
· X is FFS.

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

The options we discussed in last meeting were:
	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.



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 2.
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Figure 2. example for the enhanced unknown FR2 SCell activation with AP CSI-RS based L1 measurement 

Proposal 6: for unknown R18 FR2 SCell activation enhancement, following enhancements based on AP CSI-RS and/or A-TRS are considered:
· Use AP CSI-RS for L1-RSRP measurement if L3 stage is performed during unknown FR2 SCell activation and UE can indicate the completion of L3 stage.

In last meeting companies also wanted to check with RAN1 on the feasibility of using A-TRS or AP CSI-RS for L1-RSRP measurement during FR2 SCell activation. We have no strong view on that since AP CSI-RS based L1-RSRP is always possible/feasible in legacy L1 measurement requirement.
2.4 Other enhancement for L1 part
Issue 3-5-1: Other enhancement for L1 partThe options we discussed in last meeting were:
	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.



Regarding the proposal 3: “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.” Similar as our view to L3 part, whether the timing and beam information from an inter-band serving CC can be used for target unknown FR2 SCell activation is not well justified. The inter-band serving cell and target SCell will have inter-band MRTD and TAE is 3us, which is larger than CP, we don’t think the QCL type C can directly lead UE to reuse the timing from this inter-band serving cell. Regarding the beam information, CDM is not introduced/specified yet, the QCL type D information from inter-band FR2 serving cell will still need UE do perform the Rx beam sweeping for target SCell(inter-band serving cell and target SCell still need to do IBM). We are not sure when beam cannot be aligned, how much timing difference UE can see at DL reception side even network can claim the TAE is small. If UE directly reuse the timing from inter-band serving cell but the real RTD is larger than CP, then it may result into a failed activation. We would like to understand more on how network can assume such small RTD at UE.
Proposal 7: For FR2 unknown SCell activation without intra-band serving cell, do not consider any A-TRS based enhancement with the assumption that the QCL source of A-TRS is configured as SSB in inter-band active serving cell (type C/D). 
3. Conclusion
In this discussion, we further discuss the possible L1 part enhancement to shorten the FR2 SCell activation delay.

Proposal 1: For unknown FR2 SCell activation enhancement, introduce the UE capability to support Rx beam sweeping factor can be less than 8 for SSB based L1-RSRP measurement.
Proposal 2: for unknown R18 FR2 SCell activation enhancement, following L1 part enhancement can be considered:
· If L3 measurement is performed and if L3 and L1 measurement are using same RS or QCLed type D RSs, skip L1-RSRP measurement and use measurement result from L3 stage for L1-RSRP reporting. 

Proposal 3: compromise solution: to introduce network indication for the prioritization between L1-RSRP measurements and L3 measurements for FR2 unknown SCell activation.
Proposal 4: Skipping fine timing tracking for SSB corresponding to TCI state (by reusing SSB timing from L3/ L1 measurements) is not recommended.
Proposal 5: For FR2 unknown SCell activation enhancement, the TCI of PDCCH/PDSCH/CSI-RS is associated with the best L1-RSRP report if no MAC CE or RRC indication for TCI is sent to UE in Xms after L1-RSRP reporting.
· X is FFS.

Proposal 6: for unknown R18 FR2 SCell activation enhancement, following enhancements based on AP CSI-RS and/or A-TRS are considered:
· Use AP CSI-RS for L1-RSRP measurement if L3 stage is performed during unknown FR2 SCell activation and UE can indicate the completion of L3 stage.

Proposal 7: For FR2 unknown SCell activation without intra-band serving cell, do not consider any A-TRS based enhancement with the assumption that the QCL source of A-TRS is configured as SSB in inter-band active serving cell (type C/D). 
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