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1 	Introduction
In the R15, SCell activation delay requirement is introduced and, in the R16/R17, some activation requirements are enhanced to accelerate the activation procedures. The delay requirement may be different according to the various conditions, e.g., frequency range, known/unknown cell and activating serving cell on the same band, etc. However, some of them, especially for unknown case, are still too long. Therefore, following the initial discussion in the last meeting, in this paper we discuss L1 part enhancement for unknown SCell activation in FR2. The WF from the last meeting is captured in [1].

2 Discussion
In SCell activation delay, L1-RSRP measurement is performed for the unknown SCell in FR2 after cell search is completed. Then L1-RSRP report is sent to the network for TCI indication as shown in Figure 1. 
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[bookmark: _Ref115341146]Figure 1: Unknown SCell activation delay in FR2 (when P CSI-RS is used).

[bookmark: _Hlk115241448]2.2 L1-RSRP measurement enhancement
L1-RSRP measurements for unknown SCell activation in FR2 can be performed faster by considering the non-DRX configuration as shown in Table 9.5.4.1-2 (for SSB based measurement) below [2]:
	Table 9.5.4.1-2: Measurement period TL1-RSRP_Measurement_Period_SSB for FR2
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil(M*P*N)*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N)*max(TDRX,TSSB))

	DRX cycle > 320ms
	ceil(1.5*M*P*N)*TDRX

	Note:	TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.


 



[bookmark: _Ref115345800]DRX is used for reducing power consumption under low traffic. CA is targeting high traffic case, in which power saving is not the first priority. Therefore, it is reasonable to consider the non-DRX configuration in this case for L1-RSRP measurements to reduce the overall SCell activation delay. 
[bookmark: _Ref115355978][bookmark: _Ref115358845]Proposal 1: L1-RSRP measurements delay can be reduced by considering the non-DRX configuration.

[bookmark: _Hlk115343830]As shown from the above table, the non-DRX L1-RSRP measurement can be further enhanced through the following parameters:
· P parameter
· N parameter
[bookmark: _Ref110948130]Observation 1: L1-RSRP measurements delay can be reduced through P and N parameters.
[bookmark: _Hlk115249339]P parameter is used to scale the L1-RSRP measurement when overlapping occurs between SSBs, SMTC and Measurement Gaps (MGs). Therefore, if MGs are deactivated for the UE during this L1-RSRP measurement, P can be reduced (e.g., up to 1), which therefore will reduce the overall SCell activation delay in FR2.
[bookmark: _Ref115356001][bookmark: _Ref115346018]Proposal 2: L1-RSRP measurements delay can be reduced by deactivating the MGs during L1 measurements for unknown SCell activation in FR2.

N parameter, on the other hand, is Rx beam sweeping factor, which is equal to 8 in FR2. N factor can also be reduced <8 to perform faster measurement requirements. This can be supported as a UE capability (as in ePos WI).
[bookmark: _Ref115353625][bookmark: _Ref115346022]Proposal 3: L1-RSRP measurements delay can be reduced by introducing a UE capability for reduced Rx beam sweeping factor during L1 measurements for unknown SCell activation in FR2.













2.2 Open issues related to L1 part
Several issues have been discussed in the last meeting and captured in the WF [1]. Here we discuss the open issues related to L1 part.
	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)
· 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



As discussed in Proposal 3, For L1-RSRP measurement, we support Option 1a, reducing Rx beam sweeping factor for L1 can reduce the SCell activation delay in FR2, which can be less than 8. This can be introduced as a UE capability. We are also fine with Option 2 when both L3 and L1 parts are based on the same RS.

	Issue 2-3-4: Prioritization enhancement for L1-RSRP measurement of FR2 unknown SCell activation
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.



As discussed in Proposal 1 and Proposal 2, non-DRX configuration can be used for L1-RSRP measurement to reduce SCell activation delay. Therefore, we are fine with Option 1. However, prioritising L1 over L3 during L1-RSRP measurement or deactivating MGs during L1-RSRP measurement (as in our Proposal 2) can both be studied to further enhance L1-RSRP measurements for SCell activation.


	Issue 2-3-6: Fine timing tracking for SSB corresponding to the TCI state during FR2 unknown SCell activation
· 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.




[bookmark: _Hlk115358987]Reusing SSB timing from L3 or L1 measurements to skip the fine timing tracking for SSB corresponding to TCI state is not recommended, because during L1/L3 measurements UE tracking performance for SSB timing will not be accurate enough, and therefore fine timing tracking is still required to be accomplished. In addition, skipping fine timing tracking does not reduce the delay much (only 1*Trs) compared to its impact on acquiring the accurate timing.

[bookmark: _Ref115358739][bookmark: _Ref115361867]Proposal 4: 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.


	Issue 2-3-7: TCI activation enhancement during FR2 unknown SCell activation
FFS:
· Proposal 1 (Intel, Apple, Xiaomi,): further discuss the UE beam assumption after L1-RSRP report to reduce MAC CE based TCI activation delay.
· [bookmark: _Hlk115360523]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.




For Issue 2-3-7, we support Proposal 1 and 1a. Saving the time spent on TCI activation based on MAC CE (which include Tuncertinity_MAC, THARQ and MAC CE processing) by assuming that TCI of PDCCH/PDSC/CSI-RS is associated with the best L1-RSRP report can enhance SCell activation delay in FR2.

[bookmark: _Ref115361882]Proposal 5: The uncertainty of TCI configuration/activation can be saved when TCI of PDCCH/PDSC/CSI-RS is associated with the best L1-RSRP report.


	Issue 2-3-8: Aperiodic RS related enhancement during FR2 unknown SCell activation
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.




The problem with AP RS is that it is only one-shot. Network has no idea when to trigger it because the exact UE processing during the SCell activation is unknown to the network. Even if we have a reference UE behaviour during the discussion, but UE is not mandated to follow the reference behaviour (e.g., UE can do faster, if possible).

[bookmark: _Ref115398260]Proposal 6: Since AP RS is only one-shot resource and network has no idea when to trigger it, because the exact UE processing during the SCell activation is unknown to the NW, UE may still perform faster with the pre-configured (periodic) resources.







3 Summary
In this paper, the discussion of SCell activation delay reduction for L1 part is provided. The following observations were approached:
Observation 1: L1-RSRP measurements delay can be reduced through P and N parameters.
[bookmark: _Hlk94866332]Furthermore, the following proposals have been introduced: 
Proposal 1: L1-RSRP measurements delay can be reduced by considering the non-DRX configuration.
Proposal 2: L1-RSRP measurements delay can be reduced by deactivating the MGs during L1 measurements for unknown SCell activation in FR2.
Proposal 3: L1-RSRP measurements delay can be reduced by introducing a UE capability for reduced Rx beam sweeping factor during L1 measurements for unknown SCell activation in FR2.
Proposal 4: 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.
Proposal 5: 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 6: Since AP RS is only one-shot resource and network has no idea when to trigger it, because the exact UE processing during the SCell activation is unknown to the NW, UE may still perform faster with the pre-configured (periodic) resources.
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