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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 legacy requirements, the delay of SCell activation can be very long under certain scenarios, especially for unknown case. Considering the beam sweeping in FR2, the activation delay will be much longer than that in FR1 which may impact the throughput with burst data. In this paper, we provide our views of RRM impact of the objective and provide feasible solutions.
2. Discussion
The objective is shown as follows:
	· FR2 SCell activation delay reduction
· Identify cases where FR2 SCell activation delay can be reduced (e.g., unknown target cell cases), and specify reduced delay requirements for such cases, including but not limited to [RAN4]
· Study and, if feasible, enhance cell detection for unknown SCell and time/frequency tracking
· Study and, if feasible, enhance L1-RSRP measurement delay reduction on target SCell
· Note: Subject to RAN4’s agreement, the technical solutions can be extended to other general RRM requirements if applicable.
· Specify if needed, reference signal enhancement and/or signaling enhancement for the UE to meet the enhanced delay requirements [RAN4, RAN2]
· Note: No RAN1 work, i.e. introducing new RS, is expected.
· Note: the technical solutions can be extended to FR1, when applicable



In legacy FR2 requirements, at the worst case, the total SCell activation delay can be illustrated in following Fig 1. UE needs 16 SMTC for AGC settling and 8 SMTC for cell search. After that, UE needs to perform L1-RSRP to determine the beam and report the L1-RSRP for TCI configuration. With the TCI configurations, UE is able do time timing/frequency tracking. The total delay will be up to few seconds.
[image: ]
Fig.1 Unknown FR2 SCell activation without active serving cell in the same band.

To reduce the activation delay in FR2, we provide following options for considerations.
L1-RSRP measurement delay reduction
For L1-measurement, as shown in Fig. 1, UE is assumed to perform L1-RSRP with beam sweeping to determine the beam after cell search. According to current requirements, the L1-RSRP measurement delay is referred to the clause for L1-RSRP measurement as shown below. In clause 9.5, L1-RSRP measurement delay could be very long when DRX is configured where UE is only required to perform L1 measurement once every one DRX. However, in SCell activation procedure, when SCell is to be activated, it is most likely that there is data in buffer for reception and it not reasonable to relax the measurement according to DRX cycles. For instance, if the DRX cycle is 640 ms, the delay could be up to 5 seconds without considering the dropping due to L3 measurement.
	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.



Besides, in legacy requirements, When L1-RSRP RS is fully/partial overlapped with SMTC, UE is required to prioritize L3 measurement which will leads to longer measurement delay.
Observation 1: In legacy requirements, L1-RSRP measurement during SCell activation is referred to L1-RSRP measurement clause where the delay can be defined in terms of DRX cycles, and L1-RSRP measurement can be dropped due to L3 measurement. 
However, the L1-RSRP during SCell activation is different from normal L1-RSRP measurement (active Cell), the beam information is important for SCell activation which should have higher priority. As it can be regarded as “one shot” measurement only in SCell activation procedure, it may not have significant impacts on L3 measurement for mobility and power consumptions.
Observation 2: 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.
Besides, the L1-RSRP measurement is performed after cell search. From our understanding, through cell searching procedure, UE is already aware of the beam information in some degree. As the L1-RSRP is to indicate the beam to NW of subsequent TCI configurations, it is possible that UE report the beam information based on cell search and skip L1-RSRP procedure as shown in following Fig 2. We also recognize that the absolute value of RSRP obtained via cell search maybe different from L1-RSRP measurement, but what matters is the best SSB index indication to gNB.
[image: ]
Fig. 2 Report beam information based on cell search and skip L1-RSRP
Thus, based on the analysis above, the following enhancement of L1-RSRP measurement during SCell activation can be considered:
1. 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.
2. UE can report the beam information based on cell search and skip the L1-RSRP procedure
Proposal 1: Following enhancement of L1-RSRP measurement during SCell activation can be considered:
· 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.
· UE can report the beam information based on cell search and skip the L1-RSRP procedure

Temporary RS based SCell activation extension
In Rel-17, the fast SCell activation is defined based on A-TRS with the requirements defined in 8.3.16. In FR2, if there is active serving cell within the same band as the to-be-activated SCell, the activation delay is defined as TFirstATRS+ 5ms. And if there is no active serving cell but the to-be-activated SCell is known, the delay is defined as 3ms + max(TFirstATRS + 2ms, Tuncertainty_SP). Compared with legacy requirements for above two cases, the delay reduction comes from shorter waiting time of RS for fine timing tracking. However, for the worst case as mentioned above, current fast SCell activation cannot work.
Observation 3: Existing fast SCell activation cannot cover unknown FR2 SCell without activation serving cell in the same band, where the activation delay could be very long.
The limitation is that when the SCell is unknown and no activation serving cell in the same band, it is assumed that UE has to perform cell search to obtain the timing of target cell and determine the beam via L1-RSRP. In legacy requirements, as UE has to perform beam sweeping, the total number of SMTC is large which will lead to long delay. In legacy requirements, the known conditions for FR2 are defined as follows. The purpose is that UE already have the timing and beam information of target cell via L3 measurement with SSB index. However, it means NW has to configure periodic measurement report when the SCell is deactivated. 
	For the first SCell activation in FR2 bands, the SCell is known if it has been meeting the following conditions:
-	During the period equal to 4s for UE supporting power class 1/5 and 3s for UE supporting power class 2/3/4 before UE receives the last activation command for PDCCH TCI, PDSCH TCI (when applicable) and semi-persistent CSI-RS for CQI reporting (when applicable):
-	the UE has sent a valid L3-RSRP measurement report with SSB index 
-	SCell activation command is received after L3-RSRP reporting and no later than the time when UE receives MAC-CE command for TCI activation
-	During the period from L3-RSRP reporting to the valid CQI reporting, the reported SSBs with indexes remain detectable according to the cell identification conditions specified in clauses 9.2 and 9.3, and the TCI state is selected based on one of the latest reported SSB indexes.
Otherwise, the first SCell in FR2 band is unknown.



Except for the periodic L3 measurement report, UE can obtain the timing and beam assumption via corresponding QCL to RS of active serving cell in another band (similar as presence of active serving cell in the same band). If the A-TRS is QCL-ed type C/D to RS of active serving cell in another band, UE can also know the timing and beam information of the target cell, thus the fast SCell activation may also apply.
Proposal 2: Temporary RS based fast SCell activation may also apply to unknown FR2 SCell without serving cell in the same band when the A-TRS is QCL-ed to RS of serving cell in another band, where:
· UE can obtain timing via QCL typeC to serving cell in another band
· UE can obtain beam information via QCL typeD to serving cell in another band
Further enhancement on SCell activation
In current specification, the activation delay (Tactivation_time) of the intra-band to-be-activated SCell can be reduced to 3ms under certain side conditions, e.g., for FR1 the conditions are,
-	The RTD between the target SCell and the contiguous active serving cell is within within ±260ns, and 
-	The difference of the reception power with the contiguous active serving cell is <= 6dB, and 
-	The RS(s) of SCell being activated is (are) QCL-TypeA with TRS(s) of the SCell being activated, and the TRS(s) of the SCell being activated is (are) further QCL-TypeC with SSB(s) of any active serving cell that is contiguous to the SCell being activated on that FR1 band. 
For FR2, the conditions are,
· there is at least one active serving cell on that FR2 band, and
· the RS (s) of SCell being activated is (are) QCL-TypeD with RS (s) of one active serving cell on that FR2 band.
However if the to-be-activated SCell is the first cell in one band (no other active serving cell on the same band), the activation delay would be very large as per current requirements. In our understanding, in FR2 under certain well-planned network deployment, if network can guarantee that UE received time difference from two/multiple FR2 inter-bands is within [X]ns, the power difference is not larger than [Y]dB, and UE can reuse the timing and beam information from another band (e.g., QCL typeD), then UE can utilize the timing/beam from active serving cell on FR2 inter-band. Therefore SCell activation delay only needs to take decoding SCell activation command time into account. We think this further enhancement would be appealing as the inter-band FR2 SCell activation delay would be enormously reduced. Moreover this enhancement would also enable fast SCell activation if the SCell is the first to-be-activated serving cell on inter-band.
Proposal 3: Under certain condition when the timing/beam information of active serving cell on FR2 inter-band is able to be applied for to-be-activated SCell, the SCell activation delay can be further reduced (e.g., Tactivation_time=3ms).
TCI configuration uncertainty reduction
As shown in Fig.1, there is an uncertainty time period waiting for TCI configuration/activation. For unknown case, it is assumed that UE NW will configured the TCI state for PDCCH/PDSCH/CSI-RS based on L1-RSRP report. For the most common case, gNB will configured the TCI according to the SSB with highest measurement results. In that case, UE can switch TCI right after L1-RSRP report, and there is no need to wait for the uncertainty of TCI activation. Of course, it does not forbidden gNB from configuring different TCI from the SSB index with largest RSRP. gNB can also configure/activate different TCI state during SCell activation, and the UE’s behaviour will go to legacy case (with uncertainty). But UE shall be able to receive without the uncertainty using the TCI associated with the best L1-RSRP report.
Observation 4: It is most probably that gNB will configure TCI as the best SSB index via L1-RSRP report.
Proposal 4: For unknown case, the uncertainty of TCI configuration/activation can be saved when TCI of PDCCH/PDSC/CSI-RS is associated with the best L1-RSRP report.
3. Conclusions
Observation 1: In legacy requirements, L1-RSRP measurement during SCell activation is referred to L1-RSRP measurement clause where the delay can be defined in terms of DRX cycles, and L1-RSRP measurement can be dropped due to L3 measurement. 
Observation 2: 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.
Proposal 1: Following enhancement of L1-RSRP measurement during SCell activation can be considered:
· 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.
· UE can report the beam information based on cell search and skip the L1-RSRP procedure
Observation 3: Existing fast SCell activation cannot cover unknown FR2 SCell without activation serving cell in the same band, where the activation delay could be very long.
Proposal 2: Temporary RS based fast SCell activation may also apply to unknown FR2 SCell without serving cell in the same band when the A-TRS is QCL-ed to RS of serving cell in another band, where:
· UE can obtain timing via QCL typeC to serving cell in another band
· UE can obtain beam information via QCL typeD to serving cell in another band
Proposal 3: Under certain condition when the timing/beam information of active serving cell on FR2 inter-band is able to be applied for to-be-activated SCell, the SCell activation delay can be further reduced (e.g., Tactivation_time=3ms).
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Observation 4: It is most probably that gNB will configure TCI as the best SSB index via L1-RSRP report.
Proposal 4: For unknown case, the uncertainty of TCI configuration/activation can be saved when TCI of PDCCH/PDSC/CSI-RS is associated with the best L1-RSRP report.
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