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1. Introduction
In RANP #96 meeting, the WID [1] for R18 eFeRRM was agreed and one key scope for study is the FR2 SCell activation enhancement. As justified, 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.
	· 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 this discussion, we preliminarily discuss the possible enhancement to shorten the FR2 SCell activation delay.
2. Discussion
In legacy RRM requirement, the baseline FR2 SCell activation requirement in TS38.133 section 8.3.2 can be summarized as in the following chart, not including multiple SCell activation, direct SCell activation, PUCCH SCell activation and fast SCell activation.
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Figure 1. baseline FR2 SCell activation requirement in TS38.133 section 8.3.2
The corresponding delay requirement for the above cases are summarized in following table:
	Case ID
	FR2 SCell activation Requirement in section 8.3.2 TS38.133

	Case 1-1
	TFirstSSB+ 5ms

	Case 1-2
	3ms

	Case 2-1-1
	3ms + max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP)

	Case 2-1-2
	max(Tuncertainty_MAC + 5ms + TFineTiming, Tuncertainty_RRC + TRRC_delay-THARQ)

	Case 2-2-1
	6ms + TFirstSSB_MAX + 15*TSMTC_MAX + 8*Trs  + TL1-RSRP, measure + TL1-RSRP, report  + THARQ + max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP)

	Case 2-2-2
	3ms + TFirstSSB_MAX + 15*TSMTC_MAX + 8*Trs + TL1-RSRP, measure + TL1-RSRP, report + max {(THARQ + Tuncertainty_MAC + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)}.



Proposal 1: 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. If needed, the other SCell activation cases, e.g., multiple SCell activation, direct SCell activation, PUCCH SCell activation and fast SCell activation, can be discussed after baseline case is completed.
In our understanding, the main possible enhancements can be on the following parts during SCell activation:
· L3 cell synchronization, measurement and T/F tracking
· L1-RSRP measurement for TCI determination
· Fine time tracking for TCI RS
· AP RS usage during FR2 SCell activation
L3 cell synchronization, measurement and T/F tracking
During the L3 cell synchronization(including AGC), cell measurement and T/F tracking, there are multiple parts may be considered for enhancement, as shown in figure 2.
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Figure 2. L3 enhancement part during activation (example case is case 2-2-1)

(1) Beam sweeping factor reduction for L3 enhancement
Beam sweeping factor is assumed to be 8 in the L3 cell synchronization and measurement during FR2 SCell activation. However, since SSB is used for L3 measurement including PSS/SSS/DMRS for PBCH, UE may be able to perform symbol level beam sweeping inside SSB; and moreover, the SNR side condition is -2dB for activation requirement. Thus, it may be possible to reduce the Rx beam sweeping factor for L3 measurement for FR2 SCell activation enhancement.  
(2) sample number reduction for L3 enhancement
In the legacy unknown FR2 SCell activation, we assumed that the synchronization with AGC takes two sample for each Rx beam and cell measurement with T/F tracking takes one more sample. However, since SCell activation has much higher SNR side condition compared with other mobility requirement, i.e., -2dB. It may be also possible to consider if the sample number for L3 measurement/synchronization could be reduced during the SCell activation. We also recommend companies to do simple simulation to verify such L3 enhancement possibility. 
(3) Timing acquired during cell synchronization for L1-RSRP measurement. 
During the cell synchronization, UE is able to acquire the cell phase timing (coarse timing in legacy activation requirement) and then UE would perform T/F tracking on corresponding SSBs to derive the timing for following L1-RSRP measurement. However, we think during the cell synchronization, UE may be able to acquire the sufficient timing information for the L1-RSRP measurement with enhancement capability and the time delay for L3 T/F tracking may be saved, as shown in the figure 3.
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Figure 3. example for the enhanced unknown FR2 SCell activation without L3 T/F tracking (example case is case 2-2-1)

Proposal 2: for unknown R18 FR2 SCell activation enhancement, RAN4 to discuss following L3 part enhancements:
(1) Beam sweeping factor reduction for L3 measurement
(2) Sample number reduction for L3 measurement/synchronization
(3) Remove or reduce L3 T/F tracking time (8 Trs)

L1-RSRP measurement for TCI determination
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 4, 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.
[image: Shape

Description automatically generated with low confidence]
Figure 4. example for the enhanced unknown FR2 SCell activation without L1-RSRP measurement (example case is case 2-2-1)

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 3: for unknown R18 FR2 SCell activation enhancement, RAN4 to discuss following L1 part enhancements:
(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) Beam sweeping factor reduction for SSB based L1 measurement

Fine time tracking for TCI RS
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 5.
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Figure 5. example for the enhanced unknown FR2 SCell activation without fine timing tracking (example case is case 2-2-1)

Proposal 4: for unknown R18 FR2 SCell activation enhancement, RAN4 to discuss following fine timing tracking enhancements for TCI RS:
(1) 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

AP RS usage during FR2 SCell activation
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 RS for UE to perform the L1 measurement without any resource wasting (don’t need to schedule periodic RS for L1 measurement or periodically schedule AP RS for L1 measurement), as shown in the figure 6.
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Figure 6. example for the enhanced unknown FR2 SCell activation with AP RS based L1 measurement (example case is case 2-2-1)

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. 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 5: for unknown R18 FR2 SCell activation enhancement, RAN4 to discuss following AP RS use cases:
(1) Use AP 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 for fine timing tracking on SSB corresponding to the TCI state after TCI activation command
All the above proposals are the potential enhancement aspects we can see in the unknown FR2 SCell activation procedure, but we also understand many of the enhancements are based on UE implementation and therefore RAN4 can discuss which enhancements are feasible and desirable.
3. Conclusion
In this discussion, we preliminarily discuss the possible enhancement to shorten the FR2 SCell activation delay.
Proposal 1: 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. If needed, the other SCell activation cases, e.g., multiple SCell activation, direct SCell activation, PUCCH SCell activation and fast SCell activation, can be discussed after baseline case is completed.
Proposal 2: for unknown R18 FR2 SCell activation enhancement, RAN4 to discuss following L3 part enhancements:
(1) Beam sweeping factor reduction for L3 measurement
(2) Sample number reduction for L3 measurement/synchronization
(3) Remove or reduce L3 T/F tracking time (8 Trs)
Proposal 3: for unknown R18 FR2 SCell activation enhancement, RAN4 to discuss following L1 part enhancements:
(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) Beam sweeping factor reduction for SSB based L1 measurement
Proposal 4: for unknown R18 FR2 SCell activation enhancement, RAN4 to discuss following fine timing tracking enhancements for TCI RS:
(1) 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 unknown R18 FR2 SCell activation enhancement, RAN4 to discuss following AP RS use cases:
(1) Use AP 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 for fine timing tracking on SSB corresponding to the TCI state after TCI activation command
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