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1. Introduction
In RAN plenary 96 meeting, a new WID[1] for Rel-18 was approved to identify further RRM enhancement for NR and MR-DC. The objective of this WID is as follows.
	· [bookmark: OLE_LINK2][bookmark: OLE_LINK1]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
· Define RRM requirements for FR1-FR1 NR-DC scenarios [RAN4] 
· RRM requirements include the number of serving carriers, PSCell addition/release delay requirement, PSCell change and conditional PSCell change delay, scheduling availability, and CSSF. Other Rel-15 requirements are not precluded and are subject to WI stage discussion.
· For R16 and R17 features, RRM requirements for FR1-FR1 NR-DC including HO with PSCell, SCG activation/deactivation and CPAC.
·  Note: no other R16/17 features are considered


During 105 meeting, RAN4 had spread some discussion focus on L3 part of unknown FR2 SCell activation reduction. Some agreements were achieved in [2]. 
	Issue 1-1-1: new condition/classification for unknown SCell
Agreement
· FFS whether to define new sub-states for known/unknown state for FR2 SCell
· Discuss the following sub-cases to reduce FR2 SCell activation delay for unknown case
· UE reports [a valid L3 measurement result] after SCell activation command
· UE does not report [a valid L3 measurement result] after SCell activation command
· Note: the categorization above does not limit potential enhancements
Issue 1-1-2: new measurement status indication or report for FR2 SCell activation enhancement 
Agreement:
· for [unknown] FR2 SCell activation enhancement, NW can trigger/configure UE sends L3 measurement report with SSB index to network after SCell activation command 
· FFS on how and when to trigger/configure/report such L3 measurement results
· FFS on necessity of L3 measurement reporting if UE has no valid measurement results
· FFS: If valid L3 measurement results are reported, L3 and L1 parts can be skipped, i.e., network can perform TCI activation after valid L3 measurement results are reported.
· If measurement results are available, the UE will report them to the NW. How to determine the measurement result is available is FFS. 
· The status of [unknown] may be revised after concluding the issue 1-1-1.
Issue 1-2-1: Beam sweeping factor enhancement in L3 part of FR2 unknown SCell activation (not related with WI of FR2 multi-Rx chain DL reception)
Agreement:
· Specify beam sweeping factor enhancement in L3 part of FR2 unknown SCell activation as UE capability
· Conditions to apply beam sweeping factor enhancement and details of UE capabilities are FFS
· Detail of solution are FFS
· Note: if feasible conditions are not identified, then no enhancement will be introduced
Issue 1-4-1(common issue for multiple topics): whether to reuse timing and Rx beam for target unknown FR2 SCell based on QCLed type C/D information from an inter-band active serving cell
Agreement: 
· For FR2 SCell activation enhancement
· RAN4 to not consider reusing timing and Rx beam to target unknown FR2 SCell based on QCLed type C/D information from an inter-band active serving cell
· For FR1 SCell activation enhancement
· RAN4 to discuss the feasibility of reusing timing information to target unknown FR1 SCell from an FR1 inter-band active serving cell
· FFS the feasibility of configuring QCL type C information from FR1 inter-band active serving cell


Still some issues were suspending. In this document, we provide some analysis focused on the following suspending issues around L3 part enhancement.
· The clarification on legacy L3 procedure
· The procedure and details of new category for FR2 SCell activation enhancement
· Beam related enhancement for L3 part
· Sample number related enhancement for L3 part
· RS related enhancement for L3 part
2. Discussion
2.1 The clarification on legacy L3 procedure
If companies have aligned understanding on the legacy L3 procedure, it would be better for further identification of enhancement around L3 part. During last meeting, the following views about legacy L3 procedure are as below:
	· Option 1: RAN4 to align the understanding of cell measurement/synchronization/AGC/T/F tracking in the existing FR2 unknown SCell activation delay requirements for discussion but not explicitly state them in the spec.
Option 1a: in existing FR2 unknown SCell activation case, following UE implementation alternatives are assumed:
· Implementation alternative 1:
· TFirstSSB_MAX + 15*TSMTC_MAX: AGC and PSS/SSS detection
· 8*Trs: cell measurement, T/F tracking and SSB index reading
· Implementation alternative 2:
· TFirstSSB_MAX + 15*TSMTC_MAX: AGC (1 sample for coarse AGC and 1 sample for fine AGC)
· 8*Trs: cell search, time/frequency synchronization, time/frequency tracking
Option 1b:
· In existing FR2 unknown SCell activation delay, the sample number for AGC and cell search is defined as follows:
· The component of “TFirstSSB_MAX + 15*TSMTC_MAX” is for AGC (1 sample for coarse AGC and 1 sample for fine AGC)
· The component of “8*Trs” is for cell search (1 sample)
· Option 2: No need to align such implementation in option 1.


It seems that the majority preferred Option 1, and Option 1a and Option 1b are similar.
In our opinion, based on current specification, L3 part enhancements includes two components: AGC adjustment and cell search. The corresponding component latency are as follows:
· TFirstSSB_MAX + 15*TSMTC_MAX: AGC (1 sample for coarse AGC and 1 sample for fine AGC)
· 8*Trs: cell search, time/frequency synchronization, time/frequency tracking
During the procedure of AGC adjustment, the UE would perform AGC to obtain the gain factor since when the UE is tuning in to an SCell without any prior info, it has to determine the general signal levels on the SCell, in order to set the LNA to an operating point where saturation of the received signal is avoided. 2 samples are used and the assumption of Rx beam sweeping number is 8. 
During the procedure of cell search, the UE has to achieve coarse timing, track T/F synchronization. Only 1 sample is required and the same Rx beam sweeping number assumption as AGC, i.e. 8 Rx beam sweeping.
Proposal 1: Regarding to the understanding of legacy L3 procedure, it is better to align between companies. We have the following understanding: L3 part enhancements includes two components: AGC adjustment and cell search.
· TFirstSSB_MAX + 15*TSMTC_MAX: AGC (1 sample for coarse AGC and 1 sample for fine AGC, 8 Rx beam factor)
· 8*Trs: cell search, time/frequency synchronization (1 sample, 8 Rx beam factor)
Furthre more, we believe the two components are both necessary. Since UE needs to settle the gain setting for the to-be-activated SCell during AGC adjustment. Then UE can perform cell search with T/F tracking based on SSB to derive timing for later L1-RSRP measurement.
Proposal 2: The two components are both necessary considering the subsequent operation in the new activated SCell.
2.2 The procedure and details of new category for FR2 SCell activation enhancement
During last meeting, companies have deeply discussion about the new category of SCell, including whether any new state is necessary to be reflected in the spec and the details based on the new category. Based on the already approved conclusions, to further identify the whole procedure and details, we can go through the following sub issues step by step.
· The category of SCell
· The procedure of such enhancement based on new category
· What and when to report during the procedure
· Whether and how to distinguish valid and invalid report
The category of SCell
Firstly we can review the legacy FR2 SCell activation procedure as shown in Figure 1. It can be shown that for the case of non intra-band already active serving cell existence, it was classified into two categories: Target SCell is known and target SCell is unknown.
[image: ]
Figure 1:  All cases for FR2 SCell activation(Highlighted in red are R17 enhanced cases)
The distinguish between legacy known and unknown in FR2 is defined in [3] as below:
	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.


It can be summarized that once two factors are satisfied, i.e. UE has sent valid L3 report during some period + the reported SSB index of to-be-activated SCell keeps detectable, then the SCell is known; Otherwise, the SCell is unknown. For the known case, no L3 part is needed. While for the unknown case, both AGC and cell search are needed in legacy.
As many companies proposed in previous meetings, for the case that the UE has already known about the to-be-activated SCell but only not satisfy the above known condition, in fact the procedure can be accelerated since of some helpful prior info. So a mediate state between known and unknown was proposed during previous meeting. Such solution was agreed by all companies in last meeting but the details are still suspending. Further more, to avoid the workload to discuss how to define such mediate state in spec, maybe only such solution is used but not any new terminology is introduced in this WI.
Proposal 3: To avoid additional workload to discuss how to define a mediate state between known and unknown in spec, only such solution is applied but not any new terminology is introduced in this WI.
The procedure of such enhancement based on new category
Based on the solution of introducing a mediate state between known and unknown, it is necessary to detect when such mediate state is satisfied and how to reduce the legacy procedure under such mediate state. 
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Figure 2:  The procedure based on new category
Once receiving the FR2 SCell activation command, the UE can detect which state it is belong currently. Legacy known condition can be reused here. Legacy unknown state can be split into the other two states: mediate state and unknown state. How to distinguish between mediate state and unknown state, the key point is that whether UE has sent the L3 report to NW within 4/3s. If UE has performed L3 measurement but not report to NW, it is seemed as mediate state. Otherwise, deem as unknown state. 
For the case of mediate state, which means UE has prepared L3 report already, then UE can transmit quick report to NW, to let NW know about the suitable beam and the corresponding RSRP/RSRQ, so that NW can acquire the beam information of the to-be-activated SCell. Since the UE has performed measurement before, then the reduced L3 part is expected under such case, the detailed reduction can be considered through beam factor reduction and sample number reduction, we would provide analysis in the latter sections.
Proposal 4: An additional mediate state is considered for the whole procedure. Regarding to the exact condition between different states, legacy known condition can be reused to detect whether belong to known state. While the legacy unknown state is splited into mediate state and unknown state.
Proposal 5: If it is assumed to be in mediate state, then UE has to transmit quick report to NW to inform its optimized SSB index and the corresponding RSRP/RSRQ, then the reduced L3 part can be performed subsequently.

What and when to report during the procedure
The motivation of splitting the legacy unknown state into an additional mediate state and unknown state, is to accelerate the whole procedure of SCell activation so as to reduce the latency. So if additional interaction between UE and NW introduced, it should be as fast as possible. Further more, based on the definition of mediate state above, in fact UE has prepared the report already, just need to send it to NW. So such quick report can be triggered by the SCell activation command, this is the most efficient way. 
Based on the specification in [4], there are three types of L3 report currently: periodic report, event triggered report and conditional triggered report. If classifying the quick report here as a new event, we can describe such new event triggered report from the following main aspects:
· Entering condition
· Leaving condition
· Time to trigger
· Report quantity
Referring to the Entering condition, in our opinion, three factors should be considered: Receiving the SCell activation command, The target SCell is not satisfied with known condition and the UE has already performed measurement before.
Referring to the leaving condition, if such quick report is only one-shot, once UE transmits the report once, then UE can leave the event.
For Time to trigger, now there are multiple candidates, such as 0 ms, 40 ms, 64 ms, 80 ms etc. From the perspective of more efficient report, such time duration should be as small as possible.
For Report quantity, SSB index plus the corresponding RSRP/RSRQ is enough.
Once receiving such quick report, then NW and UE have the aligned understanding that the reduced SCell activation would be performed. Otherwise, UE should perform the procedure of unknown case.
Proposal 6: If classifying the quick report of mediate status as a new event, we can describe such new event triggered report from the following main aspects: Entering condition, Leaving condition, Time to trigger and Report quantity.
Whether and how to distinguish valid and invalid report
During last meeting, the concern of whether the quick report is valid or invalid was raised by some company. In our view, the distinguish between valid and invalid may be whether the measurement report is fresh enough. But such decision can only be decided by UE, NW can not know whether the report is valid or not. While in fact the legacy L3 report is also in the same situation, UE decides the measurement report, so it is not a new issue. Maybe we only need to introduce some general guideline to identify whether the report is valid or not, such as whether it is measured not earlier than [X]s. In any case, NW can not recognize whether the received quick report is valid or not, it can only be identified from UE side similar as legacy L3 report. So once receiving such quick report, NW can believe the received report is valid.
Observation 1: Regarding to the distinguish between valid and invalid report, NW can not recognize, in fact the legacy L3 report is also in the same situation. So it is not a new issue.
Proposal 7: To address the concern of the quick report is not fresh enough, a general guideline can be introduced, i.e. the quick report should be based on the measurement which performed not earlier than [X]s. From the perspective of NW, once receiving such quick report, NW can believe which is valid and the reduced L3 part would be performed by the UE.
2.3 Beam related enhancement for L3 part
Except for the sample reduction, Rx beam number reduction can also be considered to reduce the latency. The following two solutions were proposed in last meeting:
· Solution 1: Reducing Rx beam number from 8 to [x], similar as in HST FR2 and positioning in Rel-17.
· Solution 2: Defining a Rx beam constant duration or window. UE only performs Rx beam sweeping once for each constant duration or window.
· Solution 3: Reducing the RX beam sweeping number for some steps based on the information obtained during the previous step.
Solution 1 is a very direct way compared with Solution 2. But the corresponding performance loss would be verified to be acceptable. For Solution 2, we generally agree with it, but the key point is the length of the duration or window. It is hard to determine how long UE would apply same Rx beam number, so we suggest not to introduce the concept of ‘Rx beam constant duration or window’, which leads additional workload. We prefer Solution 3. We can reduce the subsequent Rx beam number during L3 part after the first non-reduced Rx beam sweeping. During L3 part, UE performs non-reduced Rx beam sweeping during AGC adjustment so as to obtain the comprehensive beam information, and then UE performs reduced Rx beam sweeping based on the comprehensive beam information during cell search with the assumption of [4] Rx beam numbers to reduce the latency. 
Proposal 8: Two possible methods to reduce Rx beam number during L3 part can be considered:
1) Directly reduce the Rx beam number from 8 to [x] for each component in L3 part, but the corresponding performance loss would be verified to be acceptable.
2) UE performs one non-reduced Rx beam sweeping in AGC adjustment, and then UE performs reduced Rx beam sweeping during cell search with the assumption of [4] Rx beam numbers based on the beam information obtained in AGC adjustment. 
2.4 Sample number related enhancement for L3 part
In our opinion, the current 2 samples used for AGC can be reduced to 1 sample since SCell activation has much higher SNR side condition compared with other mobility requirement, i.e. -2dB. If combined with the newly mediate state between known and unknown, at least for mediate case, reducing the AGC sample number from 2 to 1 is feasible. Regarding to the unknown case, we are open to discuss whether such sample reduction is applicable to unknown case.
Proposal 9: The sample of AGC adjustment can be reduced from 2 sample to 1 sample since of higher SNR side condition at least for mediate case. 
2.5 RS related enhancement for L3 part
In order to further reduce the latency in L3 part, replacing SSB by AP RS is an obvious effective solution just similar as the case under intra-band CA and an already active serving cell exists.
Based on the current requirements, for intra-band CA case, when at least one already active serving cell on the same band exists and some conditions are satisfied, the latency of FR2 SCell activation can be as small as:
· TFirstSSB + 5ms(Condition: SMTC of to-be-actived SCell is provided; QCL-Type D is fulfilled; ssb-PositionsInBurst is same)
· 3ms(Condition: No SMTC provided; scellWithoutSSB capable; QCL-Type D is not fulfilled)
If the similar conditions can be satisfied under inter-band CA as above, we believe the effect of latency reduction is significant. If an already active serving cell in another band exists, and the QCL-Type D is fulfilled between the to-be-activated SCell and the already active serving cell, the latency can be as small as TFirstATRS + 5ms. If the scellWithoutSSB capability can be extended to inter-band case(we give the feasibility analysis in our another document[3]), the latency can be as small as 3ms, which is the ultimate latency reduction case and should be attractive. 
Proposal 10: In order to further reduce the latency in L3 part, replacing SSB by AP RS is an obvious effective solution just similar as the case under intra-band CA and an already active serving cell exists.
Proposal 11: If an already active serving cell in another band exists, and the QCL-Type D is fulfilled between the to-be-activated SCell and the already active serving cell, the latency can be as small as TFirstATRS + 5ms by replacing SSB with AP RS. If the scellWithoutSSB capability can be extended to inter-band case, the latency can be as small as 3ms, which is the ultimate latency reduction case and should be attractive. 
3. Conclusion
In this contribution, we have the following proposals for unknown FR2 SCell activation delay reduction:
Proposal 1: Regarding to the understanding of legacy L3 procedure, it is better to align between companies. We have the following understanding: L3 part enhancements includes two components: AGC adjustment and cell search.
· TFirstSSB_MAX + 15*TSMTC_MAX: AGC (1 sample for coarse AGC and 1 sample for fine AGC, 8 Rx beam factor)
· 8*Trs: cell search, time/frequency synchronization (1 sample, 8 Rx beam factor)
Proposal 2: The two components are both necessary considering the subsequent operation in the new activated SCell.
Proposal 3: To avoid additional workload to discuss how to define a mediate state between known and unknown in spec, only such solution is applied but not any new terminology is introduced in this WI.
Proposal 4: An additional mediate state is considered for the whole procedure. Regarding to the exact condition between different states, legacy known condition can be reused to detect whether belong to known state. While the legacy unknown state is splited into mediate state and unknown state.
Proposal 5: If it is assumed to be in mediate state, then UE has to transmit quick report to NW to inform its optimized SSB index and the corresponding RSRP/RSRQ, then the reduced L3 part can be performed subsequently.
Proposal 6: If classifying the quick report of mediate status as a new event, we can describe such new event triggered report from the following main aspects: Entering condition, Leaving condition, Time to trigger and Report quantity.
Observation 1: Regarding to the distinguish between valid and invalid report, NW can not recognize, in fact the legacy L3 report is also in the same situation. So it is not a new issue.
Proposal 7: To address the concern of the quick report is not fresh enough, a general guideline can be introduced, i.e. the quick report should be based on the measurement which performed not earlier than [X]s. From the perspective of NW, once receiving such quick report, NW can believe which is valid and the reduced L3 part would be performed by the UE.
Proposal 8: Two possible methods to reduce Rx beam number during L3 part can be considered:
1) Directly reduce the Rx beam number from 8 to [x] for each component in L3 part, but the corresponding performance loss would be verified to be acceptable.
3) UE performs one non-reduced Rx beam sweeping in AGC adjustment, and then UE performs reduced Rx beam sweeping during cell search with the assumption of [4] Rx beam numbers based on the beam information obtained in AGC adjustment. 
Proposal 9: The sample of AGC adjustment can be reduced from 2 sample to 1 sample since of higher SNR side condition at least for mediate case. 
Proposal 10: In order to further reduce the latency in L3 part, replacing SSB by AP RS is an obvious effective solution just similar as the case under intra-band CA and an already active serving cell exists.
Proposal 11: If an already active serving cell in another band exists, and the QCL-Type D is fulfilled between the to-be-activated SCell and the already active serving cell, the latency can be as small as TFirstATRS + 5ms by replacing SSB with AP RS. If the scellWithoutSSB capability can be extended to inter-band case, the latency can be as small as 3ms, which is the ultimate latency reduction case and should be attractive. 
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