[bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting # 106	R4-2301808
Athens, Greece, February 27 – March 3, 2023

Agenda item:	9.9.2.1
Source: 	Huawei, HiSilicon
Title: 	Discussion on L3 enhancement for FR2 SCell activation delay reduction
Document for:	Discussion
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 RAN4#105, some high-level principle was agreed in [3]. In this paper, we further provide our views of RRM impact of the objective and provide further analysis on the solutions.
2. Discussion
2.1 NW triggered measurement reporting 
During the discussion in last meeting, some high-level principles were treated online which are important to identify the promising solutions among numerous options. One direction receiving significant supporting is to report the L3 measurement triggered by NW for unknown cases. The latest status is summarized as follows:
	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.



Form our understanding, this solution can bring significant gain in delay reduction since the unknown SCell activation may be changed to the legacy known cases. However, some details shall be further discussed.
Triggering method
The most important point is the framework of this “NW triggered L3 measure report with SSB index” which will have significant RAN2 impact. Regarding how NW can trigger the report, one solution is that NW can add/modify the MO configuration via RRC reconfiguration before/after SCell activation. For instance, NW can add a new MO on the target frequency layer where the reporting criteria can be met immediately. Though there is no spec impact, the latency is rather high since it involves RRC processing/measurement and evaluation time before UE can report the results. And there is no need to specify anything since it is also supported. A more flexible way is to introduce a specific signaling to trigger the report. The signaling is to trigger UE to report the latest L3 result of a SCell with SSB index. Since the it is for the L2 procedure SCell activation, a new MAC CE is considerable to achieve acceptable processing delay. Companies also proposed that the SCell activation can implicitly serve the purpose to avoid introducing new signaling. But from our understanding, it is inflexible compared with a dedicated signaling. Firstly, the measurement can only be triggered after SCell activation which will bring unnecessary delay. Second, it is ambiguous from UE side whether the reporting is expected for each SCell activation. 
Proposal 1: Introduce new signaling (e.g. MAC CE) to report the latest L3 result of a SCell/SCells with SSB index.
To minimize the impact to legacy spec, the legacy framework/configurations shall be reused as much as possible. Specifically, it is not desirable to violate the whole L3 measurement configuration and reporting. It shall be based on legacy process that UE measures the target cell via MO configuration associated with ReportConfig, the new introduced method is only to trigger UE to report the latest the measurement in additional to existing event-triggered/periodic reporting. 
Observation 1: The legacy framework/configurations shall be reused as much as possible; the new introduced method is only to trigger UE to report the latest the measurement in additional to existing event-triggered/periodic reporting.
One may have question on whether the latest measurement is valid or not. It is related to the issue on how to determine whether the measurement is available or not. In legacy requirements, if UE is configured with MO and the MO is associated with reporting, UE shall keep detecting/measuring all cells in this frequency layer including the deactivated SCell. In the legacy measurement report, the known conditions are only related to the point “when the result is reported” and it has nothing to do with “when the measurement result is obtained”. For instance, with long measCycleSCell, the result of the deactivated SCell can be obtained dozens of seconds before activation, but as long as it is reported 3/4s before SCell activation, it is considered as known case.
Observation 2: In legacy known conditions for SCell activation, the moment when the measurement result is obtained is not specified, which means there is no requirements on the validation of the measurement.
Proposal 2: The new NW triggered L3 measurement reporting is supported when the target Cell is on a frequency layer configured with MO associated with ReportConfig, and there is no need to define whether the measurement is valid/available or not.
Triggering time
Another point is about the triggering time. It is stated in the WF that NW can trigger the report “after” SCell activation command. It means the reporting processing will introduce additional delay for the activation procedure and it is less flexible. For instance, NW can not configure the TCI together with the SCell activation command since NW can only obtain the SSB index after sending the SCell activation command. According to proposal 1, if there will be dedicated new signalling to trigger the reporting, it is not necessary to restrict the time order of the new signalling and the SCell activation command. In other words, the triggering command can be sent after or before the SCell activation command.
Proposal 3: If there will be new signalling to trigger the report, the triggering command can be sent independently with the SCell activation command (e.g. before/after/together with SCell activation command).
How to report
Regarding how to report the measurement report, one option is to use the legacy L3 measurement reporting via MeasurementReport. Another option is to introduce a new MAC CE to report the SSB index (and RSRP) of a serving cell, which is similar as proposal 1 to make the trigging/reporting a pure L2 procedure.
Observation 3: The reporting can be based on legacy L3 measurement reporting (MeasurementReport) or via new MAC CE.
Delay reduction
Based on proposal 1 and proposal 3, if new dedicated signalling is introduced to triggering the measurement and the measurement can be triggered before or after the SCell activation command, then the SCell activation procedure can be further categorized into following cases:
· Case1: Measurement result is reported before SCell activation command
· Case 2: Measurement result is reported after SCell activation command
For case1, NW can trigger the reporting first, and then activate the SCell with obtained SSB index. Then it can be considered as known SCell activation. For case 2, NW activates the SCell first, and triggers measurement report after the SCell activation command.  UE is already performing AGC/Cell search/L1-RSRP. If the triggered reporting can be reported earlier than above legacy procedures, NW can configure the TCI after obtain the SSB index as shown in following Fig.1. Then the uncertainty can be defined as the time period between TCI relative the First valid L1-RSRP reporting and the NW triggered L3 measurement report which occurs earlier. 
[image: ]
Fig.1 Delay reduction with new measurement reporting after SCell activation command.
Proposal 4: 
When the NW triggered measurement reporting is reported before SCell activation command, it can be considered as known cases.
When the NW triggered measurement reporting is reported after SCell activation, it can be considered as unknown case where the uncertainty for TCI can be defined as the time period between TCI configuration/activation relative the first valid L1-RSRP reporting and the NW triggered L3 measurement report which occurs earlier.
As mentioned above, the new triggered method and reporting will have impact on RAN2 spec and need RAN2’s work on the detailed design. Thus, LS to RAN2 to inform RAN4’s agreements is needed when agreements are achieved in RAN4.
Proposal 5: Send LS to inform RAN2 to introduce new signaling to report the latest L3 result of a SCell/SCells with SSB index.
2.2 Beam related enhancement 
In last meeting, the beam related enhancement was discussed with following agreements and open issues. In this contribution, we will discuss the beam related issue for both L1 and L3 together since they are highly relative.
	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 2-1-1: Beam sweeping factor enhancement in L1-RSRP measurement of FR2 unknown SCell activation (not related with WI of FR2 multi-Rx chain DL reception)
· FFS
· Option 1 (Apple, Xiaomi, LGE, OPPO, Ericsson): 
· 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.
· Option 2 (Intel): 
· If UE has some prior information to skip L3 part and can perform L1-RSRP directly, suggest not to reduce RX beam sweeping factor in order to select more accurate beam.
· Option 3 (CMCC):
· for RX beam sweeping factor reduction, the agreements on reduced RX beam sweeping factor for Rel-17 FR2 HST or Rel-17 positioning enhancement can be considered as baseline
· Option 4 (CTC):
· If L1- RSRP measurement is not skipped, Rx beam sweeping factor reduction in L1-RSRP measurement can be considered provided that the performance loss is acceptable. Meanwhile, the usage conditions/scenarios for Rx beam sweeping factor reduction in L1-RSRP measurement should be discussed.
· Option 5 (Nokia):
· For FR2 unknown SCell activation, a smaller Rx beam sweeping factor is assumed for L1-RSRP measurement based on the measurement during cell detection. 
· Option 6 (Huawei):
· Compared with completely skipping L1-RSRP, it is suggested to discuss beam sweeping factor reduction for L1-RSRP after L3 part when UE can acquire some information via L3 measurement (AGC+Cell search).




Based on the discussion in last meeting, most companies were interested in considering beam sweeping factor reduction in L3 part. However, due to the time limit, the L1 part was not treated though they are relative to each other. For L3 beam sweeping factor reduction, companies also showed concerns on the feasibility of beam reduction in L3. From our understanding, we have similar views on whether it is feasible to directly reduce the beam sweeping factor.
First, the L3 part especially AGC shall always consider the robustness in real scenario. Without any prior information, UE shall always consider the worst case that UE may fail the first AGC. Companies argued that UE can use the wide beam with less antenna gain when the SINR condition is high (e.g. -2 dB). However, UE is not aware of the SINR condition before performing the AGC unless NW can indicate it to UE about the SINR condition. Even NW can indicate the SINR condition to UE, the lower bound of the SINR is still not necessary. The AGC is finally serve the data reception where fine beam is used, and without upper bound, there is still risk that AGC is failed. 
Observation 4: Beam sweeping factor reduction in AGC is not preferred for following reason:
· AGC shall be robust considering the worst case
· UE is not aware of the SINR condition before performing AGC (NW cannot indicate it to UE)
· Lower bound of SINR is not sufficient 
Proposal 6: Beam sweeping factor reduction in AGC procedure is not considered.
Based on the analysis above, if UE can perform the fully ACG adjustment procedure, UE is aware of the SINR condition, and the beam sweeping factor reduction in cell detection may be considered. However, if UE use wider beam/less beam sweeping for cell detection, it means the beam sweeping for L1 shall be not reduced or even more beam sweeping is needed.
Observation 5: If wider beam/less beam sweeping for cell detection is considered, it means the beam sweeping for L1 shall not be reduced or even more beam sweeping is needed.
If the ultimate goal is to reduce the activation delay, beam sweeping factor reduction in cell detection and L1 RSRP can all contribute comparable delay reduction. Thus, it is preferred to consider the beam sweeping factor reduction in L1 part instead of L3 cell detection.
Proposal 7: It is suggested to consider beam sweeping factor reduction for L1 part based on full L3 procedure instead of beam sweeping factor reduction of L3 cell detection.
2.3 Inter-band information utilization 
Since whether UE can utilize the information from an active serving cell from inter-band is related to many open topics, this general issue was discussed with following agreements:
	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



For FR2 SCell activation, companies showed concerns on Rx beam mapping for different FR2 bands, thus it was suggested to focus on FR1 case where most companies are positive on the potential delay reduction. From our understanding, this is an important direction for SCell activation which is to relay on the information/conditions provided by network. For other solutions, such as beam reduction/NW triggered measurement report, these are based on UE’s implementation enhancement. These two directions will all bring significant benefits from different angles. For FR1 inter-band information utilization, we will provide our views in terms of feasibility and delay reduction for different procedures in SCell activation.
Detection
Regarding the cell detection process, there was precedence that cell detection can be saved for intra-band case when the time alignment and power difference can meet certain conditions. The related requirements are extracted as follows:
	provided that the side condition Ês/Iot ≥ -2dB is fulfilled, Tactivation_time is:
-	TFirstSSB_MAX + TSMTC_MAX + Trs + 5ms, if the following conditions are met, 
-	the SCell is contiguous to an active serving cell in the same band, and
-	its ssb-PositionInBurst is same as the one of contiguous FR1 active serving cell, and
-	its SMTC offset is same as the one of contiguous FR1 active serving cell, and 
-	its RTD with contiguous FR1 active serving cell is smaller than or equal to 260ns with respect to the to-be-activated SCell’s SSB numerology, and its reception power difference with contiguous FR1 active serving cell is smaller than or equal to 6dB;
-	TFirstSSB_MAX + TSMTC_MAX + 2*Trs + 5ms, otherwise.




The difference of highlighted part is whether Cell search is needed. With 260 ns RTD, UE can achieve considerable timing alignment. For the RTD conditions, it does not make much difference between inter-band or intra-band case. Some companies suggested that new signaling is preferred to indicate UE that the tighter RTD (260ns) for inter-band can be assumed. Regarding the signaling, it will be a sperate discussion in following part. 
Proposal 8: In FR1, if the RTD between the SCell being activated and an inter-band active serving cell is within 260ns, cell search can be skipped.
AGC
The requirements cited above were introduced based on the discussion for multi-CC activation. The controversial issue is how UE can do cell search in parallel with searcher limitation. Thus, only Trs for cell search is considered. However, if we look closely to the conditions, the power difference between the to-be-activated SCell and the serving cell is within 6 dB. From our understanding, it is a very tight constraint. For AGC settling, the range is wide enough to accommodate the change of received power. As discussed above, the “2 sample” AGC is assumed for the case that UE does not have any information of the power level AND UE fails the first AGC attempt due to very large power difference.
Observation 6: The “2 sample” AGC is assumed for the case that UE does not have any information of the power level AND UE fails the first AGC attempt due to very large power difference.
If UE is aware that the power difference power difference between the to-be-activated SCell and the serving cell is within 6 dB, UE shall be confident to apply the AGC directly. Thus, with such conditions, it is proposed that UE can directly apply the AGC.
Proposal 9: In FR1, if the power difference between the to-be-activated SCell and an active serving cell is with 6 dB, AGC can be skipped.
Fine timing
Though the fine timing part shall be discussed under L1 part enhancement, to give a full picture of the inter-band information utilization, we also provide the discussion in this contribution. The status of fine timing discussion is summarized as follows:
	Issue 2-2-1: Fine timing tracking for SSB corresponding to the TCI state during FR2 unknown SCell activation
· FFS
· Option 1 (Apple, Intel, Qualcomm, Xiaomi, OPPO, MediaTek): 
· fine timing tracking for SSB corresponding to TCI state is not skipped
· Option 2 (Huawei): 
· Fine timing can be skipped if the SCell activation delay can be further reduced to 3 ms.
· Option 3 (ZTE): 
· Whether fine time tracking after TCI state indication can be skipped, which is related with the answer of whether L1-RSRP measurement to be ignored. If L1-RSRP measurement is decided to be ignored, the fine time tracking after TCI state indication can not be skipped.
· Since it has been approved that A-TRS can be used for fine time tracking after TCI state indication, so it seems that the latency of fine time tracking is small enough, not need to consider ignoring fine time tracking.



Most companies support to keep the time for fine time tracking since fine time tracking in FR2 only accounts for 1 sample without beam sweeping. However, from our understanding, whether fine timing is necessary depends on different conditions. For the inter-band case with 260 ns RTD conditions, it can guarantee considerable timing alignment for FR1. In other words, with 260 ns RTD condition, UE is capable for data reception.
Observation 7: In FR1, 260 ns RTD conditions can guarantee considerable timing alignment where UE is capable for data reception.
But as mentioned above, it can vary case to case. When considering A-TRS, if A-TRS is triggered by NW, though UE already obtain sufficient timing alignment, whether UE is allowed to perform fine timing based on the A-TRS to achieve better timing alignment?
In summary, based on proposal 8 and proposal 9, the AGC and Cell detection can be saved when 260ns/6dB conditions are met. During the discussion in last meeting, companies had different views on how to indicate UE about such conditions. Some companies support that such conditions can be implicitly indicated by inter-band QCL configuration. For instance, if the RS of the to-be-activated SCell is QCL-ed Type C to an inter-band serving cell, UE shall assume that 260ns/6dB conditions are met. But some companies preferred to have another dedicated indication. For instance, if the new signaling/indication represent that the RTD/power difference between the to-be-activated SCell and an inter-band serving cell is within 26ns/6dB. Thus, we suggest to discussed these two options in the following RAN4 meeting.
Proposal 10: RAN4 to discussion following options to indicate the conditions that the RTD/power difference between the to-be-activated SCell and an inter-band serving cell is within 260ns/6dB
· Inter-band QCL-ed typeC 
· Dedicated indication
2.4 RS related enhancement
Based on the analysis above (proposal 8/9), we think A-TRS can be used for FR1 unknown SCell activation. If AGC/cell search can be skipped, it seems there is no L3 part left. To give a full picture of A-TRS based activation, we also present the analysis about the whole procedure here. 
In last fast SCell activation requirements, the requirement for intra-band case are defined as TFirstATRS + Tgap + TATRS, where one sample for AGC and one sample for A-TRS are considered. However, as analysis for AGC part, if 6 dB power constraint can be guaranteed, UE can apply the AGC directly. In addition, regarding the fine timing, we think 260ns can already provide considerable timing alignment for data reception in FR1, but if A-TRS is configured by NW, it is also acceptable to allow UE to perform additional fine timing based on the A-TRS. Thus, the requirements based on A-TRS is proposed as follows:
For FR1 A-TRS based fast SCell activation, the delay can be reduced to TFirstATRS+ 5ms when following condition is met:
· The RTD/power difference between the to-be-activated SCell and an inter-band serving cell is within 260ns/6dB
Proposal 11:
In FR1, A-TRS based fast SCell activation can apply when following condition is met, and the delay can be reduced to TFirstATRS+ 5ms:
· The RTD/power difference between the to-be-activated SCell and an inter-band serving cell is within 260ns/6dB

3. Conclusions
Proposal 1: Introduce new signaling (e.g. MAC CE) to report the latest L3 result of a SCell/SCells with SSB index.
Observation 1: The legacy framework/configurations shall be reused as much as possible; the new introduced method is only to trigger UE to report the latest the measurement in additional to existing event-triggered/periodic reporting.
Observation 2: In legacy known conditions for SCell activation, the moment when the measurement result is obtained is not specified, which means there is no requirements on the validation of the measurement.
Proposal 2: The new NW triggered L3 measurement reporting is supported when the target Cell is on a frequency layer configured with MO associated with ReportConfig, and there is no need to define whether the measurement is valid/available or not.
Proposal 3: If there will be new signalling to trigger the report, the triggering command can be sent independently with the SCell activation command (e.g. before/after/together with SCell activation command).
Observation 3: The reporting can be based on legacy L3 measurement reporting (MeasurementReport) or via new MAC CE.
Proposal 4: 
When the NW triggered measurement reporting is reported before SCell activation command, it can be considered as known cases.
When the NW triggered measurement reporting is reported after SCell activation, it can be considered as unknown case where the uncertainty for TCI can be defined as the time period between TCI configuration/activation relative the first valid L1-RSRP reporting and the NW triggered L3 measurement report which occurs earlier.
Proposal 5: Send LS to inform RAN2 to introduce new signaling to report the latest L3 result of a SCell/SCells with SSB index.
Observation 4: Beam sweeping factor reduction in AGC is not preferred for following reason:
· AGC shall be robust considering the worst case
· UE is not aware of the SINR condition before performing AGC (NW cannot indicate it to UE)
· Lower bound of SINR is not sufficient 
Proposal 6: Beam sweeping factor reduction in AGC procedure is not considered.
Observation 5: If wider beam/less beam sweeping for cell detection is considered, it means the beam sweeping for L1 shall not be reduced or even more beam sweeping is needed.
Proposal 7: It is suggested to consider beam sweeping factor reduction for L1 part based on full L3 procedure instead of beam sweeping factor reduction of L3 cell detection.
Proposal 8: In FR1, if the RTD between the SCell being activated and an inter-band active serving cell is within 260ns, cell search can be skipped.
Observation 6: The “2 sample” AGC is assumed for the case that UE does not have any information of the power level AND UE fails the first AGC attempt due to very large power difference.
Proposal 9: In FR1, if the power difference between the to-be-activated SCell and an active serving cell is with 6 dB, AGC can be skipped.
Observation 7: In FR1, 260 ns RTD conditions can guarantee considerable timing alignment where UE is capable for data reception.
Proposal 10: RAN4 to discussion following options to indicate the conditions that the RTD/power difference between the to-be-activated SCell and an inter-band serving cell is within 260ns/6dB
· Inter-band QCL-ed typeC 
· Dedicated indication
Proposal 11:
In FR1, A-TRS based fast SCell activation can apply when following condition is met, and the delay can be reduced to TFirstATRS+ 5ms:
· The RTD/power difference between the to-be-activated SCell and an inter-band serving cell is within 260ns/6dB
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