3GPP TSG-RAN WG4 Meeting #106	R4-2300767
Athens, Greece, February 27 – March 3, 2023
Source:	Nokia, Nokia Shanghai Bell 
Title:	L3 part enhancement for FR2 SCell activation
Agenda item:	9.9.2.1
Document for:	Discussion
Introduction
At RAN4#105 meeting, companies further discussed the potentials on FR2 SCell activation delay reduction and the WF was captured in [1]. In this paper, we are discussing the L3 part enhancement for FR2 SCell activation delay reduction.
Discussion
At last meeting, it was agreed that the UE can report [a valid L3 measurement result] after SCell activation command. The first issue to be solved is whether to define a new sub-state for known/unknown state for FR2 SCell. In our view, this new reporting considers the latest measurement status at the time of SCell activation, which is another aspect on top of existing known/unknown condition. Hence we prefer not defining a new sub-state and instead discuss the optimized SCell activation procedure based on the new reporting and side conditions. 
Proposal1: Do not define the new sub-state and instead discuss the optimized SCell activation procedure based on the new reporting and side conditions.
Sub-topic 1-1 Further unknown SCell scenario classification
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.
In the following, we are discussing the sub-cases with and without such reporting to reduce the FR2 unknown SCell activation delay.
Sub-case1: UE reports after SCell activation command 
This case was motivated by utilizing the latest measurements at the UE. The timeline for SCell activation procedure with such UE reporting is illustrated in Fig.1. 


Fig.1 Timeline for FR2 unknown SCell activation
In one scenario, if the SCell is unknown but the UE has a valid measurement result of the SCell, the UE does not have to do cell detection and beam measurement i.e. L1-RSRP measurement when activating the SCell. Instead, it can report the latest measurement i.e. the beam information of the SCell to the network so that network can determine the TCI state and the activate the SCell as if it is known. 
Observation 1: The UE shall send the report after SCell activation command if the SCell is unknown and the UE has a valid measurement result of the SCell. 
In addition, if the SCell is known but the UE has a valid measurement result indicating a beam change from the latest L3 measurement reporting before SCell activation command, the UE may not able to activate the SCell since the TCI indication does not consider the latest measurement status at the UE. In this scenario, the UE also needs to send the report after SCell activation command in order to avoid SCell activation failure. 
Observation 2: The UE needs to send the report after SCell activation if the SCell is known and the UE detects a beam change based on the latest valid measurement result of the SCell. 
Regarding to the measurement reporting after SCell activation command, it is FFS what is reported to the network. We believe it is reasonable to report a valid L3 measurement result of the SCell. Although “valid” has been used in existing spec, it is unclear what “valid” means in terms of measurement performance. In our understanding, the L3 measurement is considered valid only if it fulfills the measurement requirement for a deactivated SCell as specified in TS38.133 Table 9.2.5.2-4. 
From the discussion above, the UE shall report a valid L3 measurement result after SCell activation command not only for unknown SCell but also when there is any beam change on the known SCell to improve the SCell activation.  
Proposal 1: The UE shall report a valid L3 measurement result after SCell activation command not only for unknown SCell but also when there is any beam change on the known SCell.
Proposal 2: The L3 measurement report is considered as valid only if it fulfills the measurement requirement for a deactivated SCell as specified in TS38.133 Table 9.2.5.2-3 (for FR1) and Table 9.2.5.2-4 (for FR2).
This valid L3 measurement report after SCell activation command provides network the DL beam information of the SCell which is equivalent to the latest L3 measurement reporting in a known SCell. Therefore, the following activation steps can be the same as activating a known SCell hence AGC, cell search and L1-RSRP measurement are not needed. The TCI and SP/P-CSI-RS activation are based on the valid L3 measurement report after SCell activation command.
Observation 3: If the UE has sent a valid L3 measurement report after SCell activation command, AGC, cell search and L1-RSRP measurement are not needed.
Proposal 3:  The unknown SCell shall be activated as if it is known and existing SCell activation delay requirement applies, if the UE sends a valid L3 measurement report after SCell activation command. 
In R17 fast SCell activation, A-TRS can be triggered if the UE has sent a valid measurement report for the SCell within a certain time period i.e. the SCell is known. Similarly, the network can also trigger A-TRS based on the received valid L3 measurement report after SCell activation to speed up the AGC and time/frequency synchronization. In this case, A-TRS for fast SCell activation in R17 can be activated in TCI activation command.
Proposal 4: A-TRS for fast SCell activation can be triggered based on the valid L3 measurement report after SCell activation command. 
It is also possible the UE may not have a valid L3 measurement result at the time of SCell activation command. This may happen e.g. when the SCell is blindly added to the CA list or the UE has not measured the SCell sufficiently. In this case, the UE may not send any report after SCell activation command and fall back to legacy unknown SCell activation. 
However, the latest measurement status is unknown to the network. Once the reporting after SCell activation command is enabled/configured, the network may keep scheduling the UE for the L3 measurement report irrespective of the validity. Given the available UL resources, the UE may continue the measurement and provide a valid result when it is ready. This may avoid long unknown SCell activation hence reduce the activation delay. 
Proposal 5: The UE may continue the measurement and report a valid L3 measurement result when it is ready, if there is no valid L3 measurement result at the time of SCell activaiton. 
If the activation steps above could be aligned, we need further discuss how to transmit the latest L3 measurement information upon receiving the SCell activation command. There was a proposal to use MAC message. The other alternatives could be using RRC signaling or DCI-based scheduling. We believe this should be discussed in RAN1/2 so we recommend sending LS to RAN1/2 asking for the feasible solution.
Proposal 6: Send LS to RAN1/2 asking for the solution to transmit the valid L3 measurement report upon receiving the SCell activation command. 

Sub-case2: UE does not report after SCell activation command
There are still the worst case where the UE does not have a valid L3 measurement result or even not detect the SCell at SCell activation e.g. SCell is activated immediately after configuration. In this case, the UE would have to start from AGC and cell search to acquire the DL beam information. At RAN4#105 meeting, there were a number of proposals to reduce the time period for each of the unknown SCell activation steps e.g. AGC, T/F tracking, L1-RSRP measurement etc. These are more relevant when the UE does not report the valid L3 measurement report.
Issue 1-3-1: Align the understanding of cell measurement /synchronization /AGC in the existing FR2 unknown SCell activation delay requirement
· Option 1 (Nokia, Apple, Xiaomi, OPPO, MediaTek): 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 (Apple): 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 (Xiaomi, MediaTek):
· 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.
Before discussing the potential enhancements, we believe it is helpful to understand the UE behaviour and align the terminologies for each of the L3 part steps. It is not intending to limit any UE implementation, but we may clarify the terminology when defining the requirement to avoid the misunderstanding. 
Proposal 7: RAN4 to align the terminology used for each of the L3 part steps. 
Issue 1-3-2: enhancement of “TFirstSSB_MAX + 15*TSMTC_MAX” part of current FR2 unknown SCell activation delay
· Option 1 (Apple, CMCC): for the UE capable of unknown FR2 SCell activation enhancement (with -2dB SINR side condition), 
· Option 1a (Apple, CMCC, OPPO): reduce “TFirstSSB_MAX + 15*TSMTC_MAX” to “TFirstSSB_MAX + 7*TSMTC_MAX” for unknown SCell activation delay requirement.
· Option 1b (LGE): Reduce the sample number for L3 part during unknown FR2 SCell activation.
· Option 1c (Nokia): RAN4 to discuss the potential of simplified AGC settling with 1 sample.
· Option 2 (Intel):
· When UE has some prior information, further discuss whether cell search and AGC steps can be skipped or not. When UE has no prior information, the 3*N sample may be reduced to 2*N samples.
· Option 3 (China Telecom):
· RAN4 to consider in what scenarios/conditions reduced sample number can be used without significant performance loss.
· Option 4 (Xiaomi, ZTE(for semi-unknown scenario)):
· For purely unknown scenario, the AGC sample number (2 samples) cannot be reduced.
· For semi-unknown scenario, the AGC sample number can be reduced from 2 to 1 (ZTE, Xiaomi).
· Option 5 (MTK): The sample number of L3 part is 3 (2 for AGC and 1 for cell search), which is already small and can’t be reduced any further especially for the unknown SCell activation scenario.
· Option 6 (Ericsson):
· For delay reduction using prior information approach, RAN4 to agree only one sample is required for AGC. (based on issue 1-1-1a)
· RAN4 to use the SSB periodicity instead of SMTC_MAX for coarse and fine AGC measurement for unknown SCell activation.
· Option 7 (Huawei): If the QCL source of RS(s) of SCell being activated is configured as SSB in inter-band active serving cell, and the power difference between the SCell being activated and the inter-band active serving cell is within 6 dB, AGC can be skipped.
Another aspect for optimization is the number of samples used for AGC. In existing FR2 SCell activation, 2 samples are assumed for AGC settling. We wonder if 2 samples are mandatorily needed and if the UE is possible to complete AGC settling with 1 sample. The potential of simplified AGC with 1 sample can be discussed in RAN4 to reduce the SCell activation delay.  
Proposal 8: RAN4 to discuss the potential of simplified AGC settling with 1 sample. 

RS related enhancements for L3 part
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
In Rel18 Network Energy Saving WI, one of the objectives is to specify SSB-less SCell operation for inter-band CA for FR1 and co-located cells. We understood it is addressing the same issue as the discussion on this issue in FeRRM. In order to avoid duplicated discussion, we suggest discussing the feasibility of reusing timing information to target unknown inter-band FR1 SCell in R18 Network Energy Saving WI. 
4    Objective
4.1    Objective of SI or Core part WI or Testing part WI
The objectives of the work item are the following:
 
1. Specify SSB-less SCell operation for inter-band CA for FR1 and co-located cells, if found feasible by RAN4 study, where a UE measures SSB transmitted on PCell or another SCell for an SCell’s time/frequency synchronization (including downlink AGC), and L1/L3 measurements, including potential enhancement on SCell activation procedures if necessary [RAN4, RAN2]

Proposal 9: We suggest discussing the feasibility of reusing timing information to target unknown inter-band FR1 SCell in R18 Network Energy Saving WI. 
Conclusion
This contribution discusses the L3 part enhancement for FR2 SCell activation delay reduction. The observations and proposals are summarized as below:  
Observation 1: The UE shall send the report after SCell activation command if the SCell is unknown and the UE has a valid measurement result of the SCell. 
Observation 2: The UE needs to send the report after SCell activation if the SCell is known and the UE detects a beam change based on the latest valid measurement result of the SCell. 
Proposal 1: The UE shall report a valid L3 measurement result after SCell activation command not only for unknown SCell but also when there is any beam change on the known SCell.
Proposal 2: The L3 measurement report is considered as valid only if it fulfills the measurement requirement for a deactivated SCell as specified in TS38.133 Table 9.2.5.2-3 (for FR1) and Table 9.2.5.2-4 (for FR2).
Observation 3: If the UE has sent a valid L3 measurement report after SCell activation command, AGC, cell search and L1-RSRP measurement are not needed.
Proposal 3:  The unknown SCell shall be activated as if it is known and existing SCell activation delay requirement applies, if the UE sends a valid L3 measurement report after SCell activation command. 
Proposal 4: A-TRS for fast SCell activation can be triggered based on the valid L3 measurement report after SCell activation command. 
Proposal 5: The UE may continue the measurement and report a valid L3 measurement result when it is ready, if there is no valid L3 measurement result at the time of SCell activaiton. 
Proposal 6: Send LS to RAN1/2 asking for the solution to transmit the valid L3 measurement report upon receiving the SCell activation command. 
Proposal 7: RAN4 to align the terminology used for each of the L3 part steps. 
Proposal 8: RAN4 to discuss the potential of simplified AGC settling with 1 sample. 
Proposal 9: We suggest discussing the feasibility of reusing timing information to target unknown inter-band FR1 SCell in R18 Network Energy Saving WI. 
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