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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 RAN4#104e meeting, the scope and solutions were initially discussed with agreements and open issues captured in the WF [3]. In this paper, we further provide our views of RRM impact of the objective and provide further analysis on the solutions.
2. Discussion
In the discussion in last meetings, solutions are categorized into L3 enhancement and L1 enhancement, which is also adopted in the structure of the WF and meeting agenda. Based on the discussion in the last meeting, companies may have misalignment on the definition of L3 procedure or L1 procedure during the SCell activation as the definition is not widely used in previous discussion. From our understanding, L3 enhancement is targeting the components for AGC settling and Cell detection, while L1 enhancement is for L1-RSRP measurement/report/TCI configurations/fine timing. This is from components perspective. However, it could be also found that some enhancement solutions exists in more than one procedures (both L1 and L3), e.g. beam sweeping factor reduction, usage extension of A-TRS. Or another example, reduce the L1-RSRP measurement delay by utilizing the results in cell detection, which involve both L1 and L3 procedure. Thus, in following parts of the paper, we provide analysis and solutions which can reduce the delay of procedures involving L1-measurement/report/TCI uncertainty/fine timign, where some of them can also be applied to L3 parts.
We take the prioritized scenario as example which is the FR2 unknown SCell without intra-band serving cell. The components are shown in following Fig.1. After receiving the activation command, UE needs to perform AGC settling, Cell detection, L1 measurement and reporting, TCI configuration and fine timing. The proposed solutions are mostly targeting one or more of the components to speed up the activation procedure.
[image: ]
Fig.1 Unknown FR2 SCell activation without active serving cell in the same band.
Beam related enhancement
The solutions on study the beam sweeping factor reduction are well discussed in last meeting. The status are summarized as follows for both L1 and L3 parts:
	Beam related enhancement for L3 part 

Issue 2-2-1: Beam sweeping factor enhancement in L3 part of FR2 unknown SCell activation (not related with WI of FR2 multi-Rx chain DL reception)
· FFS on beam sweeping factor reduction during unknown FR2 SCell activation. 
· Option 1a (CMCC): The agreements on reduced RX beam sweeping factor for Rel-17 FR2 HST or positioning enhancement can be considered as baseline.
· Option 1b (vivo): Introduce the UE capability to support Rx beam sweeping factor can be less than 8 for FR2
· Option 1c (Ericsson): 
· RAN4 to define RX beam constant time. Where, RX beam constant time is a time duration or window within which the RX beams are assumed to be constant or non changing. Rx beam constant time to be agreed as [X=1280ms].
· If UE performed a full RX beam sweeping for a procedure, next procedures or steps fall within RX beam constant time do not need to perform RX beam sweeping.
· UE can speed up the remaining steps in SCell activation with a shorter beam scaling factor based on prior Rx beam information from the step before
· Other option is not precluded

Issue 2-2-2: Beam sweeping factor enhancement related with WI of FR2 multi-Rx chain DL reception
· FFS whether or how to leverage conclusions from multi-Rx chain DL reception WI to FR2 SCell activation enhancement in R18 eFeRRM WI if the multi-Rx chain DL reception WI has corresponding conclusions for measurement delay reduction.

Issue 2-3-1: 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 on beam sweeping factor reduction for L1 measurement during unknown FR2 SCell activation. 
· Option 1a (vivo): Introduce the UE capability to support Rx beam sweeping factor can be less than 8 for FR2
· Option 1b (Ericsson): 
· RAN4 to discuss the solutions or pre-conditions to reduce the scaling factor N1 in FR2 SCell activation.
· RAN4 to define RX beam constant time. Where, RX beam constant time is a time duration or window within which the RX beams are assumed to be constant or non changing. Rx beam constant time to be agreed as [X=1280ms].
· If UE performed a full RX beam sweeping for a procedure, next procedures or steps fall within RX beam constant time do not need to perform RX beam sweeping.
· UE can speed up the remaining steps in SCell activation with a shorter beam scaling factor based on prior Rx beam information from the step before
· Option 2 (LG, MTK, HW, ZTE): Consider reporting (rough) best Tx beam during cell detection to reduce L1-RSRP measurement delay

Issue 2-3-2: Beam sweeping factor enhancement in L1-RSRP measurement of FR2 unknown SCell activation related with WI of FR2 multi-Rx chain DL reception
Agreement:
· Conclusion of issue 2-2-2 is applied for this issue 2-3-2




As also analysed in our contribution for L3 enhancement, for SCell activation, we are not in favour that a new dedicated capability will be defined again to indicate smaller beam sweeping factor. As the SCell activation is more relevant to other RRM activities (e.g. L1/L3 measurement) which may constructed based on common framework and capability, thus it is not realistic to consider specific beam sweeping reduction only for SCell activation procedure. Besides, the beam sweeping is decided by the nature of FR2 beam forming where narrower beam and sweeping are adopted to guarantee the coverage performance. Thus, it is not well justified how UE can reduce the beam sweeping factor compared with legacy requirements even we introduce capability with smaller value. One enabling solution may be the multi-panel operation which is under discussion in Rel-18 Multi-Rx WI. However, companies show the concerns on coupled discussion of two Rel-18 WI (i.e. Rel-18 eFeRRM and Rel-18 Multi-Rx). From our understanding, the usual procedure in RAN4 discussion is to avoid coupled discussion which is discussed in parallel. For instance, In Rel-17 FeRRM, RAN4 did not consider the undergoing enhancement on CA and SRS when defining the requirements. Besides, in Rel-18 Multi-Rx which is still on very premature stage, the scope and whether there will be impact on other RRM requirements are not clear. 
Observation 1: The feasibility on beam sweeping factor reduction (not related with FR2 multi-Rx) is not well justified.
Observation 2: The coupled discussion among WI discussed in parallel shall be avoided.
SCell activation enhancement based on A-TRS
A-TRS based solutions received significant supporting based on discussion in last meeting. The related status are summarized as follows:
	Issue 2-2-4: RS related enhancement of FR2 unknown SCell activation
· FFS: AP-CSI-RS and/or A-TRS based fast SCell activation may also apply to unknown FR2 SCell activation enhancement
Issue 2-3-8: Aperiodic RS related enhancement during FR2 unknown SCell activation
FFS:
· Proposal 1 (Apple, Ericsson): RAN4 to discuss: use AP RS for L1-RSRP measurement if UE can indicate the completion of L3 stage or can indicate the readiness of L1 measurement
· Proposal 2a(Apple, Xiaomi, MTK, Ericsson, ZTE): RAN4 to discuss: use A-TRS corresponding to the TCI state for fine timing tracking after TCI activation command
· Proposal 2b(Xiaomi): If there is no any QCL information of reference signal for target SCell, A-TRS is configured for fine timing tracking, and the A-TRS is QCL-ed with the selected SSB index.
· Proposal 3: Any other solutions to enable A-TRS usage to unknown SCell activation is not precluded.




In Rel-17 fast SCell activation, A-TRS can be used for AGC and time/frequency tracking in very limited scenarios. In other words, A-TRS can be utilized when cell searching and beam measurement can be skipped. For instance, in FR2 the requirements only apply when there is active serving cell in the same band or the SCell is known. In above two case, UE can know the coarse timing and beam information without cell detection and L1-RSRP measurement. 
Observation 3: A-TRS can be used for AGC and time/frequency tracking in Rel-17 fast SCell activation.
Observation 4: Fast SCell activation can be used when UE can obtain coarse timing and beam information in FR2.
However, compared with legacy SCell activation requirements in 8.3.2, the cases when A-TRS can be applied bring limited delay enhancement. For instance, if the target SCell is known, the legacy requirements is TFirstSSB+ 5ms, compared with TFirstATRS+ 5ms, the reduced delay only comes from the uncertainty to the first RS for fine timing. However, the most essential case is when there is no intra-band serving cell and the SCell is unknown which could results in extremely long delay. 
Based on the analysis above, for other unconsidered cases, if UE is able to obtain the coarse timing and beam information in FR2, it is still possible that gNB can trigger the A-TRS to speed up the activation procedure. As elaborated in Fig.2, if the CSI-RS for CQI and TCI state of PDCCH/PDSCH is associated with the A-TRS, and the QCL source of A-TRS is configured as SSB in inter-band active serving cell (type C/D), then UE can obtain the coarse timing and beam information via QCL relation.
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Fig.2 A-TRS for unknown SCell activation without intra-band serving cell.
Observation 5: For FR2 unknown SCell activation without intra-band serving cell, UE can obtain the coarse timing and beam information via QCL relation when the QCL source is the SSB of inter-band serving cell.
Thus, based on the agreement in Rel-17 that A-TRS can be used for AGC and fine timing, the usage of A-TRS can be extended to FR2 unknown case. During the discussion in last meeting, companies commented that it may work in some deployment (e.g. co-located). We agree with the comments, and we believe it is up to NW’s configuration. If gNB provides such configurations (inter-band QCL relation), UE shall follow the configuration and obtain the timing information and beam information (if needed) accordingly.
Observation 6: The above case may depend on NW deployments (e.g. co-located). If gNB provides such configurations (inter-band QCL relation), it means UE can utilize the information and active the SCell based on A-TRS.
As proposed in our contribution for L3 enhancement, UE can obtain coarse timing information and beam information via typeC/D inter-band serving cell subject to gNB configuration. Thus, gNB can still utilize A-TRS to active the serving cell. For L1 related enhancement, L1-RSRP/measurement/report/TCI uncertainty can be saved as NW can configure the TCI directly with SCell activation command, UE can perform fine timing based on A-TRS accordingly. Considering both the L1 and L3 enhancement, the overall delay can be reduced as:
Proposal 1: For FR2 unknown SCell activation without intra-band serving cell, up to gNB configuration, when the CSI-RS for CQI and TCI state of PDCCH/PDSCH is associated with the A-TRS, and the QCL source of A-TRS is configured as SSB in inter-band active serving cell (type C/D), A-TRS can be used for fine timing and the requirements is TFirstATRS + 5ms.
Companies also proposed that A-TRS can replace certain component if there is no QCL assumptions, for instance, A-TRS can be used for fine timing. But as also commented by companies, to notify gNB when UE is ready for fine time tracking, UE needs to transmit an indication to NW, and upon receiving the indication, gNB will start triggering the A-TRS. As analysed above for the gain of A-TRS in legacy requirements, only time uncertainty for the first SSB can be solved which is at most 20 ms. By introducing the indication of ready for A-TRS, we are not sure whether it can save much delay considering the UE and gNW processing time and delay of UL transmission. Besides, if it is only to save the time uncertainty of first SSB for fine timing but leave the procedure (AGC/detection/L1-RSRP with beam sweeping) which constitutes the main part of overall delay unsolved, the enhancement to the most controversial case is negligible (e.g. saving several milliseconds out of several seconds). Besides, the structure of A-TRS is defined in Rel-17, which cannot be used for beam sweeping. It should be noted that introducing new RS or modifying the structure of existing A-TRS which may have significant RAN1 impacts shall be avoided. 
L1-RSRP measurement delay reduction
For L1-measurement delay reduction, following solutions were considered in last meeting:
	Issue 2-3-4: Prioritization enhancement for L1-RSRP measurement of FR2 unknown SCell activation
FFS:
· Proposal 1 (Huawei, vivo, Apple): study whether L1-RSRP measurement during SCell activation shall have higher priority over L3 measurement and whether it should be performed in non-DRX mode even DRX is configured.
· Proposal 1a (Huawei): agree that 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.


Issue 2-3-5: Other enhancement for L1-RSRP measurement of FR2 unknown SCell activation
FFS:
· Proposal 1 (NTT DoCoMo): FR2 SCell activation delay requirement should be studied under the assumption that UE performs L1-RSRP measurements for a cell with different PCI from serving cell 
· Proposal 2 (Apple, OPPO, ZTE, Xiaomi, OPPO, Ericsson, Nokia, NTT DCM): RAN4 to study skipping L1-RSRP measurement
· Proposal 2a (Apple, OPPO, LGE, NTT DCM, ZTE): 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
· Proposal 2b (ZTE, NTT DCM, ZTE): For the case of IBM disabled, maybe the UE would receive DL transmissions from different serving cells with the same Rx beam assumption. In such case, not any L1-RSRP measurement and report is necessary for this to-be-activated SCells if one active serving cell existing.
· Proposal 2c (Huawei, Apple, LGE, OPPO, NTT DCM, ZTE): UE can report the beam information based on cell search and skip the L1-RSRP procedure.




Apart from what has been analysed above, for L1-RSRP delay reduction, one direction we proposed in last meeting is to prioritize the L1-RSRP measurement during SCell activation over L3 measurement. The reason is that in current spec, the delay requirements are simply referred to L1-RSRP where L1-RSRP can be dropped when overlapped with L3 measurement. Besides, when DRX is configured, the delay requirements will follow DRX cycles which also can be observed in corresponding test cases. From our understanding, SCell activation is temporary procedure which is much less frequent than periodic L3 measurement. Prioritizing L1 measurement will not have significant impact on mobility performance. Also there is precedence in the spec that cell detection in SCell activation are prioritized over other RRM requirements. Thus, it is suggested to follow the same principle for L1-RSRP.
	Clause 8.3.2	
Longer delays for RRM measurement requirements, and in case of FR2 also SSB based RLM/BFD/CBD/L1 RSRP measurement requirements, can be expected during the cell detection time for unknown SCell activation.



Proposal 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.
TCI configuration uncertainty reduction
The enhancement on TCI configuration uncertainty was discussed in last meeting which also received considerable supporters. The status are summarized as follows:
	Issue 2-3-7: TCI activation enhancement during FR2 unknown SCell activation
FFS:
· Proposal 1 (Intel, Apple, Xiaomi,): further discuss the UE beam assumption after L1-RSRP report to reduce MAC CE based TCI activation delay.
· Proposal 1a(Huawei, Apple, Intel, Xiaomi, OPPO, MTK, Ericsson, NTT DCM): the uncertainty of TCI configuration/activation can be saved when TCI of PDCCH/PDSC/CSI-RS is associated with the best L1-RSRP report.
· Proposal 2 (ZTE): to consider whether the TCI state indication can be acquired by UE before SCell activation or not, which would impact the total latency.
· Proposal 3 (ZTE): to consider whether and how to identify TCI state without L1-RSRP measurement and report, which is the core issue for latency reduction for unknown case.




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.
Proposal 3: 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: The feasibility on beam sweeping factor reduction (not related with FR2 multi-Rx) is not well justified.
Observation 2: The coupled discussion among WI discussed in parallel shall be avoided.
Observation 3: A-TRS can be used for AGC and time/frequency tracking in Rel-17 fast SCell activation.
Observation 4: Fast SCell activation can be used when UE can obtain coarse timing and beam information in FR2.
Observation 5: For FR2 unknown SCell activation without intra-band serving cell, UE can obtain the coarse timing and beam information via QCL relation when the QCL source is the SSB of inter-band serving cell.
Observation 6: The above case may depend on NW deployments (e.g. co-located). If gNB provides such configurations (inter-band QCL relation), it means UE can utilize the information and active the SCell based on A-TRS.
Proposal 1: For FR2 unknown SCell activation without intra-band serving cell, up to gNB configuration, when the CSI-RS for CQI and TCI state of PDCCH/PDSCH is associated with the A-TRS, and the QCL source of A-TRS is configured as SSB in inter-band active serving cell (type C/D), A-TRS can be used for fine timing and the requirements is TFirstATRS + 5ms.
Proposal 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.
[bookmark: _GoBack]Proposal 3: 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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