Page 1
Draft prETS 300 ???: Month YYYY
[bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #111	R4-2408315
Fukuoka City, Fukuoka , Japan, 20th – 24th May, 2024
[bookmark: Source]Agenda item:	10.6.2
Source:	China Telecom
Title:	Discussion on FR2-1 SSB based L3 measurement delay reduction for connected mode
[bookmark: DocumentFor]Document for:	Discussion
1. Introduction
In RAN4 #110bis meeting, FR2-1 SSB based L3 measurement delay reduction for connected mode was discussed and the WF was approved [1]. 
In this paper, we present our views on FR2-1 SSB based L3 measurement delay reduction for connected mode issues captured in the WF [1] and summary [2].

2. Discussion
L3 measurement delay reduction by optimizing Rx BSF for UE supporting multiple-Rx simultaneous reception
Status in the WF [1]:
	Issue 2-1-2: Conditions to apply L3 measurement delay reduction by optimizing Rx BSF
[Moderator note]: The condition here means in which case/condition/use-case/mode UE can apply the L3 measurement delay reduction by optimizing Rx BSF. 
WF for next meeting:
FFS：Conditions for UE to apply L3 measurement delay reduction by optimizing Rx BSF
· FFS: multi-Rx simultaneous reception of UE is in active mode, which is expected to follow the one specified in Rel-18 for multi-Rx simultaneous reception features
· FFS: UE’s mobility status, e.g., whether HST is precluded or not
· FFS: RRM measurement with two panels activated, two searchers are occupied by this single carrier 
· FFS: SSB processing delay/time for processing multiple beams received in a SMTC  
· FFS: Power consumption issue
· FFS: UE has prior knowledge on the cell to be measured 
· FFS: Rel-19 L3 measurement with multi-Rx DL reception is irrelevant to multi-TRP operation deployment
· FFS: Other conditions: cell-centre UE or cell-edge UE
· FFS: Simultaneous operation between multi-Rx simultaneous reception (L1) and L3 measurement delay reduction by optimizing Rx BSF.
Issue 2-1-3: UE measurement procedures to use L3 measurement delay reduction by optimizing Rx BSF
WF for next meeting:
FFS：Scenarios to use L3 measurement delay reduction by optimizing Rx BSF:
· FFS: SSB based Intra-frequency measurement without MG, including TPSS/SSS_sync_intra and TSSB_measurement_period_intra
· FFS: SSB based Intra-frequency measurement with MG, including TPSS/SSS_sync_intra and TSSB_measurement_period_intra
· FFS: SSB based Inter-frequency measurement without MG, including TPSS/SSS_sync_inter, TSSB_time_index_inter and TSSB_measurement_period_inter
· FFS: SSB based Inter-frequency measurement with MG, including TPSS/SSS_sync_inter,  TSSB_time_index_inter and TSSB_measurement_period_inter
· FFS: Handover 
· FFS: PSCell addition 
· FFS: RRC Re-establishment/RRC Connection Release with Redirection 
· FFS: SCell activation 
· FFS: SCG activation 
· FFS: CGI identification
· FFS: CSI-RS based intra-/inter-frequency measurements, the CSI-RS is configured associatedSSB
· The discussion on CSI-RS configured with associatedSSB could be revisited if SSB based L3 measurement delay reduction is concluded.



For conditions to apply L3 measurement delay reduction by optimizing Rx BSF, in our views, UE shall support Rel-18 multi-Rx capability and multi-Rx simultaneous reception of UE is in active mode, which are the basic conditions to apply L3 measurement delay reduction by optimizing Rx BSF.
Proposal 1: UE shall support Rel-18 multi-Rx capability and multi-Rx simultaneous reception of UE is in active mode, which are the basic conditions to apply L3 measurement delay reduction by optimizing Rx BSF.
In our views, the discussion on L3 measurement delay reduction by optimizing Rx BSF can be focused on low mobility status, and the mobility of high speed condition is precluded.
Proposal 2: The discussion on L3 measurement delay reduction by optimizing Rx BSF can be focused on low mobility status, and HST is precluded.
If UE has prior knowledge on the cell to be measured, Rx BSF can be optimized in the measurement process to reduce L3 measurement delay. For example, in L3 measurement process, if UE performs PSS/SSS detection with legacy beam sweeping factor, then UE gets prior knowledge for the subsequent process like SSB based measurement and UE can perform SSB based measurement with reduced Rx beam sweeping factor. It’s proposed to consider conditions of prior knowledge on the cell to be measured and discuss whether the conditions of prior knowledge are applicable. 
Proposal 3: It’s proposed to consider conditions of prior knowledge on the cell to be measured and discuss whether the conditions of prior knowledge are applicable.

For scenarios to use L3 measurement delay reduction by optimizing Rx BSF, in our views, the L3 measurement process of SSB based Intra-frequency/Inter-frequency measurement without/with MG can be considered. Besides, unknown target FR2 cell delay requirements in Handover scenario can also be considered.
Proposal 4: For scenarios to use L3 measurement delay reduction by optimizing Rx BSF, the L3 measurement process of SSB based Intra-frequency/Inter-frequency measurement without/with MG can be considered.
Proposal 5: For scenarios to use L3 measurement delay reduction by optimizing Rx BSF, unknown target FR2 cell delay requirements in Handover scenario can be considered.

Status in the summary [2]:
	Issue 2-1-4: Solutions to apply/specify L3 measurement delay reduction by optimizing Rx BSF
· Option 1 (Xiaomi):
· In order to shorten the overall L3 measurements delay, the smaller RX beam sweeping factor for SSB index acquiring and SSB measurement can be used in comparison with that for PSS/SSS detection.
· Option 2 (CMCC):
· For UE supporting multiple-Rx simultaneous reception, it is proposed to reduce L3 measurement delay by reducing RX beam sweeping factor, and the Rel-18 RX beam sweeping factor reduction can be used as baseline.
· Option 2a (CTC)
· Rx beam sweeping factor methods in Rel-18 multi-Rx/ eFeRRM WI can be considered as baseline for FR2-1 SSB based L3 measurement delay reduction.
· Option 3 (Nokia):
· RAN4 to discuss the set of values for reduced L3 beam sweeping factor.
· Option 4 (Ericsson):
· RAN4 checks the applicability of reducing total number of Mmeas_period  by optimizing Rx beam sweeping factor in multiple measurement rounds, one example is full Rx beam sweeping factor in first round and reduced Rx beam sweeping factor in later round.
· RAN4 checks the applicability of applying reduced Rx beam sweeping factor for L3 measurements provided any other operation with legacy Rx beam sweeping before it, e.g., different Rx beam sweeping factor in Tpss/sss_sync and Tssb_measurement_period.



[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In Rel-18 multi-Rx WI, fast beam sweeping method was introduced for FR2 L1 measurement delay reduction. In Rel-18 eFeRRM WI, beam sweeping factor reduction method was introduced for FR2 unknown SCell activation. In our views, Rx beam sweeping factor methods in Rel-18 multi-Rx/ eFeRRM WI can be considered as baseline for FR2-1 SSB based L3 measurement delay reduction.
[bookmark: OLE_LINK5]Proposal 6: Rx beam sweeping factor methods in Rel-18 multi-Rx/ eFeRRM WI can be considered as baseline for FR2-1 SSB based L3 measurement delay reduction.

Status in the summary [2]:
	Issue 2-1-5: measurement performance requirement when apply L3 measurement delay reduction by optimizing Rx BSF
· Option 1 (Intel, Nokia, OPPO):
· RAN4 is not to change existing measurement performance requirement when consider optimization of Rx BSF in measurement delay.
· Option 2(Ericsson)
· For UE supporting multiple-Rx simultaneous reception on single carrier, the UE may be in multiple-Rx simultaneous reception mode or not. As per different mode, the impact to L3 measurement in WI shall be studied (it doesn’t mean any enhancement on L3/L1 sharing mechanism).
· Recommended WF
· Moderator note: to discuss if option 1 can be agreed.



For measurement performance requirement when apply L3 measurement delay reduction by optimizing Rx BSF, it’s preferred not to change existing measurement performance requirement when consider optimization of Rx BSF in measurement delay.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 7: RAN4 is not to change existing measurement performance requirement when consider optimization of Rx BSF in measurement delay.

L3 measurement delay reduction by optimizing CSSF for UE not in multiple-Rx simultaneous reception mode
Status in the WF [1]:
	Issue 2-2-1: Clarification on the bullets in WID for this CSSF optimization
Agreement:
Rel-19 discussion on CSSF optimization starts for the case UE is not capable of Rel-18 multi-Rx simulaeous reception, further discuss whether/how it can be applied to the case UE is capable of Rel-18 multi-Rx simulaeous reception but work in single-Rx currently.
Issue 2-2-2: UE measurement procedure to use L3 measurement delay reduction by optimizing CSSF
Agreement:
· Only consider CSSF outside MG case.
Proposal for further discussion:
· Scenarios to use L3 measurement delay reduction by optimizing CSSF:
· SSB based Intra-frequency measurement without MG, including TPSS/SSS_sync_intra and TSSB_measurement_period_intra
· SSB based Inter-frequency measurement without MG, including TPSS/SSS_sync_inter and TSSB_measurement_period_inter



For scenarios to use L3 measurement delay reduction by optimizing CSSF, since it was agreed only CSSF outside MG case is considered, the L3 measurement process of SSB based Intra-frequency/Inter-frequency measurement without MG can be considered.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Proposal 8: For scenarios to use L3 measurement delay reduction by optimizing CSSF, the L3 measurement process of SSB based Intra-frequency/Inter-frequency measurement without MG can be considered.

Status in the summary [2]:
	Issue 2-2-2: Conditions to apply L3 measurement delay reduction by optimizing CSSF
[Moderator note]: The condition here means in which case/condition/use-case/mode UE can apply the L3 measurement delay reduction by optimizing CSSF. 
	In WID:
For UE not in multiple-Rx simultaneous reception mode:
· Study suitable scenarios and conditions and, if feasible, introduce methods to reduce FR2-1 L3 measurement delay by optimizing:
·  CSSF outside gap in CA/DC scenarios 
· Baseline assumption on number of searchers is 2



· Option 1 (Apple): RAN4 only consider the enhancement based on 2 searchers, i.e., same as previous release.
· Option 2 (Intel): Consider enhancements on the number of searchers in a future release beyond Rel-19.
· Option 3 (vivo): RAN4 to consider more than 2 searchers, e.g., 3 searchers as the assumption for reducing FR2 L3 measurement delay.
· Option 4 (CATT, HW): For UE supporting per-FR gap and the measurement is conducted without gap.
· Option 5 (Nokia): 
· To confirm one of the searchers is used for PCell measurement and the other is used for the measurements on all the SCells. 
· Recommended WF
· TBA



For conditions to apply L3 measurement delay reduction by optimizing CSSF, since the baseline assumption on number of searchers is 2 in WID, it’s proposed only consider the enhancement based on 2 searchers. As for the enhancement on the number of searchers can be considered in further release.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Proposal 9: For conditions to apply L3 measurement delay reduction by optimizing CSSF, it’s proposed only consider the enhancement based on 2 searchers.

Status in the summary [2]:
	Issue 2-2-4: Applicability requirement of L3 measurement delay reduction by optimizing CSSF
· Option 1 (Intel): Deprioritize EN-DC scope in this work item
· Option 2 (ZTE): For the CSSF enhancement, all EN-DC, NE-DC and NR-DC are applicable scenarios.
· Option 3 (OPPO): RAN4 to consider EN-DC, NE-DC, SA and NR-DC for optimizing CSSFoutside_gap,i scaling factor.
· Option 4 (Ericsson): CSSF relevant to FR2-1 in the WI may take ‘FR2 only intra band CA’, ‘FR2 only inter band CA’, ‘FR1+FR2 CA’, ‘FR1+FR2 NR-DC’ into account, different applicability condition may be specified if needed. EN-DC or NE-DC may be deprioritized.
· Option 5 (Samsung): RAN4 to discuss the necessity of defining CSSFoutside_gap,i scaling factor for SA mode, where two FR2 operating band are included for FR1+FR2 inter-band CA
· Recommended WF
· Moderator note: 
· can RAN4 choose the intersection set among above options, e.g., RAN4 to discuss the necessity of defining CSSFoutside_gap,i scaling factor for SA and NR-DC mode in which at least one FR2-1 CC is configured



[bookmark: OLE_LINK8][bookmark: OLE_LINK9]The modes of EN-DC, SA, NR-DC, NE-DC are included in the specification, in our views, considering the workload, network deployment and development, the CSSF enhancements relevant to FR2-1 can be focused on SA and NR-DC mode.
Proposal 10: Considering the workload, network deployment and development, the CSSF enhancements relevant to FR2-1 can be focused on SA and NR-DC mode.

Status in the summary [2]:
	Issue 2-2-5: Solutions to apply/specify L3 measurement delay reduction by optimizing CSSF outside gap in CA/DC
· Option 1 (Apple, Intel): UE only needs to measure one serving CC per band if multiple serving CCs are in the same band
· Option 1a (Apple): details of option 1 is:
· If PCC in the band, measure PCC
· Otherwise if PSCC in the band, measure PSCC
· Otherwise if SCC is in the band, measure the SCC with neighbor cell MO
· Otherwise up to UE implementation
· Option 2 (Apple): UE can reduce the searcher occupancy ratio of PCC or PSCC measurement to speed up SCC measurement for some conditions
· The conditions can be FFS.  
· Option 3 (Nokia): 
· To identify the scenarios where SSB-based measurements can be relaxed so that CSSF can be optimized.
· To consider the CSSF optimization by minimizing the impact from CSI-RS based measurements on SSB-based measurements.
· Option 4 (ZTE): 
· Reduce the CSSF by sharing the L3 measurement results between multiple carriers
· Option 5 (ZTE): 
· The enhancement of SCell CSI-RS based L3 measurement
· Option 6 (CTC):
· It’s beneficial to introduce CSSF reduction to reduce FR2-1 L3 measurement delay, and number of serving cells related enhancements in CSSF formula can be considered as a starting point.
· The solution of enhanced CSSF can be applied in FR1 if applicable, after the work for FR2-1 L3 measurement delay reduction is done.
· Option 7 (OPPO):
· RAN4 to discuss the optimization of counting the number of configured SCell(s) or MOs without MG for CSSFoutside_gap in FR2 L3 measurements.
· Option 8 (vivo):
· RAN4 to consider the enhanced CSSF for the reduced FR2-1 L3 measurement on serving CC.
· Option 9 (vivo): If option 3 in issue 2-2-2 is agreed,
· RAN4 could consider to reuse the principle for using more than 2-searchers: PCC uses one searcher, and all SCCs share other searchers
· Option 10 (Ericsson):
· RAN4 studies the optimization to CSSF allocation (statically or dynamically) between  PCC and SCC carriers.
· RAN4 studies the optimization to CSSF allocation (statically or dynamically) among SCC carriers.
· RAN4 studies CSSF optimization (on some carriers) with respect to particular UE implementations, e.g., sharing RF chain among carriers.
· RAN4 studies  CSSF optimization (on some carriers) with respect to particular cell configurations/implementations.
· Option 11 (Huawei): For UE supporting per FR gap, when all MOs are to be measured outside gap, the CSSFoutsidegap can be reduced.
· In order to meet the legacy requirements for measurement within gap in FR2 and outside gap in FR1, a UE is supposed to be equipped with 3 searchers.
·  For UE supporting per FR gap, when all MOs are to be measured outside gap, the CSSFoutsidegap can be reduced, as these MOs share three searchers.
· Three searchers capability is naturally supported by UE who supports per FR gap. No enhanced capability is required.
· Recommended WF
· Moderator note: following main solutions are observed, discuss the following candidates:
· Candidate Solution 1: UE to measure one serving CC per band if multiple serving CCs are in the same band
· Candidate Solution 2: change CSSF allocation (statically or dynamically) among PCC/PSCC/SCC
· Candidate Solution 3: assume UE to use 3 searchers when UE supports per-FR MG
· Candidate Solution 4: CSSF optimization by minimizing the impact from CSI-RS based measurements on SSB-based measurements
· Candidate Solution 5: enhancement of SCell CSI-RS based L3 measurement
· Others are not precluded.



For the solutions to apply/specify L3 measurement delay reduction by optimizing CSSF outside gap in CA/DC, there are many candidate solutions being proposed in last meeting.
Regarding candidate solution 1, as we know, CSSF value is related to the number of serving cells, with large number of serving cells, L3 measurement delay would be long, thus the number of serving cells related enhancements in CSSF equation can be considered as a starting point. We support to allow UE to measure one serving CC per band if multiple serving CCs are in the same band, and the measurement result of this serving CC can be reused for other serving CCs.
Regarding candidate solution 2, for UE having 2 searchers, a dedicated searcher is used for PCC measurement, and the second searcher is shared for all SCCs. Some companies propose that UE can reduce the searcher occupancy ratio of PCC or PSCC measurement, and the optimization to CSSF allocation between PCC and SCCs or among SCCs can be studied. We are open to discuss the applicability to change CSSF allocation (statically or dynamically) among PCC/PSCC/SCC.
In addition, the frequencies in FR1 are widely used in network deployment, there also exists the demand of L3 measurement delay reduction in FR1, from operator's perspective, the solution of enhanced CSSF can be applied in FR1 if applicable, after the work for FR2-1 L3 measurement delay reduction is done.
Proposal 11: UE can measure one serving CC per band if multiple serving CCs are in the same band.
Proposal 12: The solution of changing CSSF allocation (statically or dynamically) among PCC/PSCC/SCC can be considered.
Proposal 13: The solution of enhanced CSSF can be applied in FR1 if applicable, after the work for FR2-1 L3 measurement delay reduction is done.

3. Conclusion
The contribution presents our views on RRM performance requirements for FR2 SCell activation delay reduction, with the following proposals:
Proposal 1: UE shall support Rel-18 multi-Rx capability and multi-Rx simultaneous reception of UE is in active mode, which are the basic conditions to apply L3 measurement delay reduction by optimizing Rx BSF.
Proposal 2: The discussion on L3 measurement delay reduction by optimizing Rx BSF can be focused on low mobility status, and HST is precluded.
Proposal 3: It’s proposed to consider conditions of prior knowledge on the cell to be measured and discuss whether the conditions of prior knowledge are applicable.
Proposal 4: For scenarios to use L3 measurement delay reduction by optimizing Rx BSF, the L3 measurement process of SSB based Intra-frequency/Inter-frequency measurement without/with MG can be considered.
Proposal 5: For scenarios to use L3 measurement delay reduction by optimizing Rx BSF, unknown target FR2 cell delay requirements in Handover scenario can be considered.
Proposal 6: Rx beam sweeping factor methods in Rel-18 multi-Rx/ eFeRRM WI can be considered as baseline for FR2-1 SSB based L3 measurement delay reduction.
Proposal 7: RAN4 is not to change existing measurement performance requirement when consider optimization of Rx BSF in measurement delay.
Proposal 8: For scenarios to use L3 measurement delay reduction by optimizing CSSF, the L3 measurement process of SSB based Intra-frequency/Inter-frequency measurement without MG can be considered.
Proposal 9: For conditions to apply L3 measurement delay reduction by optimizing CSSF, it’s proposed only consider the enhancement based on 2 searchers.
Proposal 10: Considering the workload, network deployment and development, the CSSF enhancements relevant to FR2-1 can be focused on SA and NR-DC mode.
Proposal 11: UE can measure one serving CC per band if multiple serving CCs are in the same band.
Proposal 12: The solution of changing CSSF allocation (statically or dynamically) among PCC/PSCC/SCC can be considered.
Proposal 13: The solution of enhanced CSSF can be applied in FR1 if applicable, after the work for FR2-1 L3 measurement delay reduction is done.
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