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1. Introduction
The WF of NR Radio Resource Management (RRM) Phase 5 [1] has been agreed in RAN4#110bis, and the open issues have been summarized in the topic summary for [110bis][230] NR_RRM_Ph5 [2]. In this contribution, we continue the discussion for FR2-1 SSB based L3 measurement delay reduction for connected mode. 
2. FR2-1 L3 measurement delay by optimizing Rx beam sweeping factor 
Issue 2-1-1: applicable scenarios of L3 measurement delay reduction by optimizing Rx BSF
	WF for next meeting:
· FFS:
· L3 delay enhancements in Rel-19 by optimizing Rx BSF for UE supporting multi-rx simultaneous reception are applicable provided the target frequency layer to be measured is the only one in the single FR2-1 band and UE is configured [with one FR2-1 band].
· RAN4 to consider UE supporting FR2-1 power class 3 as first priority.


For UE supporting multiple-Rx simultaneous reception on single carrier, we think UE has such potential to reduce the Rx beam sweeping factor when the multiple panels or multi-Rx function is activated at UE. During Rel-18 discussion, there was no conclusion to enhance L3 part mainly because of the limited time and scope. Thus, in our view, the Rx beam reduction in this WI shall be based on the condition when UE support R18 multi-Rx capability and the multi-Rx is active. We understand the definition of “multi-Rx is active” is not concluded yet in R18 multi-Rx core maintenance, but we can simply reuse the same concept from R18 once it’s concluded.
In R18 multi-Rx, the WF R4-2403560 agreed that,
	Issue 1-8: Applicable scenarios of Rel-18 multi-Rx feature
· RAN4 Rel-18 multi-Rx related requirements are applicable to PCell, PSCell, or SCell, provided the cell is the only serving cell in the single FR2-1 band and UE is configured with one FR2-1 band.


Thus, we think the BSF reduction for L3 measurement is mainly based on the UE feature for Rel-18 FR2 multi-Rx DL reception (FG30 NR_FR2_multiRX_DL), and the corresponding L3 measurement requirement enhancement shall be discussed on top of the baseline requirement for Rel-18 FR2 multi-Rx DL reception feature. In addition, as a starting point it would make more sense to focus on one type of the UE, e.g., PC3 handheld UE for more broad use cases.
Proposal 1: L3 delay enhancements in Rel-19 by optimizing Rx BSF for UE supporting multi-rx simultaneous reception are applicable to PCell, PSCell, or SCell, provided the cell is the only serving cell in the single FR2-1 band and UE is configured with one FR2-1 band.
Proposal 2: RAN4 to consider UE supporting FR2-1 power class 3 as first priority.
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.


In order to support Rx BSF reduction for L3 measurement, UE needs to activate multi-panels for supporting simultaneous dual Rx beam reception. Similar as discussed in issue 2-1-1, the the definition of “multi-Rx is active” is not concluded yet in R18 multi-Rx core maintenance, but we can simply reuse the same concept from R18 once it’s concluded. In Rel-18 multi-Rx discussion, our proposal for this meeting is: multi-Rx simultaneous reception of UE is in active mode if UE is configured with GBBR reporting and UE doesn’t indicate single Rx preference in UAI to network.
In last meeting, some companies also mentioned if other conditions or scenarios shall be considered to support this enhancement, e.g., low mobility, or fixed indoor scenario. Our understanding is to consider low mobility as a starting point since fixed indoor scenario is not that sensitive to the mobility/RRM need, and therefore high mobility (e.g., HST-like) is not in the scope of this WI.
One more condition raised in last meeting was the searcher limitation, e.g., in FR1+FR2 CA, even though UE is able to use two Rx beams on FR2 CC, the searcher number on the FR2 CC L3 measurement cannot be more than two. Like in the following example figure, UE still has 2 searchers and L3 measurement on FR2 SCC can only use one searcher in this example, even though the BSF can be reduced. In short, the legacy searcher assumption and legacy CSSF shall still be applied for L3 RRM measurement with two panels activated.
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Figure 1. example of baseband processing capability for UE with active multi-Rx function
Regarding the power consumption, we understand that activating two panels for reception will cause high power consumption at UE, and we agree that the L3 RRM measurement shall not be an event to trigger UE activating the multi-Rx function. Instead, the BSF reduction for L3 measurement shall only work when UE has multi-Rx activated by some other event, e.g., GBBR configuration, and then UE can use that for L3 measurement enhancement.
Proposal 3: the conditions for UE to apply L3 measurement delay reduction by optimizing Rx BSF are as followings:
· 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
· Low mobility scenario (e.g., not consider HST)
· the legacy searcher assumption and legacy CSSF shall still be applied for L3 RRM measurement with two panels activated
· considering power consumption, BSF reduction of L3 measurement will not trigger UE to activate multi-Rx.
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.


In WID description, it was stated that,
· FR2-1 SSB based L3 measurement delay reduction for connected mode
· For UE supporting multiple-Rx simultaneous reception on single carrier: 
· Study suitable scenarios and conditions and, if feasible, introduce methods to reduce FR2-1 L3 measurement delay by optimizing:
· Rx beam sweeping factor
We think the RAN4 work shall start with the most baseline aspect, i.e., L3 measurement delay, and after RAN4 had some conclusions on the solutions then it can be extended to other scenarios, e.g., handover, PSCell addition, RRC Re-establishment/RRC Connection Release with Redirection, SCell activation, SCG activation, CGI reading, and the associated SSB synchronization in CSI-RS L3 measurement. Thus, we propose to prioritize scenarios of following ones as staring point for study and then after RAN4 has conclusion on solutions, we can extend to other scenarios:
· SSB based Intra-frequency measurement without MG, including TPSS/SSS_sync_intra and TSSB_measurement_period_intra
· SSB based Intra-frequency measurement with MG, including TPSS/SSS_sync_intra and TSSB_measurement_period_intra
· SSB based Inter-frequency measurement without MG, including TPSS/SSS_sync_inter, TSSB_time_index_inter and TSSB_measurement_period_inter
· SSB based Inter-frequency measurement with MG, including TPSS/SSS_sync_inter,  TSSB_time_index_inter and TSSB_measurement_period_inter
Proposal 4: Prioritize following scenarios as starting points to use L3 measurement delay reduction by optimizing Rx BSF:
· SSB based Intra-frequency measurement without MG, including TPSS/SSS_sync_intra and TSSB_measurement_period_intra
· SSB based Intra-frequency measurement with MG, including TPSS/SSS_sync_intra and TSSB_measurement_period_intra
· SSB based Inter-frequency measurement without MG, including TPSS/SSS_sync_inter, TSSB_time_index_inter and TSSB_measurement_period_inter
· SSB based Inter-frequency measurement with MG, including TPSS/SSS_sync_inter,  TSSB_time_index_inter and TSSB_measurement_period_inter
Proposal 5: After RAN4 has conclusion(s) on the solution(s) of L3 measurement delay reduction for the above baseline scenarios, the solutions(s) can be extended to other scenarios, e.g., handover, PSCell addition, RRC Re-establishment/RRC Connection Release with Redirection, SCell activation, SCG activation, CGI reading, and the associated SSB synchronization in CSI-RS L3 measurement.
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.


For SSB based L3 measurement for RRM, the beam sweeping is always assumed on the whole spherical area to detect the potential neighbor cells’ SSBs, and on those SSBs for L3 measurement, the scheduling restriction is applied. As defined in current RRM requirement below, different UE power class may have different sample number for FR2-1, but the beam sweeping factor is always considered for these delay requirements.
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However, since the multi-Rx chain UE now has capability of simultaneous reception on different AoAs, it would be possible to perform Rx beam sweeping in parallel on different panels at UE and the corresponding L3 detection/measurement delay requirement can be reduced significantly. In addition, such enhancement can also avoid scheduling restriction on some of the L3 measurement occasions. As shown in the following figure 2 as an example, the rough Rx beam sweeping on right panel will not cause interruption to the data/control channel reception on the left panel.
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Figure 2. Example for L3 measurement delay reduction by using multi-Rx
However, the only difficult part is that network is not aware of which L3 measurement occasions can be used for scheduling. We do observe the benefit to enhance the throughput for the UE to mute the scheduling restriction on some of the L3 measurement occasions, e.g., in the figure 2 case, 50% of throughput loss can be saved compared with legacy requirement. Since L3 measurement is periodic and quite static (RRC configuration based), RAN4 can further discuss how to indicate the scheduling restriction information to network, and network can use the some of the L3 measurement occasions for scheduling. Details of indication and signaling can be FFS, e.g., UE may indicate a periodic pattern to network to tell which L3 occasion can have no scheduling restriction, but we also agree that when the scheduling active TCI is changed, UE may need to indicate a new pattern then.
In last meeting, companies provided some initial ideas about the Rx BDF reduction, and our view is quite similar as option 2.
Proposal 6: For UE supporting multiple-Rx simultaneous reception, it is proposed to reduce L3 measurement delay by reducing Rx BSF, and Rel-18 Rx BSF reduction in L1 measurement can be used as baseline.
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.


It’s no intention in the WID to change any accuracy requirement for L3 measurement by Rx BSF reduction, since only the FR2-1 SSB based L3 measurement delay reduction for connected mode is the goal for R19 study. We agree with the option 1 raised by companies in last meeting. However, when RAN4 investigates the impact on the accuracy requirement testing, it might be necessary to consider whether two AoA setup for accuracy testing will need more tolerance in test requirement, like for L1-RSRP accuracy testing in R18 multi-Rx WI. Thus, the accuracy test requirement for Rx BSF optimization in L3 measurement delay reduction can be FFS.
Proposal 7: RAN4 is not to change existing measurement performance requirement when consider optimization of Rx BSF in L3 measurement delay reduction. The accuracy test requirement for Rx BSF optimization in L3 measurement delay reduction can be FFS.
Issue 2-1-6: feature capability of L3 measurement delay reduction by optimizing Rx BSF
	· Option 1 (Nokia, vivo):
· RAN4 to introduce a new individual capability for L3 beam sweeping factor reduction due to multi-Rx operation.
· Recommended WF
· Moderator note: to discuss if option 1 can be agreed.


Even though it’s too early to discuss the capability at this stage, we share the same view with companies that a new capability is needed for this L3 Rx BSF reduction feature. The main reason is: different from R18 FR2 multi-Rx WI and R18 FR2 SCell activation enhancement, this R19 feature shall be used for both L3 serving and neighbor cell measurement. We are also fine to delay this capability discussion to the end of the core part as legacy procedure.
Proposal 8: RAN4 to introduce a new individual capability for L3 BSF reduction due to multi-Rx operation in R19. But also fine to delay the capability discussion to the end of the core part.
3. Sub-topic 2-2 FR2-1 L3 measurement delay by optimizing CSSF outside gap in CA/DC
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 simultaeous reception, further discuss whether/how it can be applied to the case UE is capable of Rel-18 multi-Rx simultaeous reception but work in single-Rx currently.


In our view, the case of “the UE has capability of multi-Rx but the multi-Rx function is not enabled or activated” shall be treated equivalently as the UE who’s not capable of multi-Rx feature. Since the key point is we don’t want to mix two enhancement together in the same scenario, and therefore, we are fine to accept the option 1 proposed by companies in last meeting.
Proposal 9: Rel-19 CSSF optimization applies for the both cases: (1)UE is not capable of Rel-18 multi-Rx simultaneous reception, (2)UE is capable of Rel-18 multi-Rx simultaneous 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


In WID description, it states that,
· 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
We also think RAN4 can prioritize the baseline scenarios for CSSF optimization study as starting point, i.e., SSB based Intra-frequency measurement without MG and SSB based Inter-frequency measurement without MG.
Proposal 10: the following scenarios to use L3 measurement delay reduction by optimizing CSSF shall be prioritized:
· 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

Issue 2-2-3: 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. 
· 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


RAN plenary agreed in the WID that the baseline assumption on number of searchers is 2, and that’s also aligned with the RAN4 fundamental assumption from Rel-15. Some companies raised one issue that: in current spec, if UE supports per-FR MG, and if one FR measurement is using MG and the other FR measurement is not using MG, we don’t have a joint section of CSSF requirement to define a per-UE CSSF factor including both FRs, and that implies UE supports 3 searchers in this case. Unfortunately, we disagree with this assumption and interpretation, our view is: this is just a missing piece of current spec, and we don’t have specific test case to verify UE behavior in this case. In the field, the deployment of FR2 is very rear and the UE measurement speed cannot be easily verified in the current field log (at least no error observed in current industry). Additionally, searcher number change is a quite big challenge to UE implementation and design, and it will even impact the most essential part of the UE architecture. Thus, we don’t think the current spec implies certain UE capability beyond 2 searcher assumption, and 2 searcher assumption shall still be kept for this R19 WI.
Proposal 11: RAN4 only consider the enhancement based on 2 searchers, i.e., same as previous release, for L3 measurement delay reduction by optimizing CSSF.
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


The WID include the CSSF related enhancement for FR2-1 SSB based L3 measurement delay reduction, however, it doesn’t preclude the CA or DC case when the FR1 serving carrier is also configured to UE. In last meeting, companies proposed different kinds of CA/DC modes for study, and we have no strong view on which one shall be chosen since the current CSSF outside gap in the TS38.133 covers all EN-DC, NE-DC, SA and NR-DC.
Proposal 12: RAN4 to consider EN-DC, NE-DC, SA and NR-DC for L3 measurement delay reduction by optimizing CSSFoutside_gap,i.
Issue 2-2-5: Solutions to apply/specify L3 measurement delay reduction by optimizing CSSF outside gap in CA/DC
For the case that UE is not in multiple-Rx simultaneous reception mode but it’s in CA/DC mode, the CSSF enhancement can be considered if multiple serving carriers are in the same band. In the current spec, the UE measurement capability requirement is defined as following:
	9.2.3.2	Requirements for FR2
For one single intra-frequency layer in a band, during each layer 1 measurement period, the UE shall be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for at least:
-	6 identified cells, and
-	24 SSBs with different SSB index and/or PCI,
where this single intra-frequency layer shall be:
-	PCC when UE is configured with SA NR operation mode with PCC in the band; or
-	PSCC when UE is configured with EN-DC with PSCC in the band; or
-	PSCC when UE is configured with NR-DC with PSCC in the band; or
-	One of the SCCs on which UE is configured to report SSB based measurements when neither PCC nor PSCC is in the same band, so that the selected SCC shall be an SCC where the UE is configured with SS-RSRP measurement reporting if such SCC exists, otherwise the selected SCC is determined by UE implementation.
The UE shall also be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for at least 2 SSBs on serving cell for each of the other intra-frequency layer(s) in the same band.


For intra-frequency layer measurement, RAN4 assumed UE is allowed to only measure one CC in a same band, as highlighted in red above, but for serving CC measurement we require UE shall be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for at least 2 SSBs on serving cell for each of the other intra-frequency layer(s) in the same band. In R15 discussion, the reason behind such requirement is because RSRQ might be different among different serving carriers (different interference level), however, FR2 is actually noise-limited system rather than interference-limited system, and therefore we don’t think RSRQ would be too much different among serving CCs in the same band. Thus, we can enhance to require UE only measure one serving CC in the same FR2 band like what RAN4 specified for intra-frequency neighbor cell measurement. 
Another option we are thinking for enhancement is to reduce the searcher occupancy ratio of PCC and PSCC for some special conditions, and then the SCC measurement can be speeded up by increasing the searcher occupancy ratio. For example, in current spec, for NR SA (e.g., FR2 only CA), the CSSF table is specified as following,
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It means that: PCC measurement utilizes a dedicated searcher, and all the SCCs share the 2nd searcher. If SCC has FR2 neighbor cell configured CCs, the SCCs with FR2 neighbor cell utilize the 50% of the 2nd searcher. And all the other SCCs and inter-freq CCs equally share the other 50% of the 2nd searcher. If SCC has no FR2 neighbor cell configured CCs, all the SCCs and inter-freq CCs without MG equally share the 2nd searcher. 
It's obvious that, if the PCC searcher occupancy ratio can be reduced, e.g., to 50% of the 1st searcher, the other 50% of the 1st searcher can be shared by SCCs to speed up the measurement. However, PCC measurement is most important thing to the RRM, and we can discuss the conditions in which PCC measurement can reduce the searcher occupancy ratio. Such enhancements and condition can also be applied to PSCC in DC case.
Proposal 13: Solutions to apply/specify L3 measurement delay reduction by optimizing CSSF outside gap in CA/DC:
· Enhancement option 1: UE only needs to measure one serving carrier per band if multiple serving carriers are in the same band,
· 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
· Enhancement option 2: UE can reduce the searcher occupancy ratio of PCC or PSCC measurement to speed up SCC measurement for certain conditions
· The conditions can be FFS.  
Issue 2-2-6: measurement performance requirement when apply L3 measurement delay reduction by optimizing CSSF
	· Option 1 (OPPO):
· RAN4 to consider existing accuracy requirements of FR2-1 SSB based measurement as baseline.
· Recommended WF
· Moderator note: to discuss if option 1 can be agreed.


It’s no intention in the WID to change any accuracy requirement for L3 measurement by CSSF optimization, since only the FR2-1 SSB based L3 measurement delay reduction for connected mode is the goal for R19 study. We agree with the option 1 raised by companies in last meeting.
Proposal 14: RAN4 is not to change existing measurement performance requirement when consider optimization of CSSF in L3 measurement delay reduction.
Issue 2-2-7: feature capability of L3 measurement delay reduction by optimizing CSSF
	· Option 1 (Nokia): 
· A UE capability is needed to inform network the support of reduced CSSF.
· The reduced CSSF shall be applied to the UE supporting the capability and starting from Release 19.
· Recommended WF
· Moderator note: to discuss if option 1 can be agreed.


Even though it’s too early to discuss the capability at this stage, we share the same view with companies that a new capability is needed for this CSSF optimization feature. We are also fine to delay this capability discussion to the end of the core part as legacy procedure.
Proposal 15: RAN4 to introduce a new individual capability for CSSF reduction in R19. But also fine to delay the capability discussion to the end of the core part.
4. Common aspects for L3 measurement delay reduction 
Issue 2-3-1: whether and/or which previous release feature shall also be considered in “FR2-1 SSB based L3 measurement delay reduction for connected mode”
	FFS in next meeting:
· Moderator note: 
· encourage companies to provide view on which features in previous release shall be considered for “FR2-1 SSB based L3 measurement delay reduction for connected mode” by optimizing Rx beam sweeping factor
· encourage companies to provide view on which features in previous release shall be considered for “FR2-1 SSB based L3 measurement delay reduction for connected mode” by optimizing CSSF outside gap


To simplify the RAN4 work and make the discussion more focus, for FR2-1 L3 measurement delay by optimizing Rx beam sweeping factor, the fundamental condition is the R18 feature of FR2 multi-Rx reception. 
For FR2-1 L3 measurement delay by optimizing CSSF outside gap in CA/DC, the CSSF in SA mode includes both R16 inter-frequency measurement without MG and R18 inter-RAT measurement without MG, like circled in the following:
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Thus, for CSSF enhancement, we propose to consider both R16 inter-frequency measurement without MG and R18 inter-RAT measurement without MG.
Proposal 16:
· for “FR2-1 SSB based L3 measurement delay reduction for connected mode” by optimizing Rx beam sweeping factor, R18 feature of FR2 multi-Rx reception shall be considered
· for “FR2-1 SSB based L3 measurement delay reduction for connected mode” by optimizing CSSF outside gap, both R16 inter-frequency measurement without MG and R18 inter-RAT measurement without MG shall be considered.
5. Conclusion
In this contribution, we continue the discussion for FR2-1 SSB based L3 measurement delay reduction for connected mode. 
Proposal 1: L3 delay enhancements in Rel-19 by optimizing Rx BSF for UE supporting multi-rx simultaneous reception are applicable to PCell, PSCell, or SCell, provided the cell is the only serving cell in the single FR2-1 band and UE is configured with one FR2-1 band.
Proposal 2: RAN4 to consider UE supporting FR2-1 power class 3 as first priority.
Proposal 3: the conditions for UE to apply L3 measurement delay reduction by optimizing Rx BSF are as followings:
· 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
· Low mobility scenario (e.g., not consider HST)
· the legacy searcher assumption and legacy CSSF shall still be applied for L3 RRM measurement with two panels activated
· considering power consumption, BSF reduction of L3 measurement will not trigger UE to activate multi-Rx.
Proposal 4: Prioritize following scenarios as starting points to use L3 measurement delay reduction by optimizing Rx BSF:
· SSB based Intra-frequency measurement without MG, including TPSS/SSS_sync_intra and TSSB_measurement_period_intra
· SSB based Intra-frequency measurement with MG, including TPSS/SSS_sync_intra and TSSB_measurement_period_intra
· SSB based Inter-frequency measurement without MG, including TPSS/SSS_sync_inter, TSSB_time_index_inter and TSSB_measurement_period_inter
· SSB based Inter-frequency measurement with MG, including TPSS/SSS_sync_inter,  TSSB_time_index_inter and TSSB_measurement_period_inter
Proposal 5: After RAN4 has conclusion(s) on the solution(s) of L3 measurement delay reduction for the above baseline scenarios, the solutions(s) can be extended to other scenarios, e.g., handover, PSCell addition, RRC Re-establishment/RRC Connection Release with Redirection, SCell activation, SCG activation, CGI reading, and the associated SSB synchronization in CSI-RS L3 measurement.
Proposal 6: For UE supporting multiple-Rx simultaneous reception, it is proposed to reduce L3 measurement delay by reducing Rx BSF, and Rel-18 Rx BSF reduction in L1 measurement can be used as baseline.
Proposal 7: RAN4 is not to change existing measurement performance requirement when consider optimization of Rx BSF in L3 measurement delay reduction. The accuracy test requirement for Rx BSF optimization in L3 measurement delay reduction can be FFS.
Proposal 8: RAN4 to introduce a new individual capability for L3 BSF reduction due to multi-Rx operation in R19. But also fine to delay the capability discussion to the end of the core part.
Proposal 9: Rel-19 CSSF optimization applies for the both cases: (1)UE is not capable of Rel-18 multi-Rx simultaneous reception, (2)UE is capable of Rel-18 multi-Rx simultaneous reception but work in single-Rx currently.
Proposal 10: the following scenarios to use L3 measurement delay reduction by optimizing CSSF shall be prioritized:
· 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
Proposal 11: RAN4 only consider the enhancement based on 2 searchers, i.e., same as previous release, for L3 measurement delay reduction by optimizing CSSF.
Proposal 12: RAN4 to consider EN-DC, NE-DC, SA and NR-DC for L3 measurement delay reduction by optimizing CSSFoutside_gap,i .
Proposal 13: Solutions to apply/specify L3 measurement delay reduction by optimizing CSSF outside gap in CA/DC:
· Enhancement option 1: UE only needs to measure one serving carrier per band if multiple serving carriers are in the same band,
· 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
· Enhancement option 2: UE can reduce the searcher occupancy ratio of PCC or PSCC measurement to speed up SCC measurement for certain conditions
· The conditions can be FFS.  
Proposal 14: RAN4 is not to change existing measurement performance requirement when consider optimization of CSSF in L3 measurement delay reduction.
Proposal 15: RAN4 to introduce a new individual capability for CSSF reduction in R19. But also fine to delay the capability discussion to the end of the core part.
Proposal 16:
· for “FR2-1 SSB based L3 measurement delay reduction for connected mode” by optimizing Rx beam sweeping factor, R18 feature of FR2 multi-Rx reception shall be considered
· for “FR2-1 SSB based L3 measurement delay reduction for connected mode” by optimizing CSSF outside gap, both R16 inter-frequency measurement without MG and R18 inter-RAT measurement without MG shall be considered.
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Mineas_period_wio_gaps: For a UE supporting FR2-1 power class 1 or 5, Mmeas_period_w/o_gaps =40. For a UE supporting
FR2-1 power class 2, Mineas_period_w/o_gaps =24 . For a UE supporting FR2-1 power class 3, Mineas_period_w/o_gaps =24
For a UE supporting power class 4, Mimeas_period_w/o_gaps =24. For a UE supporting FR2-2 power class 1,
Mineas_period_wio_gaps = 60. For a UE supporting FR2-2 power class 2, Mmeas_period_w/o_gaps = 36. For a UE supporting
FR2-2 power class 3, Mmeas_period_w/o_gaps = 36.
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Table 9.1.5.1.2-1: CSSFoutside_gap,i SCaling factor for SA mode

Scenario CSSFoutside ga | CSSFoutsidze g | CSSFoutside_gap, | CSSFoutside_gap, CSSF CSSFoutside ga | CSSFoutside ga
pi for FR1 ap,i for FR1 i for FR2 PCC | i for FR2 SCC outside_gap,i fOr p.i for inter- p.i for E-
PCC SCcC where FR2 SCC frequency UTRA inter-
neighbour where MO with no | RAT MO with
cell neighbour measuremen no

measurement cell tgap measuremen

is required measurement t gap

is not [TBD]

required
FR1 only CA 1+Npcc_csirs Nscc_sss N/A N/A N/A Nscc_sss Nscc_ssB
+ +Y+Z+2x +Y+Z+2x +Y+Z+2x
Npcc_cca_rssii Nscc_csirst Nscc_csirst Nscc_csirs
co Nscc_cca Rssi Nscc_cca Rssiic
CO [¢]
FR2 only intra N/A N/A 1+Npcc_csirs N/A Nscc_sss Nscc_sss Nscc_sss
band CA +Y+Z+2x +Y+Z+2x +Y+Z+2x
Nscc csirs Nscc_csirs Nscc csirs
FR2 only inter N/A N/A 1+Npcc_csirs 2*(1+ 2%( Nscc_ssB 2%( Nscc_ssB 2x%( Nscc_sss
band CA NSCC_CSIRS_FRZ_ +Y+Z+2x +Y+Z+2x +Y+Z+2x
NCM) Note 3,5 Nscc_csirs -1- Nscc_csirs -1- Nscc_csirs -1-
Nscc_csirs_ Nscc_csirs_ Nscc_csirs_
FR2_NCM) FR2_NCM) FR2_NCM)

FR1 +FR2 CA 1+Npcc_csirs | 2%( Nscc_sss N/A 2x(1+ 2x( Nscc_sss 2x( Nscc_sss 2%( Nscc_sss

(FR1 PCell) +Y+Z+2* Nscc_csirs_FrR2_ +Y+Z+2x +Y+Z+2x +Y+Z+2x

Note 1 Nscc_csirs - ncwm) Note 3.5 Nscc_csirs -1- Nscc_csirs -1- | Nscc_csirs -1-

1-Nscc _csirs_ Nscc_csirs_ Nscc_csirs_ Nscc_csirs_
FR2_NCM) FR2_NCM) FR2_NCM) FR2_NCM)

FR1 +FR2 CA N/A Nscc_sss 1+Npcc_csirs N/A Nscc_sss Nscc_sss Nscc_sss

(FR2 PCell) +Y+Z+2x +Y+Z+2x +Y+Z+2x +Y+Z+2x

Note 1 Nscc csirs Nscc csirs Nscc _csirs Nscc csirs

Note 1:  Only one FR1 operating band and one FR2 operating band are included for FR1+FR2 inter-band CA.

Note 2:  Selection of FR2 SCC where neighbour cell measurement is required follows clause 9.2.3.2.

Note 3:  CSSFoutside_gap.i =1 if only one SCell is configured and no inter-frequency MO without gap and only SSB based L3
measurement is configured on SCC; CSSFoutside_gap,i =2 if only one SCell is configured and no inter-frequency MO without gap
and either both SSB and CSI-RS based L3 configured or only CSI-RS based L3 measurement is configured on SCC.

Note 4: Y is the number of configured inter-frequency MOs without MG that are being measured outside of MG; otherwise, it is 0.

Note 5:  Only two NR FR2 operating bands are included for FR2 inter-band CA.

Note 6:  Nrcc_csirs=1 if PCC is with either both SSB and CSI-RS based L3 configured or only CSI-RS based L3 measurement
configured; otherwise, Npcc_csirs =0.

Note 7:  Nscc_csirs=Number of configured SCell(s) with either both SSB and CSI-RS based L3 measurement configured or only CSI-
RS based L3 measurement configured

Note 8:  Nscc_csirs_Frz2_Nem=1 if FR2 SCC, where neighbour cell measurement is required, is with either both SSB and CSI-RS
configured or only CSI-RS measurement configured; otherwise, Nscc_csirs_Fr2_nem=0.

Note 9:  Nscc_sse=Number of configured SCell(s) with only SSB based L3 measurement configured, which is measured without MG.

Note 10: Nrcc_cca_rssico= 1 if PSCC is configured with RSSI/CO measurements without MG when RMTC and SMTC are overlapping;
Nscc_cca rssiico = Number of MOs for SCell(s) configured with RSSI/CO measurements without MG when RMTC and SMTC
are overlapping.

Note 11: Zis the number of configured E-UTRA inter-RAT MOs without MG that are being measured outside of MG; otherwise, it is 0.
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Table 9.1.5.1.2-1: CSSFoutside_gap.i SCaling factor for SA mode

Scenario | CSSFouside ga | CSSFoutside g | CSSFouside gap, | CSSFouside gap, CSSF CSSFouside ga
pi for FR1 ap,i for FR1 ifor FR2PCC | ifor FR2 SCC | outside_gap,i for pi for inter-
PCC scc where FR2 sCC frequency
neighbour where MO with no
cell neighbour measuremen
measurement cell tgap measuremen
is required measurement tgap
is not [TBD]
required
FR1 only CA 1+Nrcc_csirs Nscc_sse N/A NA N/A Nscc_sse Nscc._sse
+ +Y+Z+2x +Y+Z+2x +Y+Z+2x
Necc_cca rssi | Nscc_csis* Nscc_csirs+ Nscc_csirs
co Nsce_cca Rrssi Nscc_cea Rssiic
co o
FR2 only i NA N/A T+Npcc_csirs NA Nscc_sss Nscc_sse Nscc_sss
band CA +Y+Z+2x +Y+Z+2x +Y+Z+2x
Nscc_csirs Nscc_csirs Nscc csirs
FR2 only inter N/A N/A 1+Necc_csirs 2%(1+ 2%( Nscc_sss 2x(Nsccsss | 2%(Nscc_sse
band CA Nsce_csirs_FRz_ +Y+Z42x HY+Z+2x +Y+Z+2x
now) N38 | Nsco osirs -1- | Nsce_csis -1- | Nsce_csrs -1-
Nscc_csirs_ Nscc_csirs_ Nscc_csirs_
FR2_NCM) FR2_ NCM) FR2_NCM)

FR1+FR2CA | 1+Nrcccsrs | 2%( Nscc_sse N/A 2x(1+ 2x(Nsccsss | 2x(Nsccsse | 2%(Nscc sss

(FR1 PCell) +Y+Z+2% Nscc_csirs_FRrz_ +Y+Z+2x +Y+Z+2x +Y+Z+2x

Note 1 Nscc_csirs - New) Note 38 Nscc csirs -1~ | Nsce_csirs -1- | Nsce_csirs -1-

1-Nscc_csirs_ Nscc_csirs_ Nscc_csirs_ Nscc_csirs_
FR2_NCM) FR2_NCM) FR2_NCM) FR2_NCM)

FR1 +FR2 CA N/A Nscc_sss 1+Npcc_csirs N/A Nscc_ssa Nscc_ssa Nscc_sss

(FR2 PCell) +Y+Z+2x +Y+Z+2x +Y+Z+2x +Y+Z+2x

Noted Nscc csirs Nscc csirs Nscc csirs Nscc csirs

Note 1:  Only one FR1 operating band and one FR2 operating band are included for FR1+FR2 inter-band CA.

Note 2:  Selection of FR2 SCC where neighbour cell measurement is required follows clause 9.2.3.2.

Note 3:  CSSFoutsige gapi =1 if only one SCell is configured and no inter-frequency MO without gap and only SSB based L3
measurement is configured on SCC; CSSFoutsise_gapi =2 if only one SCell is configured and no inter-frequency MO without gap
and either both SSB and CSI-RS based L3 configured or only CSI-RS based L3 measurement is configured on SCC.

Note 4: Y is the number of configured inter-frequency MOs without MG that are being measured outside of MG; otherwise, it is 0.

Note 5:  Only two NR FR2 operating bands are included for FR2 inter-band CA.

Note 6:  Nrcc_csirs=1if PCC is with either both SSB and CSI-RS based L3 configured or only CSI-RS based L3 measurement
configured; otherwise, Necc_csirs =0.

Note 7:  Nscc_csirs=Number of configured SCell(s) with either both SSB and CSI-RS based L3 measurement configured or only CSI-
RS based L3 measurement configured

Note 8:  Nscc_csirs_rrz_nem=1 if FR2 SCC, where neighbour cell measurement is required, is with either both SSB and CSI-RS
configured or only CSI-RS measurement configured; otherwise, Nscc_csirs_Frz_ncu=0.

Note 9:  Nscc_sse=Number of igured SCell(s) with only SSB based L3 measurement configured, which is measured without MG.

Note 10: Necc_cea rssico= 1 if PSCC is configured with RSSI/CO measurements without MG when RMTC and SMTC are overlapping;
Nscc_cca_rssico = Number of MOs for SCell(s) configured with RSSI/CO measurements without MG when RMTC and SMTC
are overlapping.

Note 11: Z is the number of configured E-UTRA inter-RAT MOs without MG that are being measured outside of MG; otherwise, it is 0.
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Mpss/sss_sync_wio_gaps: For a UE supporting FR2-1 power class 1 or 5, Mpss/sss_sync_wio_gaps =40. For a UE supporting
power class 2, Mpgs/sss_sync_wio_gaps =24. For a UE supporting FR2-1 power class 3, Mpsy/sss_sync_wio_gaps =24. For a
UE supporting FR2-1 power class 4, Mpgs/sss_sync_wio_gaps =24. For a UE supporting FR2-2 power class 1,
Mpss/sss_sync_wio_gaps = 60. For a UE supporting FR2-2 power class 2, Mpsssss_sync_wio_gaps = 36. For a UE supporting
FR2-2 power class 3, Mpss/sss_sync_wio_gaps = 30.




