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Introduction

In RAN #103 meeting, the new WID on RRM enhancements was approved [1]. According to the WID, one of the objectives is FR2-1 SSB based L3 measurement delay reduction for connected mode, the details are duplicated as following.

	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 

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


Last meeting is the first meeting to discuss FR2-1 SSB based L3 measurement delay reduction for connected mode, and a WF was approved [2]. This contribution provides discussion on this topic.
Discussion  
2.1 Beam sweeping factor reduction
	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.


The existing RRM requirements for FR2 are defined assuming that UE is equipped with a single antenna panel and is capable to perform DL reception using a single RX beam/chain reception. Considering RX beam sweeping, a scaling factor is introduced in the delay related requirements. With the assumption of single RX beam/chain reception, a scaling factor (the value is large, e.g. 8) is introduced in the delay related requirements, which results in long delay.

Multiple-Rx simultaneous reception means that there are two active panels, which enable simultaneous DL reception from different directions and provide improvement in delay requirements by reducing RX beam sweeping factor. From UE power consumption point of view, the UE may be not always in the active mode of multi-Rx simultaneous reception. In this case, it seems delay reduction by reducing RX beam sweeping factor is possible. Based on above consideration, at least one of the conditions to to apply L3 measurement delay reduction by optimizing Rx BSF is that multi-Rx simultaneous reception of UE is in active mode. As for whether the condition is same as the one specified in Rel-18 for multi-Rx simultaneous reception features, it can be further discussed. The reason is that Rel-18 multi-Rx simultaneous reception targets for 4-layer DL MIMO, while Rel-19 focus on L3 measurement delay reduction. Since the scenario is different, whether same condition can be applied can be further discussed.

Proposal 1: the conditions for UE to apply L3 measurement delay reduction by optimizing Rx BSF is that multi-Rx simultaneous reception of UE is in active mode, as for whether the condition is same as that for Rel-18 multi-Rx simultaneous reception can be further discussed.
As for whether to preclude HST scenario, we do not see the necessity. High speed train scenario is more sensitive to delay, since the UE may not have enough time to perform measurement which results in failure in handover or cell re-selection. If the L3 measurement delay could be reduced, it is benificial to improve the mobility performance.The Rel-17/18 FR2 HST WI targets for power class 6. If the reduced delay requirements are applied to HST, it could enable more types of UE to support high speed scenario. And even for PC6 UE, according to existing requirements, the number of samples including RX beam sweeping factor is 6 if highSpeedMeasFlagFR2-r17 = set1 or  18 if highSpeedMeasFlagFR2-r17 = set2. With  Rx BSF based on multiple-Rx simultaneous reception, the delay could be further reduced.
Proposal 2: L3 measurement delay reduction by optimizing Rx BSF is applied to HST.
	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 connected mode, for L3 measurement, there are four scenarios: intrafrequency measurements without measurement gaps, intrafrequency measurements with measurement gaps, inter-frequency measurement with measurement gaps, inter-frequency measurement without measurement gaps. All of these scenarios need to be considered for the delay improvement with multi-beam simultaneous reception.

For each scenario, time period for PSS/SSS detection, measurement period, period for time index detection (if needed) are specified. Taking PSS/SSS detection for FR2 intra-frequency as an example, the impact of RX beam sweeping is reflected by Mpss/sss. The value of Mpss/sss is pending on power class. For a UE supporting FR2 power class 1 or 5, Mpss/sss_sync_w/o_gaps =40. For a UE supporting power class 2, Mpss/sss_sync_w/o_gaps =24.  For a UE supporting FR2 power class 3, Mpss/sss_sync_w/o_gaps =24. For a UE supporting FR2 power class 4, Mpss/sss_sync_w/o_gaps =24. With reduced beam sweeping factor based on multi-beam simultaneous reception, the value of Mpss/sss can be reduced. Similar for measurement period, period for time index detection, Mmeas and MSSB_index can be reduced.

Proposal 3: at least following scenarios need to be considered to apply 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
For handover, in our view, the L3 measurement delay reduction by optimizing Rx BSF can also be applied. The interruption time in handover delay is Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin ms, where Tsearch is the time required to search the target cell when the handover command is received by the UE. For the case that target cell is an unknown intra-frequency cell,  Tsearch = N* Trs ms. For the case that target cell is an unknown inter-frequency cell,  Tsearch = N*3*Trs ms.  N is beam sweeping factor and N is 8 when the target cell is in FR2-1. With reduced RX beam sweeping factor based on multi-Rx simultaneous receptio, the interruption time could be reduced.

Proposal 4: L3 measurement delay reduction by optimizing Rx BSF is applied to handover, in detail, Tsearch could be reduced to reduce the handover interruption time.
2.2 CSSF optimization
	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 last meeting, it was agreed to only consider CSSF outside MG case for L3 measurement delay reduction. It is straightfoward that SSB based intra-frequency measurement without MG and SSB based inter-frequency measurement without MG are in scope. In Rel-18 NR_MG_enh2 WI, inter-RAT measurement without measurement gap, including case b-1 and case b-2, are introduced. We do not see issues to apply CSSF optimization to inter-RAT measurement. What’s more, CSSF is calculated taking all the candidate MOs into account, including intra-freqency/inter-frequency/inter-RAT MO. If CSSF optimization is only applied to intra-freqency/inter-frequency measurement, it means that different CSSF calculation is used for inter-RAT measurement and  intra-freqency/inter-frequency measurement, which will complex the CSSF.

Proposal 5: for L3 measurement delay reduction by optimizing CSSF, it is proposed to consider following scenarios:

Intra-frequency measurement without MG, 

Inter-frequency measurement without MG, 

Inter-RAT measurement without MG
Even though according to WID [1], the high level description is for FR2-1 SSB based L3 measurement delay reduction for connected mode, but according to the moderator's summary for discussion on RRM enhancements in RAN #103 meeting, it is capture as common understanding that RAN4 will consider to apply CSSF enhancements in FR1 once the work for FR2-1 is done. Technically, we do not see difference in CSSF between FR2-1 measurement and FR1 measurement, and it is benificial to reduce the measurement delay. Taking above into account, it is proposed that FR2-1 L3 measurement delay reduction by optimizing is considered for 1st phase, and technical solutions can be extended to FR1, when applicable.
Proposal 6: it is proposed that FR2-1 L3 measurement delay reduction by optimizing CSSF is considered for 1st phase, and the technical solutions can be extended to FR1 when applicable.
	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


According to companies’ contribution in last meeting, for CSSF optimization, both enhancement based on 2 searchers and enhancement based on 3 searchers are proposed. According to the WID [1], the baseline assumption on number of searchers is 2. Our interpretentation is that at least 2 serachers are considered, but it does not precluded the possibilities with 3 serachers. The way to perform optimization is different for different assumption of searcher number. With two searchers, one of the possible optimizations is to update the occupancy ratio of PCC or PSCC. For three searchers, the searcher used for measurement within gap can be leveraged for measurement outside gap when there is no MO need gap. Since the optimization are different and it is not a good way to preclude/limit UE implementation. With above consideration, it is proposed to consider both the CSSF optimization based on  2 searchers and the CSSF optimization based on  3 searchers.
Proposal 7: it is proposed to consider both the CSSF optimization based on  2 searchers and the CSSF optimization based on  3 searchers.
	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


In the current specification, the definition of CSSFoutside_gap,i is for EN-DC/SA/NR-DC/NE-DC containing intra-band CA and inter-band CA, and the related band combination can be FR2/FR1 only, FR1+FR2 (FR1 PCell or FR2 PCell).  We do not see issue to follow the legacy applicability.

Proposal 8: For CSSF optimization, it is proposed that SA, NR-DC, NE-DC, EN-DC are considered, since legacy CSSFoutside_gap are specified for all these scenarios.
Conclusion

This contribution provides discussion on SSB based L3 measurement delay reduction for connected mode. The proposals are:

Proposal 1: the conditions for UE to apply L3 measurement delay reduction by optimizing Rx BSF is that multi-Rx simultaneous reception of UE is in active mode, as for whether the condition is same as that for Rel-18 multi-Rx simultaneous reception can be further discussed.
Proposal 2: L3 measurement delay reduction by optimizing Rx BSF is applied to HST.
Proposal 3: at least following scenarios need to be considered to apply 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 4: L3 measurement delay reduction by optimizing Rx BSF is applied to handover, in detail, Tsearch could be reduced to reduce the handover interruption time.
Proposal 5: for L3 measurement delay reduction by optimizing CSSF, it is proposed to consider following scenarios:

Intra-frequency measurement without MG, 

Inter-frequency measurement without MG, 

Inter-RAT measurement without MG
Proposal 6: it is proposed that FR2-1 L3 measurement delay reduction by optimizing CSSF is considered for 1st phase, and the technical solutions can be extended to FR1 when applicable.
Proposal 7: it is proposed to consider both the CSSF optimization based on  2 searchers and the CSSF optimization based on  3 searchers.
Proposal 8: For CSSF optimization, it is proposed that SA, NR-DC, NE-DC, EN-DC are considered, since legacy CSSFoutside_gap are specified for all these scenarios.
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