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Introduction
The WI NR Radio Resource Management (RRM) enhancements for Rel-19 was approved from at RAN# 1034 meeting. the RRM core-part objective relevant to L3 measurement delay is duplicated in the below as [1]:
	· 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



In this contribution, we present our initial view on FR2-1 SSB based L3 measurement delay reduction for connected mode, starting from understanding the study content.
Discussion
Topic #1: Rx beam sweeping factor
	· 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 understand one of prerequisites of reducing RX beam sweeping factor is that the UE supports multiple-Rx simultaneous reception from implementation perspective. It implies that the UE may be in multiple-Rx simultaneous reception mode or not. Regarding multi-Rx study mainly targeting L1 measurements requirements in Rel-18, one of concerns is that whether enabling L1 measurement for Multi-RX in Rel-18 may change/differentiate L3 measurement in this WI. 
Observation 1: 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).
One of approaches reducing Rx beam sweeping factor reduction is relying on any prior knowledge on the cell to be measured. There are some various possibilities as follows:
· The UE has measured the cell before in a time period.
· The UE has knowledge on another carrier/cell which has a particular relationship with the cell to be measured.
· The UE has knowledge on the absolute/relative location of the cell to be measured.
· The UE has knowledge on its moving state (including rotation).
Another approach is that the condition of L3 measurement changes which may benefit Rx beam sweeping factor reduction. One example is that the Rx beam sweeping factor in the total number of Mmeas_period  can be reduced because in first round of Rx beam sweeping, then the UE may acquire knowledge for reduced Rx beam sweeping in the consecutive round. 
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Yet another approach is that the UE acquires knowledge for reduced Rx beam sweeping factor by other operations in prior to L3 measurement. One example is that the UE uses legacy Rx beam sweeping factor in Tpss/sss_sync and acquires knowledge for reduced Rx beam sweeping and uses it in the subsequent Tssb_measurement_period.
Proposal 1: RAN4 checks whether the conditions of prior knowledge on the cell to be measured are applicable, some examples as follows:
· The UE has measured the cell before in a time period.
· The UE has knowledge on another carrier/cell which has a particular relationship with the cell to be measured.
· The UE has knowledge on the absolute/relative location of the cell to be measured.
· The UE has knowledge on its moving state (including rotation).
· Other prior knowledge aren’t precluded.
Observation 2: The prerequisite ‘single carrier’ indicates the UE hasn’t any knowledge on any other carrier, likes CA, to facilitate Rx beam sweeping factor reduction.
Proposal 2: 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.
Proposal 3: 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.
Proposal 4: RAN4 checks whether specific scenario, e.g., HST scenario is included or not.

Topic #2: CSSF outside gap in CA/DC scenarios
	· 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



The existing requirements on CSSF outside gap are copied as follows.
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As per the available formulas of CSSF, one question shall be clarified is what is the scope of CSSF for ‘FR2-1 L3 measurement’. To our understanding, CSSF relevant to FR2-1 may only consider NR for sake of balanced workload, including FR2 only intra band CA, FR2 only inter band CA, FR1+FR2 CA, FR1+FR2 NR-DC .
Proposal 5: 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.
The baseline assumption on number of searchers is 2. In line with it, traditionally, the assumption of searchers allocation is that one searcher for PCC and the other one is for other SCC(s), what we can optimize is CSSF allocation (statically or dynamically) among carriers, furthermore, searcher may be prioritized in one or multiple SCC(s) out of all SCCs, which also can be optimized.
Proposal 6: RAN4 studies the optimization to CSSF allocation (statically or dynamically) between  PCC and SCC carriers.
Proposal 7: RAN4 studies the optimization to CSSF allocation (statically or dynamically) among SCC carriers.
From the point of view of reusing/referring, CSSF on different carriers may be optimized with respect to UE implementation, e.g., sharing RF chain among carriers. On the contrary, CSSF on different carriers may be optimized with respect to cell configuration/implementation. 
Proposal 8: RAN4 studies CSSF optimization (on some carriers) with respect to particular UE implementations, e.g., sharing RF chain among carriers.
Proposal 9: RAN4 studies  CSSF optimization (on some carriers) with respect to particular cell configurations/implementations.

Conclusion
Observation 1: 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).
Observation 2: The prerequisite ‘single carrier’ indicates the UE hasn’t any knowledge on any other carrier, likes CA, to facilitate Rx beam sweeping factor reduction.
Proposal 1: RAN4 checks whether the conditions of prior knowledge on the cell to be measured are applicable, some examples as follows:
· The UE has measured the cell before in a time period.
· The UE has knowledge on another carrier/cell which has a particular relationship with the cell to be measured.
· The UE has knowledge on the absolute/relative location of the cell to be measured.
· The UE has knowledge on its moving state (including rotation).
· Other prior knowledge aren’t precluded.
Proposal 2: 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.
Proposal 3: 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.
Proposal 4: RAN4 checks whether specific scenario, e.g., HST scenario is included or not.
Proposal 5: 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.
Proposal 6: RAN4 studies the optimization to CSSF allocation (statically or dynamically) between  PCC and SCC carriers.
Proposal 7: RAN4 studies the optimization to CSSF allocation (statically or dynamically) among SCC carriers.
Proposal 8: RAN4 studies CSSF optimization (on some carriers) with respect to particular UE implementations, e.g., sharing RF chain among carriers.
Proposal 9: RAN4 studies  CSSF optimization (on some carriers) with respect to particular cell configurations/implementations.
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Table 9.1.5.1.2-1: CSSFoutside_gap,i SCaling factor for SA mode
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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.

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

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

Note 6:  Npcc 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_Fr2 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 Ncm=0.

Note 9:  Nscc_sse=Number of configured SCell(s) with only SSB based L3 measurement configured

Note 10: Npcc_cca_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.
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Table 9.1.5.1.3-1: CSSF.utside_gap,i SCaling factor for NR-DC mode
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Note 1

NR-DC in Rel-15 only includes the scenarios where all serving cells in MCG in FR1 and all serving cells
in SCG in FR2.
CSSFoutside_gap,i =1 if no SCell is configured and no inter-frequency MO without gap and only SSB based

L3 measurement is configured on PSCC; CSSFoutside gap,i =2 if N0 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 PSCC.

Y is the number of configured inter-frequency SSB based frequency layers without MG that are being
measured outside of MG for CA capable UE; otherwise, it is O.

Npcc 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.

Npscc_csirs=1 if PSCC is with either both SSB and CSI-RS based L3 configured or only CSI-RS based L3
measurement configured; otherwise, Npscc_csirs =0.

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

Void

Nscc sse=Number of configured SCell(s) with only SSB based L3 measurement configured




