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1. Introduction
The new WI of NR Radio Resource Management (RRM) Phase 5 [1] has been approved in RANP#103. The scope of this WI is:
	· 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
· Fast SCell activation for UE supporting Rel-18 EMR 
· Study and, if feasible, to reduce the SCell activation delay with valid EMR reporting 
· Apply fast scell activation in FR1 and FR2-1 
· Note: RAN4 to start this work from Q3’2024 and aim for completion in Dec’2024. Workplan for this bullet can be discussed in May’2024


In this contribution, we discuss the RAN4 working scope and some preliminary technical parts for FR2-1 SSB based L3 measurement delay reduction for connected mode. 
2. Discussion 
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.
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 1. 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.
Thus, 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.
During the RAN plenary discussion, 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.
Proposal 1: For UE supporting multiple-Rx simultaneous reception on single carrier, the conditions to reduce FR2-1 L3 measurement delay by optimizing Rx beam sweeping factor are:
· The FR2 multi-Rx functionality is active (up to R18 definition conclusions), and
· Low mobility scenario (e.g., not consider HST)
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. 
On the other hand, 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.
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 2: For UE not in multiple-Rx simultaneous reception mode, the conditions and scenarios to reduce FR2-1 L3 measurement delay by optimizing CSSF outside gap in CA/DC scenarios:
· RAN4 only consider the enhancement based on 2 searchers
· Enhancement option 1: UE only needs to measure one serving CC per band if multiple serving CCs 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 some conditions
· The conditions can be FFS.  
3. Conclusion
In this contribution, we discuss the RAN4 working scope and some preliminary technical parts for FR2-1 SSB based L3 measurement delay reduction for connected mode. 
Proposal 1: For UE supporting multiple-Rx simultaneous reception on single carrier, the conditions to reduce FR2-1 L3 measurement delay by optimizing Rx beam sweeping factor are:
· The FR2 multi-Rx functionality is active (up to R18 definition conclusions), and
· Low mobility scenario (e.g., not consider HST)
Proposal 2: For UE not in multiple-Rx simultaneous reception mode, the conditions and scenarios to reduce FR2-1 L3 measurement delay by optimizing CSSF outside gap in CA/DC scenarios:
· RAN4 only consider the enhancement based on 2 searchers
· Enhancement option 1: UE only needs to measure one serving CC per band if multiple serving CCs 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 some conditions
· The conditions can be FFS.  
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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 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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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.
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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.




