
Page 1

3GPP TSG-RAN WG4 Meeting #111		R4-2408481
Fukuoka, Japan, 20th – 24th May 2024

[bookmark: Source]Agenda item:	10.6.2
Source:	Intel Corporation
Title:	Discussion on RRM enhancements in Rel-19
[bookmark: DocumentFor]Document for:	Discussion
Introduction
The Rel-19 NR RRM enhancements work item was approved in March 2024 in [1]. The work item descriptions of objectives of the item are shown in the below box.
	· 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



Regarding the second bullet for Fast SCell activation, the work does not start until Q2 2024 so in this meeting we only consider the work defined in the first bullet for FR2-1 SSB based L3 measurement delay reduction.
In the last WG meeting, a WF was approved in [2] to capture all the discussions and agreements.
In this paper we provide our analysis on FR2-1 SSB based L3 measurement delay reduction for connected mode.
Discussion
Multi-Rx simultaneous reception enabling delay reduction of FR2-1 SSB based L3 measurements
UE capabilities and active mode for multi-Rx simultaneous reception
The requirement enhancement mentioned in the WID objectives focuses on the UE which supports multi-Rx simultaneous reception features specified in Rel-18. And it is straightforward that only when the reception mode is active as defined in Rel-18 that the enhanced requirements for L3 measurements apply. As long as the precondition is met, the measurement delay requirements can be optimized for FR2-1 SSB based L3 measurements by applying smaller Rx beam sweeping factor n. Considering that the capable UE can receive from two different Rx beams at the same time, the Rx beam sweeping factor n can be reduced half when calculating the measurement delay requirements.
The precondition for the multi-Rx simultaneous reception to be active mode is expected to follow as much as reasonable the one we specified in Rel-18 for multi-Rx simultaneous reception features.
Proposal 1: The precondition for the multi-Rx simultaneous reception to be active mode is expected to follow as much as reasonable the one we specified in Rel-18 for multi-Rx simultaneous reception features.
Proposal 2: The UE is considered activated in multi-Rx simultaneous reception mode when the UE is configured with group-based beam reporting. The UE is considered activated for L3 reporting when the GBBR is configured not long prior to the expected L3 reporting.
L3 measurements are different than L1 in terms of baseband processing
For FR2 L3 measurements the UE processes all the SSB-s configured on the serving frequency within a SMTC period. In a typical 120kHz SCS deployment, 64 SSB-s are configured within a SMTC window for all the cells on the same frequency. How each SSB is linked to the network Tx beam is up to implementation of the network, as the UE is only expected to use one single Rx beam to receive and process correctly one SSB out of all Tx beams during one whole SMTC period long. 
We see potential for the group to enhance the measurement delay requirements by assuming that the UE can receive and process correctly multiple SSB-s in that period. And it is natural that we reduce the delay and cut it in half assuming that the UE is capable of receiving two Rx beams at the same time. 
But when considering the UE has to process all the results during one measurement period (even within the SMTC/gap occasion), the group should allow reasonable margins on the reduction to accommodate different UE categories.
In the original design of L1 measurements, the main purpose is for UE to manage beams for serving cells. The L3 measurements however, aim to support mobility among cells. This difference results in that the major targets for L1 and L3 measurements are fundamentally different: L1 measurements target on serving cells (neighbour cells added in target list in recent releases for LTM) while L3 measurements target on neighbour cells and on inter-frequencies. 
When L1 procedures are carried out, the UE focuses on measurement results on a single cell at a time for processing. However for L3 measurements, the UE processes with all the possible cell ID-s in each of the measurement results per Rx beam per SSB index (Tx beam). This is to say that the baseband resources consumed by L1 procedures and L3 measurements are largely different. Even that the UE apply the same ability to either L1 or L3 measurements in terms of simultaneous receptions of the reference signals, processing the obtained results within the measurement period for L3 in FR2 with large bandwidth (not to mention CA) and many indexes is much more challenging compared to L1.
In Rel-19 we don’t expect significant changes in the UE implementations. From this starting point the group needs to carefully conclude on the preconditions and amplitude for the reduction to apply for L3 measurement delays. 
Proposal 3: Consider UE baseband processing capabilities when specifying the L3 delay reduction for simultaneous receptions on multiple FR2 SSB-s.
Observation 1: Under the simultaneous multi-Rx reception delay reduction scope, UE baseband processing capabilities are the bottle neck against stretching on the amount of reduction applied, considering the existing UE implementation.
Configurations that impact baseband processing
Having these said, the group needs to examine the configurations of the reference signals when specifying the preconditions for reduced delay to apply since different configurations of carrier/MO/SSB/SMTC/gap can have great impact on how fast the UE processes the reference signals.
Regarding the number of carriers configured to the UE, it should be considered since usually the UE is assumed to have two parallel searchers for measurements and processing. The number of searchers represent the available set of baseband resources available to UE processing. Thus when single carrier is configured to the UE both searchers can be applied at the same time which makes possible that we can cut the delay in half.
Proposal 4: The L3 measurement delay Beam Sweeping Factor can be cut half for simultaneous reception UE when only single carrier is configured.
Regarding the SSB/SMTC/gap periodicities, it should not be configured too short if we expect the UE to successfully process all the results within a single measurement period. The configured SSB/SMTC/gap periodicity is considered as one of the preconditions for the UE to apply reduction on the delays: reduced delay applies only when the measurement periodicity is configured larger than a threshold. And this is also related to the SSB number within the configured SSB burst. So literally it is the ratio between the SSB number of the burst and the periodicity time duration of the measurement that matters.
Proposal 5: Different (or whether or not) delay reduction applies when the ratio of number of SSB within a burst and time duration of the measurement periodicity varies. 
Conditions for reduced Beam Sweeping Factor to apply in L3 delay
To summary here, we need to combine the preconditions for multi-Rx simultaneous reception and for successful parallel processing to apply at the same time. The considered preconditions are:
· Multi-Rx simultaneous reception active, following Rel-18 definitions as much as reasonable, including,
· Group based beam reporting is configured for the UE not long ago prior to the expected L3 reporting, 
· Measurement configurations meet processing limitations, including,
· Single carrier is configured,
· Measurement periodicity is large enough compared to the number of SSB to be measured in a burst,
· Existing side conditions for L3 measurements.
To mention other proposals a bit: mobility status should not be considered as a limitation for UE delay reduction since the purpose of the reduction is to have greater mobility in general so we are not suppose to compromise on mobility status; power consumption is not a issue in the scope since the total power consumption for a handover stays roughly the same even delay is reduced; whether UE has prior knowledge or cell centre/edge conditions do not affect reduction in BSF but they are addressed in legacy side conditions.
Other implementations than simultaneous reception
There are other possible implementations which also enable delay reduction of FR2-1 SSB based L3 measurements. Some proposals talk about using smaller number of candidate Rx beams for beam sweeping to achieve the same delay reduction as multi-Rx simultaneous reception. However this approach naturally compromises measurement accuracy performance in average on the target SSB, because the practice is either achieved by less spherical coverage or by smaller beam gain.
Having these said, we propose not to compromise any other measurement performance when we consider optimization in measurement delay.
Proposal 6: RAN4 is not to compromise any other measurement performance when we consider optimization in measurement delay.
CSSF outside gap in CA/DC operations
Applicability
One of the motivations to have this general enhancement for all Rel-15 FR2-1 UE CSSF outside gap is that the intra-band carriers in FR2 share the most similar characteristics as targets to SSB based L3 measurements. There is a consensus in RAN4 since Rel-15 that for FR2 target cells of a certain band, the UE chooses target cells within a single frequency layer for neighbour cell measurements. This is specified in TS 38.133 clause 9.2.3.2.
	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.


Based on this consensus, for FR2 measurements, there seems no need to scale the measurement delay by number of carriers within the same band for each serving SCC. The UE measures on one carrier of a band in FR2 and all other carriers in the band is considered as known and measured. The measurement results can be shared among all the intra-band carriers. Note that there are indeed preconditions for this enhancement to apply to the Rel-15 requirements for FR2-1 SSB based L3 measurement delay.
CSSF outside gap for FR2 CA
CSSF outside gap for FR2 CA is specified in TS 38.133 Table 9.1.5.1.2-1. Since only SSB is considered in this work item scope we eliminate the factors for other reference signals and measurements and translate the table into the below one. Of all the highlighted parts, the measurement delay is scaled by N_(SCC_SSB) which is the number of configured SCells with SSB based L3 measurements without gap. 
	Scenario
	CSSFoutside_gap,i for FR2 PCC
	CSSFoutside_gap,i for FR2 SCC where neighbour cell measurement is required
	CSSF outside_gap,i for FR2 SCC where neighbour cell measurement is not required
	CSSFoutside_gap,i for inter-frequency MO with no measurement gap
	CSSFoutside_gap,i for E-UTRA inter-RAT MO with no measurement gap
[TBD]

	FR2 only intra band CA 
	1  
	N/A
	NSCC_SSB +Y+Z
	NSCC_SSB +Y+Z
	NSCC_SSB +Y+Z

	FR2 only inter band CA
	1 
	2Note 3,5
	2×( NSCC_SSB +Y+Z-1)
	2×( NSCC_SSB +Y+Z-1)
	2×( NSCC_SSB +Y+Z-1)

	FR1 +FR2 CA (FR1 PCell) Note 1
	N/A
	2Note 3,5
	2×( NSCC_SSB +Y+Z-1)
	2×( NSCC_SSB +Y+Z-1)
	2×( NSCC_SSB +Y+Z-1)

	FR1 +FR2 CA (FR2 PCell) Note 1
	1 
	N/A
	NSCC_SSB +Y+Z
	NSCC_SSB +Y+Z
	NSCC_SSB +Y+Z

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


We propose to enhance the scaling factor for the highlighted contents so that the UE is required to only measure one of the FR2 carriers and share the results among all for each band when carrying out SSB based FR2 L3 measurements.
Proposal 7: RAN4 enhances the scaling factor of CSSF outside gap so that the UE is required to only measure one of the FR2 carriers and share the results among all for each band when carrying out SSB based FR2 L3 measurements.
In general, we think N_(SCC_SSB) = 0 for FR2 only intra-band CA and N_(SCC_SSB) = 1 for FR2 only inter-band CA.
CSSF outside gap for DC
Regarding NR-DC, there is no intra-band cases and FR2 inter-band NR-DC is considered exactly the same with FR2 inter-band CA. So we consider only the FR1 + FR2 NR-DC where PCell is in FR1 and PSCell is in FR2. 
Regarding EN-DC, we don’t see any urgent need to introduce enhancements for EN-DC at this stage and we propose to deprioritize EN-DC scope in this work item.
Proposal 8: Deprioritize EN-DC scope in this work item.
Number of searchers is two
It is agreed in the WID that the baseline assumption for number of searchers is two searchers for a UE. We can consider enhancements on the number of searchers in a future release beyond Rel-19.
Proposal 9: Consider enhancements on the number of searchers in a future release beyond Rel-19.
Conclusion
In this paper we provide our views on the scope of FR2-1 SSB based L3 measurement delay reduction for connected mode.
Proposal 1: The precondition for the multi-Rx simultaneous reception to be active mode is expected to follow as much as reasonable the one we specified in Rel-18 for multi-Rx simultaneous reception features.
Proposal 2: The UE is considered activated in multi-Rx simultaneous reception mode when the UE is configured with group-based beam reporting. The UE is considered activated for L3 reporting when the GBBR is configured not long prior to the expected L3 reporting.
Proposal 3: Consider UE baseband processing capabilities when specifying the L3 delay reduction for simultaneous receptions on multiple FR2 SSB-s.
Observation 1: Under the simultaneous multi-Rx reception delay reduction scope, UE baseband processing capabilities are the bottle neck against stretching on the amount of reduction applied, considering the existing UE implementation.
Proposal 4: The L3 measurement delay Beam Sweeping Factor can be cut half for simultaneous reception UE when only single carrier is configured.
Proposal 5: Different (or whether or not) delay reduction applies when the ratio of number of SSB within a burst and time duration of the measurement periodicity varies. 
Proposal 6: RAN4 is not to compromise any other measurement performance when we consider optimization in measurement delay.
Proposal 7: RAN4 enhances the scaling factor of CSSF outside gap so that the UE is required to only measure one of the FR2 carriers and share the results among all for each band when carrying out SSB based FR2 L3 measurements.
Proposal 8: Deprioritize EN-DC scope in this work item.
Proposal 9: Consider enhancements on the number of searchers in a future release beyond Rel-19.
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