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[bookmark: _Toc116995841]Introduction
RAN plenary #103 agreed the following objectives for Rel-19 RRM Phase 5 work item related to reduction of FR2-1 L3 measurement delay:
	· 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 give our initial views on the scope of the objective. 
MultiRx-based L3 measurement delay reduction
One of the objectives of RRM_ph5 relates to the L3 measurement delay reduction in FR2 when using multi Rx. This objective was initially discussed in Rel-18 for NR_FR2_multiRx_DL WI. During the Rel-18 NR_FR2_multiRx_DL it was agreed to focus on TCI switching requirements, and L1 measurement enhancements. This was limited to a single serving cell in FR2-1, which was reflected in the following agreement from RAN4 #110 [2]:
	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.



The objective of the agreement above was to consider that some UE architectures might not be able to use multiRx in more than one FR2 carrier. At the same time, the case where FR1 is used in combination with FR2-1, which is an important deployment scenario, is not discarded by this agreement. 
[bookmark: _Toc163483540]RAN4 agreed multi-Rx enhancements for Rel-18 NR_FR2_multi-RX_DL apply for single serving cell (PCell, PSCell or SCell) in FR2-1. 
We propose to agree the same principle for the Rel-19 L3 measurement delay enhancements.
[bookmark: _Toc163483541]Multi-Rx L3 delay enhancements in Rel-19 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.
The existing L3 measurement requirements assume a beam sweeping of N=8 in FR2-1 for SSB-based measurements. It is expected that when a UE is performing measurements in FR2 it will use a beam based approach for the measurements, as shown in Figure 1 (a). In this approach a single beam is monitored at a certain time instant. When performing FR2 measurements
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[bookmark: _Ref163128749]Figure 1 Example of beam sweeping strategy for L3 measurements for (a) Single Rx operation, and (b) multi Rx operation where measurements can be performed in multiple beams simultaneously;
In the operation of Figure 1 (b) it is expected that the SSB monitoring of one beam will not influence the SSB monitoring in another beam. Since each receive chain is independent, the accuracy requirements should not change. This is already agreed in Rel-18 multi-Rx in RAN4#104-bis that the accuracy requirements should be maintained for multiRx enhanced RRM requirements [3]:
	Sub-topic 1-2: General aspects
<Agreement >:
· UE behaviour and capability of handling Rx signal level difference between two channels may be discussed in RF/demodulation session.
· Enhanced RRM requirements for multi-Rx chain UE should maintain the existing accuracy requirements.
<Agreement >:
· Whether to define RRM requirements for activation delay from a single antenna panel to multi-antenna panels should be decided after RF conclusion.


 And for L1 it was decided that [4]:
	· L1 RSRP/SINR Measurements:
· The number of samples assumed to define the accuracy requirements should not be changed



The agreements for Rel-18 multiRx show that it is possible to reduce Rx beam sweeping for L1-measurements while maintaining the accuracy requirements without change in the number of samples. Considering the agreement in Rel-18, we can assume that the same can be extended to the Rel-19 NR_RRM_ph5, and that the existing measurement accuracy requirements and side conditions apply even under the reduced beam sweeping factor. 
[bookmark: _Toc163483542]RAN4 decided to maintain the single Rx accuracy requirements for the enhanced RRM requirements for Rel-18 multi-Rx chain UE.  
[bookmark: _Toc163232791][bookmark: _Toc163483543]Reduced beam sweeping for L3 measurements shall not change the existing measurement accuracy requirements and side conditions.
Another issue that was highlighted by some companies in the NR_FR2_multiRx_DL discussions is that there are reasons to disable the multi-Rx operation. For this reason, RAN4 needs to discuss under which conditions the reduced beam sweeping applies. In one example, the conditions may be related to UE conditions (e.g. need for power saving), TCI state configuration (single or dual), or the current radio conditions experienced by the UE.
In Rel-18, a UE assistance indication was introduced for the purpose of UE to be able to indicate its preference for single Rx mode. There is not yet an agreement how this indication or any other conditions are taken into account for the faster beam sweeping for L1 measurements, but the same discussion in our understanding also applies for the L3 beam sweeping factor reduction, where the outcome between L1 and L3 discussion may be same or different.
[bookmark: _Toc163232793][bookmark: _Toc163483544]RAN4 to discuss the conditions under which faster beam sweeping for L3 measurements apply for a multi-Rx capable UE.
Values for reduced beam sweeping agreed in Rel-18 for L1 measurements are 2, 4 and 6, depending on UE capability indication. RAN4 should discuss whether for L3 measurements it is reasonable to consider the same values or would the nature of L3 measurements require a different set of values.
[bookmark: _Toc163483545]RAN4 to discuss the set of values for reduced L3 beam sweeping factor.
Considering capability aspects, a new capability for L3 beam sweeping factor reduction should be introduced. The details of the capability should be discussed once the feature becomes clearer. As a starting point, we think RAN4 can discuss the Rel-19 enhancement as an individual capability that does not directly have to be related to the existing multi-TRP capabilities.
[bookmark: _Toc163483546]RAN4 to introduce a new individual capability for L3 beam sweeping factor reduction due to multi-Rx operation.
CSSF optimization
According to the WID, for the UE not in multi-Rx simultaneous reception mode, the CSSF enhancements will be studied under the assumption of two searchers. We will discuss the applicability and the potential scenarios where CSSF outside gaps may be optimized.  
In current specification, CSSF values have been derived to scale the measurement delay requirements when UE is configured to monitor multiple measurement objects. The specification does not state when UE performs measurements which is up to UE implementation. However, the UE shall perform the measurements such that the performed measurements fulfil the measurement delay and accuracy requirements. When UE performs measurements, the UE must consider the CSSF outside gaps value. When CSSF optimization is considered in R19, a reduced CSSF is expected which may imply some new UE measurement behaviour. We would assume this shall be applied to the UE starting from release 19. 
[bookmark: _Toc163483547]In R19, a reduced CSSF is expected which may imply some new UE measurement behaviour.
Meanwhile, network may also use the CSSF values to estimate the UE measurement behaviour and make network decision. When reduced CSSF is applied, the network behaviour may need to be adapted accordingly. It is not possible to apply new network behaviour without knowing about the UE’s support of the reduced CSSF. The UE capability is needed to inform network the support of reduced CSSF.    
[bookmark: _Toc163483548]When reduced CCSF is applied, network behaviour may need to be adapted based on the UE indication of its support of the reduced CSSF.
[bookmark: _Toc163483549]A UE capability is needed to inform network the support of reduced CSSF. 
[bookmark: _Toc163483550]The reduced CSSF shall be applied to the UE supporting the capability and starting from Release 19. 
In the WID, it indicates to study the CSSF optimization to reduce FR2-1 SSB-based L3 measurement delay. As CSSF values are used for scaling the following measurement delay requirements, we suggest prioritizing the study of CSSF optimization for SSB-based intra-frequency and inter-frequency measurements. The applicability to other measurement scenarios can be considered afterwards.  
TS 38.133 clause 9.1.5:
This clause specifies the derivation of carrier-specific scaling factor (CSSF) values, which scales the measurement delay requirements given in clause 9.2, 9.2A, 9.3, 9.3A, 9.4, and NR PRS-based positioning measurements in clause 9.9 and CSI-RS based L3 measurement in clause 9.10 when UE is configured to monitor multiple measurement objects.
[bookmark: _Toc163483551]Prioritize the study of CSSF optimization for SSB-based intra-frequency and inter-frequency measurements. 
The WID also informs the baseline assumption on number of searchers is 2. This is aligned with current assumption for deriving CSSF values but it does not elaborate how each of the searchers is used. We would like to confirm there is no change on how the searchers are used i.e. one of the searchers is used for PCell measurement and the other is used for the measurements on all the SCells. 
[bookmark: _Toc163483552]To confirm one of the searchers is used for PCell measurement and the other is used for the measurements on all the SCells.
The CSSF values outside gaps are currently defined in TS38.133 clause 9.1.5.1. Taking EN-DC mode as example as below, the CSSF values are derived based on NSCC_SSB i.e. the number of configured SCell(s) with only SSB based L3 measurement configured, which is measured without MG. And the UE is required to perform intra-frequency measurements on all the serving cells according to TS38.133 clause 9.2.5. However, in some scenarios, the UE may not necessarily have to perform SSB-based measurements for all the configured SCells. If some of the measurements can be relaxed, the CSSF values may be optimized and hence the overall measurement delay can be reduced. Hence, we propose to identify the scenarios where SSB-based measurements can be relaxed so that CSSF  can be optimized.   
[bookmark: _Toc163483553]The CSSF values outside gaps are currently defined based on the number of configured SCell(s). 
[bookmark: _Toc163483554]To identify the scenarios where SSB-based measurements can be relaxed so that CSSF can be optimized.
In addition, the CSSF values are determined considering not only SSB-based measurement but also the CSI-RS based L3 measurements. Although the WID targets SSB based L3 measurement delay reduction, the CSI-RS based L3 measurements contribute to the CSSF values via 2xNSCC_CSIRS i.e. twice of the number of SCells configured with CSI-RS based measurement. This is based on the R16 assumption that one CSI-RS based measurement requires an additional measurement on its associated SSB.  
[bookmark: _Toc163483555]The CSI-RS based L3 measurements contribute to the CSSF values via 2xNSCC_CSIRS, i.e. twice of the number of SCells configured with CSI-RS based L3 measurement. 
However, the CSI-RS resources to be measured are up to network configuration which may not be overlapping with the associated SSB. In some cases, the CSI-RS based measurements may not impact the SSB-based measurements e.g. if they are not overlapping in time, hence the CSSF values can be further optimized. We may study the CSSF optimization by minimizing the impact from CSI-RS based measurements on SSB-based measurements.
[bookmark: _Toc163483556]To consider the CSSF optimization by minimizing the impact from CSI-RS based measurements on SSB-based measurements.   
Table 9.1.5.1.1-1: CSSFoutside_gap,i scaling factor for EN-DC mode
	Scenario
	CSSFoutside_gap,i for FR1 PSCC
	CSSFoutside_gap,i for FR1 SCC
	CSSFoutside_gap,i for FR2 PSCC
	CSSFoutside_gap,i for FR2 SCC where neighbour cell measurement is required Note 2
	CSSFoutside_gap,i  for FR2 SCC where neighbour cell measurement is not required
	CSSFoutside_gap,i for inter-frequency MO with no measurement gp

	EN-DC with FR1 only CA 
	1+NPSCC_CSIRS+NPSCC_CCA_RSSI/CO 
	NSCC_SSB +Y+2x NSCC_CSIRS+ NSCC_CCA_RSSI/CO
	N/A
	N/A
	N/A
	NSCC_SSB +Y+2x NSCC_CSIRS+ NSCC_CCA_RSSI/CO

	EN-DC with
FR2 only intra band CA 
	N/A
	N/A
	1+NPSCC_CSIRS 
	N/A
	NSCC_SSB +Y+2x NSCC_CSIRS 
	
NSCC_SSB +Y+2x NSCC_CSIRS 

	EN-DC with
FR2 only inter band CA
	N/A
	N/A
	1+NPSCC_CSIRS
	2x(1+ NSCC_CSIRS_FR2_NCM) Note 3,5
	2×( NSCC_SSB +Y+2x NSCC_CSIRS -1-NSCC_CSIRS_ FR2_NCM)
	2×( NSCC_SSB +Y+2x NSCC_CSIRS -1-NSCC_CSIRS_ FR2_NCM)

	EN-DC with
FR1 +FR2 CA (FR1 PSCell) Note 1
	1+NPSCC_CSIRS 
	2×( NSCC_SSB +Y+2xNSCC_CSIRS -1-NSCC_CSIRS_ FR2_NCM)
	N/A
	2x(1+NSCC_CSIRS_FR2_NCM) Note 3 
	2×( NSCC_SSB +Y+2x NSCC_CSIRS -1-NSCC_CSIRS_ FR2_NCM)
	2×( NSCC_SSB +Y+2x NSCC_CSIRS -1-NSCC_CSIRS_ FR2_NCM)

	EN-DC with
FR1 +FR2 CA (FR2 PSCell) Note 1
	N/A
	NSCC_SSB +Y+2x NSCC_CSIRS
	1+NPSCC_CSIRS 
	N/A
	NSCC_SSB+Y+2x NSCC_CSIRS 
	NSCC_SSB+Y+2x NSCC_CSIRS




[bookmark: _Toc116995848]Conclusion
This paper presents Nokia’s views on the workplan for RRM_ph5. As part of the discussion presented in this paper, the following proposals were made:
Observation 1: RAN4 agreed multi-Rx enhancements for Rel-18 NR_FR2_multi-RX_DL apply for single serving cell (PCell, PSCell or SCell) in FR2-1.
Proposal 1: Multi-Rx L3 delay enhancements in Rel-19 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.
Observation 2: RAN4 decided to maintain the single Rx accuracy requirements for the enhanced RRM requirements for Rel-18 multi-Rx chain UE.
Proposal 2: Reduced beam sweeping for L3 measurements shall not change the existing measurement accuracy requirements and side conditions.
Proposal 3: RAN4 to discuss the conditions under which faster beam sweeping for L3 measurements apply for a multi-Rx capable UE.
Proposal 4: RAN4 to discuss the set of values for reduced L3 beam sweeping factor.
Proposal 5: RAN4 to introduce a new individual capability for L3 beam sweeping factor reduction due to multi-Rx operation.
Observation 3: In R19, a reduced CSSF is expected which may imply some new UE measurement behaviour.
Observation 4: When reduced CCSF is applied, network behaviour may need to be adapted based on the UE indication of its support of the reduced CSSF.
Proposal 6: A UE capability is needed to inform network the support of reduced CSSF.
Proposal 7: The reduced CSSF shall be applied to the UE supporting the capability and starting from Release 19.
Proposal 8: Prioritize the study of CSSF optimization for SSB-based intra-frequency and inter-frequency measurements.
Proposal 9: To confirm one of the searchers is used for PCell measurement and the other is used for the measurements on all the SCells.
Observation 5: The CSSF values outside gaps are currently defined based on the number of configured SCell(s).
Proposal 10: To identify the scenarios where SSB-based measurements can be relaxed so that CSSF can be optimized.
Observation 6: The CSI-RS based L3 measurements contribute to the CSSF values via 2xNSCC_CSIRS, i.e. twice of the number of SCells configured with CSI-RS based L3 measurement.
Proposal 11: To consider the CSSF optimization by minimizing the impact from CSI-RS based measurements on SSB-based measurements.
[bookmark: _Toc116995849]
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