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1. Introduction
How to improve FR2 SCell/SCG setup/resume delay has been widely discussed in previous RAN4 meetings. The latest progress can be found in [1]. Based on [1] and the LS [2] from RAN4 to RANP, RANP also updated the WID [3].
	7. To study and specify how to reuse the IDLE/INACTIVE mode measurement results which are to be reported during and/or after RRC connection setup/resume in order to improve SCell/SCG setup delay [RAN4, RAN2], including:
· Availability and validation of the IDLE/INACTIVE mode measurement results to be reported [RAN4]; and
· Definition of corresponding RRM requirements [RAN4]; and
· If necessary based on RAN4 outcome, definition of corresponding signalling support [RAN2].

Note 5: RAN4 will coordinate in due course with RAN2 to start the work.
Note 6: R4-2220415 serves as baseline for future work in RAN4
Note 7: With exception of the above scenarios, enhancements on IDLE/INACTIVE mode measurements and on UE behavior in IDLE/INACTIVE mode are not in scope.


In this contribution, we continue discussion on the topic. 
2. Discussion
For information, the approved WF in the last RAN4 meeting is duplicated here:
Issue 1-1: whether to further enhance measurement behavior in idle/inactive mode based on EMR
· <Agreement>:
· Enhancements on UE behavior in IDLE/INACTIVE mode are not in the scope
· The following aspects can be further studied
· Using measurement results obtained during IDLE/INACTIVE mode for measurements during RRC connection procedure
· Note: enhancements on IDLE/INACTIVE mode measurement are not in the scope

Issue 1-2: availability and validation of measurement results obtained during IDLE/INACTIVE mode
· <Wayforward>: companies are encouraged to further study whether and how to use measurement results obtained during IDLE/INACTIVE mode. The following proposals from companies in RAN4#105 can be considered as reference for further discussion.
· P1: when UE returns to RRC connected mode, if T331 has already expired, EMR validation can be considered so that NW can know if the EMR result is useful or not. 
· P2: RAN4 shall agree with a way forward how to solve the measurement validity issue to guarantee the FR2 Idle/Inactive mode CA/DC measurement is finished and useful. 
· P3: If measurement report requirements for valid Idle/Inactive mode measurement results are introduced, 
· whether and how to report/indicate the validity of the measurement results should be defined, and 
· the requirement and test framework should be designed in such a way that any specific verification procedure or UE implementation is not precluded, e.g. the mechanism can be even a non-3GPP based solution. 
· P4: RAN4 should align the definition of ‘available’ and ‘valid’. ‘Available’ means that there have results stored in the memory after UE finished early measurement. And the ‘valid’ early measurement result can be assessed by determining whether the measurement was taken during the last [X] seconds before the enhanced measurements perform. 
· P5: the enhanced measurement is applicable to scenarios that EMR measurement results are available but invalid and it will focus on the carriers that have been measured in early measurement. 
· P6: Validity of EMR results needs to be identified 
· P7: For UE with R16 EMR measurement, the possible improved measurement during RRC setup/resume may be performed with the following assumptions:
· UE has acquired most samples during idle/inactive mode, and,
· prior EMR measurement samples are not outdated, and,
· prior EMR measurement samples and RX beam are stored in UE, and,
· no beam sweeping is performed during RRC setup/resume procedure
· The above applicable scenario is very limited and highly depends on UE implementation.
· [bookmark: _Toc118644194][bookmark: _Toc118747211]P8: Feasible solution will consist (at least) of:
· [bookmark: _Toc118747212][bookmark: _Toc118644195]UE performs validation of available measurements during RRC setup/resume which may continue in connected mode. 
· [bookmark: _Toc118644196][bookmark: _Toc118747213]At MO or MT RRC setup/resume initiation 
· [bookmark: _Toc118644197][bookmark: _Toc118747214]UE initiates validation of measurements. 
· [bookmark: _Toc118644198][bookmark: _Toc118747215]UE EMR measurements and any other available idle/inactive mode measurements for non-EMR UEs may be used. 
· [bookmark: _Toc118644199][bookmark: _Toc118747216]UE reports validated measurements to the network.

Issue 1-3: scope of the study regarding CA/DC
· <Wayforward>: companies are encouraged to further discuss the following issues
· Issue 1-3-1: whether target cell in FR1 needs to be considered
· Issue 1-3-2: whether intra-band CA/DC is one of the target scenarios

Based on the WF and the updated WID, RAN4 shall focus on how to reuse the IDLE/INACTIVE mode measurement results which are to be reported during and/or after RRC connection setup/resume. Since RANP already confirmed that enhancements on IDLE/INACTIVE mode measurements and on UE behavior in IDLE/INACTIVE mode are not in scope, RAN4 shall only focus on existing measurement, which includes 
1) EMR measurement
2) Traditional RRM measurement in IDLE/INACTIVE
For the first one, i.e. how to use EMR measurement results has been widely discussed during previous RAN4 meetings. Most companies support that if T331 is still running when UE returns to connected mode, network can directly use EMR measurement result. Thus no additional work is needed. However, companies have different view on how to address the scenario in which T331 has expired when UE returns to connected mode. Technically, it is possible that under certain conditions EMR result can still be considered as ‘valid’ even if T331 has expired when UE returns to connected mode. The key point is whether the EMR result can still correctly reflect channel condition. One way to verify that is to let UE perform another round of measurement. However, according to the study in previous RAN4 meetings, companies found that it is unrealistic for UE to conduct accurate RRM measurement during RRC connection setup/resume procedure, even if the total number of layers to measure is pretty small (e.g. only one layer). On the other hand, if UE can perform another round of measurement, we don’t need to care about whether previous EMR result is valid or not. UE can directly report the latest measurement result which shall be more accurate compared. Therefore, RAN4 needs to investigate another possible solution.
[bookmark: _Ref127469903]Observation 1: considering it is unrealistic for UE to conduct another round of measurement during RRC connection setup/resume, RAN4 needs to investigate other solution to validate EMR result if T331 has expired when UE returns to connected mode.
Usually, it is UE movement which would result in change of RRM measurement results. So that validity of EMR result can somehow be implicitly done by checking UE movement between the timestamp (A) when EMR result is obtained and the timestamp (B) when UE returns to connected mode. In previous meeting some company proposed some non-3GPP based solution. Even though it was not extensively discussed, we think technically it is something doable. For example, based on GNSS UE can know the distance X between the timestamp A and B. With this information UE can know whether previous EMR result can be useful or not.
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Figure 1
Another way is to check measurement results of serving cell. Note that UE may stop EMR measurement after T331 expires. Nevertheless, UE still needs to measure serving cell from time to time in idle/inactive mode. By checking the change of serving cell measurement results, UE may be able to determine whether previous EMR measurement result is reliable or not. Take figure 2 for example, if the variation of serving cell measurement Y is quite small between timestamp A and B, UE can consider EMR result which is obtained at A is still reliable when it returns connected mode at B.
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Figure 2
[bookmark: _Ref127469906]Observation 2: validity of EMR result can be implicitly checked without taking another round of measurement, e.g. by checking UE movement or serving cell measurement results.
However, there are still some issues. For the first approach which requires some non-3GPP based solutions, it is very challenging to identify specification impact and to verify performance. For the second approach, i.e. checking serving cell measurement results, it is also very difficult to get a clear point A since it is purely up to UE implementation on how to do the sampling on all the carriers. With different implementations, it is very likely that point A is different for different UE even if they are configured with the same number layers to measure. Therefore, it is very challenging to specify any new requirements for that.
One possible solution is to add some new indication in EMR report to inform network that whether the reported EMR results can be considered valid or not. It is up to UE implementation on how to validate EMR results. Note that above analysis also applies for traditional RRM measurement in IDLE/INACTIVE mode. Even if a UE does not support EMR, it may still need to perform traditional RRM measurement, e.g. on layers with higher priority and other layers when serving cell quality is not good. If UE can make sure those measurement results are still valid when returning to connected mode, it can provide those results to network. This can also help network to configure SCell or SCG. Similarly, UE has freedom in determination of measurement scheme. It is unlikely to precisely verify when the last measurement sample is taken for different neighbor cells on different layers.
[bookmark: _Ref127469910]Observation 3: it is challenging to verify the exact timestamp when UE obtains measurement result for each neighbour cell in idle/inactive mode, including EMR and traditional RRM measurement.
[bookmark: _Ref127469975]Proposal 1: consider the following approach to improve FR2 SCell/SCG setup delay
· For EMR capable UE, introduce a new indication in existing EMR report to allow UE to indicate network whether and which EMR measurement results are valid upon UE returning connected mode.
· For non-EMR capable UE, allow UE to report valid measurement results obtained during idle/inactive mode upon UE returning connected mode.
· How to validate measurement results obtained in idle/inactive mode is up to UE implementation.

3. Conclusion
In this contribution, we provide discussion on improvement on FR2 SCell/SCG setup delay. After discussion, the following conclusions are provided: 
Observation 1: considering it is unrealistic for UE to conduct another round of measurement during RRC connection setup/resume, RAN4 needs to investigate other solution to validate EMR result if T331 has expired when UE returns to connected mode.
Observation 2: validity of EMR result can be implicitly checked without taking another round of measurement, e.g. by checking UE movement or serving cell measurement results.
Observation 3: it is challenging to verify the exact timestamp when UE obtains measurement result for each neighbour cell in idle/inactive mode, including EMR and traditional RRM measurement.
Proposal 1: consider the following approach to improve FR2 SCell/SCG setup delay:
· For EMR capable UE, introduce a new indication in existing EMR report to allow UE to indicate network whether and which EMR measurement results are valid upon UE returning connected mode.
· For non-EMR capable UE, allow UE to report valid measurement results obtained during idle/inactive mode upon UE returning connected mode.
· How to validate measurement results obtained in idle/inactive mode is up to UE implementation.
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