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[bookmark: _Toc116995841]Introduction
The work on Further mobility enhancements has been going on for several meetings in RAN4. Based on the agreements, RAN4 is now working on two parallel solutions to improve the SCell/SCG setup delay in FR2, one where the UE is only using existing IDLE/INACTIVE mode measurements and one where the UE is to performing additional measurements after RRC connection setup/resume to re-evaluate the measurements that are available from IDLE/INACTIVE mode. As usual, both options will be optional capabilities, which some UEs support while others do not. The purpose of this WI is to make enhancements that have meaningful impact over the baseline procedure. 
In this contribution, we discuss the enhancements further and aim to split the discussion between the work that needs to be initiated by an LS in RAN2 and the work that can continue in parallel in RAN4.

Discussion 
Overall solution
RAN4 #106 agreed that UE is allowed to perform addition measurement starting from RRC connection setup/resume procedure. The overall solution with re-evaluation measurements is in our view as shown in Figure 1.
[image: ]
[bookmark: _Ref134892448]Figure 1: Timeline of the overall solution.

[bookmark: _Toc142666020]The overall solution consists of:
[bookmark: _Toc142666021]1. UE having measurements available from IDLE/INACTIVE mode at RRC setup/resume,
2. UE evaluates the validity of the available measurements during RRC connection setup/resume,
3. UE indicating the measurement status to the network at RRC setup/resume complete,
4. When needed for measurement validation purposes, UE continuing to perform measurements during the RRC setup/resume and the connected mode until reporting, 
5. UE reporting the measurements results as soon as measurements have been completed.
Steps 1-5 are included in Figure 1. Considering the work split between RAN4 and RAN2, a rough split is that steps 3 and 5 need RAN2 work to provide the signaling support. Steps 1, 2 and 4 need to be defined by RAN4. In the following, we  split the discussion into 1) signaling and reporting related aspects, of which RAN4 needs to inform RAN2 to start the work, and 2) measurement related aspects, for which the discussion can continue in RAN4. In the RAN4#107 meeting it was agreed to send an LS to RAN2 in the RAN¤#108 meeting to cover the aspects that are up to RAN2 to decide.
[bookmark: _Toc142666022]Send an LS to RAN2 in this RAN4 meeting to initiate the work on RAN2 related aspects. Draft LS is provided in R4-2313455.
We have provided an LS draft in R4-2313455, which shall be updated during the meeting to include any new agreements. The LS was drafted during the RAN4 #107 meeting and companies proposals were considered in the latest version. When other WGs request signalling from RAN2, only the requested information to be signalled is provided, along w 
RAN4 issues with RAN2 impact
Previously, RAN2 has provided a set of capability guidelines to other groups R2-2002378. These guidelines were extended in the In the last meeting, RAN2 published a guideline on how to request signalling support from RAN2.  
	R2-2306732
RAN2 therefore has agreed to send this LS to respectfully request that, when other WGs request signalling from RAN2, only the requested information to be signalled is provided, along with any additional requirements on the desired signalling (e.g., how often the signalling is expected to be sent, delay requirement, expected signalling size, etc.). RAN2 will define the most suitable signalling approach considering the provided information.



We have reviewed the currently open RAN4 issues and analysed whether the issue is RAN4 issue, or whether the issue is, or has RAN2 component. The table can be used prioritise the discussion on RAN4 relevant issues.
	RAN4 issue
	Whether it is RAN2 / RAN4 issue or both

	Issue 2-1-1: combination of solution 1 and 2
	RAN2 should discuss how the solutions work together. RAN4 would define the requirements of the solution and request RAN2 to handle the procedural work.

	Issue 2-1-2: relationship between R16 EMR and R18 enahcement to SCell/SCG setup delay
	This is a UE capability issue that can be started in RAN4, but RAN2 input is needed 

	Issue 2-1-3: whether to consider measurement originated from CONNECTED mode before UE enters IDLE/INACTIVE mode
	RAN2 issue, RAN4 can advice

	Issue 2-2-1: overall solution for UE which is configured with EMR measurement.
	RAN4 cannot progress with overall solution without RAN2

	Issue 2-2-2: overall solution for UE which is not capable of EMR measurement.
	RAN2 should discuss capabilities

	Issue 2-2-3: definition of ‘valid’ in solution based on existing measurement

	RAN2 shall discuss validity configuration

	Issue 2-2-4: additional criteria to determine ‘invalid’
	RAN2 issue, RAN4 can advice

	Issue 2-2-5: indication of availability for UE configured with EMR
	RAN2 issue, RAN4 can advice

	Issue 2-2-6: indication of validity for UE configured with EMR
	RAN2 issue, RAN4 can advice

	Issue 2-2-7: indication of availability for UE NOT capable/configured with EMR
	RAN2 issue, RAN4 can advice

	Issue 2-2-8: indication of validity for UE NOT capable/configured with EMR
	RAN2 to decide exact signalling, RAN4 can advice

	Issue 2-2-9: whether to report invalid results
	RAN2 issue but RAN4 can advice

	Issue 2-2-10: new timer for validity
	RAN2 issue, RAN4 can advice

	Issue 2-2-11: accuracy requirements
	Clearly RAN4 issue

	Issue 2-3-1: overall solution
	RAN4 can discuss this but RAN2 input is needed 

	Issue 2-3-2: whether it is necessary to indicate measurement status when entering connected mode.
	RAN4 can advice RAN2 but it’s RAN2 who decides signalling changes

	Issue 2-3-3: feasibility of enhanced measurement which starts from RRC setup/resume procedure.
	Feasibility has been proven (no issue) 

	Issue 2-3-4: definition of ‘valid’ for solutions based on enhanced measurement
	Clearly RAN4 issue

	Issue 2-3-5: starting point of the enhanced measurement
	Purely RAN2 issue

	Issue 2-3-6: ending point of the enhanced measurement
	Purely RAN2 issue

	Issue 2-3-7: UE measurement behavior after receiving MO configuration in connected mode
	Purely RAN2 issue

	Issue 2-3-8: Reporting of the measurement results
	Purely RAN2 issue

	Issue 2-3-9: network assistant information and measurement configuration
	Purely RAN2 issue

	Issue 2-3-10: number of samples, including whether Rx beam sweeping is needed
	Clearly RAN4 issue

	Issue 2-3-11: number of carriers
	RAN2 impact is how many carriers can be configured, RAN4 impact is number of measured carriers

	Issue 2-3-12: measurement period
	Clearly RAN4 issue

	Issue 2-3-13: applicability rules to perform enhanced measurement
	Clearly RA4 issue

	Issue 2-3-14: whether to define measurement latency requirements
	Clearly RAN4 issue

	Issue 2-3-15: accuracy measurement
	Clearly RAN4 issue


Table 1: Analysis of the issues whether they include RAN2 component

	Overall issue (new categorisation)
	Relevant RAN4 issues

	Measurement configuration and procedures (mostly RAN2) 
	Issue 2-3-9: network assistant information and measurement configuration
Issue 2-3-11: number of carriers (configuration – RAN2)

	Performing measurements (mostly RAN4, but defined in RAN2)
	Issue 2-1-3: whether to consider measurement originated from CONNECTED mode before UE enters IDLE/INACTIVE mode
Issue 2-2-10: new timer for validity
Issue 2-3-5: starting point of the enhanced measurement
Issue 2-3-6: ending point of the enhanced measurement
Issue 2-3-7: UE measurement behavior after receiving MO configuration in connected mode
Issue 2-3-11: number of carriers (measured - RAN4)

	Measurement reporting (partly RAN4, but mostly defined in RAN2): Which measurement results UE indicates, and how does the validity/availability indication work?
	Issue 2-2-5: indication of availability for UE configured with EMR
Issue 2-2-6: indication of validity for UE configured with EMR
Issue 2-2-7: indication of availability for UE NOT capable/configured with EMR
Issue 2-2-8: indication of validity for UE NOT capable/configured with EMR
Issue 2-2-9: whether to report invalid results
Issue 2-3-2: whether it is necessary to indicate measurement status when entering connected mode.
Issue 2-3-8: Reporting of the measurement results

	Overall solution (partly RAN4, but mostly defined in RAN2)
	Issue 2-1-1: combination of solution 1 and 2
Issue 2-2-1: overall solution for UE which is configured with EMR measurement.
Issue 2-2-2: overall solution for UE which is not capable of EMR measurement.
Issue 2-3-1: overall solution
Issue 2-3-3: feasibility of enhanced measurement which starts from RRC setup/resume procedure.

	Measurement requirements (RAN4 only)
	Issue 2-2-3: definition of ‘valid’ in solution based on existing measurement
Issue 2-2-4: additional criteria to determine ‘invalid’
Issue 2-3-4: definition of ‘valid’ for solutions based on enhanced measurement
Issue 2-3-10: number of samples, including whether Rx beam sweeping is needed
Issue 2-2-11: accuracy requirements
Issue 2-3-12: measurement period
Issue 2-3-13: applicability rules to perform enhanced measurement Issue 2-3-14: whether to define measurement latency requirements
Issue 2-3-15: accuracy measurement


	UE capabilities (RAN4 indicates requirements and RAN2 implements)
	Issue 2-1-2: relationship between R16 EMR and R18 enhancement to SCell/SCG setup delay




Signalling and reporting
In this section, we discuss signalling related aspects, for which RAN2 work should be initiated.
UE indication of measurement status
In Rel-16, UE indicates that it has some measurement results available at connection setup. Within the Rel-18 WI, RAN4 has discussed to add validity indication to indicate availability of the measurement results. In the last RAN4 meeting, companies had different views about the need of UE indicating such validity/invalidity of measurements. 
RAN4 has agreed to discuss in parallel two solutions to improve SCell setup time: 1) without additional measurements and 2) with additional measurements. Furthermore, we see that even if the UE is capable to perform additional measurements for re-evaluation purposes, it may sometimes need to, and sometimes not need to, continue these measurements after RRC connection setup/resume complete. Therefore, we see the purpose of indication being more about informing the network whether the UE is ready to report the available results. It is worth noticing that we propose that UE is always also able to indicate if it has no measurements available. How this indication is done is up to RAN2. To summarise, UE should report if it has (1) no measurements available, if it has (2) valid measurements available or whether the UE is going to (3) continue measurements in CONNECTED mode to re-evaluate/validate any available measurements. 
Hence, we agree to the comments in the last meeting that the UE does not need to report  measurements that are invalid.
Summarized, the UE may report at RRC connection setup/resume complete:
1. No measurements available
2. Valid measurements available (UE is ready to report)
3. Measurements ongoing (UE needs more time before it will be ready to report)
1. and 2. apply when the UE is not performing additional measurements (because it has no such capability or because the available measurements are considered valid without the need for additional measurements). 3. Applies to a UE that has measurements available from IDLE/INACTIVE mode, and the UE will continue enhanced measurements for some time during connected mode.
The exact details of this indication are up to RAN2 to define, but from RAN4 point of view we see the indication as discussed enough to be included in the LS and RAN2 should agree on the details.
[bookmark: _Toc142666023]RAN4 to inform RAN2 in the LS that RAN4 sees benefit in introducing a measurement status indication at RRC setup/resume complete, consisting e.g. of the following options: 1. No measurements available, 2. Valid measurements available, 3. Measurements ongoing.
Reporting of the measurement results
In Figure 2, we have illustrated the reporting mechanism in Rel-16 EMR and shown our view about reporting according to the Rel-18 solution. 


[bookmark: _Ref134908107]Figure 2: Reporting of early measurements in Rel-16 and Rel-18.
The problem with Rel-16 reporting is that the reporting is based on network request and UE response. When the UE is allowed to continue the measurements in the CONNECTED mode, the network does not know when the UE is ready to report. 
Regarding the reporting of IDLE/INACTIVE mode measurements available at RRC connection setup/resume in Rel-18, the most important aspect to enable faster SCell setup/resume is in our view to allow the UE to report the results as soon as they are valid and fulfill the measurement accuracy requirement. Hence, some enhancements in the measurement reporting mechanism are needed.
[bookmark: _Toc142666024]When the UE continues measurements in CONNECTED mode, the network may not know when the UE is ready to report. However, the faster the UE reports the results, the faster the SCell/SCG setup/resume can be.
[bookmark: _Toc142666025]UE shall report the measurements as soon as they can be considered as valid. RAN2 updates in the reporting mechanism are needed to enable this.
In the following sub-sections, we discuss the details of reporting further. We present our view from RAN4 point of view, but the details of reporting are up to RAN2.
Case 1: No measurements available at RRC setup/resume complete
If the UE does not have any (valid) measurements available at RRC setup/resume complete, the UE may indicate to the network “no measurements available” and start CONNECTED mode measurements when the measurement configuration arrives. Also, when the UE has measurements available, and the UE has not been able to validate them before RRC setup/resume complete and the UE is also not going (or is not capable) to continue measurements in CONNECTED mode to validate the measurements, the UE can simply indicate “no measurements available”. In these scenarios, the UE does not report IDLE/INACTIVE mode measurement results.
[bookmark: _Toc142666026]The UE shall indicate “no measurements available” at RRC setup/resume complete and not report measurement results in the following scenarios: 
1. UE does not have any measurement results available from IDLE/INACTIVE mode, or 
2. The available measurements are invalid and the UE is not going to continue enhanced measurements in CONNECTED mode

Case 2: Valid measurements available at RRC setup/resume complete
When the UE has valid measurements available at RRC setup/resume complete, and the UE does not need to perform any additional measurements during CONNECTED mode, the UE should indicate this to the network as “valid measurements available”. This, from network perspective means, that the UE is ready to report, and the network can request the results immediately. Rel-16 EMR UEinformationRequest/Response mechanism or any other mechanism agreed by RAN2 may be reused.
Case 3: Valid measurements available during CONNECTED mode (based on enhanced measurements)
When the UE continues enhanced measurements during CONNECTED mode, the UE should indicate “measurements ongoing” at RRC setup/resume complete. The UE may need a different amount of samples and hence be ready to report the results at different times depending on the status of the available measurements. Here we see a need for an enhancement in the measurement reporting such that the UE is enabled to report the results as soon as valid measurements are available. How to do this is up to RAN2, so RAN4 should inform RAN2 about the need of such enhancement. Therefore, for cases 2 and 3 we propose:
[bookmark: _Toc142666027]When the UE has valid measurements available, UE reports the results as soon as the results are ready.  This will be included in the LS for RAN2. 
The proposals given here in section 3 should be included in the LS to be sent to RAN2 according to what is agreed by RAN4 in the #107 meeting.
Measurements and validity
In this section we discuss the details of measurements that are purely up to RAN4 to work on.
As we have proposed in the previous meetings, the enhancements in the Rel-18 mobility enhancement WI should be independent of the UE support of the Rel-16 EMR feature. This means that even a UE that does not support or is not configured with Rel-16 EMR measurements should be able to benefit from the enhancements. Furthermore, Rel-18 enhancements should cover also the time after T331 timer has expired for EMR capable UEs.
[bookmark: _Toc142666028]Rel-18 enhancements to SCell/SCG setup delay should be independent of UE support of Rel-16 EMR feature.
In Figure 3 we have illustrated different options for the measurement procedure depending on the UE configuration and capability to perform additional measurements starting from RRC connection setup for re-evaluation purposes. The number of samples in the figure are examples, and the purpose is to show how the different options would in our view look like in terms of measurements. It is worth noticing that the time to perform measurements in RRC setup/resume is limited, and UE should be allowed to continue the measurements in connected mode.  



[bookmark: _Ref134985111]Figure 3: Measurements with different UE configurations and capabilities.
In the following sections we discuss the details of measurements for the different configurations and capabilities.
Definition of “valid”
Multiple definitions of what “valid” means have been discussed in the previous RAN4 meetings. Based on the GTW discussion in the RAN4#106-bis meeting, the following options were agreed to be studied further:
	Issue 2-2-3: definition of ‘valid’ in solution based on existing measurement
· Agreements:
· Candidate criteria for measurements validity definition
· A) the measurement are performed within the last [X] seconds before it is reported
· B) the reported measurement results satisfy measurement accuracy
· C) variation of serving cell RSRP/RSRQ does not exceed [Y] dB
· FFS whether a single or several criteria should be used for measurements validity definition.



We discuss each of the options A), B) and C) separately.
A) We do not think that a time constraint is a reasonable or reliable way to define measurement validity. If the UE is stationary, measurements may represent the UE conditions and therefore remain valid for a long period. If the UE is moving, the measurements may become invalid even in a very short time. Therefore, it is very difficult to define a time constraint that would be reasonable. Hence, we do not see a time constraint-based validity definition is feasible.
[bookmark: _Toc142666029]RAN4 not to define any time constraint for validity.
B) Measurement accuracy should be an obvious criterion for validity. Furthermore, in the RAN4#107 meeting, the following definition of validity at SCell activation was agreed under the work item for Even Further RRM enhancement for NR and MR-DC :
	· Agreements
· The report of L3 measurement result after SCell activation command needs to be valid. 
· The report of L3 measurement result is considered as valid only if it fulfils the measurement requirement for a deactivated SCell as specified in TS38.133 Table 9.2.5.2-3 (for FR1) and Table 9.2.5.2-4 (for FR2) and accuracy requirements in TS 38.133 Clause 10.




We propose to follow a similar type of definition for the SCell setup enhancements as was agreed for SCell activation.
[bookmark: _Toc142666030]Measurements are considered valid if they fulfil the measurement and measurement accuracy requirements, similar as agreed for SCell activation in the NR_RRM_enh3 WI.
C) UE mobility can be considered as a criterion for validity and RSRP/RSRQ variation may be a condition worth considering. However, the details need to be clarified and the UE anyways needs to fulfil measurement accuracy requirements.
[bookmark: _Toc142666031]UE mobility may also be considered as validity criteria. Details FFS.
Start and end point of enhanced measurements
The timeline i.e., the starting and ending point of validation has been discussed in RAN4 in the previous meetings. 
Both when the UE can perform validation without additional measurements, and when the UE requires additional measurements for validation purposes, validation of the measurements may start when the UE receives RRC connection setup/resume message. 
[bookmark: _Toc142666032]Validation of available IDLE/INACTIVE mode measurements may start at RRC connection setup/resume.
In the last RAN4 meeting, the following options were listed as candidates for the ending point of enhanced measurements:
	Issue 2-3-5: ending point of the enhanced measurement
· Candidate solutions:
· The ending point of the enhanced measurement is FFS
· Option 1: When UE sends RRCResumeComplete or SecurityModeComplete 
· Option 2: At the reception of the RRC CONNECTED mode measurement configuration (the 1st RRC_reconfiguration message) 
· Option 3: During RRC CONNECTED state 



As we have proposed in the previous meetings, additional/enhanced measurements can continue until RRC connection setup complete and if needed, also for some time in RRC CONNECTED mode, especially if the UE requires additional measurements for re-evaluating the available measurements. However, we think Option 3 is not complete. In our view, if the UE has started the enhanced measurements, it should be allowed to also finish them. Therefore, the enhancement measurement should be continued until the UE has reported the results. Also, if the UE receives a new CONNECTED mode measurement configuration, the UE should be allowed to finish and report the enhanced measurement before applying the new measurement configuration. This should be allowed at least if the new measurement configuration includes the same measurements as the enhanced measurements, which would be a reasonable configuration from the network side in case the network has earlier requested the UE to report IDLE/INACTIVE mode measurements.
[bookmark: _Toc142666033]No need to define an explicit ending point for validation measurements. Enhanced measurements end when the UE has finished the measurements and reported the results. 
Details of validation measurements
For the UE to know how to measure during the validation period, NW shall provide explicit information such as target frequency and/or Cell ID, and/or target SSB info for enhanced measurement on FR2. It is up to RAN2 to decide when exactly the configuration is sent to the UE. For instance, network can indicate these in the RRC configuration in the previous connected mode before the UE went in IDLE/INACTIVE mode, or alternatively provide it as SIB information. The network can also provide UE with additional RSs to speed up the measurement/ measurement validity.
[bookmark: _Toc142666034]For the UE to know how to measure during the validation period, NW shall provide explicit information such as target frequency and/or Cell ID, and/or target SSB info for measurements. RAN4 to request RAN2 to define the details of such configuration.
Enhanced measurement period can be based on SSB period instead of SMTC for the frequency. SSB period can be provided by NW or default SSB period (20ms) can be applied. SSB measurements can start already from MSG-1. 
[bookmark: _Toc142666035]Enhanced measurement period can be based on SSB period instead of SMTC 
Number of samples that the UE needs to measure can be depending on UE radio conditions. If the UE is in good radio conditions, index reading has been performed, so the number of measurements can be lower than for UEs that are in worse conditions.  The measurements should not be limited to only RRC setup/resume, and therefore, the UE may perform more than 2 sample measurements. The UE can be allowed to perform up to a number of measurements (e.g., 8), and when possible, the UE may perform less measurements to reach the required measurement accuracy. RAN4 shall define the minimum requirements, for instance, 8 samples.
[bookmark: _Toc142666036]Number of samples UE needs to measure can depend on UE radio conditions and measurement conditions. 
To limit the amount of measurements the UE needs to perform after MSG-1, the UE can perform measurements in FR2 on max one carrier per band. 
[bookmark: _Toc142666037]Minimum number of carriers to measure per band for FR2 is one. Network indicates which band(s) to measure. 
Some aspects of the beam sweeping details during the validation measurements can be left up to UE implementation. For instance, the UE is not expected to perform full beam-sweeping and hence, the scaling factor associated with the beam sweeping can be reduced.  
[bookmark: _Toc142666038]During re-evaluation/validation measurements, UE is not expected to perform full beam-sweeping and hence, the scaling factor associated with the beam sweeping is reduced 
[bookmark: _Toc116995848]Conclusion
In this contribution we have made the following observations and proposals:
Proposal 1: The overall solution consists of:
1. UE having measurements available from IDLE/INACTIVE mode at RRC setup/resume, 2. UE evaluates the validity of the available measurements during RRC connection setup/resume, 3. UE indicating the measurement status to the network at RRC setup/resume complete, 4. When needed for measurement validation purposes, UE continuing to perform measurements during the RRC setup/resume and the connected mode until reporting,  5. UE reporting the measurements results as soon as measurements have been completed.
Proposal 2: Send an LS to RAN2 in this RAN4 meeting to initiate the work on RAN2 related aspects. Draft LS is provided in R4-2313455.
Proposal 3: RAN4 to inform RAN2 in the LS that RAN4 sees benefit in introducing a measurement status indication at RRC setup/resume complete, consisting e.g. of the following options: 1. No measurements available, 2. Valid measurements available, 3. Measurements ongoing.
Observation 1: When the UE continues measurements in CONNECTED mode, the network may not know when the UE is ready to report. However, the faster the UE reports the results, the faster the SCell/SCG setup/resume can be.
Proposal 4: UE shall report the measurements as soon as they can be considered as valid. RAN2 updates in the reporting mechanism are needed to enable this.
Proposal 5: The UE shall indicate “no measurements available” at RRC setup/resume complete and not report measurement results in the following scenarios:  1. UE does not have any measurement results available from IDLE/INACTIVE mode, or  2. The available measurements are invalid and the UE is not going to continue enhanced measurements in CONNECTED mode
Proposal 6: When the UE has valid measurements available, UE reports the results as soon as the results are ready.  This will be included in the LS for RAN2.
Proposal 7: Rel-18 enhancements to SCell/SCG setup delay should be independent of UE support of Rel-16 EMR feature.
Proposal 8: RAN4 not to define any time constraint for validity.
Proposal 9: Measurements are considered valid if they fulfil the measurement and measurement accuracy requirements, similar as agreed for SCell activation in the NR_RRM_enh3 WI.
Proposal 10: UE mobility may also be considered as validity criteria. Details FFS.
Proposal 11: Validation of available IDLE/INACTIVE mode measurements may start at RRC connection setup/resume.
Proposal 12: No need to define an explicit ending point for validation measurements. Enhanced measurements end when the UE has finished the measurements and reported the results.
Proposal 13: For the UE to know how to measure during the validation period, NW shall provide explicit information such as target frequency and/or Cell ID, and/or target SSB info for measurements. RAN4 to request RAN2 to define the details of such configuration.
Proposal 14: Enhanced measurement period can be based on SSB period instead of SMTC
Proposal 15: Number of samples UE needs to measure can depend on UE radio conditions and measurement conditions.
Proposal 16: Minimum number of carriers to measure per band for FR2 is one. Network indicates which band(s) to measure.
Proposal 17: During re-evaluation/validation measurements, UE is not expected to perform full beam-sweeping and hence, the scaling factor associated with the beam sweeping is reduced
[bookmark: _Toc116995849]
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