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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 allowed to perform additional measurements after RRC connection setup/resume to re-evaluate the measurements that are available from IDLE/INACTIVE mode.
In this contribution we discuss the enhancements further and aim to splitting 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.
Overall solution 
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: _Toc135079787]The overall solution consists of:
[bookmark: _Toc135079788]1. UE having CA/DC measurements (Rel-16 EMR or other) available from IDLE/INACTIVE mode at RRC setup/resume.
[bookmark: _Toc135079789]2. UE performing evaluation of the validity of available measurements starting from RRC setup/resume.
[bookmark: _Toc135079790]3. UE reporting measurement status of the available measurements at RRC setup/resume complete.
[bookmark: _Toc135079791]4. If needed, UE performing additional validation measurements during RRC CONNECTED mode.
[bookmark: _Toc135079792]5. UE reporting measurement results as soon as validation is 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 3 need to be defined by RAN4. In the following we have 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. RAN4 should send an LS to RAN2 to cover steps 3 and 5 in the RAN4#107 meeting.
[bookmark: _Toc135079793]Send an LS to RAN2 in this RAN4 meeting to initiate the work on RAN2 related aspects. Draft LS is provided in R4-2309494
We have provided an LS draft in R4-2309494, which shall be updated during the meeting to include any new agreements. The LS is drafted based on the RAN4 agreements reached so far and the discussion in the following section 3.
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 whether to add validity indication to indicate whether the available measurement results are valid or invalid. 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: without additional measurements and 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. The UE should report if it has (1) no measurements available, if it has (1) 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 that measurements 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.
[bookmark: _Ref134893278][bookmark: _Toc135079794]When returning from IDLE or INACTIVE mode, the UE indicates at RRC connection setup/resume complete the measurement status of IDLE/INACTIVE mode measurements out of the following options: 1. No measurements available, 2. Valid measurements available, 3. Measurements ongoing.
The exact details of this indication are up to RAN2 to define, but from RAN4 point of view we see the indication as proposed reasonable.
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 measurements in 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: _Toc135079795]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: _Toc135079796]UE shall report the measurements as soon as they can be considered 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 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: _Toc135079797]The UE shall indicate “no measurements available” at RRC setup/resume complete and not report measurement results in the following scenarios: 
[bookmark: _Toc135079798]1. UE does not have any measurement results available from IDLE/INACTIVE mode, or 
[bookmark: _Toc135079799]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.
[bookmark: _Toc135079800]When the UE has valid measurements available at RRC setup/resume complete, it reports the results immediately based on RAN2 agreed mechanism.
In Rel-16 EMR, when the UE is returning from INACTIVE mode, the UE may report availability status or alternatively the available results directly at RRC resume complete, based on network request received at RRC resume message. We think that this option can also be supported by a Rel-18 capable eEMR UE, when it has valid measurements available at RRC resume complete.
[bookmark: _Toc135079801]When returning from RRC INACTIVE mode, if the UE has valid measurements available at RRC resume complete, the UE may also directly report the results at this point, similarly to a Rel-16 EMR capable UE.
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.
[bookmark: _Toc135079802]When the UE continues enhanced measurements in CONNECTED mode, enhance the reporting mechanism so that the UE can report as soon as valid measurement results are available.
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: _Toc135079803]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.



[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: _Toc135079804]RAN4 not to define a time constraint for validity.
B) Measurement accuracy should be an obvious criterion for validity. In the previous RAN4 meeting it was agreed:
	Agreements:
If only existing measurement, including legacy measurement for cell re-selection and EMR are used, existing cell re-selection requirements (4.2, 38.133) and idle mode CA/DC measurement requirements (4.4, 38.133) can be reused.  




[bookmark: _Toc135079805]Measurements are considered valid if they fulfil measurement accuracy requirements.
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: _Toc135079806]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: _Toc135079807]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: _Toc135079808]No need to define an explicit ending point for validation measurements 
[bookmark: _Toc135079809]Enhanced measurements end when the UE has finished the measurements and reported the results. This may be before or after the CONNECTED mode measurement configuration. 
Details of validation measurements
For the UE to know how to measure during the validation period, NW can provide explicit information such as target frequency and/or Cell ID, and/or target SSB info for enhanced measurement on FR2. 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. Exact signaling details are up to RAN2. 
[bookmark: _Toc135079810]For the UE to know how to measure during the validation period, NW can provide explicit information such as target frequency and/or Cell ID, and/or target SSB info for measurements in RRC configuration before IDLE mode or SIB. 
UE may receive the measurement configuration during previous connected mode, or alternatively UE may read SIB information, which may indicate the measurement configuration and whether the particular cell is interested in measurement config. To illustrate this even further, for instance, if UE supports EMR-measurements and is already reading the SIB configuration for EMR purposes, it is natural that the SIB configuration also includes validation configuration that UE can use. 
[bookmark: _Toc135079811]UE may receive the measurement configuration during previous connected mode, or alternatively UE may read SIB information. Signaling details are up to RAN2. 
One practical scenario for FR2 SCell configuration is to use the previously stored, and perhaps used, FR2 SCell configuration. This means that UE would set up previously used SCell and use the configuration which it was previously using. Furthermore, UE would also be able to validate previous measurements. Network would also benefit from this as it would be setting up the previously configured SCell, which was proven to be useful.  
[bookmark: _Toc135079812]UE can use previously stored and/or used FR2 SCell configuration.
In case of MT-call, NW can initiate UE to perform FR2 enhanced measurement. The triggering command can be included in paging. Alternatively, the information can already be in SIB that UE reads prior to paging. 
In case of MO-call, UE may use measurement or data-based approach. 
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: _Toc135079813]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. 
[bookmark: _Toc135079814]Number of samples UE needs to measure can be depending 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: _Toc135079815]Number of carriers per band can be reduced for FR2 (e.g., one carrier per band).
[bookmark: _Toc135079816]Carrier(s) per band can be either be selected by UE or controlled by the network, or both. 
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: _Toc135079817]During re-evaluation/validation measurements, UE is not expected to perform full beam-sweeping and hence, the scaling factor associated with the beam sweeping can be 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 CA/DC measurements (Rel-16 EMR or other) available from IDLE/INACTIVE mode at RRC setup/resume.
2. UE performing evaluation of the validity of available measurements starting from RRC setup/resume.
3. UE reporting measurement status of the available measurements at RRC setup/resume complete.
4. If needed, UE performing additional validation measurements during RRC CONNECTED mode.
5. UE reporting measurement results as soon as validation is 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 R4-2309494
Proposal 3: When returning from IDLE or INACTIVE mode, the UE indicates at RRC connection setup/resume complete the measurement status of IDLE/INACTIVE mode measurements out 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 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 at RRC setup/resume complete, it reports the results immediately based on RAN2 agreed mechanism.
Proposal 7: When returning from RRC INACTIVE mode, if the UE has valid measurements available at RRC resume complete, the UE may also directly report the results at this point, similarly to a Rel-16 EMR capable UE.
Proposal 8: When the UE continues enhanced measurements in CONNECTED mode, enhance the reporting mechanism so that the UE can report as soon as valid measurement results are available.
Proposal 9: Rel-18 enhancements to SCell/SCG setup delay should be independent of UE support of Rel-16 EMR feature.
Proposal 10: RAN4 not to define a time constraint for validity.
Proposal 11: Measurements are considered valid if they fulfil measurement accuracy requirements.
Proposal 12: UE mobility may also be considered as validity criteria. Details FFS.
Proposal 13: Validation of available IDLE/INACTIVE mode measurements may start at RRC connection setup/resume.
Proposal 14: No need to define an explicit ending point for validation measurements
Proposal 15: Enhanced measurements end when the UE has finished the measurements and reported the results. This may be before or after the CONNECTED mode measurement configuration.
Proposal 16: For the UE to know how to measure during the validation period, NW can provide explicit information such as target frequency and/or Cell ID, and/or target SSB info for measurements in RRC configuration before IDLE mode or SIB.
Proposal 17: UE may receive the measurement configuration during previous connected mode, or alternatively UE may read SIB information. Signaling details are up to RAN2.
Proposal 18: UE can use previously stored and/or used FR2 SCell configuration.
Proposal 19: Enhanced measurement period can be based on SSB period instead of SMTC
Proposal 20: Number of samples UE needs to measure can be depending on UE radio conditions and measurement conditions.
Proposal 21: Number of carriers per band can be reduced for FR2 (e.g., one carrier per band).
Proposal 22: Carrier(s) per band can be either be selected by UE or controlled by the network, or both.
Proposal 23: During re-evaluation/validation measurements, UE is not expected to perform full beam-sweeping and hence, the scaling factor associated with the beam sweeping can be reduced.
[bookmark: _Toc116995849]
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