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[bookmark: _Toc116995841]Introduction
The last RP #98 agreed the following update on the work item description for Further NR mobility enhancements in [1]: 
	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.




Way forward of the RAN4#105 meeting [2] focuses on availability and validity aspects of this work. 
	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.
· P8: Feasible solution will consist (at least) of:
· UE performs validation of available measurements during RRC setup/resume which may continue in connected mode. 
· At MO or MT RRC setup/resume initiation 
· UE initiates validation of measurements. 
· UE EMR measurements and any other available idle/inactive mode measurements for non-EMR UEs may be used. 
· UE reports validated measurements to the network.



In this contribution we continue the discussion on reusing early (IDLE/INACTIVE mode) measurements at RRC connection setup for faster CA/DC setup, and provide our views on how to confirm the availability and validity of such measurements. To support the analysis, we also provide system level simulation results to evaluate feasibility of different SCell/SCG setup delays.
[bookmark: _Toc116995842]Discussion
New simulations
Our previous contribution presented system-level evaluations clearly showing the benefits of faster FR2 DC/CA establishment [3]. To summarize, fast DC/CA resume/setup enables user data transmission with lower latency and higher throughput, enhances network capability of performing load balancing, and contributes to lower UE energy consumption. Since the bandwidth parts are usually larger in FR2 than FR1, the achievable gain of a faster SCell/PScell setup is considerable. Furthermore, with a shorter setup delay we observe a reduction in UE energy consumption due to faster offload and release of the connection.
To continue the analysis provided in the last meeting, we have performed further analysis of the impact in various delay scenarios, the results being aligned with the previous results. 
[bookmark: _Toc118747204][bookmark: _Toc127349541][bookmark: _Toc127529600][bookmark: _Toc127535695][bookmark: _Toc127564420][bookmark: _Toc118747205]Fast DC/CA resume/setup enables data DC/CA usage with lower latency, higher throughput, enhances load balancing and enables lower UE energy consumption. In FR2 SCell/PSCell setup, there is clear benefit of having measurements available early in CONNECTED mode especially for the UE transitioning from IDLE/INACTIVE mode.
The simulations are providing further analysis of what we presented in [3]. Figure 1 illustrates the simulation setup where the PCell starts data transmission once in CONNECTED mode, and SCell joins the data transmission after the setup. 


[bookmark: _Ref125712969]Figure 1: SCell Setup delay – Note that RRC delay is not included in the simulation scenarios
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Table 1: Gain in throughput from achieving shorter SCell setup delay when offered load is 40 Mbps
Analysis of user throughput
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Figure 2: 95 percentile user throughput –Users in good radio conditions benefit from the extra capacity 
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Figure 3: 5 percentile user throughput – Users in bad radio conditions benefit from lower SCell setup time, offloading will be improved  
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Figure 4: Mean user throughput
	Conclusions: 

· UEs in good radio conditions benefit from the extra capacity 
· UEs in bad radio conditions benefit from lower SCell setup time 
· There is significant performance gain for both network and UEs target delay should be less than 100ms
· Network offloading effect is significant
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Figure 5: Network clearly benefits for faster SCell setup time
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Figure 6: Average file transmission delay increases as the SCell setup delay increases 




[bookmark: _Toc127349542][bookmark: _Toc127529601][bookmark: _Toc127535696][bookmark: _Toc127564421]Load does not make a major difference for the best users (95 prc) dominated by fast access to high throughput. SCell setup delay has significant effect on the peak user throughputs. For worst 5 prc users, load starts to dominate but both users and the network of a cell benefit from the offloading effect. SCell setup delay has significant, positive, effect on the coverage user throughputs.
[bookmark: _Toc127529602][bookmark: _Toc127535697][bookmark: _Toc127349543][bookmark: _Toc127564422][bookmark: _Toc127529603][bookmark: _Toc127535698]RAN4 system-level simulation results show that low SCell setup delays have significant, positive, impact on UEs with different radio link conditions and network load. RAN4 shall specify scenarios where the delay is less than 100 ms, even close to 20 ms (RRC setup/resume delay). 
The following part of this contribution discusses on how to achieve these low delays for EMR and non-EMR UEs. 
Clarifications on the scope
Support of EMR and non-EMR UEs – independent capability definition 
To get the most benefit out of the enhanced IDLE/INACTIVE mode CA/DC measurements in Rel-18, we would see it beneficial to discuss solutions that are not dependent on the UE support of Rel-16 EMR. Rel-18 enhancements should be applicable for both UEs that support and UEs that do not support Rel-16 EMR. Furthermore, Rel-18 enhancements should cover also the time after T331 timer has expired.
[bookmark: _Ref127357600][bookmark: _Toc127529604][bookmark: _Toc127535699][bookmark: _Toc127564423]Rel-18 enhancements to SCell/SCG setup delay should be independent of UE support of Rel-16 EMR feature.
[bookmark: _Toc127529605][bookmark: _Toc127535700]Support of FR1 target cell
In the WF agreed in the last meeting, support of FR1 target cell was discussed:
	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



Since the WI is about enhancements to FR2, we think that RAN4 should concentrate discussing solutions for FR2. Once the FR2 framework matures, FR1 can be considered.
[bookmark: _Toc127529606][bookmark: _Toc127535701][bookmark: _Toc127564424][bookmark: _Toc127535702]RAN4 to focus first on enhancements with target cell in FR2 within the scope of the Rel-18 WI. After FR2 solution is clear, FR1 can be evaluated.  
Which measurements to consider
In the last RAN4 meeting there was some discussion about which measurements can be used at RRC connection procedure. 
	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




It is obvious that measurement results obtained during IDLE/INACTIVE mode can be considered at RRC connection setup as early measurements. Also, in a situation when the UE has not been in IDLE/INACTIVE mode for a very long time, the UE may have measurements available from CONNECTED mode before entering IDLE/INACTIVE mode. 
EMR UE is required to maintain cells as detected when transitioning from IDLE mode to CONNECTED mode. Carrying measurements from CONNECTED mode to IDLE/INACTIVE mode means that the CONNECTED mode measurements become IDLE mode measurements, and therefore included within the scope of the WI. 
[bookmark: _Toc127529607][bookmark: _Toc127535703][bookmark: _Toc127564425][bookmark: _Toc127535704][bookmark: _Toc127535705]Early measurements can be considered at RRC connection setup regardless of whether they originate from IDLE/INACTIVE mode or CONNECTED mode before the UE entered IDLE/INACTIVE mode.  
[bookmark: _Toc127535706][bookmark: _Toc127564426][bookmark: _Toc127535707][bookmark: _Toc127535708][bookmark: _Toc127349566][bookmark: _Toc127535709][bookmark: _Toc127529610][bookmark: _Toc127535710][bookmark: _Toc127535711]Similarly, as for EMR UEs, cells detected in IDLE mode remain detected when transitioning to CONNECTED mode.
Validation of early measurements
As stated in the revised WID, changes to the existing EMR framework are out of the scope of the Rel-18 work item. However, UE can use existing measurements that are carried over from IDLE/INACTIVE mode to RRC setup/resume. For the UE to report and be able to use the early measurements in SCell/SCG setup, the measurements need to be 1. available and 2. valid. 
The purpose of validation in Rel-18 for UE to check whether these measurements are valid for reporting at RRC connection setup. Validation is needed to enable wider utilization of available early measurements than Rel-16 framework allows. 
The delay associated with the validation may depend on the status of the available measurements. In some cases, validation may require UE to perform additional measurements during and/or after RRC setup/resume. The time the UE may need for validation depends on the status of the available measurements and is expected to be different in different scenarios. In some cases, the UE may be able to conclude during RRC connection setup that the available measurements are valid or invalid. In other cases, the validation might require a longer time than RRC connection setup takes, and the validation would need to continue when the UE enters CONNECTED mode as in Figure 7. 
[bookmark: _Toc127349550][bookmark: _Toc127529611][bookmark: _Toc127535712][bookmark: _Toc127564427]In some cases, it may take more than 20ms to perform validation, which means RRC setup/resume may not be enough to complete the validation process. 
[bookmark: _Toc127535713][bookmark: _Toc127529612][bookmark: _Toc127535714][bookmark: _Toc127564428]Validation of available measurements may continue in connected mode after RRC setup/resume.


[bookmark: _Ref127533315]Figure 7: Timeline for measurements and validation at RRC connection setup for EMR and non-EMR UEs.
Depending on the available measurements, the time validation takes may be different for different measurements. To enable fast SCell setup, it would be beneficial that the maximum time the UE is allowed to validate would always be as short as possible. 
[bookmark: _Toc127529613][bookmark: _Toc127535715][bookmark: _Toc127564429]When the UE performs validation of earlier measurements, allowed validation delay should be as short as possible for each available measurement.
Furthermore, the measurement results should be made available to the network as soon as validation is completed. 
[bookmark: _Toc127349549][bookmark: _Toc127529614][bookmark: _Toc127535716][bookmark: _Toc127564430]UE should be able to make the results available to the network as soon as the validation has been completed regardless of the maximum validation delay.

Availability and validity indication
Rel-16 EMR framework (Figure 8) defines availability indication, which allows a UE supporting Rel-16 EMR to indicate it has some available IDLE/inactive mode CA/DC measurement results during connection setup procedure. When transitioning from IDLE mode, this is done via RRCSetupComplete, and when transitioning from INACTIVE, it is done via RRCResumeComplete. Upon receiving the information that UE has some measurements available, the network can request these measurements via UEInformationRequest after security establishment. Once the security has been established, UE can transmit measurements to the network for SCell activation in UEInformationResponse.

[bookmark: _Toc127529615][bookmark: _Toc127535717][bookmark: _Toc127564431]Rel-16 defines availability indication, which allows a UE supporting Rel-16 EMR to indicate it has some available IDLE/inactive mode CA/DC measurement results during connection setup procedure.
[image: ]
[bookmark: _Ref127534066]Figure 8: Rel-16 EMR signaling
As there is already existing availability indication defined in Rel-16, it would make sense that the existing indication is extended to cover the enhancements defined in Rel-18. The difference between Rel-18 and Rel-16 feature is the indication of detailed availability and validation status. 

Validation should start already at RRC setup/resume. Therefore, when the UE transmits RRCSetup/ResumeComplete message, UE has already an understanding of the validation measurement status. The status may be that UE has valid measurement results available, or that the UE has measurement results available, but it needs some more time in connected mode to validate the results. This status can be carried over to the network, and it can subsequently be used in SCell setup/activation. 

[bookmark: _Toc127535718][bookmark: _Toc127564432]When sending the availability indication at RRCSetupComplete or RRCResumeComplete, the UE may or may not have completed the validation of available measurements. UE is aware of the validation status and can send the status to the network.

Updates in the signaling are to be done by RAN2, but based on the discussion above, from RAN4 point of view we can see that following enhancement to Rel-16 EMR availability reporting can be seen beneficial to cover the Rel-18 enhancements:

[bookmark: _Toc127535719][bookmark: _Toc127564433][bookmark: _Toc127535720][bookmark: _Toc127535721]UE shall send detailed availability and validity status at RRCSetupComplete or RRCResumeComplete.
Security establishment delay 
When UE sets up RRC connection, security also needs to be established (as in Figure 8). Furthermore, the measurement results cannot be transmitted before the security has been established. Therefore, the security establishment delay will impact the SCell setup delay in some, but not all, scenarios. There are two basic cases to consider here:
1) UE in IDLE with NAS but not AS security context (most typical case for UEs in IDLE, UE is registered to NAS but has no AS context stored) – the latency is about ~70-90 ms (see Figure 9) 
2) UE in INACTIVE with stored NAS and AS security contexts (always the case in INACTIVE since, by definition, UE is in CONNECTED from NAS viewpoint and when UE is in INACTIVE, it retains the AS security keys to perform new key derivation immediately at RRCResume) – the latency is ~30ms (see Figure 10).
NOTE: There is an additional case where UE in IDLE without NAS or AS security context (e.g. Initial registration to network after power-on), but that is in infrequent case and need not be considered in this discussion.


[bookmark: _Ref127349579][bookmark: _Ref127349573]Figure 9. RRC setup from IDLE



[bookmark: _Ref127349602]Figure 10. RRC setup from INACTIVE
We would also observe that the times in the above figures are estimations, but they show that the security activation has a large impact on the UP-latency time and it is not possible to provide exact performance numbers for those as the time may vary. Especially for IDLECONNECTED transition when both NAS and AS security need to be established, the additional step of NAS security clearly increases latency: Before security is activated and DRBs are configured, UE cannot transmit any UP data. However, this also clearly indicates that the actual “connection setup” time from both IDLE and INACTIVE is larger than the nominal RRC connection setup procedure, so measuring FR2 cells during the entire procedure (or even beyond that to RRC_CONNECTED) is justified since UE can then have better measurements available. We observe:
1) Transition from IDLE to CONNECTED is slowed than INACTIVE to CONNECTED due to differences is required NAS/AS security activation procedures.
2) UP is not available immediately after RRC setup/resume is completed, so continuing the measurement validation during CONNECTED is reasonable.
[bookmark: _Toc127366223][bookmark: _Toc127366224][bookmark: _Toc127366225][bookmark: _Toc127366226][bookmark: _Toc127366227][bookmark: _Toc127529618][bookmark: _Toc127535722][bookmark: _Toc127564434]UE can only report measurement results after security has been established.
[bookmark: _Toc127564435]AS security establishment from INACTIVE to CONNECTED is reasonably fast since most of it takes part of the RRC connection resume procedure.
[bookmark: _Toc127529619][bookmark: _Toc127535723][bookmark: _Toc127564436]NAS security establishment from IDLE to CONNECTED takes longer time and therefore can allow more time for UE measurements.  
[bookmark: _Toc127529620][bookmark: _Toc127535724][bookmark: _Toc127564437]It is only natural that UE is allowed to measure FR2 cell during security activation procedure 
[bookmark: _Toc127535725][bookmark: _Toc127535726][bookmark: _Toc127535727][bookmark: _Toc127535728][bookmark: _Toc127535730][bookmark: _Toc127535731][bookmark: _Toc127535732][bookmark: _Toc127535734][bookmark: _Toc127535735][bookmark: _Toc127535736][bookmark: _Toc127535738][bookmark: _Toc127535739][bookmark: _Toc127535740][bookmark: _Toc127535742][bookmark: _Toc127535743][bookmark: _Toc127535744][bookmark: _Toc127535746][bookmark: _Toc127535747][bookmark: _Toc127535748][bookmark: _Toc127535750][bookmark: _Toc127535751][bookmark: _Toc127535752][bookmark: _Toc127535754][bookmark: _Toc127564438][bookmark: _Toc127535755]Even with security establishment it is feasible to establish SCell connection in less than 100ms. RAN4 shall consider scenarios for IDLE and INACTIVE mode where setup delays are less than 100ms.  


[bookmark: _Toc116995848]

Conclusion
In this contribution we have made the following observations and proposals:
Observation 1: Fast DC/CA resume/setup enables data DC/CA usage with lower latency, higher throughput, enhances load balancing and enables lower UE energy consumption. In FR2 SCell/PSCell setup, there is clear benefit of having measurements available early in CONNECTED mode especially for the UE transitioning from IDLE/INACTIVE mode.
Observation 2: Load does not make a major difference for the best users (95 prc) dominated by fast access to high throughput. SCell setup delay has significant effect on the peak user throughputs. For worst 5 prc users, load starts to dominate but both users and the network of a cell benefit from the offloading effect. SCell setup delay has significant, positive, effect on the coverage user throughputs.
Proposal 1: RAN4 system-level simulation results show that low SCell setup delays have significant, positive, impact on UEs with different radio link conditions and network load. RAN4 shall specify scenarios where the delay is less than 100 ms, even close to 20 ms (RRC setup/resume delay).
Proposal 2: Rel-18 enhancements to SCell/SCG setup delay should be independent of UE support of Rel-16 EMR feature.
Proposal 3: RAN4 to focus first on enhancements with target cell in FR2 within the scope of the Rel-18 WI. After FR2 solution is clear, FR1 can be evaluated.
Proposal 4: Early measurements can be considered at RRC connection setup regardless of whether they originate from IDLE/INACTIVE mode or CONNECTED mode before the UE entered IDLE/INACTIVE mode.
Proposal 5: Similarly, as for EMR UEs, cells detected in IDLE mode remain detected when transitioning to CONNECTED mode.
Observation 3: In some cases, it may take more than 20ms to perform validation, which means RRC setup/resume may not be enough to complete the validation process.
Proposal 6: Validation of available measurements may continue in connected mode after RRC setup/resume.
Proposal 7: When the UE performs validation of earlier measurements, allowed validation delay should be as short as possible for each available measurement.
Proposal 8: UE should be able to make the results available to the network as soon as the validation has been completed regardless of the maximum validation delay.
Observation 4: Rel-16 defines availability indication, which allows a UE supporting Rel-16 EMR to indicate it has some available IDLE/inactive mode CA/DC measurement results during connection setup procedure.
Observation 5: When sending the availability indication at RRCSetupComplete or RRCResumeComplete, the UE may or may not have completed the validation of available measurements. UE is aware of the validation status and can send the status to the network.
Proposal 9: UE shall send detailed availability and validity status at RRCSetupComplete or RRCResumeComplete.
Observation 6: UE can only report measurement results after security has been established.
Observation 7: AS security establishment from INACTIVE to CONNECTED is reasonably fast since most of it takes part of the RRC connection resume procedure.
Observation 8: NAS security establishment from IDLE to CONNECTED takes longer time and therefore can allow more time for UE measurements.
Observation 9: It is only natural that UE is allowed to measure FR2 cell during security activation procedure
Proposal 10: Even with security establishment it is feasible to establish SCell connection in less than 100ms. RAN4 shall consider scenarios for IDLE and INACTIVE mode where setup delays are less than 100ms.
[bookmark: _Toc116995849]
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