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[bookmark: _Toc116995841]Introduction
[bookmark: _Hlk115443636]Release-18 Further NR Mobility Enhancements (NR_Mob_Enh2) work item studies FR2 SCG/SCell measurement acquisition procedures and looks into enhancements and mechanisms to improve FR2 DC/CA setup/resume delays. Objective 7 [1] describes the scope of the work.  
	RP-221799
7. To study the following, with completion targeted by RAN#98 meeting [RAN4]:
1. [bookmark: _Hlk118622616][bookmark: _Hlk118629039]The impact of FR2 RRM mobility measurement acquisition and reporting on FR2 SCell/SCG setup/resume delay for a UE connecting from idle/inactive mode. 
1. [bookmark: _Hlk118622859]The level of feasible improvement in FR2 SCell/SCG setup delay from defining new UE measurement procedures and RRM core requirements, and whether additional information from the network would help the UE to perform those measurements effectively. The following sequence of events should be assumed.
0. The UE initiates and performs improved measurements when it requests RRC connection setup/resume.
0. After acquiring those improved measurements, the UE subsequently reports those measurements to the network to support SCell/SCG setup.



Table 1: Work item description
This contribution summarises feasible solutions for this work item and concludes that feasible solutions to improve FR2 SCell/SCG setup delay exist, and this work can continue in the normative phase. 
[bookmark: _Toc116995842]Discussion
[bookmark: _Toc116995848]Level of feasible improvements
The work item refers to “The level of feasible improvement in FR2 SCell/SCG setup delay”. Our previous contribution presented system-level evaluations clearly showing the benefits of faster FR2 DC/CA establishment [2]. To summarise, fast DC/CA resume/setup enables user data transmission with lower latency and higher throughput, enhances 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.
[bookmark: _Toc118747204]Fast DC/CA resume/setup enables data DC/CA usage with lower latency, higher throughput, enhances load balancing and enables lower UE energy consumption.
[bookmark: _Toc118747205]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.
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[bookmark: _Ref118378709]Figure 1: Average downlink load share in FR2 micro cells with different SCell setup delays and offered loads per macro area
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[bookmark: _Ref473558892]Figure 2: UE energy consumption for offered load 20 Mbps



RAN4 has studied the impact of FR2 RRM mobility measurement acquisition and reporting on FR2 SCell/SCG setup/resume delay for a UE connecting from idle/inactive mode. Results presented show that enabling fast DC/CA resume/setup enables data DC/CA usage with lower latency, higher throughput, enhances load balancing and enables lower UE energy consumption and can improve UE, network and system performance significantly.
[bookmark: _Toc118747206]The level of feasible improvement is sufficient. 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 the following section we look at feasible solution to reduce the FR2 SCell/SCG setup delay for the first FR2 cell in a band.
General discussion 
In the previous email discussions, companies were concerned about enhancing measurements for cases where FR2 DC/CA may not be needed. From the network point of view, having early validated measurement information available as soon as possible from connection setup/resume is a better option than blindly configuring FR2 DC/CA for UE. Furthermore, the validation of the existing measurements can be designed to be quick and take the minimum amount of time after RRC setup/resume and during the connected mode. Once the network knows that the UE is coming out from the idle mode, the network may assist UEs with extra target cell measurements. This can help validation even further and make it quick and keep the UE complexity low i.e., make the validation light weight
[bookmark: _Toc118747207]Aim is that validation of the existing measurements is designed be light.
[bookmark: _Toc118747208]It is feasible for the network to assist UE with additional RS to increase measurement performance during RRC setup/resume and connected mode. 
Feasible solution
Figure 3 shows the overall scope of our discussion.  The UE is transitioning from connected to idle/inactive mode and back to connected mode. The improvements of this work should include any measurements that are performed and available at the UE side before RRC setup resume occurs, and the measurement validation phase starts from UE initiating or receiving RRC setup / resume and can continue in connected mode. Changes to the existing EMR framework are out of the scope of the work item but existing measurement e.g., performed due to UE being configured with EMR or other measurements can be used and validated starting from RRC connection setup/resume and during connected mode. It is clear from the work item that there is no strict ending point of the measurements or measurement validation. 


 
[bookmark: _Ref118295127]Figure 3: Illustration of a feasible solution
The following sections discuss the feasible solutions in chronological order. 
UE Storing of the existing configuration
TS 38.133 section 4.4.2.1 defines detected cell requirements during state transition and Idle mode. The requirements apply to an NE-DC and NR carrier aggregation capable UE which has been configured with one or more of the following, one or more SCells, one E-UTRAN PSCell or one or more downlink E-UTRAN SCells during the Connected mode and which supports idleInactiveNR-MeasReport-r16 or idleInactiveEUTRA-MeasReport-r16. Upon releasing the connection and if the UE has been configured with idle mode CA measurement reporting, the connected mode detected cell and SSBs remain detectable until UE reconnect to the network and transmits the early measurement report. When T331 expires before the EMR report, the UE releases the VarMeasIdleConfig, and it is up to UE implementation whether to continue idle/inactive measurements.
One feasible improvement for rel-18 work item would be that the UE is aware of the measurement configuration before being configured with such after entering connected mode. Assuming UE can perform the measurements in FR2 independently from FR1, the UE which conditions have not changed significantly (still within coverage of the same FR2 cell) can reduce the overall measurement delay.
It is proposed that the UE can be configured to maintain configuration information regarding the measurements with respect to the one or more detected cells after connection release or when data exchange is suspended. The UE would then perform measurements according to the configuration at connection setup or when the data exchange is resumed.
[bookmark: _Toc118747209][bookmark: _Toc118644191]UE can be configured to maintain configuration information after connection release and UE perform measurements according to the configuration at connection setup/resume.
UE behaviour in the idle mode, before T331 expiration
Changes to the existing EMR framework are out of the scope of the work item. However, UE can use existing EMR or other idle mode measurements, and validate such available measurements upon receiving RRC setup / resume. The rel-18 enhancement should work regardless of UE supporting EMR or not. When UE supports EMR, the enhancements benefit from shorter time since the last measurement, which helps both, the network and UE in FR2.  
Time after T331 expires
TS 38.331 specifies the following. 
	TS 38.331: 5.7.8.3 T331 expiry or stop

The UE shall:
1> if T331 expires or is stopped:
2> release the VarMeasIdleConfig.

NOTE: It is up to UE implementation whether to continue idle/inactive measurements according to SIB11 and 
SIB4 configurations or according to E-UTRA SIB5 and E-UTRA SIB24 configurations as specified in TS 
36.331 [10] upon inter-RAT cell reselection to E-UTRA, after T331 has expired or stopped.




Combining the above with TS 38.133 section 4.4.2.1, EMR UEs will maintain the cells from the connected mode until the T331 timer expires. The time after T331 expires and the time and until UE receives the RRC setup/resume is generally unknown. After T331 expires, it is up to UE implementation to perform measurements for EMR. This can still be left up to UE implementation as some UEs may decide to perform lightweight processing to make further validation of the measurements quicker.
Some companies proposed to reduce measurement samples but maintain the cell known condition 5s to check during Idle/Inactive mode. This is also feasible from the networks' point of view.  
RRC setup/resume initiation
	5.3.3.2	Initiation
The UE initiates the procedure when upper layers request establishment of an RRC connection while the UE is in RRC_IDLE and it has acquired essential system information, or for sidelink communication as specified in clause 5.3.3.1a.

5.3.13.2	Initiation
The UE initiates the procedure when upper layers or AS (when responding to RAN paging, upon triggering RNA updates while the UE is in RRC_INACTIVE, for NR sidelink communication/V2X sidelink communication as specified in clause 5.3.13.1a) requests the resume of a suspended RRC connection or requests the resume for initiating SDT as specified in clause 5.3.13.1b.



RRC connection can be both DL and UL initiated. DL can be triggered by network paging information and UL when UE has data in the buffer to start Radom access procedure send msg1 to the camped cell. Regardless of UL or DL RRC setup / resume initiation, validation of the existing measurements, or rel-18 enhancements should start immediately once UE is aware of RRC setup / resume.
[bookmark: _Toc118644048][bookmark: _Toc118644192][bookmark: _Toc118747210][bookmark: _Toc118644193]Validation of the available measurements should start immediately once UE is aware of RRC setup / resume. 
Validation of the existing measurements 
In the last meeting, companies have raised concerns whether the enhancements of the rel-18 feature will modify the existing EMR framework. We think that it’s only reasonable to assume that the existing EMR framework is not touched. However, the rel-18 feature should work well for both EMR UEs, and UEs that do not support EMR. With respect to validation, EMR UEs would clearly be in a better position to validate idle mode measurements after T331 has expired. The UE may use any available idle/inactive mode measurements upon receiving the RRC setup / resume, and when entering the connected mode.
It can be expected that the validation phase can be quick to benefit both UE and the network. The number of samples, carriers to measure, carrier priorities, number of active rx chains, and details of the measurements are aspects which needs to be discussed in the normative phase. 
The validation phase needs to be quick as Idle/Inactive mode measurement results can easily be obsolete if a time interval between measurement and report is not short enough.
Some companies proposed that the verification procedure for a report of Idle/Inactive mode measurement results can be based on an amount of variation in the measurement results of intra-frequency cells and/or higher priority inter-frequency layers from T331 expiry to the report of Idle/Inactive measurements.
Some companies were also proposing to reduce measurement sample but maintain the cell known condition 5s to check during Idle/Inactive mode
[bookmark: _Toc118644194][bookmark: _Toc118747211]Feasible solution will consist (at least) of: 
· [bookmark: _Toc118644195][bookmark: _Toc118747212]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. 
[bookmark: _Toc118644057][bookmark: _Toc118644173][bookmark: _Toc118644201][bookmark: _Toc118644229][bookmark: _Toc118644058][bookmark: _Toc118644174][bookmark: _Toc118644202][bookmark: _Toc118644230][bookmark: _Toc118644059][bookmark: _Toc118644175][bookmark: _Toc118644203][bookmark: _Toc118644231][bookmark: _Toc118644060][bookmark: _Toc118644176][bookmark: _Toc118644204][bookmark: _Toc118644232][bookmark: _Toc118644061][bookmark: _Toc118644177][bookmark: _Toc118644205][bookmark: _Toc118644233]There would be no changes or additional delay to existing connection establishment procedures. 
Focused FR2 carrier measurements
The WI is addressing fast setup of CA/DC for a first FR2 cell in a band. Currently RAN4 is assuming that for FR2 and CA the carriers within an FR2 band used in CA are all collocated. Hence, we do see potential room for using this also during the connection setup phase to focus the UE measurement effort in this scenario. 
In one use case scenario where the UE is camped on an FR1 cell and UE is to measure an target FR2 cell, the UE could focus the measurements in FR2 on a single carrier per band. We see that this is also a feasible solution in reducing the overall measurement delay time among carrier(s).
[bookmark: _Toc118644207][bookmark: _Toc118747217]Prioritize measurements among carrier(s) to reduce the overall number of FR2 carriers to be measured during the procedure.
UE Power consumption considerations  
One aspect that was discussed during the earlier meetings was the potential impact on the UE power consumption. It was mentioned that the enhancements could have negative impact on the UE power consumption. For example, if the defined additional measurements would always have to be performed by the UE at connection setup. We agree that UE power consumption is an important aspect to consider. Hence, when defining any new measurement procedures during the WI phase, RAN4 should also discuss the UE power consumption impact and see how the impact can be minimised.
As we propose, the network can configure the UE to perform or continue measurements on one or more carriers during the connection setup and potentially during a period of time while in connected mode. The point of time when the decision is made whether this is done can be precisely defined in RRC procedures, and RAN4 requirements can then be defined according to that.  
[bookmark: _Toc118644208][bookmark: _Toc118747218]UE can be configured to perform FR2 cell measurements during connection setup (i.e., paging, RRC connection establishment, RRC connection resume).
Scenarios
As baseline we assume that the focus is on enabling enhancements related to the first cell in FR2 – and the first cell in an FR2 band. Once the first cell in a band is active, activation delay of further SCell(s) in same band is not adding significantly activation delay compared to the activation delay for the first cell in an FR2 band.
The scenarios normative work should focus on would be: 
	
FR1 + FR2 CA/DC 




[bookmark: _Toc118644209][bookmark: _Toc118747219]RAN4 work starts the work from FR1 PCell + FR2 SCell CA & DC 
Summary of feasible solutions & issues for the normative phase
The table in Annex A presents the issues that have been discussed so far in RAN4. and summarises the solutions associated with the feature. Some of the solutions are already issues, that should be discussed further in the normative phase, meaning that the progress of the study has been good. Furthermore, it is very clear that a number of companies have provided feasible solutions for this study [2,3] [4-9]. 
[bookmark: _Toc118644210][bookmark: _Toc118747220] The issues in Annex A are all specification details that can be discussed in normative phase. 
To close the study phase, the first step is to agree that there are feasible solutions which can enhance the FR2 SCell/SCG setup delay. We have in our contributions [2][3] shown the negative impact of long delay time and related impact of FR2 RRM mobility measurement acquisition and reporting on FR2 SCell/SCG setup/resume delay for a UE connecting from idle/inactive mode. Significant improvements can be harvested on both UE and network side by enabling faster availability of measurement results to network for reducing the CA/DC setup delay. 
Additionally, we have provided a number of feasible potential solutions which can be used for reducing the CA/DC setup for the first FR2 cell in an FR2 band:
· The level of feasible improvement is sufficient. Fast DC/CA resume/setup enables data DC/CA usage with lower latency, higher throughput, enhances load balancing and enables lower UE energy consumption.
· It is possible for the network to assist UE with extra RS for validation during RRC setup and connected mode.
· validation of the existing measurements is designed be light
· UE can be configured to maintain configuration information after connection release and UE perform measurements according to the configuration at connection setup.
· Validation of the available measurements should start immediately once UE is aware of RRC setup / resume.
· Feasible solution will consist 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 mode measurements for non-EMR UEs may be used.
· UE reports validated measurements to network.
· Prioritize measurements of carriers to reduce the overall number of FR2 carriers to be measured during the procedure.
· UE can be configured to perform FR2 cell measurements during connection setup (the exact time depending on the solution details, doesn’t affect the feasibility determination).
· RAN4 work starts the work from FR1 PCell + FR2 SCell CA & DC scenario
· Reduce the scaling factor(s)
Hence, based on this we propose:
[bookmark: _Toc118644211][bookmark: _Toc118747221]RAN4 to agree that there are feasible solutions for the WI problem, and it is recommended to move the study item to the normative phase.


Conclusion
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.
Observation 2: 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.
Proposal 1: The level of feasible improvement is sufficient. Fast DC/CA resume/setup enables data DC/CA usage with lower latency, higher throughput, enhances load balancing and enables lower UE energy consumption.
Observation 3: Aim is that validation of the existing measurements is designed be light.
Proposal 2: It is feasible for the network to assist UE with additional RS to increase measurement performance during RRC setup/resume and connected mode.
Proposal 3: UE can be configured to maintain configuration information after connection release and UE perform measurements according to the configuration at connection setup/resume.
Proposal 4: Validation of the available measurements should start immediately once UE is aware of RRC setup / resume.
Proposal 5: 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
o	UE initiates validation of measurements.
o	UE EMR measurements and any other available idle/inactive mode measurements for non-EMR UEs may be used.
o	UE reports validated measurements to the network.
Proposal 6: Prioritize measurements among carrier(s) to reduce the overall number of FR2 carriers to be measured during the procedure.
Proposal 7: UE can be configured to perform FR2 cell measurements during connection setup (i.e., paging, RRC connection establishment, RRC connection resume).
Proposal 8: RAN4 work starts the work from FR1 PCell + FR2 SCell CA & DC
Proposal 9: The issues in Annex A are all specification details that can be discussed in normative phase.
Proposal 10: RAN4 to agree that there are feasible solutions for the WI problem, and it is recommended to move the study item to the normative phase.

[bookmark: _Toc116995849]
[bookmark: _Ref114500673]
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Annex A – RAN4 discussions so far
The Table A.1 summarises the RAN4 discussions on FR2 SCG/SCell setup / resume delay prior to RAN4#105 meeting. 
	Issue 1-1-1: Clarification on starting point of “when UE has initiated access”
· Option 1: After first RACH preamble transmission, i.e. Msg1.
· Option 2: The improvement baseline shall start from the RRC_Release message within the IDLE/INACTIVE mode.
Issue 1-1-2: Clarification on ending point of the enhanced measurement
· Option 1: 
· UE could continue measurements on one or more carriers during the connection setup and potentially during a period of time while in connected mode.
· Whether and how to define the end time point of measurement enhancement need further discussion.
· Option 2: The ending point is the time when UE sends RRCResumeRequest/ RRCSetupRequest.
· Option 3: The ending point is Msg4.
· Option 4: The ending point is the time when UE sends msg 5 RRC setup/Resume Complete
Issue 1-1-3: report of enhanced measurement result
· Option 1: UE will report existing measurements to the network starting from RRC connection establishment, or during connected mode.
· Option 2: FFS
Issue 1-1-4: relationship between R16 EMR and the enhanced measurement in this objective (combined with 1-1-4-1)
Issue 1-1-4-1: whether to further enhance R16 EMR
· Option 1: Enhancement on measurement performed in idle/inactive mode before UE initiating access is out of scope. Note: using the measurement results obtained during EMR for measurement during RRC connection procedure is not excluded. 
· Option 2: Enhancement on measurement performed in idle/inactive mode before UE initiating access is not excluded.
Issue 1-1-4-2: whether support of Rel-16 EMR is a prerequisite for study of enhanced measurement
· Option 1: No. Support of Rel-16 EMR is NOT a prerequisite for study of enhanced measurement
· Option 2: instead of discussing whether support of Rel-16 EMR is a prerequisite for study of enhanced measurement, RAN4 shall discuss whether enhancement will support EMR capable and non-EMR users.
Issue 1-1-5: applicable scenario regarding EMR
Issue 1-1-5-1: availability and validation of EMR measurement results 
· Option 1: The UE measurement validity conditions are currently no handled in EMR and could be considered in this study. (options 1a and 1b are omitted)
· Option 2: 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.
Issue 1-1-5-2: whether enhanced measurement (if feasible) is applicable to scenarios that EMR measurement results are available and valid 
· Option 1: When EMR measurement results are valid, NW could use EMR results, so it is unnecessary to introduce new measurements. 
· Option 2: Scenarios marked as “included” in the following table, should be included
	Scenario
(Pcell + Pscell/Scell)
	Priority
	EMR FR2 measurements are available and valid
	EMR-FR2 measurements are not available / invalid
	Non-EMR FR2 measurements available and valid
	Non-EMR FR2 Measurements not available / invalid

	FR1 + FR2 CA
	1
	Included 
	Agreed in WF
	Included 
	Agreed in WF

	FR1 + FR2 DC
	1
	Included 
	Agreed in WF
	Included 
	Agreed in WF

	FR2 + FR2 DC/ CA  (IBM)
	2
	Included 
	FFS
	Included 
	FFS



· Option 3: Further study whether enhanced measurement is applicable to scenarios that EMR measurement results are available and invalid. ‘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.

Issue 1-1-6: conclusion of feasibility study of improvement of FR2 Scell/SCG setup/resume
· Option 1: Further study is needed before RAN4 confirms the feasibility of early measurement during connection setup (+ 1a, 1b)  
· Option 2:  The short and accurate measurement can only be performed on the cells that have already detected in the early measurement. In this scenario, UE perform the enhanced measurement to further check whether the quality of detected cell is still strong to be used for FR2 CA/DC configuration.
Issue 1-1-7: others
	FFS: UE can be configured to maintain configuration of previous serving cells for EMR purposes.
Issue 1-2-1: assumption of RF chain status when performing enhanced measurement (combined with the issue below)
Issue 1-2-1-1: assumption of RF chain status for intra-band CA/DC
· Option 1: 1 active Rx chain 
· Option 2: 2 active Rx chains
· Option 3: FR2 intra-band CA/DC is not the target scenario of enhanced measurement.
· Option 3a: UE with PCell in FR2 is not expected to be configured to perform enhanced measurement during RRC connection setup/resume on other intra-band carriers.
Issue 1-2-1-2: assumption of RF chain status for inter-band CA/DC
· Option 1: 1 active RF chain
· Option 2: 2 active RF chains 
Issue 1-2-2: Whether it is feasible to reduced number of samples
· Option 1: yes (solutions 1a-e)
· Option 2: no 
Issue 1-2-3: Whether it is feasible to reduced scaling factor due to Rx beam sweeping
· Option 1: yes (solutions 1a-1f) 
· Option 2: no (2a)

Issue 1-2-4: Impact on RRC connection setup/resume procedure due to enhanced measurement.
· Option 1: RRC connection setup/resume procedure shall not be interrupted or extended by the enhanced measurement during RRC connection setup/resume.
· Option 2: FFS

Issue 1-2-5: how to select the frequency layers for improved measurement, how many frequency layers to measure and which scenario that is applicable.
· Option 1: UE is required to measure one of EMR carrier in improved measurement procedure: 
· Alt 1: Select the carrier which has the best single quality among the EMR measurement results.
· Alt 2: Select the carrier which has the highest priority among the configured EMR carriers.
· Option 2: Only one frequency layer needs to be measured on each band and the number of frequency layers to measure will depend on the number of bands that can be supported
· Option 3:  Prioritize configuration of carriers and existing configuration, prioritize the exiting measurement and make sure it is finished.
· Option 4: RAN4 to consider a group-based multi-step Idle/Inactive mode measurements, which has at least the following properties:
· Multiple cells can be grouped, and one of the cells can be selected as a reference cell for the first step measurement.
· Depending on the measurement outcome of the reference cell in the first step, UE may or may not further measure the rest cells in the group.
Issue 1-3-1: requirements of enhanced measurements: sample internal
· FFS how to define requirements for enhanced measurements



Table A.1: RAN4 Discussions prior RAN4#105
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