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Introduction

In RAN #98-e meeting, the revised WID on further NR mobility enhancements was approved [1]. One of the objectives is about FR2 SCell/SCG setup/resume, the details are duplicated as following:

	To study and specify how to reuse the IDLE/INACTIVE mode measurement results which are to be reported during and/or after RRC connection setup/resume in order to improve SCell/SCG setup delay [RAN4, RAN2], including:
Availability and validation of the IDLE/INACTIVE mode measurement results to be reported [RAN4]; and

Definition of corresponding RRM requirements [RAN4]; and

If necessary based on RAN4 outcome, definition of corresponding signalling support [RAN2].

Note 5: RAN4 will coordinate in due course with RAN2 to start the work.

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



In last meeting, there is discussion on FR2 SCell/SCG setup/resume, and a WF was approved [7]. This contribution provides further discussion on this topic.

Discussion 
2.1 scope and overall solution

For the solutions to improve SCell/SCG setup delay, in RAN4 #106 meeting, it was agreed that UE is allowed to reuse existing measurement, including legacy measurement for cell re-selection and EMR. And UE is also allowed to perform addition measurement starting from RRC connection setup/resume procedure. RAN4 can continue discussion on the feasibility of doing additional measurement starting from RRC setup/resume, and requirements shall be defined if feasible solution is agreed [3]. In RAN4 #106-bis meeting, it was further agreed that solutions based on existing measurement and solution based on enhanced measurement are not mutual exclusive. The two solutions are be discussed in parallel [4].

One of the open issues is the relationship between R16 EMR and R18 enahcement to SCell/SCG setup delay, the candidate solutions are duplicated as following:

Option 1: R18 fast FR2 CA/DC setup is independent to EMR feature. (CATT, CMCC, ZTE, HW, OPPO, Nokia)

Option 1a: R18 fast FR2 CA/DC setup is independent to EMR feature. It does not exclude reusing the R16 mechanism for R18 enhancement. It also means that separate signalling will be defined for R18 enhancement and R16 EMR, so that the NW could identify which measurement result is reported due to R18 enhancement feature. (CATT)

Option 1b: in R18 enhancement to SCell/SCG setup delay, solutions based on existing idle/inactive measurement for cell reselection purpose and enhanced measurement are independent of UE support of R16 EMR. (Apple)

Since both measurement for cell re-selection and EMR can be considered, which means both EMR capable UE and non-EMR UE will be included, no need to take Rel-16 EMR as prerequisite for R18 enahcement to SCell/SCG setup delay, they are independent features. Option 1a is also fine, which provide more detail. Solutions based on existing cell reselection measurement and enhanced measurement, no need to be coupled with R16 EMR. Soltions based on existing measurement, i.e. EMR, there is no doubt that it is dependent on the support of R16 EMR. 
Proposal 1: Rel-16 EMR and R18 enahcement to SCell/SCG setup delay are independent features.
2.2 solutions based on enhanced measurement
In RAN4 #106 meeting, it was agreed that RAN4 can continue discussion on the feasibility of doing additional measurement starting from RRC setup/resume, and requirements shall be defined if feasible solution is agreed [4]. In our view, it is questionable on the feasibility of introducing the enhanced measurement starting from RRC connection setup/resume procedure. Firstly, the time duration RRC setup/resume procedure is dozens of milliseconds, it is questionable whether UE could complete the measurement. On the other hand, when UE requests RRC connection setup/resume (no matter MT originating call or MO originating call), it is expected that UE could switch to connected mode as soon as possible, which means that RRC connection setup/resume is expected to be completed quickly. From this point of view, it is not expected to improve FR2 SCell/SCG setup delay at the expense of prolonging RRC connection setup/resume delay or resulting in RACH failure. In order to guarantee the RACH procedure, the enhanced measurement may be stopped, which is also questionable whether UE could have enough time to complete the measurement.

To solve above issue, reducing the number of carriers to be measured is helpful. One straightforward way is that network indicates UE which carrier to be measured RRC setup/resume procedure. But the problem is that this is for idle/inactive state, network has no information of UE, e.g. location, channel quality, how network determine previously (e.g. in RRC release or in broadcast) the carrier that UE need to perform the improved measurement.

For CA, the typical deployment is that several frequencies are co-located, and the coverage of different frequency is different, as depicted in Figure 1. Originally UE in position 1, with UE moving, when UE in position 2, it is not necessary to measure frequency 3. Network could provide some assistant information to help UE identify the carriers not need to be measured. For example, threshold(s) of reduced carriers can be provided, if serving cell’s quality is worse than the threshold, some of the pre-configured EMR carriers are not need to be measured. With this solution, the number of carriers to perform enhanced measurement can be reduced.
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Figure 1 Co-location deployment for CA

Proposal 2: in order to reduce the number of EMR carriers to be measured for improved measurement, network could provide assistance information, e.g. threshold(s)of serving cell’s quality, to help UE to reduce the number of EMR carriers to be measuremed during RRC setup/resume procedure. 
	Issue 2-3-1: whether it is necessary to indicate measurement status when entering connected mode.
Candidate solutions:

Option 1: For solution based on additional measurement, support UE to indicate validation status to inform the network for validation of measurements when entering connected mode. (OPPO)
Option 1a: Introduce 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. (Nokia)
Option 2: necessity of new indication of measurement status for solutions based on enhanced measurement is questionable. Without indicating the measurement status in idle/inactive mode when entering CONNECTED mode, UE can still complete the measurement and report the measurement results earlier if possible. (Apple)

Recommended WF

Continue discussion.


For the measurement status, if it refers to ongoing measurement during connected mode, it is related with whether UE can continue performing idle/inactive measurement after the reception of the RRC CONNECTED mode measurement configuration. From our point of view, with previous agreement that the ending point of enhanced measurement is the reception of the RRC CONNECTED mode measurement configuration (the 1st RRC_reconfiguration message), the UE cannot continue perfoming idle/inactive measurement during connected mode. In this case, no need to introduce a measurement status of ongoing measurement when entering connected mode.

Proposal 3: with the previous agreements on ending point of enhanced solution (i.e. ending point is the reception of the 1st RRC_reconfiguration message), no need to introduce a measurement status of ongoing measurement when entering connected mode.
	Issue 2-3-3: UE measurement behavior after receiving MO configuration in connected mode
Candidate solutions:

Option 1: it is proposed that UE cannot continue performing idle/inactive measurement after the reception of the RRC CONNECTED mode measurement configuration (the 1st RRC_reconfiguration message). (CMCC)
Option 2: It is up to UE implementation to continue the measurements in CONNECTED mode if newly configured MOs aligned with the on-going measured frequency layers during RRC setup. (HW, vivo, Apple)
Option 3: After UE has measured during the connected mode, UE reports results as soon as they are ready (Nokia)

Recommended WF

Continue discussion.
Issue 2-3-5: feasibility or necessity of RRM requirements for enhanced measurement which starts from RRC setup/resume procedure.
Definition of scenarios:

Scenario 1: measurement object configuration for RRC connected does NOT include the carrier that being measured during the RRC idle/inactive status.
Scenario 2: measurement object configuration for RRC connected at least includes the carrier that being measured during the RRC idle/inactive status.
Candidate solutions after online session:

Option 1: Define the UE requirements with the solution (QC, Nokia, vivo, OPPO)

Opiton 1a: Define the UE requirement for scenario 2 (QC)

Option 2: Not introduce the enhanced measurement solution (Huawei, Xiaomi, Apple, MTK)

Continue discussion on the following solutions:

Option 1: (Supporting companies: Vivo, MTK, QC, Nokia, Apple, ZTE, OPPO, Xiaomi)
Existing accuracy requirements defined in clause 10.1 for RRC connected mode apply for the measurement report after MO configuration for RRC connected mode in scenario 2.

After MO configuration for RRC connected mode, existing RRM requirements including measurement period, reporting latency, accuracy apply to all the MO.

Option 2: (Supporting companies: CMCC, E///)
FFS


For solutions based on enhanced measurement, the starting point and ending point of the enhanced measurement are agreed in RAN4#108 meeting [2], which are duplicated as following. With the previous agreements, it is clearly that enhanced solution is performed during the period from starting point to ending point, which means UE cannot continue performing idle/inactive measurement after the reception of the RRC CONNECTED mode measurement configuration (the 1st RRC_reconfiguration message). For scenario 2, even measurement object configuration for RRC connected includes the carrier that being measured during the RRC idle/inactive status, it is expected the legacy measurement and report behaviour for connected mode shall not be impacted.  
	Agreements in RAN4#108 (R4-2314332)
Issue 2-3-3: starting point of the enhanced measurement
Agreement: 

For MT originating call, UE starts to perform additional measurement after paging reception. 
And for MO call, UE starts to perform additional measurement after first RACH preamble transmission, i.e. Msg1.
Note: the respective agreement can be used to derive requirements once feasibility of enhanced solution is confirmed
Issue 2-3-4: ending point of the enhanced measurement
Agreement: 

The ending point of enhanced measurement at the reception of the RRC CONNECTED mode measurement configuration (the 1st RRC_reconfiguration message)
Note: the respective agreement can be used to derive requirements once feasibility of enhanced solution is confirmed


Technically, for the case that the idle/inactive measurement is continued to connected mode, we have several concerns. The argument of proponent supporting continuing measurement is that if newly configured MOs aligned with the on-going measured frequency layers during RRC setup, the MOs are used for CA/DC setup, why the measurement before connected mode cannot be continued in order to accelerate the report of these MOs and enable the fast SCell/SCG setup. We have different understanding. Even if newly configured MOs aligned with the on-going measured frequency layers during RRC setup, we cannot assume that these MOs are potentially for SCell/SCG setup, it can also be used for mobility. The reason is that the carrier for fast SCell/SCG setup in configured in RRC release by last serving cell or system information by camped cell, but UE may connected to a different cell. The originally configured carriers used for CA/DC in previous cells, can be configured as MO for mobility in new serving cell.  
Observation 1: even if newly configured MOs aligned with the on-going measured frequency layers during RRC setup, it cannot be assumed that these MOs are potentially for SCell/SCG setup, it can also be used for mobility. The reason is that the carrier for fast SCell/SCG setup is configured by previous serving or camped cell, but UE may connect to a different cell.
In addition, the continued measurement will have impact on the legacy connected measurement, which is not expected. Normally, UE need to satisfy the delay and accuray requirements for the measurement of configured MO. But if the measurement in the Idle mode is extend to conneted mode, whether legacy L3 measurement related requirements for connected mode are applicable? 

Secondly, how to report the measurement results is not clear. Normally, the measurement report in connected mode need to follow ReportConfig, and need to satisfy measurement reporting requirements. But for this particular MO, which is aligned with the on-going measured frequency layers during RRC setup, the measurement include both the measurement in idle/inactive state and the measurement in connected state, whether legacy measurement reporting requirements are applicable? 

Last but not least, for the MO which is measured continually from idle/inactive state, its measurement results may be reported ealier than other MOs. This implys this MO is prioritized compared with other MOs, which is not preferred since it may result that the UE HO or redirect to an unexpected frequency. Network is expected to act immediately on the first measurement report since there is no way for the network to decide to wait or not for another potential measurement report. In RAN2#123 meeting, it was agreed to introduce recommended sequence for intra/inter-RAT/inter-frequency measurement and reporting. For the MO which is measured continually from idle/inactive state, it implies this MO is measured and reported firstly, which may conflict with configured recommended sequence.

Observation 2: if UE continue performing idle/inactive measurement after MO configuration, following issues are identified and need to be addressed
How to define measurement related requirements for the MO(s)

Whether legacy measurement period, measurement reporting requirements, accuracy requirements for connected state can be applied?

How to avoid its impact on the configured recommended sequence for intra/inter-RAT/inter-frequency measurement and reporting  
As analyzed there are many issues to be solved, considering the limited timeline, it is proposed to follow the agreed ending point of enhanced measurement. The ending point is the reception of the RRC CONNECTED mode measurement configuration (the 1st RRC_reconfiguration message), which means that UE cannot continue performing idle/inactive measurement after the reception of the RRC CONNECTED mode measurement configuration (the 1st RRC_reconfiguration message). It is propose to follow previous agreement 
Proposal 4: it is proposed to follow previous agreement on ending point of enhanced measurement, and the enhanced measurement is stopped at the ending point.

the ending point of enhanced solution is agreed as the reception of the RRC CONNECTED mode measurement configuration (the 1st RRC_reconfiguration message).
Conclusion

This contribution provides discussion on FR2 SCell/SCG setup/resume. The proposals are:

Proposal 1: Rel-16 EMR and R18 enahcement to SCell/SCG setup delay are independent features.
Proposal 2: in order to reduce the number of EMR carriers to be measured for improved measurement, network could provide assistance information, e.g. threshold(s)of serving cell’s quality, to help UE to reduce the number of EMR carriers to be measuremed during RRC setup/resume procedure. 
Proposal 3: with the previous agreements on ending point of enhanced solution (i.e. ending point is the reception of the 1st RRC_reconfiguration message), no need to introduce a measurement status of ongoing measurement when entering connected mode.
Observation 1: even if newly configured MOs aligned with the on-going measured frequency layers during RRC setup, it cannot be assumed that these MOs are potentially for SCell/SCG setup, it can also be used for mobility. The reason is that the carrier for fast SCell/SCG setup is configured by previous serving or camped cell, but UE may connect to a different cell.
Observation 2: if UE continue performing idle/inactive measurement after MO configuration, following issues are identified and need to be addressed
How to define measurement related requirements for the MO(s)

Whether legacy measurement period, measurement reporting requirements, accuracy requirements for connected state can be applied?

How to avoid its impact on the configured recommended sequence for intra/inter-RAT/inter-frequency measurement and reporting  
Proposal 4: it is proposed to follow previous agreement on ending point of enhanced measurement, and the enhanced measurement is stopped at the ending point.

the ending point of enhanced solution is agreed as the reception of the RRC CONNECTED mode measurement configuration (the 1st RRC_reconfiguration message).
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