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Introduction
One objective of R18 WI on Further NR Mobility Enhancements is improvement on FR2 scell/SCG setup/resume. The corresponding objective is duplicated as below [1]. In last meeting, some discussion were carried out [2]. This contribution provides further analysis on this objective.
	1. To study the following, with completion targeted by RAN#98 meeting [RAN4]:
· 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. 
· 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.
· The UE initiates and performs improved measurements when it requests RRC connection setup/resume.
· After acquiring those improved measurements, the UE subsequently reports those measurements to the network to support SCell/SCG setup.
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During the discussion in last meeting, one controversial issue was the relationship between R16 EMR and the improved measurement in this objective.
	Issue 1-1-4: relationship between R16 EMR and the enhanced measurement in this objective
Issue 1-1-4-1: whether to further enhance R16 EMR
Way forward:
· 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.



In R16, UE can perform EMR (early measurement report) measurement on neighbour and serving cells during idle/inactive mode. The EMR results are reported to network immediately when UE enters to RRC connected mode. As per RAN2’s specification, when T331 expired, whether to continue R16 EMR measurements is up to UE implementation. 
	5.7.8.3 T331 expiry or stop [TS38.331]
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.



 
Some companies proposed some further enhancements when T331 expires during idle/inactive mode, e.g, require UE to continue performing measurement regardless of T331 or continue completing one measurement. In our understanding, T331 is used for UE power consumption balance. Continuing measurement regardless of T331 would increase UE power consumption and violate the significance of T331. Regarding the idea that UE extends the measurement in order to complete one completed measurement after T331 expires, as it is uncertain when UE enters to connected mode (maybe a long time later), completing this measurement has no big significance. These kinds of enhancements have been ever discussed during R16 EMR, and the final conclusion is that it is up to UE implementation whether to continue idle/inactive measurements after T331 expires. Moreover these ideas focus on enhancement of R16 EMR, but the target scenario of this R18 WI is that UE perform FR2 L3 measurement during a transition time from idle/inactive mode to connected mode (in other words, UE initiates and performs the improved measurement during RRC connection access procedure). We don’t think further enhancement on R16 EMR measurement work structure is in this R18 WI scope. In addition, this objective is purely for RAN4, and no RAN2 is involved. Any impact on RAN2 is not preferred. 
	2. To study the following, with completion targeted by RAN#98 meeting [RAN4]:
· 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. 
· 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.
· The UE initiates and performs improved measurements when it requests RRC connection setup/resume.
· After acquiring those improved measurements, the UE subsequently reports those measurements to the network to support SCell/SCG setup.



Proposal 1: Further enhancement based on R16 EMR measurement which is performed in idle/inactive mode before UE initiating access is out of scope.
We are open to further discuss how to use the EMR measurement (if any) achieved in idle/inactive mode if it is valid. In last meeting, some companies proposed that ‘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. In the following, we will provide the analysis on the time duration of RRC connection setup/resume procedure (proposal 5). From evaluation, the typical value time duration of RRC connection setup/resume procedure is about 30ms. So, if a measurement is regarded as “available” as per the proposed definition before the enhanced measurements performs, then the measurement is also can be regarded as “available” when UE starts to report measurement results, as 30ms is a very short time compared to a few seconds. If the EMR measurements are available and valid, then these measurement results can be directly reported to network when UE enters connected mode. This procedure is already supported in R16 EMR.
Proposal 2: If the EMR measurements are available and valid, UE can directly report these results to network when UE enters connected mode. This procedure is already supported in R16 EMR.
In addition this R18 WI shall consider both EMR capable and non-EMR capable UEs. This means that the Rel-16 EMR is not a prerequisite for study of R18 improved measurement.
Proposal 3: Rel-16 EMR is not a prerequisite for study of R18 improved measurement.
Anyway this WI shall focus on improved measurement during RRC connection access procedure, in order to acquire not-out-of-time measurement. In the following the starting point and ending point of“RRC connection setup/resume process” is to be discussed.
Starting point and ending point of RRC connection setup/resume process
In last meeting, starting point and ending point of “when UE has initiated access” distinguishes MO originating call and MT originating call. In general we think for MT originating call, the measurement can be started from the point of UE paging reception. For MO originating call, the measurement can be started from the point when upper layers request RRC connection. The duration from paging reception to PRACH transmission (MSG1) in MT call and the duration from upper layers request RRC connection to PRACH transmission (MSG1) in MO call are similar, and both are the uncertainty time in acquiring the first available PRACH occasion, which is up to 10ms. To simplify the discussion, RAN4 can unify the MO call and MT call, and the starting point of both cases are first RACH preamble transmission, i.e. Msg1.
Recalling R16 EMR measurement, in idle mode, the available indication of EMR measurement can be included in RRCSetupComplete (MSG 5).  It means that before MSG5, the EMR measurement result shall be available. In inactive mode, the EMR measurement results can be included in RRCResumeComplete. Similar, the EMR measurement result shall be available before MSG5 as well. Therefore regardless idle mode or inactive mode, the ending point of UE perform “improved measurement” is MSG4 in RACH procedure.
Proposal 4: In idle mode and inactive mode, the time duration during RRC connection setup/resume process for improved measurement is from MSG1 (transmit PRACH) to MSG4.
The latency of RACH procedure (control plane latency) from RRC_Idle/RRC_INACTIVE state to RRC_CONNECTED state was ever widespread evaluated in R16 study on self-evaluation towards IMT-2020 submission [3]. The conclusion is achieved in TS37.910 clause 5.7.2.1: 
“It is observed that NR fulfils the control plane latency requirement of 20ms in a wide range of configurations. If, in control plane procedure, the latency of step 7 and step 9 can be further reduced, the 10ms target as encouraged by ITU-R can be achieved in some cases.”
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Figure 5.7.2.1-1 C-plane procedure (example for NR Rel-15) [TS37.910]
It can be observed that in wide range of configuration, the time duration from MSG1 to MSG 4 is 20ms in self-evaluation towards IMT-2020 submission.  Additional step 1 corresponds to the time uncertainty in acquiring first available PRACH occasion, this is up to 10ms. Based on the above analysis, the time duration in which UE can perform enhanced measurement during RRC connection setup/resume is from the paging reception/ upper layers requesting RRC connection to MSG4, therefore it is at most 30ms.
Proposal 5: The time duration during RRC connection setup/resume procedure for improved measurement is at most 30ms.
Feasibility
To avoid the instant channel impact, multiple physical measurement samples shall be linear averaged.  Using one or less physical measurement samples to present of the cell quality is not preferred, as such measurement accuracy is low and it would degrade the performance robustness. 
Observation 1: To guarantee the measurement accuracy, the measurement samples are not supposed to be reduced.
As we know, UE shall sweep the RX beams to perform FR2 L3 mobility measurement. For FR2 L3 measurement in both idle/inactive mode and connected mode, the RX beam number is 8. We don’t think UE will apply a special implementation to reduce the RX beam sweeping number during the RRC connection setup/resume procedure, as the time duration is very short and afterwards UE will go back to normal implementation.
Observation 2: Not to reduce the scaling factor of Rx beam sweeping during the RRC connection setup/resume procedure.
It is agreed in last meeting that SMTC is supposed to be used to specify RRM requirements during RRC setup/resume process. Considering the total time duration for RRC connection setup/resume is at most 30ms, multiple samples are needed and the scaling factor is not 1, it is doubted that whether UE can complete a FR2 L3 measurement during RRC connection setup/resume procedure for enhanced measurement.
Proposal 6: At least for UE without R16 EMR measurement, UE can not complete a FR2 L3 measurement during RRC connection setup/resume procedure for enhanced measurement.
As discussed in last meeting, some companies think there may have some prior information from the EMR measurement during idle/inactive mode. In the following some cases can be analysed one by one:
· The EMR measurement during idle/inactive mode is outdated. These information are useless for improved measurement.
· If some EMR measurement samples and best RX beam information during idle/inactive mode can be stored in UE, UE can perform less measurement to obtain the left samples during RRC setup/resume procure to complete one completed measurement. It is agreed in last meeting, SMTC is used to specify the improved measurement. As we know the typical SMTC periodicity is 20ms/40ms. It means that only when the RX beam sweeping factor is reduced to 1(no beam sweeping), at most one sample can be acquired within RRC setup/resume procedure. It means that the applicable case is very limited, such as, UE has acquired 3 samples during idle/inactive mode, and these samples are stored and not outdated. In summary, with the following assumptions, the improved measurement during RRC setup/resume can be performed:
· 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
It is observed that the above applicable scenario is very limited and depends on UE implementation (whether these prior information stored or not). We doubt the significance of this kind of enhancement.
Observation 3: 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.
In last meeting, how many active RF chains are used when performing improved measurement. In our understanding, it is possible that the UE is not required to perform measurements on the to-be-activated SCell when there is at least one active serving cell on the same FR2 band as SCell being activated, as the measurement result on SCell being activated is basically the same as the active serving cells on the same band. So in the following we can focus on the scenario that active FR2 PCell/SCell is on different band with the SCell being activated. 
Some companies proposed that two active RF chains are supposed to be used when performing enhanced measurement. However when UE will setup CA/DC after it enters to connected mode depends on the subsequent traffic load. It is likely that network doesn’t configure CA/DC for the UE after it reports the enhanced measurement results achieved during RRC connection setup/resume procedure. So from UE implementation perspective, it is not desired to open two active RF chains only during RRC connection setup/resume while before and after this procedure, one RF chain is used. Moreover two active RF chains means higher power consumption. 
Proposal 7: One active RF chain is used during RRC connection setup/resume procedure.
If one RF chain is used, as we know UE shall sweep the RX beams to perform FR2 L3 mobility measurement. Simultaneously during RACH procedure, UE is request to receive MSG2 and MSG4. If UE has tuned its beam to perform neighbour cell measurement, there is a risk that MSG2/MSG4 is not correctly received.
Even if two RF chains are used, a UE with IBM capability may use one RF chain for SCG setup/resume on PCell, while the other RF chain is used for inter-band measurement. However if there are more than one frequency to be measured, the interruption will happen on PCell, as frequency switching procedure resembles the SCell addition/change procedure. Then it may also interrupt MSG2/MSG3/MSG4 in RACH procedure. Moreover when network doesn’t reconfigure UE to setup CA/DC after UE enters to RRC connected mode, UE would fall back to one RF chain, which will introduce additional interruptions further.
Observation 4: 
· If one RF chain is used, Msg2/3/4/5 may be impacted during RRC connection setup/resume due to RF retuning.
· Even if two RF chains are used, for IMB capable UE, for inter-band inter-frequency measurement, Msg2/3/4/5 may be impacted if there are more than one frequency to measure during RRC connection setup/resume due to RF retuning. Moreover if no CA/DC is setup after UE enters to RRC connected mode, additional interruption would be further introduced.

Based on the above analysis, some potential issues are identified. The feasibility of improved measurement during FR2 SCell/SCG setup is questionable.
Proposal 8: The feasibility of improved measurement during FR2 SCell/SCG setup is questionable.
Conclusions
This contribution provides the consideration on improvement of FR2 SCell/SCG setup/resume in R18 mobility enhancement. The following proposals are provided:
Proposal 1: Further enhancement based on R16 EMR measurement which is performed in idle/inactive mode before UE initiating access is out of scope.
Proposal 2: If the EMR measurements are available and valid, it can directly report these results to network when UE enters connected mode. This procedure is already supported in R16 EMR.
Proposal 3: Rel-16 EMR is not a prerequisite for study of R18 improved measurement.
Proposal 4: In idle mode and inactive mode, the time duration during RRC connection setup/resume process for improved measurement is from MSG1 (transmit PRACH) to MSG4.
Proposal 5: The time duration during RRC connection setup/resume procedure for improved measurement is at most 30ms.
Observation 1: To guarantee the measurement accuracy, the measurement samples are not supposed to be reduced.
Observation 2: Not to reduce the scaling factor of Rx beam sweeping during the RRC connection setup/resume procedure.
Proposal 6: At least for UE without R16 EMR measurement, UE can not complete a FR2 L3 measurement during RRC connection setup/resume procedure for enhanced measurement.
Observation 3: 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.
Proposal 7: One active RF chain is used during RRC connection setup/resume procedure.
Observation 4: 
· If one RF chain is used, Msg2/3/4/5 may be impacted during RRC connection setup/resume due to RF retuning.
· Even if two RF chains are used, for IBM capable UE, for inter-band inter-frequency measurement, Msg2/3/4/5 may be impacted if there are more than one frequency to measure during RRC connection setup/resume due to RF retuning. Moreover if no CA/DC is setup after UE enters to RRC connected mode, additional interruption would be further introduced.
Proposal 8: The feasibility of improved measurement during FR2 SCell/SCG setup is questionable.
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