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1. Introduction
In the RAN4 #104bis-e meeting, companies provided further analysis on the feasibility of the improved measurement. For the issues proposed in the last meeting, we would like to provide our views in this paper.
2. Discussion
The following issues were captured in the WF on Further NR Mobility Enhancements [1].
	· RAN4 are to discuss the feasibility of the improved measurement for FR2 SCell/SCG setup
· [bookmark: OLE_LINK14]Clarification on starting point of “when UE has initiated access” (Issue 1-1-1)
· Clarification on ending point of the enhanced measurement (Issue 1-1-2)
· report of enhanced measurement result (Issue 1-1-3)
· whether to further enhance R16 EMR (Issue 1-1-4-1)
· whether support of Rel-16 EMR is a prerequisite for study of enhanced measurement (Issue 1-1-4-2)
· availability and validation of EMR measurement results (Issue 1-1-5-1)
· whether enhanced measurement (if feasible) is applicable to scenarios that EMR measurement results are available and valid (Issue 1-1-5-2)
· conclusion of feasibility study of improvement of FR2 Scell/SCG setup/resume (Issue 1-1-6)
· others (Issue 1-1-7)
· assumption of RF chain status for intra-band CA/DC (Issue 1-2-1-1)
· assumption of RF chain status for inter-band CA/DC (Issue 1-2-1-2)
· Whether it is feasible to reduced number of samples (Issue 1-2-2)
· Whether it is feasible to reduced scaling factor due to Rx beam sweeping (Issue 1-2-3)
· how to select the frequency layers for improved measurement, how many frequency layers to measure and which scenario that is applicable (Issue 1-2-5)
· sample internal (Issue 1-3-1)



2.1 Clarification and potential direction
	· [bookmark: _Hlk108535890]Clarification on starting point of “when UE has initiated access” (Issue 1-1-1)
· 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.



In order to simply and unify the starting point of MO/MT call, most companies agreed to use Option 1 as the unified starting point of performing enhanced measurement. We are also fine with it. For Option 2, the similar question is also discussed in the Issue 1-1-4-1: whether further enhancements on EMR is in the scope. As for this argument, it has been already discussed for many times. It is very clear that the enhancement only considers to be performed form connection setup/resume according to the WID. Therefore, Option 2 should not be considered at least in Release 18 stage.
Proposal 1: For MT/MO originating call, UE will perform enhanced measurement after first RACH preamble transmission, i.e. Msg1.

	· Clarification on ending point of the enhanced measurement (Issue 1-1-2)
· 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



According to the discussion on the ending point of the enhanced measurement in the last meeting, we can find that it mainly focuses on several parts:
1. Whether the enhanced measurement results need be included in the same message (RRCSetupComplete) as early measurement results included. 
2. If not, whether we need to consider how to make the ending point of enhanced measurement as late as possible.
3. Further, whether UE could be allowed to continue the enhanced measurement while in connected mode.
If considering UE is from inactive mode to connected mode, Option 4 could be the ending point of enhanced measurement since there have no extra chance to report the enhanced measurement results once UE is in connected mode. And for the case that UE is from idle mode to connected mode, regarding the first question, we think it is not necessary to force the reporting for enhanced measurement should be included in the same message as EMR measurement results. As some companies point out, R16 EMR and R18 enhanced measurement are independent feature so that the reporting of enhanced measurement could be independently discussed without any limitation by the reporting of EMR. Based on this, coupled with the limited available time can be used for enhanced measurement, it is reasonable to consider extending the ending point as late as possible. This is exactly why Option 1 was raised up. Thus, for the question 3, it could be considered to continue measurements during a period of time while in connected mode. In particular, our interpretation on the ‘a period of time while in connected mode’ is that the measurement could be extend to the security mode complete. That is to say, the enhanced measurement could still be allowed to perform before UE sends SecurityModeComplete. 
Therefore, we would like propose the new Option: 
· Option 5: 
· If UE is from inactive mode to connected mode, the ending point is the time when UE sends msg5 RRCResumeComplete
· If UE is from idle mode to connected mode, the ending point could be the time when UE sends SecurityModeComplete
[bookmark: OLE_LINK2]Proposal 2: 
· If UE is from inactive mode to connected mode, the ending point of enhanced measurement is the time when UE sends msg5 RRCResumeComplete
· If UE is from idle mode to connected mode, the ending point of enhanced measurement is the time when UE sends SecurityModeComplete

	· report of enhanced measurement result (Issue 1-1-3)
· Option 1: 
· UE will report existing measurements to the network starting from RRC connection establishment, or during connected mode.
· Option 2: 
· FFS



We still think there needs more clarification on Option 1. On the one hand, it is vague on the definition on ‘existing measurement’. Because in our understanding, the time point of reporting on enhanced measurement and EMR could be different. On the other hand, due to the measurement results will be reported at a certain time point rather than during the period of time described as ‘starting from RRC connection establishment’ and ‘during connected mode’. Therefore, it is better to discuss the exact time point of reporting. Furthermore, we think the first thing we would like to discuss in feasibility study stage are how long duration can be used for enhanced measurement and how to perform quick and accurate measurements. And for the details related to reporting and other issues, they can be further discussed after the feasibility is stable. 
Proposal 3: The issues related to reporting can be further discussed after the feasibility of enhanced measurements during connection setup is stable.

	· whether to further enhance R16 EMR (Issue 1-1-4-1)
· 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.



From our point of view, we still prefer to focus the feasibility of enhancements in the WID scope. For the enhancement on EMR in Option 2, at least it should not be discussed in R18 stage. Furthermore, so far Option 1 does not preclude the possibility of UE utilizing the measurement result/prior information obtained during EMR to the new measurement during RRC connection. And in our understanding, only based on this assumption could the short and accuracy measurement be performed.
Proposal 4: Further enhancement on measurement performed in idle/inactive mode before UE initiating access is out of scope while the possibility of UE utilizing the early measurement result/prior information for the enhanced measurement does not precluded so far.

	· whether support of Rel-16 EMR is a prerequisite for study of enhanced measurement (Issue 1-1-4-2)
· 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.



Basically, it is reasonable that the enhancement will support EMR capable and non-EMR user. However, we think it is better to focus on the former first since the feasibility of enhanced measurement for EMR users has not already been stable. Even with non-EMR users support for enhanced measurement, the feasibility is a big issue since there have no prior information to help UE do enhance measurement within very limited time. Besides, the idea behind the introduction of enhanced measurement in the initial phase is to define enhanced requirement when early measurement results are invalid. Therefore, for the enhancement on non-EMR users can be further discussed after there have feasible and clear solutions for EMR users.
Proposal 5: Before the discussion on whether enhancement will support EMR capable and non-EMR users, it is suggested to focus on the feasibility of enhanced measurement for EMR supported users first.

	· availability and validation of EMR measurement results (Issue 1-1-5-1)
· Option 1: 
· The UE measurement validity conditions are currently no handled in EMR and could be considered in this study. 
· Option 1a: 
· RAN4 shall agree with a way forward how to solve the measurement validity issue to make sure the measurement is useful and beneficial for both network and UE. 
· Option 1b: 
· RAN4 to consider a verification procedure for a report of Idle/Inactive mode measurement results, which 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. 
· 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.
· whether enhanced measurement (if feasible) is applicable to scenarios that EMR measurement results are available and valid (Issue 1-1-5-2)
· Option 1: 
· When EMR measurement results are valid, NW could use EMR results, so it is unnecessary to introduce new measurements. 
· Option 1a: 
· When EMR measurement results are valid, NW could use EMR results, so it is unnecessary to introduce new measurements. However, they are two independent features. UE supporting both features may need to provide result corresponding to configuration of EMR and the enhanced measurement, if both are configured.
· 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  
(Independent beam management)
	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.



For the EMR supported users, so far, we do not preclude the possibility of utilizing the measurement result or prior information obtained during EMR for the enhanced measurement, which means the measurement validity of EMR issue shall be raised up to further check under what scenarios/conditions the enhanced measurement will be initiated. It has been agreed one applicable scenario for enhancements, in which the early measurement results are ‘unavailable’ and ‘invalid’. But one of the problems with this is, companies have different understanding for ‘available’ and ‘valid’. Therefore, we think one thing needs to be aligned firstly is about the definition of ‘available/unavailable’ and ‘valid/invalid’. 
In our interpretation, ‘available’ means that there have results stored in the memory after UE finished early measurement whereas it does not stand for the measurement is not yet out-of-date and can be used directly for CA/DC configuration. And for ‘valid’, it means ‘Due to the possible long delay between the ending point of EMR and the starting point of the enhanced measurement, the measurement results are out-of-date whereas the beam information is still helpful’. On this definition on ‘valid’, we would like to give a further accurate condition of ‘valid’. For this point, maybe we can borrow some ideas from the existing definition of cell known conditions: ‘The validity of the early measurement result can be assessed by determining whether the measurement was taken within the last [X] seconds.’ The benefit from using this definition as the validity condition is, regardless of the T331 timer is expired, we only need to determine whether the measurement was taken during the last [X] seconds before the enhanced measurement. If so, the measurement results are new enough for NW to use, it is unnecessary to perform the new measurements. On the other hand, under this definition, the applicability of enhanced measurement can extend to the scenario that EMR measurement results are ‘available’ but ‘invalid’. And the ‘invalid’ means that the latest measurements were not taken within the last [X] seconds. For this scenario, we could only focus on the cells that have been detected/measured in early measurement so that UE do not have to perform cell search. The aim of performing short and quick measurement is to further check whether the quality of detected cell is strong to be used for FR2 CA/DC configuration.
Proposal 6: 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.
Proposal 7: According to the definition of ‘available’ and ‘valid’ in proposal 6, 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.

	· conclusion of feasibility study of improvement of FR2 Scell/SCG setup/resume (Issue 1-1-6)
· Option 1: Further study is needed before RAN4 confirms the feasibility of early measurement during connection setup 
· Option 1a: Improved measurement during RRC setup/resume procedure is not feasible. 
· Option 1b: Remove this objective from this WID. 
· 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.



As we proposed in issue 1-1-5-2, the enhanced measurement is also applicable to the scenario that EMR measurement results are ‘available’ but ‘invalid’, then we could only focus on the carriers that have been already measured in the early measurement to further check whether the quality of detected cell is strong to be used for FR2 CA/DC configuration. Among them, the cell search procedure could be skipped. From this perspective, we still see the possibility of improvement during connection setup if consider to utilize the early measurement results/prior information on EMR.
[bookmark: _GoBack]Proposal 8: Further study the feasibility of enhanced measurements under the assumption that UE would utilize the early measurement results/prior information to further check whether the quality of measured carrier is strong enough for FR2 CA/DC configuration.

	· others (Issue 1-1-7)
· FFS: UE can be configured to maintain configuration of previous serving cells for EMR purposes



In our understanding, the idea of this proposal is meant to maintain the configuration information after connection release, then UE would perform enhanced measurement at connection setup according to the configuration. It is reasonable for us and this is exactly the reason why we think R16 EMR is a perquisite for study of enhanced measurement for EMR users. 
Proposal 9: As additional information, UE can be configured to maintain the configuration after connection release of previous serving cells.
2.2 Assumptions for feasibility study
	· assumption of RF chain status for intra-band CA/DC (Issue 1-2-1-1)
· 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.



Upon the explanation from moderator, the ‘FR2 intra-band CA/DC’ in Option 2 exactly means the enhanced measurement is for potential use of CA/DC. And given that there have some companies raised concerns about the exact meanings of Option 3, we are also fine with Option 3a. 
Proposal 10: 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.

	· assumption of RF chain status for inter-band CA/DC (Issue 1-2-1-2)
· Option 1: 
· 1 active RF chain
· Option 2: 
· 2 active RF chains 



[bookmark: OLE_LINK19][bookmark: OLE_LINK20]We still prefer two RF chains for inter-band CA/DC if RAN4 agrees to introduce enhanced measurements. As we known, performing enhanced measurement during the RRC connection setup/resume may have potential impact on the RACH procedure if one RF chain is used as the general case. Besides, regarding the concern raised by supporters of Option 1 which maybe there will be more complicated UE implementation on using two active RF chains during the RRC connection setup/resume. In our understanding, this is an inevitable trade-off between reducing the mutual impact on these two procedures and simplifing the UE implementation. 
Proposal 11: Use two RF chain as the baseline when performing enhanced measurement.

	· Whether it is feasible to reduced number of samples (Issue 2-2-3)
· Option 1: Yes 
· Option 1a: as long as measurement accuracy is not degraded 
· Option 1b: remove “1.5” SSB alignment UE constant in basic idle mode measurements requirements 
· Option 1c: reduced number of samples which are measured during RRC connection shall be combined with samples which were already measured in idle mode or will be measured after connected mode. 
· Option 1d: the sample number of R17 HST FR2 or R17 positioning can be used as baseline. 
· Option 1e: within the T331 timer valid time, reduce measurement sample but maintain the cell known condition 5s to check during Idle/Inactive mode 
· Option 2: no 



We suggest not to reduce the number of samples. For the common cases, the number of samples is the key point to guarantee accuracy. If we consider to reduce the number of samples, it will bring some negative impact for the performance robustness. Meanwhile, there doesn't seem to be any special scenario where it can reduce the number of samples without measurement accuracy degradation. Therefore, in our opinion, sacrificing accuracy for less measurement delay is not a priority.
Proposal 12: Considering reducing the number of samples comes at the expense of accuracy, it should not be a priority.

	· Whether it is feasible to reduced scaling factor due to Rx beam sweeping (Issue 1-2-3)
· Option 1: yes 
· Option 1a: it is feasible for UE to obtain some prior information about the beam and reuse the previous measurement results, so as to reduce RX beam sweeping scaling factor number. 
· Option 1b: It is feasible to reduce the scaling factor of Rx beam sweeping in improved measurement provided the following conditions are fulfilled: 
· The carrier to be measured has been measured during EMR measurement procedure
· The measured RSRP is higher than a threshold 
· Option 1c: Scaling factor is less than 8. The exact number is FFS and is depending on number of measured carriers
· Option 1d: it is proposed to reduce the number of samples and/or the scaling factor (N1), and the Rx beam sweeping factor of R17 HST FR2 or R17 positioning can be used as baseline. 
· Option 1e: In order to reduce the scaling factor of Rx beam sweeping, both introducing UE capability for lower Rx beam sweeping factor like Rel-17 positioning and using the previous beam information obtained in the early measurement as the additional information can be the candidate options.  
· Option 1f: within the T331 timer valid time, reduce the RX beam sweeping factor under the 5s cell known condition.
· Option 1g: remove “1.5” SSB alignment UE constant in basic idle mode measurements requirements
· Option 2: no 
· Option 2a: as baseline, RAN4 shall not reduce the scaling factor of Rx beam sweeping when defining requirements for the new measurement during RRC connection setup/resume. Whether and under what condition the scaling factor can be reduced is FFS. 



For the first bullet in Option 1, the reduction of Rx beam sweeping factor in R17 HST FR2 is because of the special deployment of high-speed train. It is not applicable for the common scenarios related to enhanced measurement and we cannot borrow some ideas from it. And for Rel-17 positioning enhancement, a UE capability is introduced for lower Rx beam sweeping factor (e.g., 1, 2, 4, 6). We think it can be a candidate way to reduce the scaling factor. Besides, the previous beam information obtained in the early measurement also can be regarded as the additional information from the network. It is useful for the scaling factor reduction. 
Proposal 13: To reduce the scaling factor of Rx beam sweeping, both introducing UE capability for lower Rx beam sweeping factor like Rel-17 positioning and using the previous beam information obtained in the early measurement as the additional information can be the candidate options. 

	· how to select the frequency layers for improved measurement, how many frequency layers to measure and which scenario that is applicable (Issue 1-2-5)
· Option 1: 
· UE is required to measure one of EMR carrier in improved measurement procedure, and there are the following alternatives is considered to select the carrier to be measured:
· Alternative 1: Select the carrier which has the best single quality among the EMR measurement results.
· Alternative 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 measurement, 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.



Considering the limitation of setup time, reducing the number of frequency layers is a method worth considering while ensuring the measurement accuracy as much as possible. For how to select the frequency layers for enhanced measurement, we think only one frequency layer needs to be measured on each band, coupled with the new measurement only aims at the carriers that have already detected/measured in the early measurement, so that other frequency layers on the same band do not need to spend extra delay to measure. Then how many frequency layers to measure will depend on the number of bands that can be supported. In fact, for FR2 inter-band CA, it will only need to consider a small number of supported bands (e.g. one or two) for enhanced measurement.
Proposal 14: For how to select the frequency layers for enhanced measurement, we believe that only one frequency layer needs to be measured on each band.

2.3 Requirements of enhanced measurement
	· sample internal (Issue 1-3-1)
· Use SMTC configuration when specifying the requirements for improved measurement during RRC connection setup/resume.
· FFS: UE can measure each SSB occasion to fast track the measurements.



We understand the motivation on fast tracking the measurements by measuring each SSB occasion whereas maybe the further study is needed. So far, we still prefer to use SMTC configuration when specifying the corresponding requirements.
Proposal 15: Use SMTC configuration when specifying the requirements on enhanced measurement.

3. Conclusions
Proposal 1: For MT/MO originating call, UE will perform enhanced measurement after first RACH preamble transmission, i.e. Msg1.
Proposal 2: 
· If UE is from inactive mode to connected mode, the ending point of enhanced measurement is the time when UE sends msg5 RRCResumeComplete
· If UE is from idle mode to connected mode, the ending point of enhanced measurement is the time when UE sends SecurityModeComplete
Proposal 3: The issues related to reporting can be further discussed after the feasibility of enhanced measurements during connection setup is stable.
Proposal 4: Further enhancement on measurement performed in idle/inactive mode before UE initiating access is out of scope while the possibility of UE utilizing the early measurement result/prior information for the enhanced measurement does not precluded so far.
Proposal 5: Before the discussion on whether enhancement will support EMR capable and non-EMR users, it is suggested to focus on the feasibility of enhanced measurement for EMR supported users first.
Proposal 6: 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.
Proposal 7: According to the definition of ‘available’ and ‘valid’ in proposal 6, the enhanced measurement is applicable to scenarios that EMR measurement results are available but invalid and will focus on the carriers that have been measured in early measurement.
Proposal 8: Further study the feasibility of enhanced measurements bases on the assumption that UE would utilize the early measurement results/prior information to further check whether the quality of measured carrier is strong enough for FR2 CA/DC configuration.
Proposal 9: As additional information, UE can be configured to maintain the configuration after connection release of previous serving cells.
Proposal 10: 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.
Proposal 11: Use two RF chain as the baseline when performing enhanced measurement.
Proposal 12: Considering reducing the number of samples comes at the expense of accuracy, it should not be a priority.
Proposal 13: To reduce the scaling factor of Rx beam sweeping, both introducing UE capability for lower Rx beam sweeping factor like Rel-17 positioning and using the previous beam information obtained in the early measurement as the additional information can be the candidate options. 
Proposal 14: For how to select the frequency layers for enhanced measurement, we believe that only one frequency layer needs to be measured on each band.
Proposal 15: Use SMTC configuration when specifying the requirements on enhanced measurement.
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