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1. Introduction
RAN4 had initial discussion on improvement on FR2 Scell/SCG setup/resume in RAN4#104e, with agreement captured in [1]:
	
Topic #2: Study of improvement on FR2 Scell/SCG setup/resume 
Sub-topic 2-1: Clarification and potential direction
<Way forward >: Issue 2-1-1: Carification on time point of “when UE has initiated access”
· Option 1 (Ericsson, Nokia): RAN4 to clarify that the “when UE has initiated access” is the point in time when RRC procedures in clauses 5.3.2.3, 5.3.3.2 or 5.3.13.2 (38.331) are initiated. 
· Paging 
· Initiation (UE receives SIB1 and apply default MAC cell group configuration)
· RRC connection resume
· Option 2 (CMCC, Apple, QC, xiaomi, HW, vivo, MTK): Discuss the starting point for improved measurement directly.

<Way forward >: Issue 2-1-2: Potential direction for further study: measurement enhancement when UE is about to enter connected mode
· Option 1(CMCC): UE perform enhanced measurement closely before RRC connection setup/resume.
· For MT originating call, the measurement is performed during the period between paging reception and UE send RRCResumeRequest/ RRCSetupRequest.
· For MO originating call, the measurement is performed after upper layers request establishment of an RRC connection and before UE send RRCResumeRequest/ RRCSetupRequest.
· Option 2 (Apple, Ericsson, Nokia): UE perform enhanced measurement during RRC connection setup/resume.
· Option 2a: perform FR2 cell measurements during connection setup (i.e. paging, RRC connection establishment, RRC connection resume)
· Option 2b (MTK, vivo, xiaomi, HW): after receiving paging for MT originating call
· Option 2c (MTK, vivo, xiaomi, HW): after first RACH preamble transmission, i.e. Msg1 

<Way forward >: Issue 2-1-3: Potential direction for further study: enhancement on R16 EMR, i.e. measurement enhancement in idle/inactive mode
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· Option 1 (Apple, xiaomi, MTK, HW, vivo): further enhancement on Rel-16 EMR (measurement during green part) is out of scope
· Option 2 (Ericsson, Nokia, LGE): further enhancement on Rel-16 EMR (measurement during green part) is in the scope
Note: Option 1 is not precluding using the measurement results obtained during EMR for measurement during RRC connection procedure. “Enhancement on R16 EMR (measurement during green part)” refers to that the enhanced measurement is still performed in idle/inactive mode and before UE initiating access.

<Way forward/Agreement>: Issue 2-1-4: Applicable scenarios
Agreement:
· The enhanced measurement (if feasible) at least applies to scenarios that the EMR measurement results are unavailable or invalid.
Way forward
· Revised Option 2 (QC, vivo, LGE, Nokia): Further study whether enhanced measurement is applicable to scenarios that EMR measurement results are available and valid 
· e.g. On the cells that have been detected/measured in early measurement 

Sub-topic 2-2: Assumptions for feasibility study

<Way forward >: Issue 2-2-1: Assumption for feasibility study: RF chain status when performing enhanced measurement
· Option 1 (Apple, HW, QC): One active RF chain
· Option 2 (CMCC, xiaomi, MTK, Ericsson, vivo, Nokia): Two active RF chains
· Option 3 (Nokia): more than two active RF chains

<Agreement >: Issue 2-2-2: Assumption for feasibility study: number of frequency layers
· Reduce the number of EMR carriers to be measured for improved measurement. 
· FFS: how to select the frequency layers for improved measurement, how many frequency layers to measure and which scenario that is applicable.

<Way forward >: Issue 2-2-3: Assumption for feasibility study: Reduced number of samples
· Option 1: Yes
· Option 2 (Apple, MTK, vivo, HW ): No
· Option 3 (CMCC, xiaomi, Ericsson, LGE, Nokia): FFS how to reduce number of samples without measurement accuracy degradation.

<Way forward >: Issue 2-2-4: Assumption for feasibility study: Reduce the scaling factor of Rx beam sweeping
· Option 1(Ericsson, Nokia): Reduce the scaling factor of Rx beam sweeping
· Option 1a (CMCC): use Rx beam sweeping factor of R17 HST FR2 or R17 positioning
· For FR2 HST, the value of scaling factor is 2 or 6 pending on the different deployment. 
· In Rel-17 positioning WI, the candidate Rx beam sweep numbers for reduced Rx beam sweeping factor (<8) UE capability are {1, 2, 4, 6}.  
· Option 1b (xiaomi, Ericsson, vivo, QC): FFS use prior information on the UE Rx beam to reduce the scaling factor of Rx beam sweeping
· Option 2 (Apple, MTK, HW): Not to reduce the scaling factor of Rx beam sweeping 
· Option 3 (Apple, Ericsson): Further discussion

<Way forward/Agreement>: Issue 2-2-5: Assumption for feasibility study: Configuration assumption
Agreement: DRX is not in use during RRC connection setup/resume procedure for enhanced measurement.
Way forward:
· Option 1 (vivo, QC): use SMTC when specifying the requirements 
· Option 2 (Ericsson ): use SSB period when specifying the requirements
· Option 3 (Apple, xiaomi, Ericsson, MTK, HW, Nokia): Further discussion

<Way forward >: Issue 2-2-6: Assumption for feasibility study: others
Merged in issue 2-2-2 and 2-1-3.
Sub-topic 2-3: Feasibility discussion
<Way forward/Agreement>: Issue 2-3-1: Whether RRC connection setup delay is very short for improvement on FR2 Scell/SCG setup delay
Agreement: RRC connection setup/resume delay is very short for improvement on FR2 Scell/SCG setup delay. 
Way forward
· Option 1 (Ericsson, Nokia, vivo): Study short and accuracy measurement during RRC connection setup/resume.

<Way forward/Agreement>: Issue 2-3-2: Impact on RACH due to measurement during RRC connection setup/resume
Agreement: MSG2/MSG4 during RACH procedure may be lost due to measurement on FR2 intra-band inter-frequency during RRC connection setup/resume.
Way forward: 
· Option 1 (Apple, MTK, HW): 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.
· Option 2 (vivo, Nokia): FR2 intra-band CA is not the target scenario of enhanced measurement.
· Option 3 (Ericsson): Study potential mitigation schemes to avoid/mitigate the impact on RACH due to measurement during RRC connection setup/resume.

< Agreement>: Issue 2-3-3: Feasibility of improvement in FR2 SCell/SCG setup delay
Further discuss the feasibility of improvement in FR2 SCell/SCG setup delay.




In this contribution, we will further discuss RRM aspects of improvement in FR2 SCell/SCG setup delay.
2. Discussion
The first issue is about when UE shall start the new measurement.
Sub-topic 2-1: Clarification and potential direction
<Way forward >: Issue 2-1-1: Carification on time point of “when UE has initiated access”
· Option 1 (Ericsson, Nokia): RAN4 to clarify that the “when UE has initiated access” is the point in time when RRC procedures in clauses 5.3.2.3, 5.3.3.2 or 5.3.13.2 (38.331) are initiated. 
· Paging 
· Initiation (UE receives SIB1 and apply default MAC cell group configuration)
· RRC connection resume
· Option 2 (CMCC, Apple, QC, xiaomi, HW, vivo, MTK): Discuss the starting point for improved measurement directly.

<Way forward >: Issue 2-1-2: Potential direction for further study: measurement enhancement when UE is about to enter connected mode
· Option 1(CMCC): UE perform enhanced measurement closely before RRC connection setup/resume.
· For MT originating call, the measurement is performed during the period between paging reception and UE send RRCResumeRequest/ RRCSetupRequest.
· For MO originating call, the measurement is performed after upper layers request establishment of an RRC connection and before UE send RRCResumeRequest/ RRCSetupRequest.
· Option 2 (Apple, Ericsson, Nokia): UE perform enhanced measurement during RRC connection setup/resume.
· Option 2a: perform FR2 cell measurements during connection setup (i.e. paging, RRC connection establishment, RRC connection resume)
· Option 2b (MTK, vivo, xiaomi, HW): after receiving paging for MT originating call
· Option 2c (MTK, vivo, xiaomi, HW): after first RACH preamble transmission, i.e. Msg1 
According to the WID, UE shall initiate and perform the new measurement when it request RRC connection setup/resume. Literally it is close to option 2 under issue 2-1-2. 
· 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.
However, time period ‘during RRC connection setup/resume’ includes several steps. We may need to be more specific when referring a starting point of the measurement. Option 2b and 2c are good examples, i.e. for MT call the earliest time when UE can start the measurement is after successful paging reception, while for MO call the earliest time is after first RACH preamble transmission.
[bookmark: _Ref115081225]Proposal 1: UE starts measurement when it needs to setup connection with network. Specifically, UE shall start measurement
· after successful paging reception for MT call 
· after the first RACH preamble transmission for MO call 

The second issue is about the direction for further study:
<Way forward >: Issue 2-1-3: Potential direction for further study: enhancement on R16 EMR, i.e. measurement enhancement in idle/inactive mode
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· Option 1 (Apple, xiaomi, MTK, HW, vivo): further enhancement on Rel-16 EMR (measurement during green part) is out of scope
· Option 2 (Ericsson, Nokia, LGE): further enhancement on Rel-16 EMR (measurement during green part) is in the scope
Note: Option 1 is not precluding using the measurement results obtained during EMR for measurement during RRC connection procedure. “Enhancement on R16 EMR (measurement during green part)” refers to that the enhanced measurement is still performed in idle/inactive mode and before UE initiating access.
Some companies proposed to further enhance EMR procedure. There could be different interpretations of ‘enhancement on EMR’. As the note under option 1 and 2 clearly states that “Enhancement on R16 EMR (measurement during green part)” refers to that the enhanced measurement is still performed in idle/inactive mode and before UE initiating access, we believe this is out of scope of this WI. That’s why we support option 1. As also mentioned in the note that option 1 does not preclude using the results obtained during EMR.
[bookmark: _Ref115081230]Proposal 2: further enhancement on R16 EMR is out of scope of this WI and shall not be considered. Whether and how to use the result obtained during EMR procedure for the new measurement during RRC connection setup/resume can be FFS.

Regarding applicable scenario:
<Way forward/Agreement>: Issue 2-1-4: Applicable scenarios
Agreement:
· The enhanced measurement (if feasible) at least applies to scenarios that the EMR measurement results are unavailable or invalid.
Way forward
· Revised Option 2 (QC, vivo, LGE, Nokia): Further study whether enhanced measurement is applicable to scenarios that EMR measurement results are available and valid 
· e.g. On the cells that have been detected/measured in early measurement 
According to the WID objective description the intention of the new measurement is to provide measurement result when UE enters connected mode such that network can efficiently configure FR2 SCell/SCG. Note that the intention is same as that of EMR procedure. Network can use EMR result (if applicable) to configure SCell/SCG. In our understanding, new measurement during RRC connection setup/resume is mainly about the scenario wherein network doesn’t have valid EMR result, e.g. the T331 has expired for a long time. 
[bookmark: _Ref115081259]Observation 1: if EMR measurement results are still valid (e.g. T331 is still running), network can use EMR results to configure SCell/SCG when UE enters RRC connected mode, instead of relying on new measurement during RRC connection setup/resume. 
Nevertheless, we suppose the new measurement during RRC connection setup/resume and EMR measurement are two independent features. Assuming a UE supports both EMR and the new measurement during RRC connection setup/resume, it needs to perform both measurement procedures if both are configured. Technically speaking, if the configured EMR and new measurement during RRC connection setup/resume both indicate UE to measure the same carrier/cell, the result of the two measurements shall be the same (assuming T331 is still running) to keep consistency. 
[bookmark: _Ref115081262]Observation 2: the new measurement during RRC connection setup/resume and EMR are two independent features. UE supporting both features may need to provide result corresponding to configuration of EMR and the new measurement, if both measurement procedures are configured.
[bookmark: _Ref115081232]Proposal 3: if UE needs to provide results of both EMR and the new measurement during RRC connection setup/resume on the same cell/carrier, the results are expected to be the same to keep consistency. How to achieve that can be FFS.

The next issue is about the RF chain status when performing the new measurement
<Way forward >: Issue 2-2-1: Assumption for feasibility study: RF chain status when performing enhanced measurement
· Option 1 (Apple, HW, QC): One active RF chain
· Option 2 (CMCC, xiaomi, MTK, Ericsson, vivo, Nokia): Two active RF chains
· Option 3 (Nokia): more than two active RF chains
We continue supporting option 1, i.e. assuming one active RF chain as baseline in this feature. There are several reasons. 1) to allow UE with single RF chain to support this feature. Note that with one RF chain UE can still support CA, e.g. intra-band CA or inter-band for very close bands. 2) the new measurement is only for potential CA/DC operation, it is likely that NW isn’t urgent to use CA/DC after RRC connection setup. The measurement is configured when UE leaves connected mode, while UE only starts the new measurement after a long time, e.g. after T331 expires. However, network cannot predict there will be huge traffic data after UE sleep in idle for a long time. 3) the new measurement procedure is similar with EMR from use cases/intention perspective. During EMR design UE is not required to perform measurement simultaneously with multiple RF chains.
[bookmark: _Ref115081235]Proposal 4: as baseline assumption, RAN4 assumes there is only one active RF chain during the new measurement procedure during RRC connection setup/resume.

Regarding the number of frequency layers and samples for measurement:
<Agreement >: Issue 2-2-2: Assumption for feasibility study: number of frequency layers
· Reduce the number of EMR carriers to be measured for improved measurement. 
· FFS: how to select the frequency layers for improved measurement, how many frequency layers to measure and which scenario that is applicable.

<Way forward >: Issue 2-2-3: Assumption for feasibility study: Reduced number of samples
· Option 1: Yes
· Option 2 (Apple, MTK, vivo, HW ): No
· Option 3 (CMCC, xiaomi, Ericsson, LGE, Nokia): FFS how to reduce number of samples without measurement accuracy degradation.
Typically, the total measurement time is linear scaled by the number of layers. How to balance the number candidate carriers and measurement efficiency is up to network control. As for the number samples used for the new measurement during RRC connection setup/resume, we continue supporting not to reduce the number of samples, as it results in significant accuracy degradation. Using unreliable measurement result to configure CA/DC is problematic. System cannot achieve the expected high data throughput. Network may need to change the CA/DC after it gets reliable measurement result, e.g. from regular RRM measurement after UE enters connected mode.
[bookmark: _Ref115081237]Proposal 5: do not reduce the number of samples when defining measurement requirements for the new measurement during RRC connection setup/resume, compared with existing RRM requirements in connected mode.

The next issue is about the scaling factor of Rx beam sweeping: 
<Way forward >: Issue 2-2-4: Assumption for feasibility study: Reduce the scaling factor of Rx beam sweeping
· Option 1(Ericsson, Nokia): Reduce the scaling factor of Rx beam sweeping
· Option 1a (CMCC): use Rx beam sweeping factor of R17 HST FR2 or R17 positioning
· For FR2 HST, the value of scaling factor is 2 or 6 pending on the different deployment. 
· In Rel-17 positioning WI, the candidate Rx beam sweep numbers for reduced Rx beam sweeping factor (<8) UE capability are {1, 2, 4, 6}.  
· Option 1b (xiaomi, Ericsson, vivo, QC): FFS use prior information on the UE Rx beam to reduce the scaling factor of Rx beam sweeping
· Option 2 (Apple, MTK, HW): Not to reduce the scaling factor of Rx beam sweeping 
· Option 3 (Apple, Ericsson): Further discussion
As baseline, RAN4 shall not reduce the scaling factor of Rx beam sweeping to make sure that UE can get accurate measurement results. We open to further discussion on whether and under what condition the scaling factor can be reduced.
[bookmark: _Ref115081239]Proposal 6: 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.

The last issue is about the summary of feasibility study:
<Way forward/Agreement>: Issue 2-3-1: Whether RRC connection setup delay is very short for improvement on FR2 Scell/SCG setup delay
Agreement: RRC connection setup/resume delay is very short for improvement on FR2 Scell/SCG setup delay. 
Way forward
· Option 1 (Ericsson, Nokia, vivo): Study short and accuracy measurement during RRC connection setup/resume.

<Way forward/Agreement>: Issue 2-3-2: Impact on RACH due to measurement during RRC connection setup/resume
Agreement: MSG2/MSG4 during RACH procedure may be lost due to measurement on FR2 intra-band inter-frequency during RRC connection setup/resume.
Way forward: 
· Option 1 (Apple, MTK, HW): 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.
· Option 2 (vivo, Nokia): FR2 intra-band CA is not the target scenario of enhanced measurement.
· Option 3 (Ericsson): Study potential mitigation schemes to avoid/mitigate the impact on RACH due to measurement during RRC connection setup/resume.

< Agreement>: Issue 2-3-3: Feasibility of improvement in FR2 SCell/SCG setup delay
Further discuss the feasibility of improvement in FR2 SCell/SCG setup delay.
We would like to highlight that the new measurement may have negative impact on RACH procedure as captured in issue 2-3-2 in previous RAN4 meeting. On one hand, UE may not have a spare RF chain dedicated for the new measurement. On the other hand, beam for RACH procedure is likely to be different from the one used for the new measurement. UE may support independent beams in this procedure even if it has a spare RF chain. Besides, the measurement period in FR2 is quite long compared to the connection setup/resume time, which may only take dozens of milliseconds. Overall, quite limited gain can be observed on top of existing EMR measurement.
[bookmark: _Ref115081267]Observation 3: the new measurement would take longer time than RRC connection setup/resume. Besides, it may have negative impact on RACH procedure on PCell. Overall, quite limited gain can be observed for the new measurement on top of existing EMR procedure.

3. Conclusion
In this contribution, we continue discussion on new RRM measurement during RRC connection setup/resume from RRM perspective. After discussion, the following conclusions are provided:
Proposal 1: UE starts measurement when it needs to setup connection with network. Specifically, UE shall start measurement
· after successful paging reception for MT call 
· after the first RACH preamble transmission for MO call 
Proposal 2: further enhancement on R16 EMR is out of scope of this WI and shall not be considered. Whether and how to use the result obtained during EMR procedure for the new measurement during RRC connection setup/resume can be FFS.
Observation 1: if EMR measurement results are still valid (e.g. T331 is still running), network can use EMR results to configure SCell/SCG when UE enters RRC connected mode, instead of relying on new measurement during RRC connection setup/resume.
Observation 2: the new measurement during RRC connection setup/resume and EMR are two independent features. UE supporting both features may need to provide result corresponding to configuration of EMR and the new measurement, if both measurement procedures are configured.
Proposal 3: if UE needs to provide results of both EMR and the new measurement during RRC connection setup/resume on the same cell/carrier, the results are expected to be the same to keep consistency. How to achieve that can be FFS.
Proposal 4: as baseline assumption, RAN4 assumes there is only one active RF chain during the new measurement procedure during RRC connection setup/resume.
Proposal 5: do not reduce the number of samples when defining measurement requirements for the new measurement during RRC connection setup/resume, compared with existing RRM requirements in connected mode.
Proposal 6: 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.
Observation 3: the new measurement would take longer time than RRC connection setup/resume. Besides, it may have negative impact on RACH procedure on PCell. Overall, quite limited gain can be observed for the new measurement on top of existing EMR procedure.
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