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1 Introduction

The typical EN-DC deployment would be that NR cells will co-exist with LTE cells. Two basic deployment scenarios have been identified in [1]. In the first one there is a full overlapping with coverage areas between LTE and NR cells, and in the second one cells have different coverage areas, so that either LTE or NR provides full coverage with macro cells and other RAT is used to provide e.g. additional capacity with small cells. To maximize the usage of system level capacity in presented multi-RAT environment the DC should be utilized as much as possible.
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Figure1: NR and LTE co-existence deployment scenario
In current mobile (e.g. LTE) networks a significant amount of data traffic is generated via short packet transmission sessions between UE and network. Each of the session usually contains only few hundreds of kilobytes of data. When there is something to be send or receive by UE, the network moves UE from IDLE to CONNECTED state and after the transmission session has been ended, UE is usually moved back to IDLE mode, mainly to improve UE power consumption, which is significantly higher in CONNECTED state compare to IDLE state.  
The current measurement solution, where UE starts to make inter-RAT or inter-frequency measurement after RRC connection has been established/re-established is quite often too slow to allow efficient utilization of EN-DC. The possibility to add default bearer on SCG during Initial Context Setup was discussed in the previous RAN2 meeting [2] and the following were agreed.  
Agreements

1:
At least for EN-DC, the MN can perform a blind addition of the SN and use the first RRC reconfiguration message following RRC connection establishment to carry the corresponding SCG configuration. (No additional functionality will be defined enable this)

This supercedes the previous agreement on this topic.

In the blind addition, the assumption is a that NW does not have any measurement information available from UE before RRC reconfiguration message with SCG addition is send to UE. As the radio environment change quite rapidly in NR due small cell size and extensive usage of beam, the blind addition would not be the optimum solution for fast SCG addition. To allow more efficient utilization of EN-DC the RRM measurement configuration and reporting could be enhanced, especially in state transition phase i.e. when UE is moved to CONNECTED state to start the data transmission.
In this paper, we like to further discuss potential measurement configuration and reporting enhancements to improve the utilization of EN-DC in the future.  
2 Discussion
Before the data transmission for certain UE can be started, the radio resources between network and UE need to be configured. To be able to configure the needed radio resources and appropriate bearers, the network needs the RRM measurement information from UE to identify which beams/cells can be used to serve UE for data transmission. In the current LTE system, the UE can be configured using SIBs to make some measurement also in IDLE mode, but these measurements are targeted to IDLE mode mobility management i.e. to be used autonomously by UE for cell selection and reselection and there is no connection between UE and network in that phase. The UE is configured via dedicated RRC signaling by the network to make more accurate measurements after the need for uplink or downlink data transmission has been identified (data has been arrived in buffers in UE for uplink or in gNB/eNB for downlink) and RRC connection has been established between UE and network. 

After UE has been configured to make more accurate measurements, it could take a few hundreds of milliseconds before UE has collected enough measurement results from the surrounding cells and beams to be passed to serving eNB, which can then utilize this information for optimized radio bearer configuration to be used for data transmission between UE and network. Before network gets more accurate measurements from UE, it can configure some non-optimize radio bearer configuration to start data transmission with UE. The delay between measurement configuration and accurate measurement results increases the time before network can configure the optimized bearer configuration for certain UE. This may lead to situation where all the buffered data has been already transmitted via slower transmission connection before more enhanced transmission solution has been configured due the lack of appropriate measurement results.

It would be optimum from system and UE performance point of view, to configure and activate the EN-DC as soon as possible, and maximize the available bandwidth and transmission data rate between UE and network. The higher transmission data rate also reduces the needed transmission time and UE can be moved from CONNECTED state back IDLE (or suspended/inactive in the future) sooner, which would improve the utilization of system resources and UE power consumption.
Observation 1: To enable more efficient utilization of EN-DC, the UE measurement configuration should be enhanced to decrease the delay and improve the UE performance compared with existing measurement configuration and reporting procedures used in LTE.
The measurement configuration can be split to IDLE and CONNECTED mode measurement configuration. As describe above, when UE is in IDLE state, it gets RRM measurement configuration generally from SIB’s. These measurements configured via SIB’s can be used for IDLE mode mobility management by UE for cell selection/re-selection, but they are not feasible to provide accurate inter-frequency, inter-RAT or even intra-frequency, as UE does not need to measure them as long as the quality of serving cell is good enough. 
When UE is moved to CONNECTED state, the accurate measurements to support effective usage of EN-DC can be configured via dedicated RRC signaling by the NW. The measurement configuration is used as long as UE stays in CONNECTED and the configuration can be updated dynamically by the NW in any moment to keep the configuration optimal for the UE to allow efficient usage of all available network resources in certain area. The dedicated measurement configuration is released when UE is moved to IDLE state and UE will start to use again the IDLE mode measurements defined by received SIBs.  
Observation 2: The measurement configuration used in IDLE state cannot provide accurate measurement results for fast EN-DC configuration when UE is moved to CONNECTED state
It is possible to configure UEs to make inter-frequency/RAT measurements using SIB’s, but it will affect to all UEs in the same area which may not be feasible in all cases as e.g. the UE power consumption will be increased significantly due activated inter-frequency or inter-RAT measurement when it is unnecessary, and therefore the SI based mechanism cannot be used as such to improve the UE measurement configuration in IDLE states.
Observation 3: Due limitation of the current SIB based configuration mechanism, the IDLE mode measurements cannot be utilized to provide more accurate measurement information
Another solution to improve the measurement accuracy during the IDLE state could be to utilized the previous measurement configuration used in CONNECTED state before RRC state change. This solution could provide accurate measurement information, but it would also lead to a significant increase of UE power consumption in IDLE state, which is not desirable.    
Observation 4: The last configured CONNECTED mode measurement cannot be utilized in IDLE mode due to increase UE power consumption
Proposal 1: To enable faster configuration and activation of EN-DC when UE moves from IDLE to CONNECTED, the enhanced UE measurement mode and corresponding configuration in IDLE state should be considered
To improve the UE’s capability to provide more accurate RRM measurements faster when moving from IDLE to CONNECTED state, the measurement configuration in IDLE state should be enhanced i.e. a new measurement mode between existing IDLE and CONNECTED state measurement configurations would be beneficial. 
In the new measurement mode, the advanced measurement configuration could always be available in the UE side and with enhanced measurement activation methods more accurate measurement information can be provided, especially in when transition from IDLE to CONNECTED due DL/UL data transmission is triggered. The faster configuration and activation of EN-DC would improve the usage of system level resources, decrease the UE power consumption and improve end used experience due faster available bit rates.  
As the target is to have similar measurement results as in CONNECTED mode to support fast EN-DC configuration without significantly increased UE power consumption, some measurement activation enhancement is needed to activate the measurement early enough to get accurate measurement information, but in the same time, minimize the measurement period before EN-DC configuration and activation to minimize the increased power consumption due collection of enhanced measurements before actual data transmission starts.  

Proposal 2: New measurement mode configuration to be used along with IDLE and CONNECTED mode measurement configurations should be introduced to support more accurate RRM measurements
It was confirmed in the June RAN2 Ad-Hoc meeting, that MN can perform blind addition of the SN and use the first RRC reconfiguration message following RRC connection establishment to carry the corresponding SCG configuration. When first RRC reconfiguration message is used to configure SN/SCG there is not any measurement information available in the NW side and this may lead not so optimized SN/SCG configuration. 
In LTE, the measurement configuration is provided to UE by RRCConnectionReconfiguration or RRCConnectionResume messages i.e. UE does not have active CONNECTED mode measurement configuration for before it receives it from NW during RRC connection establishment/resume. The lack of valid measurement configuration during IDLE can be avoided by having a new measurement configuration, that enables UE to have more accurate measurement information available before CONNECTED mode measurements are configured by NW. If this measurement information can be provided to network earlier than in current LTE, faster and more accurate SN/SCG addition can be achieved.
In case the measurement report cannot be send by UE before RRCConnectionConfiguration or RRCConnectionResume message reception, NW could include the fast measurement reporting indication to the configuration/resume message and UE could send the available measurement report immediately after it has received the message. This solution would save the time that UE needs to have accurate measurements if it starts to collect the measurements only after it has received new measurement configuration in RRCConnectionConfiguratio or RRCConnectionResume.
Proposal 3: UE is allowed to provide available measurement information based on the enhanced IDLE mode measurement configuration immediately after it has received RRCConnetionConfiguration or RRCConnectionResume and if fast measurement indication was included    
3 Conclusions:

Based on the discussion, the following observation and conclusion were made:

Observation 1: To enable more efficient utilization of EN-DC, the UE measurement configuration should be enhanced to decrease the delay and improve the UE performance compared with existing measurement configuration and reporting procedures used in LTE.
Observation 2: The measurement configuration used in IDLE state cannot provide accurate measurement results for fast EN-DC configuration when UE is moved to CONNECTED state

Observation 3: Due limitation of the current SIB based configuration mechanism, the IDLE mode measurements cannot be utilized to provide more accurate measurement information
Observation 4: The last configured CONNECTED mode measurement cannot be utilized in IDLE mode due to increase UE power consumption

Proposal 1: To enable faster configuration and activation of EN-DC when UE moves from IDLE to CONNECTED, the enhanced UE measurement mode and corresponding configuration in IDLE state should be considered
Proposal 2: New measurement mode configuration to be used along with IDLE and CONNECTED mode measurement configurations should be introduced to support more accurate RRM measurements

Proposal 3: UE is allowed to provide available measurement information based on the enhanced IDLE mode measurement configuration immediately after it has received RRCConnetionConfiguration or RRCConnectionResume and if fast measurement indication was included    
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