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In RAN#80 meeting, the Rel-16 work item of ‘DC and CA enhancements’ was approved. One of the main objectives is:
	· Early Measurement reporting: Early and fast reporting of measurements information availability from neighbor and serving cells to reduce delay setting up MR-DC and/or CA. [RAN2, RAN4]
· This objective applies to MR-DC, NR-NR DC and CA
· The objective should consider measurements in IDLE, INACTIVE mode and CONNECTED mode
· The impacts on UE power consumption should be minimized
· The LTE Rel-15 euCA work should be utilized, when applicable
The work on objective 2 and 3 should consider UEs in all states (i.e. IDLE, INACTIVE and CONNECTED). 


In this contribution, we analyse the latency for setting up MR-DC and CA in NR and discuss the applicability of the solutions for LTE Rel-15 euCA. 
[bookmark: _Ref178064866]Discussion
2.1 Overall latency to set up MR-DC and CA
Current procedures for setting up MR-DC is illustrated in Figure 1.  It comprises the steps from the point when UE establishes/resumes RRC connection in IDLE/INACTIVE to when data transmission can begin in the PScell in the newly added SCG.  
The main contributors for the latency comprises:
· RRC connection setup/resume
· Initial Security activation and RRC reconfiguration for measurement
· UE measurement 
· UE measurement report
· RRC reconfiguration to setup MR-DC
· Random access towards the SCG
For setting up CA operation, the procedures are the similar as MR-DC from air interface, except that random access may not be required to begin data transmission with a SCell. Furthermore, the procedure over Xn interface for SN addition is not needed. So the overall latency for setting up CA is shorter than MR-DC. 
Observation 1: The setting up time for MR-DC is longer than CA. 


Figure 1 Steps to setup DC and begin data transmission with PScell
In LTE, the dominant factor of the latency to set up CA operation is the inter-frequency measurements, which is 480ms*N (number of frequency layers). In NR, the UE should be be able to identify new inter-frequency cells and perform SS-RSRP, SS-RSRQ, and SS-SINR measurements of identified inter-frequency cells. The latency for inter-frequency measurement for each frequency layer consists of the time period for PSS/SSS detection, time period for time index detection if report of the SSB index is required, and measurement period. The overall latency for one measurement object depends on its frequency range (FR1 or FR2), whether SSB time index is required, carrier-specific scaling factor (CSSF), as well as the SMTC periodicity/DRX configuration/ measurement gap. Taking FR1 for example, the minimum latency for one frequency layer is sum fo 600ms for PSS/SSS detection, 120ms for SSB time index detection and 200ms for measurement, which is 920ms if SSB time index detection is required and the carrier-specific scaling factor is 1. For FR2, the minimum latency for one frequency layer would reach to 1200ms. When multiple objects are configured, different CSSF values are derived for different frequency layers, which scales the measurement delay requirement. The latency would be even longer when measuring multiple frequency layers.
The latency of other components to setup DC or CA operation is tens of milliseconds. Although the reduction in the rest of the components will still decrease the overall delay, the benefit is marginal without improvements to measurement latency. 
Observation 2: The dominant factor of the latency to set up DC and CA operation is the inter-frequency measurements. The delay for inter-frequency measurement in NR is much longer than in LTE. 
In LTE, fast IDLE mode measurement is supported to enable fast CA setup. Considering the even longer measurement delay in NR, fast measurement in IDLE/INACTIVE should be supported to enable fast MR-DC and CA setup. 
Proposal 1: Early measurement in IDLE/INACTIVE mode and fast measurement reports to enable fast MR-DC and CA setup is supported. 
2.2 IDLE/INACTIVE Measurement Configuration
In LTE for CA enhancement, measurement configuration can be provided to IDLE UEs through system information or RRCConnectionRelease message to enable early measurement for fast SCells configuration upon UE enters in CONNECTED.  
In NR, SCells and SCG cannot be configured in IDLE. In MR-DC, the UE stores the PDCP/SDAP configuration but releases the SCG configuration when moving to INACTIVE. MR-DC and CA operation can only be configured after security activation, according to the measurement results provided by the UE.  In order to enable early measurement for UE in IDLE/INACTIVE, the measurement configuration, can be provided in system information or by dedicated message i.e. RRCRelease message. 
Proposal 2: The measurement configuration can be provided in system information and dedicated message RRCRelease. 
In NR, measurement for each frequency layer can be based on SSB or CSI-RS or both. Although CSI-RS based measurement can be configured by dedicated message, UE should not be required to perform CSI-RS based measurement in IDLE/INACTIVE to enable fast DC/CA setup. For DC setup, SSB is always required for PScell. For CA setup, the SCell with SSB can be configured first. For CSI-RS based measurement, SSB also needs to be configured for timing reference or QCL association. There is no need to complicate the IDLE/INACTIVE measurement for fast DC/CA setup. In order to simplify both network configuration and UE measurement, only SSB-based measurement is supported for UE in IDLE/INACTIVE to enable fast MR-DC/CA setup. 
Proposal 3: Only SSB-based measurement is supported for UE in IDLE/INACTIVE to enable fast MR-DC/CA setup. 
For SSB-based measurement, the DL frequency information of SSB and the SMTC configuration should be indicated. So UE knows on which frequency to measurement SSB. Furthermore, which measurement quantities should also be reported should also be indicated. 
Proposal 4: The measurement configuration for each frequency layer consists of DL frequency information of SSB, SMTC configuration and the measurement quantities. 
In NR RRM measurement, both beam-level and cell-level measurements are performed and reported. Beam-level measurements are reported mainly for the purpose of dedicated PRACH resource configuration in the target cell during HO/SCG change.  For fast DC/CA setup, contention free RA procedure can help to reduce the latency to setup DC operation. Whether to report beam-level measurements can be optionally configured. In this case, the number of beams to be reported should be indicated.
Proposal 5: For SSB-based measurement in IDLE/INACTIVE, report of beam-level measurement results and the number of beams for each frequency layer can be optionally configured.  
For measurement in IDLE/INACTIVE for the purpose of fast CA/DC setup, UE power consumption is concerned. The trade-off between UE power consumption and latency for DC/CA setup should be balanced. First, the number of frequency layers, the number of cells in each frequency layer as well as the number of SSBs of each cell should be limited. In LTE CA enhancement, at most 3 inter-frequencies and at most 8 cells per carrier frequency are supported. The exact number is FFS and requires RAN4 input. 
Proposal 6: The number of frequency layers, the number of cells in each frequency layer and the number of beams in each cell should be limited. FFS on the values. 
Second, the power consumption depends on how long and how frequent UE performs measurement, which determine the measurement delay and the measurement accuracy. In LTE, how to perform euCA IDLE state measurement is up to UE implementation. There is no measurement requirement specified for this kind of measurement. Generally, the measurement reports are not reliable enough if there is no measurement requirement specified. The measurement error is even serious in NR, especially when FR2 is considered. In order to help network to configure different frequencies properly for DC/CA operation, the measurement requirement for UE in IDLE/INACTIVE to enable fast DC/CA setup should be considered by RAN4. 
Proposal 7: Send LS to RAN4 to inform that early measurement in IDLE/INACTIVE for fast DC/CA setup is supported and ask RAN4 to discuss whether the measurement requirement for it is needed.
2.3 IDLE/INACTIVE Measurement Reports
In CONNECTED, measurement report is triggered by the report events configured by the network. For DC/CA setup, the network configures SCG or SCells if the measurement results for those cells are above certain thresholds. For IDLE/INACTIVE measurement report, a threshold should be configured. UE only reports the measurement results for the frequencies and cells which met the configured thresholds. 
Proposal 8: The thresholds for the measurement quantities should be configured. UE provides the measurement results for the frequencies/cells if the configured thresholds are met. 
In NR, measurement results should be reported after security activation. The same principle should be applied for fast DC/CA setup. That means that the IDLE/INACTIVE measurement reports can only be reported to the network after RRC connection is established/resumed. 
Proposal 9: The IDLE/INACTIVE measurement reports should be reported after security activation. 
In LTE CA enhancement, the IDLE measurement results are reported as part of UE information procedure, i.e. through UEInformationRequest and UEInformationResponse. However, there is no procedure for network to request the UE to report information in NR. For IDLE to CONNECTED transition, a new procedure similar as UE information can be defined in NR. Considering other WIDs, such new procedure may be needed, e.g. to support MDT, RLF report etc. in Rel-16. For INACTIVE to CONNECTED transition, measurement results can be sent earlier, e.g. in RRCResumeComplete message, since the security has been restored when UE initiates the RRC connection resume procedure. 
Proposal 10: IDLE measurement results can be reported as part of UE information procedure; INACTIVE measurement results can be reported in RRCResumeComplete message. 
Conclusion
In this contribution, we analyse the latency for setting up MR-DC and CA in NR. 
We have following observations compared with LTE CA enhancement. 
Observation 1: The setting up time for MR-DC is longer than CA. 
Observation 2: The dominant factor of the latency to set up DC and CA operation is the inter-frequency measurements. The delay for inter-frequency measurement in NR is much longer than in LTE. 
Based on the above observations, we propose:
Proposal 1: Early measurement in IDLE/INACTIVE mode and fast measurement reports to enable fast MR-DC and CA setup is supported. 
Proposal 2: The measurement configuration can be provided in system information and dedicated message RRCRelease. 
Proposal 3: Only SSB-based measurement is supported for UE in IDLE/INACTIVE to enable fast MR-DC/CA setup. 
Proposal 4: The measurement configuration for each frequency layer consists of DL frequency information of SSB, SMTC configuration and the measurement quantities. 
Proposal 5: For SSB-based measurement in IDLE/INACTIVE, report of beam-level measurement results and the number of beams for each frequency layer can be optionally configured.  
Proposal 6: The number of frequency layers, the number of cells in each frequency layer and the number of beams in each cell should be limited. FFS on the values. 
Proposal 7: Send LS to RAN4 to inform that early measurement in IDLE/INACTIVE for fast DC/CA setup is supported and ask RAN4 to discuss whether the measurement requirement for it is needed.
Proposal 8: The thresholds for the measurement quantities should be configured. UE provides the measurement results for the frequencies/cells if the configured thresholds are met. 
Proposal 9: The IDLE/INACTIVE measurement reports should be reported after security activation. 
Proposal 10: IDLE measurement results can be reported as part of UE information procedure; INACTIVE measurement results can be reported in RRCResumeComplete message. 
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