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Introduction
The Work Item Description for DC and CA enhancements in [1] was approved at the RAN#81 meeting. One of the objectives concerns how to reduce the delay until the setup of DC and/or CA through early measurements:
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
· [bookmark: _GoBack]The impacts on UE power consumption should be minimized
· The LTE Rel-15 euCA work should be utilized, when applicable

Early measurement reporting was discussed at the RAN2#105 meeting, with the following agreements:
Agreements:
For IDLE/INACTIVE
1 Rel-16 early measurement configuration may contain both NR and LTE configuration, only NR configuration or only LTE configuration, to support various MR-DC and CA scenario. FFS on details.  IDLE mode and INACTIVE mode details will be discussed separately
2 NR early measurement configuration should include NR specific measurement parameters configurations.
3 Available beam and cell level measurement results can be included in early measurement reporting if configured.  

At the RAN2#105bis meeting the following agreements were reached for early measurement configuration:
Agreements
1:	NR early measurements can be configured in both NR RRCRelease message and NR system information. 
FFS: Whether there are differences in the configuration that can be provided by RRCRelease and SI.
2:	Introduce some indication about the cell's early measurement support in NR system information.
3: 	To control the duration of UE performing both IDLE and INACTIVE measurements, a single validity timer (similar to measIdleDuration in LTE euCA) is mandatory indicated only in NR RRCRelease message, i.e. not included in NR SIB.
4:	For both IDLE and INACTIVE early measurements, the following IEs can be optionally configured per NR frequency in both NR RRCRelease message and NR SIB:
[bookmark: _Hlk7511837]-	A list of frequencies and optionally cells (similar to measCellList in LTE euCA) the UE is required to perform early measurements. 
-	A cell quality threshold (similar to qualityThreshold in LTE euCA) the UE is required to report the measurement results only for the cells which met the configured thresholds.
FFS: A validity Area (similar to validityArea in LTE euCA) to indicate the list of cells within which UE is required to perform early measurements. If the UE reselects to a cell outside this list, the early measurements are no longer required (same as timer expiry).
	o	If it is absent, the UE will not have area limitation of early measurements. 
For SSB based measurements:
5:	For both IDLE and INACTIVE early measurements, SSB frequencies to be measured can be located out of sync raster
6: 	For both IDLE and INACTIVE early measurements, RSRP and RSRQ can be configured as cell and beam measurement quantity. 
7: 	For both IDLE and INACTIVE early measurements, the configuration parameters provided per SSB frequency follow the same principles as those provided in SIB2/4 for the purposes of Idle/Inactive mobility. (Details differences can be discussed at stage 3 level)
8: 	As LTE euCA, cell / beam SINR is not introduced as measurement quantity in NR early measurement configuration in Rel-16.
For SSB based beam level measurement configurations:
9	The UE is required to report the beam with the highest measurement quantity
FFS: Whether additional beams can be reported.
10: For both IDLE and INACTIVE early measurements, the UE can be configured with one of the 3 beam reporting types
1)	No beam reporting; 
2)	Only beam identifier 
3)	Both beam identifier and quantity 
FFS: Whether to support CSI-RS based NR early measurements
11: LTE UE in IDLE mode, IDLE with suspended, and INACTIVE can be configured with NR early measurements to support fast setup of (NG)EN-DC (i.e. euCA is extended to support NR measurements). Details are FFS

From the agreements on early measurement configurations there are FFSs listed for some of the topics:
· Whether there are differences in the configuration that can be provided by RRCRelease and SI.
· Whether to include a validity Area to indicate the list of cells where the UE is required to perform early measurements.
· Whether additional beams can be reported.
· Whether to support CSI-RS based NR early measurements.
In this contribution we discuss these FFSs on early measurement configuration.
[bookmark: _Ref528173454][bookmark: _Ref525647665]Discussion
Early measurement configuration in dedicated and broadcast signalling
It was agreed at the RAN2#105bis meeting that the NR early measurements can be configured in both NR RRCRelease message and NR system information. It was then however left as an FFS whether there are differences in the configuration that can be provided by RRCRelease and SI.
As agreed at RAN2#105bis, a measurement duration timer is mandatory included in the the RRCRelease message and not included in the broadcast configuration, just as for Rel-15 LTE euCA.
It has also been agreed that both the dedicated and the broadcast configuration may contain a list of frequencies and optionally cells where the UE is required to perform the early measurements, and a cell quality threshold reporting of a cell. The question is then if there is a need to let these configurations be different for the dedicated signalling (RRCRelease) and the broadcast system information.
It can be considered to have different early measurement configurations for a UE depending on the state it is in, RRC_IDLE or RRC_INACTIVE, or the capabilities that it has, such as whether it supports only CA or also DC. In the dedicated configuration (in the RRCRelease message) the network can configure the UE accordingly, without any separation of the configuration. The question is then whether it is necessary to be able to separate these types of configurations also through broadcast, which then would mean that the broadcast configuration would need to be separated for the different cases. This would increase the complexity and lead to that there are different types of configuration to handle for the UE. Considering that the dedicated configuration can be used in these cases, we therefore think that the broadcast configuration should be the same as the dedicated one (i.e. without any separation for e.g. different states or capabilities).
[bookmark: _Toc7453738][bookmark: _Toc7516663][bookmark: _Toc7540412][bookmark: _Toc7732164][bookmark: _Toc7732199][bookmark: _Toc7732996]The dedicated and broadcast early measurement configuration have the same structure except for the measurement duration, which is only included in the dedicated signalling (the RRCRelease message).

On the need for validity area for early measurements
In LTE Rel-15, a validity area is optionally included in the idle mode measurement configurations. If the UE enters a cell that is not part of the validity area, it can then consider the measurements as no longer required. The validity area is configured through inclusion of the validityArea within instances of MeasIdleCarrierEUTRA:
[bookmark: _Hlk522735614]MeasIdleCarrierEUTRA-r15::=			SEQUENCE {
	carrierFreq-r15						ARFCN-ValueEUTRA-r9,
	allowedMeasBandwidth-r15			AllowedMeasBandwidth,
	validityArea-r15					CellList-r15					OPTIONAL,	-- Need OR
	measCellList-r15					CellList-r15					OPTIONAL,	-- Need OR
	reportQuantities					ENUMERATED {rsrp, rsrq, both},
	qualityThreshold-r15				SEQUENCE {
		idleRSRP-Threshold-r15				RSRP-Range					OPTIONAL,	-- Need OR
		idleRSRQ-Threshold-r15				RSRQ-Range-r13				OPTIONAL	-- Need OR
	}																	OPTIONAL, 	-- Need OP
	...
}
In LTE Rel-15, if the UE reselects to a cell that is not part of the validity area, it will stop T331 and thus release the idle measurement configuration.
The support for a similar validity area for the Rel-16 early measurement configurations was discussed as part of the 105#54 email discussion. At the RAN2#105bis meeting it was then left as an FFS whether the validity area is needed also in the Rel-16 early measurements.
The early measurement configuration already has a limited duration as controlled through the mandatory duration timer (T331). The reason to introduce a validity area would then be to limit the measurements in case the UE moves to an area where the measurements are not useful. However, even if there may be some areas where the early measurements are not considered as useful, it does not make sense to release the whole early measurement configuration when the UE leaves the validity area. It should e.g. be considered that the UE may just temporarily leave the configured validity area and then enter it again. Instead, the UE may avoid performing early measurements while it is outside the validity area, but keep the early measurement configuration including timer T331 running.
If the UE then enters the validity area again while timer T331 is still running, it can then continue the early measurements according to the configuration. As long as the early measurement configuration is not released if the UE leaves the configured validity area, we therefore think that it could be supported also in Rel-16.
[bookmark: _Toc7732997][bookmark: _Toc4593639][bookmark: _Toc4625632][bookmark: _Toc4626895][bookmark: _Toc4669090][bookmark: _Toc4701934][bookmark: _Toc4702186][bookmark: _Toc7282612][bookmark: _Toc7437858][bookmark: _Toc7453739][bookmark: _Toc7516664][bookmark: _Toc7540413][bookmark: _Toc7732165][bookmark: _Toc7732200]An optional validity area can be supported for idle measurement in NR, as long as the early measurement configuration is not released when the UE is camping outside the validity area (i.e. measurement configuration is released only on T331 expiry). 
Beam reporting
The NR early measurement configuration can include reporting of available beam level measurement results. It was agreed at RAN2#105bis that, if configured to do so, the UE is required to report at least the beam with the highest measurement quantity, either by including only the beam identifier or both the beam identifier and the measured quantity. It is however FFS whether also additional beams can be reported.
Beam level information in the measurement report can be used to e.g. determine beams where the network configures Contention Free Random Access (CFRA) resources for PSCell setup. Since the UE may have moved since the best beam was determined, there is a risk that the UE may have moved into another beam at the time of setup/resume. By including additional beams in the measurement report the possibility for the network to configure CFRA resources in a beam where the UE is actually located will then increase.
Reporting of additional beams should therefore be supported for the early measurements. Whether to include the available information about additional beams in the early measurement report or not, and then how many beams to report, should either be part of the early measurement configuration or be indicated by the serving cell. In case the information is provided by the serving cell, i.e. the cell where the UE initiates the connection setup or connection resume procedure, the indication can e.g. either be sent through system information or be included in the dedicated request for the early measurement report.
[bookmark: _Toc7453740][bookmark: _Toc7516665][bookmark: _Toc7540414][bookmark: _Toc7732166][bookmark: _Toc7732201][bookmark: _Toc7732998]Reporting of additional beams should be supported for early measurements. It is FFS whether the number of beams to report should part of the early measurement configuration or indicated by the serving cell.

On the need for CSI-RS based NR early measurements
Whether to support CSI-RS based NR early measurements in addition to the SSB based ones was also listed as FFS at the RAN2#105bis meeting.
CSI-RS measurements are supported in RRC_CONNECTED and in general it is beneficial to align the early measurements with the ones in RRC_CONNECTED as far as possible. Compared to the SSB based measurements, the CSI-RS based ones may provide better information about the quality of a cell and can thus be useful in the decision on fast setup of CA or DC. The use of CSI-RS measurements would also be needed for fast setup of SCells that do not have any SSB allocated at all.
Including CSI-RS based measurements is thus an additional enhancement to the early measurements with some benefits and we therefore propose that it is supported. However, in order to limit the complexity of the feature, we think that the support for CSI-RS NR early measurements then could be included as a separate UE capability.
[bookmark: _Toc7453741][bookmark: _Toc7516666][bookmark: _Toc7540415][bookmark: _Toc7732167][bookmark: _Toc7732202][bookmark: _Toc7732999]CSI-RS NR early measurements are supported, with the UE support indicated as a separate UE capability.

Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	The dedicated and broadcast early measurement configuration have the same structure except for the measurement duration, which is only included in the dedicated signalling (the RRCRelease message).
Proposal 2	An optional validity area can be supported for idle measurement in NR, as long as the early measurement configuration is not released when the UE is camping outside the validity area (i.e. idle measurement configuration is released only on T331 expiry).
Proposal 3	Reporting of additional beams should be supported for early measurements. It is FFS whether the number of beams to report should part of the early measurement configuration or indicated by the serving cell.
Proposal 4	CSI-RS NR early measurements are supported, with the UE support indicated as a separate UE capability.
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