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1	Introduction
During the RAN2#105bis meeting, many agreements were made concerning the early measurement reporting and signalling details. These are all excerpted in the Annex A of the contribution as a reference to the discussion.
However, there were also some FFSs and omitted details (even from LTE baseline), requiring further attention. In this contribution, we discuss further on how to resolve the FFS from the last meeting.
2	Configuration details of early measurements
2.1	Differences in RRCRelease and SI configuration
In LTE Rel-15, the early measurements can be configured in two different ways: UE is provided with the configuration either via only RRCConnectionRelease (in which case UE ignores any SIB5 measurement configuration information), or via RRCConnectionRelease (only timer) + SIB5 configuration (measured carriers). The reasons for this were to allow for scenarios where the measured carriers/cells vary between the serving cells, and network only desires results from certain carriers or cells. Whether such differentiation should be allowed also for NR was left open in RAN2#105bis, as illustrated by the below FFS:
FFS: Whether there are differences in the configuration that can be provided by RRCRelease and SI.

At the same time, agreement was already made on the validity timer being only included in RRCRelease, so the FFS only relates to the actual measurement configuration provided.
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.
Observation 1: As per RAN2#105bis decisions, the validity timer can only be provided in RRCRelease and not in SI.
In LTE Rel-15, the measurement configuration structure is the same in RRCConnectionRelease and SIB5 for a simple reason: No particular reason was identified why it would have to be different, and what would the differences be. Further, keeping the configuration same avoided differentiating the UE procedures when receiving the measurement configuration. Therefore, we would propose to retain the same principle also in NR.
Proposal 1: As baseline assumption, the same ASN.1 structure can be used for measurement configuration regardless of whether it is provided in RRCRelease and SI.
Naturally, the contents of the measurement configurations provided via RRCRelease could be configured differently than the content in SIBx to account for cell-specific variations. However, in LTE the measurement configuration can only be provided via either RRCConnectionRelease or the SIB5, not in both: Once UE has stored a configuration from RRCConnectionRelease, it will ignore the SIB5 configuration, as shown by below excerpt from LTE RRC:
	1>	if in RRC_IDLE and UE has stored VarMeasIdleConfig and SIB5 includes the measIdleConfigSIB and the UE is capable of IDLE mode measurements for CA:
2>	if T331 is running and VarMeasIdleConfig does not contain measIdleCarrierListEUTRA received from the RRCConnectionRelease message:
3>	store or replace the measIdleCarrierListEUTRA of measIdleConfigSIB within VarMeasIdleConfig;
2>	perform idle mode measurements as specified in 5.6.20;


Observation 2: UE does not “merge” measured carrier configuration from RRCConnectionRelease and SIB5 in LTE.
The reason why this was adopted was simplicity: It would require quite some effort to define how the merging is done, which configuration should be prioritized, and how to differentiate the RRCRelease/SIBx configurations in specification. 
Proposal 2: If configuration of measured carriers is provided in RRCRelease, UE only follows that and ignores the SIB measurement configuration.
Concerning the SI where the configuration of the measurements is done, in LTE SIB5 was used since it is the SIB for inter-frequency reselection parameters. In NR the corresponding SI is in SIB4, so we would propose to follow the LTE principle and add the measurement configuration to SIB4.
Observation 3: The NR SI for reselection measurements can be used also for configuring the NR early measurements.
Proposal 3: Add the NR early measurement configuration to NR SIB4.
As the NE-DC is being specified in the late drop, it’s obvious to ask whether UE could also provide LTE early measurements while being in NR. Since the agreement in RAN2#105bis was that UE in LTE could also provide NR early measurements in Rel-16 (to allow e.g. fast EN-DC configuration), we think the same principle could be followed also for NR.
Proposal 4: Allow configuring also LTE early measurements in NR RRCRelease and NR SIB4.
Finally, it was agreed that NR SI would provide indication of the cell’s support of the early measurement configuration, as illustrated below:
2:	Introduce some indication about the cell's early measurement support in NR system information.
In LTE such indication was placed in SIB2 since UE vendors claimed it would be a burden for the UE to always receive SIB5 to determine whether measurements are done, and this could even potentially cause UE not to do measurements while it asks for SIB via OSI provisioning. Therefore, we think the same principle could be followed also in NR and the cell would indicate its support of early measurements in SIB1.
Proposal 5: Introduce network indication of early measurements to SIB1. UE is not required to perform measurements when the SIB1 indication is not present. 
2.2	Reselection measurements and early measurements
UE normally does measurements for carrier reselection based on the carrier priorities, and how often the measurements are done depends on the priority of the current carrier. The reselection priorities and carriers used for reselection measurements are all configured in SIB4 and determine the measurements UE does while in IDLE/INACTIVE.
The obvious question to ask is how to handle the case when early measurements are not done in the same carriers as are used for reselection – what should the UE measure? RAN4 already discussed this in LTE Rel-15 but opted to not specify any requirements for the so-called “non-overlapping carriers” (i.e. carriers that are only configured for early measurements but not configured otherwise in LTE SIB5).
Observation 4: LTE Rel-15 did not specify early measurement requirements for carriers that are not used for reselection purposes.
However, it is also clear that e.g. for EN-DC use case, not all the carriers may be used for mobility, as some of the carriers might be NSA carriers where reselection is not possible, or the UE might not even support NR standalone operation but could support NR measurements. Therefore, the question should be considered again in the Rel-16 WID to ensure these cases also work.
Observation 5: Early measurements of MR-DC in carriers that are not used for cell reselection (i.e. “non-overlapping carriers”) may be essential to allow fast activation of MR-DC operation.
There are several possibilities how to handle this: either the measurements are automatically given some sort of priorities (e.g. reselection measurements have higher priority),  or the network can indicate which measurements are considered the most important for UE to provide. But in either case, both RAN2 and RAN4 have to discuss the matter in more details.
Proposal 6: RAN2 to discuss how to handle measurements of carriers which are not used for reselection purposes (e.g. EN-DC carriers).
Proposal 7: Once decided, send LS to RAN4 to request to specify measurement requirements for the “non-overlapping” carriers in Rel-16.
2.3	Impacts to LTE early measurement configuration and NR measurement reporting
RAN2#105bis agreed to extend the LTE IDLE measurements to allow also NR measurements, as shown by agreement below: 
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
The details were left open, but there aren’t that many big issues to resolve: Mainly the question is whether the measurements are done as extension to existing ones (which seems obviously a simple thing to do), and whether the NR measurements while in LTE are separated as a feature from NR measurements while in NR (which also seems natural since the UE might not support stand-alone NR in all cases). Therefore, we propose the following:
Proposal 8: Introduce early NR measurements as extension of the current LTE IDLE measurement configuration.
Proposal 9: The NR early measurements in LTE have a separate capability from NR early measurement in NR
FFS was also left for how to handle the INACTIVE reporting from LTE side, i.e. whether it is possible to request the early measurements in Msg4 and report them in Msg5 while UE is operating in LTE connected to 5GC, as shown below.
7	For NR INACTIVE, the network can request early measurement report in RRCResume 
8	For NR INACTIVE, early measurement reporting can be sent in RRCResumeComplete 
FFS Whether agreements 7 and 8 should be applied to LTE RRCConnectionResume and RRCConnectionResumeComplete message.
In our view, this requires more changes to LTE and can be considered an optimization, so we would propose to postpone the decision until it can be seen what changes are required for the NR side on this. Then it is easier to consider whether to adopt the same thing for LTE or not.
Proposal 10: Consider reporting of early measurements in LTE RRCConnectionResumeComplete when NR Stage-3 work has progressed sufficiently.
Finally, we would also point to one particular point that was omitted from the discussion: Which carriers are measured by the UE. In LTE, it was agreed that only those measurements which are usable for carrier aggregation (i.e. UE supports CA in the carriers) are reported. This allows UE to reduce its measurement load while still allowing network to indicate SIB measurement configuration of more carriers than all UEs might support. 
Proposal 11: Like in LTE, UE only reports NR measurement results those carriers for which it supports carrier aggregation or (MR-DC or NR-DC) dual connectivity.
3	Conclusions
We have discussed the remaining details in early measurements, and observed/proposed the following:
Observation 1: As per RAN2#105bis decisions, the validity timer can only be provided in RRCRelease and not in SI.
Observation 2: UE does not “merge” measured carrier configuration from RRCConnectionRelease and SIB5 in LTE.
Observation 3: The NR SI for reselection measurements can be used also for configuring the NR early measurements.
Observation 4: LTE Rel-15 did not specify early measurement requirements for carriers that are not used for reselection purposes.
Observation 5: Early measurements of MR-DC in carriers that are not used for cell reselection (i.e. “non-overlapping carriers”) may be essential to allow fast activation of MR-DC operation.
Proposal 1: As baseline assumption, the same ASN.1 structure can be used for measurement configuration regardless of whether it is provided in RRCRelease and SI.
Proposal 2: If configuration of measured carriers is provided in RRCRelease, UE only follows that and ignores the SIB measurement configuration.
Proposal 3: Add the NR early measurement configuration to NR SIB4.
Proposal 4: Allow configuring also LTE early measurements in NR RRCRelease and NR SIB4.
Proposal 5: Introduce network indication of early measurements to SIB1. UE is not required to perform measurements when the SIB1 indication is not present. 
Proposal 6: RAN2 to discuss how to handle measurements of carriers which are not used for reselection purposes (e.g. EN-DC carriers).
Proposal 7: Once decided, send LS to RAN4 to request to specify measurement requirements for the “non-overlapping” carriers in Rel-16.
Proposal 8: Introduce early NR measurements as extension of the current LTE IDLE measurement configuration.
Proposal 9: The NR early measurements in LTE have a separate capability from NR early measurement in NR
Proposal 10: Consider reporting of early measurements in LTE RRCConnectionResumeComplete when NR Stage-3 work has progressed sufficiently.
Proposal 11: Like in LTE, UE only reports NR measurement results those carriers for which it supports carrier aggregation or (MR-DC or NR-DC) dual connectivity.

Annex A: Early measurement reporting agreements in RAN2#105bis
R2-1904553	Summary of email discussion [105#53] Early measurements Signaling	Ericsson	discussion	Rel-16	LTE_NR_DC_CA_enh-Core	Late


Agreement
1	For NR IDLE mode, the LTE rel-15 euCA early measurement reporting solution (i.e. via UEInformationRequest and UEInformationResponse like messages) after connection is setup will be supported.
2	For both LTE and NR, sending full idle mode measurements before security activation shall not be allowed. 
FFS if some measurement information (detail TBD) related to idle mode measurements can be sent before security activation.
3	SMC and SMC complete messages will not be modified to enable the signalling of early measurements.
4	For both LTE and NR, RAN2 confirm that current specification allow that UEInformationRequest (or equivalent message to be specified in NR) can be sent by the network immediate after Security Mode Command without network having to wait for  Security Mode Complete (i.e. similar to sending of Reconfiguration after SMC)
5	For NR INACTIVE mode, the LTE rel-15 euCA early measurement reporting solution (i.e. via UEInformationRequest and UEInformationResponse like messages) after connection is resumed will be supported.
6	Sending early measurement report is network controlled
7	For NR INACTIVE, the network can request early measurement report in RRCResume 
8	For NR INACTIVE, early measurement reporting can be sent in RRCResumeComplete 
FFS Whether agreements 7 and 8 should be applied to LTE RRCConnectionResume and RRCConnectionResumeComplete message.



R2-1903237	Summary of email discussion [105#54] [NR/eCA-DC]: measurement configuration	Qualcomm Incorporated	discussion	Rel-16	LTE_NR_DC_CA_enh-Core


Agreements
[bookmark: _GoBack]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:
-	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





