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1 Introduction
In this contribution, we would like to discuss the potential directions and solutions for support early measurement and fast cell setup for RRC_INACTIVE state for both of CA and DC purpose in RAN2 perspective.
2 Discussion
As summarised in the agreed CR on TS36.331 for LTE euCA [2], the following agreements were achieved for IDLE mode measurement in R15.

	IDLE mode measurements:

· UE may be assigned via RRCConnectionRelease to measure at most 3 inter-frequency carriers (according to either RRCConnectionRelease or SIB5 configuration) during IDLE state and report the availability of measurements in Msg5. 

· UE is only required to do the measurements when a timer (given in RRCConnectionRelease) is running, and may be indicated a quality threshold that tells which cells should be included.

· The measurements may target a carrier-specific cell list, and may also be indicated to be done within only certain cells in each indicated carrier (which is called validity area)

· The measurements can be obtained via UEInformationRequest and UEInformationResponse mechanisms


In LTE euCA, the IDLE mode measurements framework typically includes 3 steps:

1.
IDLE mode measurements configuration is send to UE via RRCConnectionRelease, and parts of the configuration could also be carried in SI.
2.
During RRC connection setup, UE will report the availability of IDLE mode measurements in Msg5.
3.
The network could request the IDLE mode measurements via UEInformationRequest, after that UE reports the measurements via UEInformationResponse.
We can see that this framework is still feasible for NR, while the details of measurements configuration and reporting may be different which can be discussed further. Since in WID, it is required that the LTE Rel-15 euCA work should be utilized, when applicable, for early Measurement reporting, then the LTE euCA IDLE mode measurements framework should be taken as baseline for early Measurement in R16 DC and NR CA case.
Proposal 1: The UE may be assigned via RRC(Connection)Release to perform measurements on a number of LTE and/or NR carriers (indicated either in RRC(Connection)Release or in SI) while in RRC_INACTIVE state.

Below, we discuss more details on reporting to reduce the delay setting up CA and DC, we also discuss the similar concept of validity area for RRC_INACTIVE state with that of LTE euCA . 
2.1 Reducing the delay setting up CA
In LTE, upon UE initiates RRC resumption from RRC_INACTIVE, it releases the MCG SCell(s). In R15 NR, when the RRC connection is released and the UE is moved to the RRC_INACTIVE state, the UE stores the UE inactive AS context which includes SCell configurations (e.g. SCell list and the corresponding dedicated configurations). During the RRC resume procedure, when the UE receives the RRCResume message, the UE restores physical layer configuration which includes SCell configurations. For LTE, in RRCConnectionResume message, the network can configure SCells for UE. While for NR, in the RRCResume message, the network can also reconfigure any part of the UE configuration, including SCells, e.g. release SCell or add new SCell. Based on the direct transposal solution as in observation 1, the early measurements cannot be used for network to decide how to configure SCells within the RRC(Connection)Resume message. The network could blindly configure in the RRC(Connection)Resume message a number of SCells in deactivated state and, once early measurement reports are received, decide to activate suitable SCells, if any, or to release and add SCells. 

Observation 1: If early measurements performed in RRC_INACTIVE are reported with UEinformationResponse, like early measurements performed in RRC_IDLE, in the RRC(Connection)Resume message, the network needs to blindly keep, release or add SCells and, based on later UE measurement report, can activate suitable SCells if any or release and add SCells.
As discussed for RRC_IDLE state, early measurement reports should be ciphered so it is only possible after the UE has received and processed the SecurityModeCommand. In RRC_INACTIVE, ciphering is active on SRB1 after sending the RRC(Connection)Resume message, so if the network provides the UE with additional grants, the UE could immediately send an RRC message on SRB1 with early measurement reports. Alternatively, the measurement reports could be included together with the RRC(Connection)ResumeComplete message.
Observation 2: When the UE in RRC_INACTIVE initiates the resume of the RRC connection, it would be possible to send early measurements report e.g. ciphered on SRB1 after sending the RRC(Connection)ResumeRequest, either before the receiving the RRC(Connection)Resume message, or together with the RRC(Connection)ResumeComplete message.

A common scenario would be that the UE didn't move that much while in RRC_INACTIVE, in which case the previously configured SCell(s) could still be suitable. In such case, the network could instruct the UE in the RRC(Connection)Resume message not only to keep the previously configured SCell(s) but also activate them. This could be based on the normal random access procedure (i.e. the network makes some guess on the UE location) or some early measurement report. However, if the UE can provide measurements before the network sends the RRC(Connection)Resume message, the network could, in the RRC(Connection)Resume message, directly add the most suitable SCell(s).
Proposal 2: Further study the possibility that the UE sends the early measurements report of measurements performed in RRC_INACTIVE before the network sends the RRC(Connection)Resume message, so that the network can configure the most suitable SCell(s) in the RRC(Connection)Resume message.
2.2 Reducing the delay setting up DC
In RAN2 #103bis meeting, the MR-DC configuration in INACTIVE was discussed based on the summary of Email discussion and the following agreements were achieved.

	Agreements

1:
For NE-DC, NGEN-DC, and NR-DC, the UE stores the PDCP/SDAP configuration when moving to INACTIVE.  When resuming, the UE applies the stored PDCP/SDAP configuration as in NR SA/LTE.

2
A UE releases its lower-layer SCG configuration in RRC_INACTIVE

3
RAN2 understand that discussion on keeping the lower layer SCG configuration in Inactive would fit within the existing scope of the DC/CA enhancements WI

4
RAN2 understand that before suspend or in the resume message, the network should reconfigure any SCG only bearers so that at completion of the resume the UE is not left with any DRB without any RLC bearer (may not need to be captured in the specification)


During the R15 discussion on MR-DC configuration in INACTIVE, the key issues lies on two aspects as below.

-
Issue 1: whether the UE should store SCG configuration.

-
Issue 2: whether the network can configure/reconfigure DC operation via the RRC(Connection)Resume message. 
For Issue 2, if the SN can be resumed via the RRC(Connection)Resume message, the question is how the MN could decide whether the previously configured SCG can still be used. Such decision could be based on measurement report for SCG frequencies or the network could blindly resume the SCG.
Observation 3: It would be beneficial that the UE sends early measurements report before the network sends the RRC(Connection)Resume message, so that the network can decide whether the SCG can be resumed, or to add another SCG.
2.3 Validity area
Since performing measurement in RRC_INACTIVE state will consume extra UE power, it should be avoided that the UE performs measurement of cells which cannot be used for CA or for DC when the UE in RRC_INACTIVE resumes the RRC connection. In R15 LTE euCA, there is a validity area which includes several cells and when the UE moves out of this validity area, the UE stops performing RRC_IDLE measurement.
The same concept of validity area for early measurement configuration can be reused for RRC_INACTIVE but it should be discussed whether the validity area could be the whole RNA of the UE in RRC_INACTIVE or should be configured differently..
In the case of DC, while enabling SCG resume via the RRC(Connection)Resume reduces the setup delay of DC from the perspective of air interface, on the network side, there is signalling between the MN and the SN to update security keys and get new SCG configurations. Besides, if the UE resumes in a new MN, the context fetch procedure will be performed before the new MN can contact the SN which could be used for the resume procedure. In such a case, trying to setup a SCG directly at resume may actually delay the resume procedure.

Observation 4: If the UE in RRC_INACTIVE performs resume towards a new gNB (different from the last serving gNB), the network signalling required to keep the SCG in the RRC(Connection)Resume will delay the resume procedure.
This means that, at least for measurements configured for DC, it could be useful for the network to configure a validity area which is a single RAN node, while the RNA could be significantly larger.

Proposal 3: For early measurements in RRC_INACTIVE, support a validity area which is strictly smaller than the RAN notification area. FFS whether this validity area is for early measurements on all carriers or certain carriers only.
3 Conclusion

In this paper, we have discussed the potential directions and solutions for support early measurement and fast cell setup for inactive state for both of CA and DC purpose in RAN2 perspective, and have the following proposals:
Proposal 1: The UE may be assigned via RRC(Connection)Release to perform measurements on a number of LTE and/or NR carriers (indicated either in RRC(Connection)Release or in SI) while in RRC_INACTIVE state.

Proposal 2: Further study the possibility that the UE sends the early measurements report of measurements performed in RRC_INACTIVE before the network sends the RRC(Connection)Resume message, so that the network can configure the most suitable SCell(s) in the RRC(Connection)Resume message.
Proposal 3: For early measurements in RRC_INACTIVE, support a validity area which is strictly smaller than the RAN notification area. FFS whether this validity area is for early measurements on all carriers or certain carriers only.
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