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Introduction
[bookmark: _Ref477972990]In RAN2#105bis in Xi’an further progress was reached concerning early measurement reporting and, for INACTIVE UEs, the following was agreed:
Agreement
. . . 
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 
. . .

This paper discusses the possibly to also support the report of early measurements with RRC Resume Request like message.
Discussion
Early idle measurements in LTE Rel-15
To configure CA/DC properly, it is important for the network to get information about the traffic demands of the UE and the quality of candidate cells in candidate carriers. The latter is possibly assisted by measurements reported by the UE e.g. using measurement configurations in connected mode. 
In LTE Rel-15, as part of the euCA Work Item, to speed up the availability of measurements for possible candidate carriers for CA/DC setup at the network side, a feature called early idle measurements was standardized. Upon being released or suspended, the network may configure the UE with an idle measurement configuration in RRCConnectionRelease for the carriers that are potential CA/DC setup candidates for that UE.
When the UE performs a transition from IDLE (without a stored context) to CONNECTED, the UE shall indicate in RRCConnectionSetupComplete if it has early idle measurements available in case the network broadcasts an indication in SIB2 (idleModeMeasurements), indicating that the feature has been enabled. 
RRCConnectionSetupComplete-v1530-IEs ::= SEQUENCE {
	logMeasAvailableBT-r15				ENUMERATED {true}						OPTIONAL,
	logMeasAvailableWLAN-r15			ENUMERATED {true}						OPTIONAL,
	idleMeasAvailable-r15				ENUMERATED {true}						OPTIONAL,
	flightPathInfoAvailable-r15			ENUMERATED {true}						OPTIONAL,
	connectTo5GC-r15					ENUMERATED {true}						OPTIONAL,
	registeredAMF-r15					RegisteredAMF-r15						OPTIONAL,
	s-NSSAI-list-r15					SEQUENCEents(SIZE (1..maxNrofS-NSSAI-r15)) OF S-NSSAI-r15 OPTIONAL,
	ng-5G-S-TMSI-Bits-r15				CHOICE {
		ng-5G-S-TMSI-r15					NG-5G-S-TMSI-r15,
		ng-5G-S-TMSI-Part2-r15				BIT STRING (SIZE (8))
	}																			OPTIONAL,
	nonCriticalExtension				RRCConnectionSetupComplete-v1540-IEs	OPTIONAL
}


Upon the reception of the indication in RRCConnectionSetupComplete, the network is aware that the UE has early measurements available. Network may request early measurements using an UEInformationRequest message containing the flag idleModeMeasurementReq. Upon the reception the UE sends a UEInformationResponse including early idle measurements as shown below:

UEInformationResponse-v1530-IEs ::= SEQUENCE {
	measResultListIdle-r15				MeasResultListIdle-r15			OPTIONAL,
	flightPathInfoReport-r15			FlightPathInfoReport-r15		OPTIONAL,	nonCriticalExtension				SEQUENCE {}						OPTIONAL
}

For the transition from suspended state to CONNECTED, the handling in LTE rel-15 is similar, the only difference being that the UE sends the indication of the availability of early measurements in the RRCConnectionResumeComplete message.
[image: ]
Figure 1 LTE solution for early idle measurements

Early measurements in NR for INACTIVE UEs
Upon being suspended from RRC_CONNECTED to RRC_INACTIVE, the UE stores its AS context, including RRC configuration before suspension (which may include a measConfig used in RRC_CONNECTED). Upon resuming, the UE sends an RRCResumeRequest (or RRCResumeRequest1) and expects an RRCResume message. Connected mode measurements are resumed upon the reception of RRCResume, which may also contain a measConfig e.g. in case the target cell wants to remove or add measurements. That can be done since at that point the network has the UE AS context available, knows the UE capabilities, etc.
[bookmark: _Toc1073803][bookmark: _Toc7704584][bookmark: _Toc7711665][bookmark: _Toc7742358]For NR Inactive UEs, connected mode measurements are resumed upon reception of RRCResume.

Due to some differences in RRC_INACTIVE compared to RRC_IDLE in NR (and RRC_IDLE in LTE, with or without stored AS context), alternatives to further enhance the LTE Rel-15 solution for reporting early measurements upon transition from RRC_INACTIVE to RRC_CONNECTED have been discussed.
A first difference is that in RRC_INACTIVE, the UE Inactive AS context is stored at the network. Hence, network is aware of UE capabilities and the possible availability of stored inactive measurements upon the retrieval of the UE Inactive AS context i.e. after the reception of RRCResumeRequest.
[bookmark: _Toc1073805][bookmark: _Toc7704585][bookmark: _Toc7711666][bookmark: _Toc7742359]For RRC_INACTIVE UEs, network knows the UE capabilities and possible availability of stored early measurements upon the reception of RRCResumeRequest.

A second characteristic is that in RRC_INACTIVE, it should be possible for a UE to have security up and running for a target cell even before the reception of RRCResume message (thanks to the provision of NCC in suspend configuration. In LTE, UE can only start security after receiving NCC that only comes in RRCConnectionResume so UE can only start security after it enters RRC_CONNECTED). That is relevant since measurement reporting requires security to be first activated. 
[bookmark: _Toc1073806][bookmark: _Toc7704586][bookmark: _Toc7711667][bookmark: _Toc7742360]For RRC_INACTIVE UEs, security is up and running before reception of RRCResume.

Exploiting these differences, RAN2 has agreed on an alternative to transmit early measurements with RRCResumeComplete, based on a request from the network in RRCResume.
[bookmark: _Toc7704587][bookmark: _Toc7711668][bookmark: _Toc7742361]For NR INACTIVE, the network can request early measurement report in RRCResume and early measurement reporting can be sent in RRCResumeComplete.

In addition to it, RAN2 has also agreed in supporting the alternative based on LTE Rel-15 solution. This could be useful in the case of fallback (network responds a Resume Request with an RRC Setup) or in case a target node chooses to implement only a common solution for IDLE and INACTIVE UEs.
[bookmark: _Toc7704588][bookmark: _Toc7711669][bookmark: _Toc7742362]For NR INACTIVE mode, the LTE rel-15 euCA early measurement reporting solution is supported.
Despite the benefits of these possible configurations (up to network implementation), the benefits of RRC_INACTIVE could be further explored by another configuration where early measurements are transmitted with an RRCResumeRequest message.
One may argue that this solution provides a latency gain of 1 RTT (air interface) compared to the previous alternative where early measurements are sent with RRCResumeComplete. In our view, RTT may not be a very accurate measure as it assumes a best-case scenario where there are no RRC retransmissions, no preamble retransmissions in random access (e.g. due to contention).
Also, the solution provides a nice benefit of possibly directly adding and removing SCells/SCG in the RRCResume message, assisted by these early measurements, i.e. it also saves signaling, as the solution based on sending the early measurements with RRCResumeComplete would require another RRCReconfiguration to reconfigure SCells/SCG.

[image: ]
Figure 2 Measurements transmitted with RRCResumeRequest

Early measurements (multiplexed) with RRCResumeRequest
Upon being suspended to INACTIVE, the UE may receive an inactive measurement configuration in RRCRelease with suspendConfig for the carriers that are potential CA/DC setup candidates for that UE (or rely on a measurement configuration in system information). And, while in INACTIVE the UE perform measurements according to that configuration. In terms of signaling to support the reporting with RRCResumeRequest, the solution could have different components such as:
· Indication from target cell that early reporting is supported;
· Indication from the UE of idle measurement availability upon transition to CONNECTED;
· Request from target for available inactive measurements;
· Report from UE with inactive measurements;
Indication from target cell that early reporting is supported
In LTE, to indicate that the target wants idle measurements from UEs performing a transition to CONNECTED, the target cell needs to set the flag idleModeMeasurements-r15 in SIB2 to true. The usage of this is that if the flag is broadcasted, the LTE UE includes in RRCConnectionResumeComplete or RRCConnectionSetupComplete an indication of availability of measurements.
idleModeMeasurements-r15			ENUMERATED {true}				OPTIONAL,	-- Need OR

For the case a gNodeB in NR implements the LTE Rel-15 solution that is still needed. However, for the alternative relying on measurements with RRCResumeComplete that does not seem necessary as companies agreed the network could opportunistically request measurements in RRCResume without necessarily knowing they were available. 
If we assume a configuration based on the reporting with RRCResumeRequest, a similar assumption could be made where the network may opportunistically request early measurements without being sure the UE has them available. 
[bookmark: _Toc7704589][bookmark: _Toc7711670][bookmark: _Toc7742363]As in the solution based on early measurements with RRCResumeComplete, there is be no need to introduce a new broadcast indication that reporting with RRCResumeRequest is supported.
One difference compared to RRCResumeComplete is that before sending the request in RRCResume for early measurement reporting in RRCResumeComplete, the network has received the RRCResumeRequest and identified the UE (i.e. it knows the UE capabilities and if the UE was configured to perform idle measurements or not), even though there is still some uncertainty if the UE has measurements available.

Indication from the UE of inactive measurement availability upon transition to CONNECTED
In LTE, when the UE performs a transition from IDLE (without a stored context) to CONNECTED, the UE indicates in RRCConnectionSetupComplete if it has early idle measurements available in case the network broadcasts an indication in SIB2 (idleModeMeasurements).
In NR INACTIVE, to support the reporting of measurements with RRCResumeRequest, the UE would need, for example, to be requested to report early measurements in the random-access response, as in the case of LTE Rel-15 early data transmission (EDT), which implies that the network should be made aware of the measurement availability before it sends the RAR. A first alternative discussed in previous meetings rely on a random-access preamble indication according to a specific RACH configuration e.g. preamble partitioning as in Rel-15 EDT. That would require changes in the NR RACH configurations, which may introduce complexities. 
In the case of reporting early measurements with RRCResumeComplete, an opportunistic approach has been agreed where the network requests the reporting without necessarily knowing that measurements are available. A similar approach could be adopted for the reporting of early measurements in RRCResumeRequest.
[bookmark: _Toc3363704][bookmark: _Toc3365033][bookmark: _Toc7679317][bookmark: _Toc7704569][bookmark: _Toc7742365]For early measurements with RRCResumeRequest, there is no need to indicate measurements availability (as in the case of early measurements with RRCResumeComplete).

Request from target for available inactive measurements
In LTE, upon the reception of the indication in RRCConnectionSetupComplete, the network is aware that the UE has early measurements available. Network may request early measurements using an UEInformationRequest message containing the flag idleModeMeasurementReq.
In NR, for the solution where early reporting is done with RRCResumeRequest, the request for reporting should come in the Random-Access Response (RAR). That may include an explicit indication with an UL grant to be used for that purpose. 
[bookmark: _Toc7679318][bookmark: _Toc7704570][bookmark: _Toc7742366]For NR INACTIVE, the network can request early measurement report in Random Access Response (RAR) and early measurements can be sent with RRCResumeRequest.

Report from UE with inactive measurements
In LTE, upon the reception of the UEInformationRequest, the UE sends a UEInformationResponse including early idle measurements. In the solution relying on early measurements with RRCResumeRequest, one alternative is to extend the message to include early inactive measurements. However, RRCResumeRequest (and RRCResumeRequest1) are fixed size messages so that a solution could rely on a new RRC Resume Request like message, with a higher number of bits. Although that is feasible, it could introduce complexities especially considering that the content of the report depends on a configuration provided by source and has a variable size. In addition, the RRCResumeRequest message is sent unprotected, while the early measurement results should be sent protected. Hence, to keep changes to RRC to a reasonable level, and to ensure that the early measurements are sent protected, a better option is to rely on the multiplexing of an UEInformationResponse with RRCResumeRequest.
[bookmark: _Toc7679319][bookmark: _Toc7704571][bookmark: _Toc7742367]For NR INACTIVE, early measurements can be sent in UEInformationResponse multiplexed with RRCResumeRequest.

Another aspect relates to security. As discussed above, thanks to the fact that NCC is provided in suspend configuration, the UE may start security even before receiving an RRCResume. Hence, the UE may indeed transmit secure (i.e. both encrypted and integrity protected) early measurements to the network with RRCResumeRequest.
[bookmark: _Toc1073810][bookmark: _Toc7704590][bookmark: _Toc7711671][bookmark: _Toc7742364]For RRC_INACTIVE UEs, it is possible to send secure early measurements multiplexed with RRCResumeRequest.
Conclusion
[bookmark: _Hlk7699862][bookmark: _Hlk7699856]In section 2 we made the following observations:
Observation 1	For NR Inactive UEs, connected mode measurements are resumed upon reception of RRCResume.
Observation 2	For RRC_INACTIVE UEs, network knows the UE capabilities and possible availability of stored early measurements upon the reception of RRCResumeRequest.
Observation 3	For RRC_INACTIVE UEs, security is up and running before reception of RRCResume.
Observation 4	For NR INACTIVE, the network can request early measurement report in RRCResume and early measurement reporting can be sent in RRCResumeComplete.
Observation 5	For NR INACTIVE mode, the LTE rel-15 euCA early measurement reporting solution is supported.
Observation 6	As in the solution based on early measurements with RRCResumeComplete, there is be no need to introduce a new broadcast indication that reporting with RRCResumeRequest is supported.
Observation 7	For RRC_INACTIVE UEs, it is possible to send secure early measurements multiplexed with RRCResumeRequest.

Based on the discussion in section 2 we propose the following:
[bookmark: _GoBack]Proposal 1	For early measurements with RRCResumeRequest, there is no need to indicate measurements availability (as in the case of early measurements with RRCResumeComplete).
Proposal 2	For NR INACTIVE, the network can request early measurement report in Random Access Response (RAR) and early measurements can be sent with RRCResumeRequest.
Proposal 3	For NR INACTIVE, early measurements can be sent in UEInformationResponse multiplexed with RRCResumeRequest.
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