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Introduction
[bookmark: _Ref477972990]The WID “DC and CA enhancements” was approved in RAN#80 in RP-181469, and updated in RAN#81 in RP-182076. One of the objectives is the early and fast reporting of measurements information availability from neighbor and serving cells to reduce the delay of setting up MR-DC and/or CA. [1]
In this contribution we discuss the different alternatives for the reporting of early measurements during IDLE to CONNECTED transitions and INACTIVE to CONNECTED transitions.
Discussion
2.1	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.
The understanding in Rel-15 was that for idle to connected transitions, this could provide much earlier measurements at the network compared to measurements performed based on a measConfig provided in RRC_CONNECTED in an RRCConnectionReconfiguration.

2.1	Early measurements in NR for IDLE UEs
In NR, idle to connected transitions has quite many similarities compared to LTE. And, in the WID, it has been stated that the LTE Rel-15 solution should be utilized, when applicable. In our view, this should indeed be one of the options to be discussed and analysed for idle to connected transitions. To evaluate this and any other alternative solution and its adoption to NR, one needs to discuss how much earlier these measurements will be available compared to the reception of the first measurement report received according to connected mode configuration.
As in LTE, network may provide a measurement configuration even before security is activated. However, that may only be done e.g. after capabilities are known at the network, otherwise the network is not aware whether the UE supports CA/DC measurements and, if so, which carriers are supported. Nothing prevents the network to provide the measConfig even earlier, e.g., in an RRCReconfiguration multiplexed with an RRCSetup, however, if the UE does not support the measConfig that may lead to a reconfiguration failure triggering NAS recovery (and yet another transition from idle to connected). The solution for NR, based on LTE Rel-15, could be summarized in the following signalling flow:
[image: ]

According to the signalling flow above, two RTTs (air interface) are required before the network gets the idle mode measurements (i.e. one RTT for SMC and another one for UEInformationRequest/Response), which is likely shorter than the 100s of milliseconds it takes to receive the first CONNECTED mode measurements (which were configured in the RRCReconfiguration message).  Hence, the gains of the Rel-15 solution may be significant and should be considered as an alternative solution for NR, for idle to connected transitions.  
[bookmark: _Toc1073799]For NR IDLE UEs, early idle measurements based on LTE Rel-15 (UE Information Request / Response) should be considered as baseline.


2.1	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. That may include a measConfig used in RRC_CONNECTED. Upon resuming, the UE sends an RRCResumeRequest 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]For NR Inactive UEs, connected mode measurements are resumed upon reception of RRCResume.

Hence, when we make a comparison with the existing NR solution based on connected mode measurements (i.e. measurements resumed upon reception of RRCResume) and the LTE Rel-15 solution based on UE Information procedure, the early idle measurements would be received 1.5 RTT after the RRCResume is received. Since, 1.5 RTT (air interface) is likely not enough to trigger the first measurement reports based on connected mode measurements (which may require 100s of milliseconds), a solution based on LTE Rel-15 solution may provide benefits. Hence, alternative solutions should be compared to that.
[image: ]

[bookmark: _Toc1073804]For NR Inactive UEs, solution for early measurements based on LTE Rel-15 (UEInformationRequest after RRCResumeComplete and UEInformationResponse) provide benefits. 
[bookmark: _Toc1073800]For NR Inactive UEs, alternative solutions for early measurements should be compared to LTE Rel-15 solution (UEInformationRequest after RRCResumeComplete and UEInformationResponse).


There are some differences in RRC_INACTIVE compared to RRC_IDLE in NR (and RRC_IDLE in LTE, with or without AS stored context) that motivates the study of alternatives to further enhance the reporting of early measurements upon transition from RRC_INACTIVE to RRC_CONNECTED.
A first characteristic is that in RRC_INACTIVE, the UE 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 AS context i.e. after the reception of RRCResumeRequest.
[bookmark: _Toc1073805]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]For RRC_INACTIVE UEs, security may be up and running before reception of RRCResume.

This opens up for the following two different alternatives for early measurements for RRC_INACTIVE UEs in NR:
· Early measurements (multiplexed) with RRCResumeComplete;
· Early measurements (multiplexed) with RRCResumeRequest;

Early measurements (multiplexed) with RRCResumeComplete
As the UE AS context may be known at the network upon the reception of RRCResumeRequest (e.g. UE resumes in the same node as it was suspended or after context fetching), the network may know that a UE may have stored early measurements available. Hence, it might be possible to request these early measurements stored simultaneously with the RRCResume message. That may be done e.g. by adding a flag in RRCResume or to utilize the Rel-15 solution and rely on UEInformationRequest multiplexed with RRCResume. 
[bookmark: _Toc1073807]For RRC_INACTIVE UEs, it is possible to request early measurements with RRCResume message (e.g. flag in the message or multiplexed with UEInformationRequest).

In existing RRC specifications, security is activated after the transmission of RRCResumeRequest. In other words, when the UE sends RRCResumeComplete, security is up and running. Hence, from a security perspective, the UE may send measurements at that point in time. Considering the request from network may be transmitted with the RRCResume, the UE may report early measurements in RRCResumeComplete. As in the previous case, that may be done e.g. including the early measurements in the RRCResumeComplete message or by multiplexing UEInformationResponse with RRCResumeComplete. 
[bookmark: _Toc1073808]For RRC_INACTIVE UEs, it is possible to report early measurements with RRCResumeComplete message (e.g. measurements in the message or multiplexed with UEInformationResponse).

[bookmark: _Toc1073801]For NR Inactive UEs, discuss the alternative of requesting early measurements with RRCResume and reporting early measurements (multiplexed) with RRCResumeComplete.
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Early measurements (multiplexed) with RRCResumeRequest

An event further enhancement to be considered could be to provide early measurements with RRCResumeRequest. For that to be possible, the UE needs a larger UL grant for MSG.3 transmission, hence, the network needs to know that during random access. During the EDT work in LTE Rel-15, some similar components were also needed (e.g. indication of small data) and could be revisited for INACTIVE early measurements in NR for this alternative.
[bookmark: _Toc1073809]For RRC_INACTIVE UEs, it is possible to request early measurements during random access, as in the EDT Rel-15 in LTE.
Other ways to request early measurements could also be discussed e.g. via paging. 
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]For RRC_INACTIVE UEs, it is possible to send secure early measurements multiplexed with RRCResumeRequest.

One may argue that this solution provides only 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 sending the solution based on sending the early measurements with RRCResumeComplete would require another RRCReconfiguration to reconfigure SCells/SCG.
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[bookmark: _Toc1073802][bookmark: _Hlk1061800]For NR Inactive UEs, discuss the alternative of requesting early measurements during random access and reporting early measurements (multiplexed) with RRCResumeRequest.
Conclusion
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 NR Inactive UEs, solution for early measurements based on LTE Rel-15 (UEInformationRequest after RRCResumeComplete and UEInformationResponse) provide benefits.
Observation 3	For RRC_INACTIVE UEs, network knows the UE capabilities and possible availability of stored early measurements upon the reception of RRCResumeRequest.
Observation 4	For RRC_INACTIVE UEs, security may be up and running before reception of RRCResume.
Observation 5	For RRC_INACTIVE UEs, it is possible to request early measurements with RRCResume message (e.g. flag in the message or multiplexed with UEInformationRequest).
Observation 6	For RRC_INACTIVE UEs, it is possible to report early measurements with RRCResumeComplete message (e.g. measurements in the message or multiplexed with UEInformationResponse).
Observation 7	For RRC_INACTIVE UEs, it is possible to request early measurements during random access, as in the EDT Rel-15 in LTE.
Observation 8	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 NR IDLE UEs, early idle measurements based on LTE Rel-15 (UE Information Request / Response) should be considered as baseline.
Proposal 2	For NR Inactive UEs, alternative solutions for early measurements should be compared to LTE Rel-15 solution (UEInformationRequest after RRCResumeComplete and UEInformationResponse).
Proposal 3	For NR Inactive UEs, discuss the alternative of requesting early measurements with RRCResume and reporting early measurements (multiplexed) with RRCResumeComplete.
Proposal 4	For NR Inactive UEs, discuss the alternative of requesting early measurements during random access and reporting early measurements (multiplexed) with RRCResumeRequest.
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