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1	Introduction
The latest Work Item Description for DC and CA enhancements in [1] was approved at the RAN#84 meeting, where one of the objectives concerns how to reduce the delay until the setup of DC and/or CA through early measurements.
At the RAN2#106 meeting the following agreements were reached on early measurement configuration:
Agreements
1	The early measurement configuration can be different between that in RRCRelease and in SIB. If the UE receives the early measurement configuration from RRCRelease, this overrides the early measurement configuration provided in SIB (if any).
FFS: Whether some other measurement related configuration in SI (e.g. smtc) outside of the early measurement configuration can still be used.
2	A single early measurement configuration is provided in SI for idle and inactive
FFS: Whether the early measurement configuration can be kept when the UE receives the Release (to Inactive to Idle) in response to Resume Request.
3	L3 filtering is not applied to early measurement reporting
4	The UE performs the idle measurement for the frequencies in configured frequency list only when the UE support CA or MR-DC between the frequency and the serving frequency.
FFS Whether the network can provide information on support of CA/DC between frequencies to assist the UE to determine which frequencies to provide measurement for.
6	If UE reselects to a cell that does not support early measurements (as indicated by absence of an indicator in SI), the validity timer keeps running, but the UE is not required to performs measurements while camped on that cell (same as LTE euCA)

The agreement that a UE only performs idle measurements if it supports CA or MR-DC between the frequency in question and the serving frequency puts restrictions on the measurements. These restrictions prevents the use of the measurements for other relevant use cases, and may also prevent a faster setup of CA or DC in certain cases.
In this contribution we discuss how to avoid these restrictions.
[bookmark: _Ref178064866]2	Discussion
2.1	Use of early measurements
When a UE initiates the establishment of a connection, there are several different aspects that the network may need to consider in relation to the setup/resume. This includes e.g. whether to setup the connection using a DC or CA configuration or whether to handle the connection in the cell where the request is received or to move it to a different cell/carrier/RAT. In order for the RAN node to take such decision it will typically need some information about the radio situation for the UE, i.e. radio measurements. The early measurements are thus being specified as part of the DC and CA enhancements WI in [1], in order to allow a DC or CA configuration as soon as possible based on measurement information.
The same is however applicable for decision on where to handle the connection, i.e. whether to move the connection to a different cell, carrier or RAT. In case the UE e.g. requests establishment of a voice call in an NR cell where voice is not supported, a fallback to E-UTRA through either handover or Release with Redirect will then be needed. To configure measurements once the UE is in RRC_CONNECTED, in order to determine what E-UTRA carrier to move the UE to, will then cause a similar additional delay in the setup of the voice call.
Another example is if there is an overload on the frequency where the UE initiates the connection establishment/resume. In order to avoid that the UE then is redirected blindly to another frequency or that the UE needs to first enter connected mode to perform measurements, early measurements could be used instead, if available.
Also for quick setup of DC or CA there may be a need to move the UE to another PCell. For example, in case the UE would request establishment of a connection in a cell that does not support DC or CA to a cell on a higher frequency layer where the UE has coverage, the network would need to first initiate a handover to another target PCell where the DC or CA configuration is actually supported. An example can be seen in Figure 1, where EN-DC is supported in only one of the E-UTRA frequencies (f1) whereas camping is prioritized on the other one since it is on a higher frequency band (f2). UE2, which is in coverage of both E-UTRA frequencies and the NR carrier will then camp on E-UTRA frequency f2 and would thus initiate connection establishment there. This means that, in order to get EN-DC configuration including the NR NSA cell, a handover to the cell on f1 would be needed. However, in case the UE does not support DC or CA configuration between f1 and f2, the UE would then not perform early measurements on f1 even if it was part of the measurement configuration. In that case there will be a delay in setup of the DC/CA configuration since the measurements (for E-UTRA f1) would need to be configured after entering RRC_CONNECTED.

E-UTRA f2 (no EN-DC support)
E-UTRA f1 (EN-DC support)
NR carrier (NSA)
UE 1
UE 2

[bookmark: _Ref12450084]Figure 1 One NR carrier (NSA) and two E-UTRA carriers (f1 and f2), where EN-DC is supported in f1 but not in f2. As f2 > f1, camping is prioritized on f2.

In these cases, provision of early measurements would decrease the latency until the setup of the voice call or until the HO to a cell supporting the DC/CA configuration. However, it was agreed at RAN2#106 that “The UE performs the idle measurement for the frequencies in configured frequency list only when the UE support CA or MR-DC between the frequency and the serving frequency”. With this limitation the UE would then in many cases skip performing the needed measurements for those carriers. As an example, if a UE, while camping in NR, does not perform early measurements on E-UTRA carriers due to that it does not support NE-DC, it would thus not be possible to use the early measurements to e.g. enable a quick fallback to E-UTRA in case of a voice call. The limitation thus puts a restraint on the use of the early measurements.
[bookmark: _Toc16781416][bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244]Early measurements could decrease the latency for voice call setup in case of voice fallback to E-UTRA.
[bookmark: _Toc16781417]Early measurements could enable that the UE is redirected from an overloaded frequency to another frequency where the UE has coverage.
[bookmark: _Toc16781418]Early measurements could enable a quicker handover to another cell supporting CA or DC configuration with a cell on a higher frequency layer where the UE has coverage.
[bookmark: _Toc16781419]Limiting the early measurements to only when the UE supports CA or MR-DC between the frequency and the serving frequency puts a restraint on the use of early measurements.
2.2	Applicability of early measurements
The limitation that the UE only performs early measurements if it supports CA or DC configuration between the frequency in question and the serving frequency is to minimize the measurements to be performed by the UE and thus limit the battery consumption. It can however be assumed that the network typically configures a UE to measure on carriers that are relevant for the UE, at least through the dedicated configuration.
As described above, early measurements can be useful also in other scenarios. The limitation that the UE only performs early measurements if it supports CA or DC configuration between the frequency in question and the serving frequency then however needs to be removed.
Since the need for measurements on carriers other than such that can be configured as PSCell or SCells(s) can be dependent on network configuration/deployment, one could however consider to let the applicability of the measurements be configured. The network could then indicate in the early measurement configuration whether the UE should perform measurements on e.g. a specific carrier even if it does not support a corresponding CA or DC configuration to that carrier.
[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc16781420]The UE should perform measurements for frequencies that are part of the early measurement configuration even if it does not support CA or MR-DC between the frequency and the serving frequency.
[bookmark: _Toc16781421]Whether the UE should perform early measurements on a frequency for which it does not support CA or DC from the serving frequency should be indicated in the early measurement configuration.

3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Early measurements could decrease the latency for voice call setup in case of voice fallback to E-UTRA.
Observation 2	Early measurements could enable that the UE is redirected from an overloaded frequency to another frequency where the UE has coverage.
Observation 3	Early measurements could enable a quicker handover to another cell supporting CA or DC configuration with a cell on a higher frequency layer where the UE has coverage.
Observation 4	Limiting the early measurements to only when the UE supports CA or MR-DC between the frequency and the serving frequency puts a restraint on the use of early measurements.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The UE should perform measurements for frequencies that are part of the early measurement configuration even if it does not support CA or MR-DC between the frequency and the serving frequency.
Proposal 2	Whether the UE should perform early measurements on a frequency for which it does not support CA or DC from the serving frequency should be indicated in the early measurement configuration.
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