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1	Introduction (extended early measurement use cases)
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 some restrictions on the measurements. These restrictions can have negative impacts on the delay to setup the desired CA/DC configuration in some cases and it prevents the use of the early measurements for other purposes. These issues are discussed below.
[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 and/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 and/or CA configuration as soon as possible based on measurement information.
The early measurements that the UE shall perform are configured by the network through dedicated or broadcasted configurations. The UE then performs the measurements while in RRC_IDLE or RRC_INACTIVE and signals the results to the network at the subsequent connection setup/resume.
With the agreement that the UE only performs idle measurement for frequencies for which the UE supports CA or MR-DC together with the serving frequency there will however be a restriction in what measurements that will actually be performed, and thus provided at connection setup/resume. The agreement is a copy from LTE Rel-15 euCA, which however was limited to only intra-RAT (E-UTRA) measurements for quick setup of CA. The early measurements in Rel-16 include both NR and E-UTRA measurements supporting quick setup of both MR-DC and CA. In the following sub-sections we list different cases where the early measurements would provide benefits but may be prevented due to the restrictions caused by the agreement.
2.1.1	Decreased latency for voice call setup at fallback to E-UTRA
If a UE camping in NR is to establish a voice call it will typically need to be moved to another RAT in order to handle the connection. When the UE 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 performed. 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 an additional delay in the setup of the voice call.
If the network would have the information about E-UTRA carriers in coverage of the UE, it would be able to move the UE to a suitable E-UTRA carrier without performing measurements while in RRC_CONNECTED. The delay in setup of the voice cell could thus be decreased by including early measurements on E-UTRA carriers at connection setup/resume in NR.
[bookmark: _Toc20837346][bookmark: _Toc20914160][bookmark: _Toc20914595]Early measurement reporting can decrease the latency for voice call setup in case of voice fallback to E-UTRA.

2.1.2	Handover to suitable PCell
Even if the UE is in coverage of a cell on another frequency than the serving one, where the UE is initiating a connection setup/resume, it might not be possible to setup a DC or CA configuration. This might e.g. be due to that the serving cell does not support DC or CA to the cell on the frequency layer or because the UE capabilities limit the UE from the particular band combination. To quickly setup DC or CA the UE may then need to be moved to another PCell (on another frequency) where such a configuration is supported.
The network would then first need to initiate a handover to the cell on the other frequency 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). UE 1, which is in coverage of E-UTRA frequency f1 and the NR carrier, will camp on E-UTRA frequency f1. It will thus be possible to setup an EN-DC configuration with the NR NSA cell from that cell at the connection establishment based on the early measurements. However, UE2, which is in coverage of both E-UTRA frequencies and the NR carrier, will camp on E-UTRA frequency f2 and thus initiate connection establishment there. This means that, in order to get EN-DC configuration including the NR NSA cell, a handover to a cell on f1 would first 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 an additional 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 this case the UE performs idle mode measurements on frequency f1, while camping on frequency f2 and report them upon connection establishment/resumption, it would be possible to perform a handover to a cell supporting the DC/CA configuration without additional delay to perform measurements while in RRC_CONNECTED.
A similar case is when there is a high load on the frequency where the UE is establishing/resuming the connection. Also in this case early measurements for other frequencies would enable redirection of the UE to another frequency with lower load where the UE has coverage. This would avoid that the UE needs to be redirected blindly.
[bookmark: _Toc20837347][bookmark: _Toc20914161][bookmark: _Toc20914596]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: _Toc20837348][bookmark: _Toc20914162][bookmark: _Toc20914597]Early measurements could enable that the UE is redirected from an overloaded frequency to another frequency where the UE has coverage.

2.2	Applicability of early measurement configuration
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 however puts a restraint on the use of the early measurements. 
In order to enable that early measurements can be used to e.g. handover the UE to a suitable cell (where e.g. the suitable CA/DC configuration is possible) or to enhance other use cases, it should be possible to configure the UE to perform idle mode measurements also on frequencies for which it does not support CA/DC with the serving frequency. This should then be indicated in the early measurement configuration on frequency level. If the indication is present for a frequency the UE performs idle mode measurements on that frequency even if it does not support CA and/or DC between that frequency and the serving frequency. If the indication is not present the UE only performs the measurements if it supports a corresponding CA/DC configuration.
[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc20837382][bookmark: _Toc20914230][bookmark: _Toc20914606]A UE can be configured to perform idle mode measurements on frequencies for which the UE does not support CA and/or DC together with the serving frequency.

[bookmark: _Toc20837383][bookmark: _Toc20914231][bookmark: _Toc20914607]An indication is introduced per frequency in the early measurement configuration indicating whether the UE shall perform early measurements for the frequency even if the UE does not support CA and/or DC including that frequency and the serving frequency.

3	Conclusion (extended early measurement use cases)
In the previous sections we made the following observations: 
Observation 1	Early measurement reporting can decrease the latency for voice call setup in case of voice fallback to E-UTRA.
Observation 2	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 3	Early measurements could enable that the UE is redirected from an overloaded frequency to another frequency where the UE has coverage.

Based on the discussion in the previous sections we propose the following:
Proposal 1	A UE can be configured to perform idle mode measurements on frequencies for which the UE does not support CA and/or DC together with the serving frequency.
Proposal 2	An indication is introduced per frequency in the early measurement configuration indicating whether the UE shall perform early measurements for the frequency even if the UE does not support CA and/or DC including that frequency and the serving frequency.

4	Introduction (Cell (re)selection considerations for quick CA/DC setup)
The latest Work Item Description for DC and CA enhancements in [1] was approved at the RAN#84 meeting. One of the objectives concerns how to reduce the delay until the setup of DC and/or CA through early measurements:
Early Measurement reporting: Early and fast reporting of measurements information availability from neighbor and serving cells to reduce delay setting up MR-DC and/or CA. [RAN2, RAN4]
· This objective applies to MR-DC, NR-NR DC and CA
· The objective should consider measurements in IDLE, INACTIVE mode and CONNECTED mode
· The impacts on UE power consumption should be minimized
· The LTE Rel-15 euCA work should be utilized, when applicable

The early measurements are to be reported to the network together with the setup/resume procedure in order to quickly set up CA or DC. However, in some scenarios a UE may be camping on a carrier where setup of CA or DC cannot be performed when it initiates a connection setup or resume. In order to then setup DC or CA for the UE, there is a need to perform a handover to another carrier where this is supported. In the below sections we discuss how to enable that the UE initiates the setup/resume procedure in a cell where CA or DC can be configured.
[bookmark: _Ref528173454][bookmark: _Ref525647665]5	Discussion
5.1		CA and DC deployments
Dual Connectivity (DC) and Carrier Aggregation (CA) configurations are typically not supported between all frequency bands/carriers in the network. This can e.g. be due to that some combinations are not suitable or due to that it is too costly to deploy it for all combinations. The CA or DC configurations that can be set up of course also depend on the band combinations that are allowed and that are supported by the UE.
Figure 2 shows an example with two E-UTRA carriers and an NR carrier (for setup of SCG in an EN-DC configuration). E-UTRA carrier 1 is on a lower frequency band, which thus has better coverage but lower capacity than E-UTRA carrier 2. In such a scenario it would make sense to support EN-DC between E-UTRA carrier 1 and the NR carrier. A reason is that the capacity is anyway achieved through the NR carrier and the lower E-UTRA carrier then provides a better coverage. A similar scenario can be applicable also for CA and other DC alternatives.

NR
E-UTRA carrier 2
E-UTRA carrier 1
EN-DC support

[bookmark: _Ref4093191]Figure 2 Case with two E-UTRA frequency bands and one NR frequency band. E-UTRA carrier 1 supports EN-DC to the NR carrier whereas E-UTRA carrier 2 does not.

1. [bookmark: _Toc20914163][bookmark: _Toc20914598]DC and CA configurations are typically not supported or suitable between all frequency bands/carriers in the network

[bookmark: _Ref180715]5.2		Priority based cell reselection
A UE that is configured to perform early measurements while in RRC_IDLE or RRC_INACTIVE (or RRC_IDLE with suspended in LTE), with the purpose to set up CA or DC quickly, will be measuring the carriers where a PSCell and/or SCell(s) are to be set up (if possible). However, the UE will meanwhile also perform cell reselection based on the frequency/RAT priorities that the UE has received dedicated in the RRCConnectionRelease/RRCRelease message or from system information. The UE may thus be performing measurements on a carrier/cell for quick setup of (P)SCell but be camping on a carrier where the corresponding DC or CA configuration to that cell/carrier is not possible. This would be the case if the UE has coverage of a carrier with higher priority for camping, but where the DC or CA connection is not supported.
An option to overcome this situation could be to give UEs, which support DC and/or CA, dedicated priorities that make them always prioritize camping on the carrier where setup of DC or CA is supported. This would however have a very negative impact on the load on those carriers, especially considering that these carriers may typically be on a lower frequency with better coverage but lower capacity. It can also be assumed that the amount of UEs supporting CA or DC will increase in the networks.
[bookmark: _Toc20914164][bookmark: _Toc20914599]A UE may perform cell reselection to a carrier/cell where it is not possible to setup DC or CA configuration for the UE (upon connection resumption or establishment).

5.3		Selection of carrier during early measurements
As discussed above, giving UEs that support DC and/or CA dedicated priorities that make them always prioritize camping on the carrier where setup of DC or CA is supported would have a negative impact on the load balance in the network. This issue could be overcome if the UE only prioritizes that carrier when it has coverage of the corresponding carrier where the (P)SCell would be established. When the UE is configured to perform early measurements, it will be monitoring those carriers for a configured duration.
Figure 3 shows an example with an EN-DC deployment. E-UTRA carrier 1 is on a lower frequency band and supports EN-DC configuration to the NR (NSA) carrier, whereas EN-DC is not supported from E-UTRA carrier 2. A typical configuration would be to give higher cell reselection priority to E-UTRA carrier 2. By instead letting the cell reselection prioritization be based on whether the UE has coverage of the NR carrier (where the PSCell would be established), UE #A would here then be camping on E-UTRA carrier 1 and UE #B on E-UTRA carrier 2.

E-UTRA carrier 2 (no EN-DC support)
E-UTRA carrier 1 (EN-DC support)
B
NR NSA
A

[bookmark: _Ref4097604]Figure 3 Cell reselection priority based on whether UE has coverage for EN-DC setup. UE #A has coverage of NR carrier and prioritizes E-UTRA carrier 1 over E-UTRA carrier 2, UE #B does not have coverage of NR carrier and prioritizes E-UTRA carrier 2 over E-UTRA carrier 1.

The change of cell reselection priorities (based on the coverage) should then be limited to the time while the UE is anyway performing the early measurements, i.e. for the configured duration of the early measurements.
The band combinations that are supported by the UE should be taken into account, but this would be possible to handle in the network implementation. The prioritization for cell reselection, which is based on the coverage of the carriers/cells that are part of the early measurement configurations, should then be provided through dedicated signalling, i.e. in the RRC connection release message (RRCConnectionRelease/RRCRelease) that includes the early measurement configuration.
An option to let the cell reselection prioritization be dependent on the actual coverage of the carrier where the (P)SCell may be established could be to configure alternative cell reselection priorities that are valid only during the duration of the early measurements.

1. [bookmark: _Toc4096850][bookmark: _Toc4099875][bookmark: _Toc4661186][bookmark: _Toc4695444][bookmark: _Toc4702965][bookmark: _Toc4703179][bookmark: _Toc4703182][bookmark: _Toc4703257][bookmark: _Toc7282932][bookmark: _Toc7283126][bookmark: _Toc7540240][bookmark: _Toc7684884][bookmark: _Toc16026942][bookmark: _Toc16696279][bookmark: _Toc16707784][bookmark: _Toc16780349][bookmark: _Toc20914232][bookmark: _Toc20914608]For fast setup of CA and intra-RAT DC, coverage of other carriers in the same RAT could be considered in the cell reselection procedure during early measurements.
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6		Conclusion (Cell (re)selection considerations for quick CA/DC setup)
In the previous sections we have made the following observations:
Observation 1	DC and CA configurations are typically not supported or suitable between all frequency bands/carriers in the network
Observation 2	A UE may perform cell reselection to a carrier/cell where it is not possible to setup DC or CA configuration for the UE (upon connection resumption or establishment).

Based on the discussion in the previous sections we propose the following:
Proposal 1	For fast setup of CA and intra-RAT DC, coverage of other carriers in the same RAT could be considered in the cell reselection procedure during early measurements.
Proposal 2	For fast setup of MR-DC, coverage of other carriers in another RAT could be considered in the cell reselection procedure during early measurements.
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