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Introduction
The Work Item Description for DC and CA enhancements in [1] was approved at the RAN#81 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 this document 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]Discussion
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 1 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.
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[bookmark: _Ref4093191]Figure 1 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: _Toc4703260]DC and CA configurations are typically not supported or suitable between some frequency bands/carriers in the network

[bookmark: _Ref180715]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 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.
1. [bookmark: _Toc4703261]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).

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 2 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 is to give higher cell reselection priority to E-UTRA carrier 2. By 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.
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[bookmark: _Ref4097604]Figure 2 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.

[bookmark: _Toc4096850][bookmark: _Toc4099875][bookmark: _Toc4661186][bookmark: _Toc4695444][bookmark: _Toc4702965][bookmark: _Toc4703179][bookmark: _Toc4703182][bookmark: _Toc4703257]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. The details are FFS.
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Conclusion
In the previous sections we have made the following observations:
Observation 1	DC and CA configurations are typically not supported or suitable between some 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. The details are FFS.
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. The details are FFS.
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