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Introduction
In RAN#80 the WI on DC and CA enhancements was agreed in [1] with RAN2 as the primary responsible workgroup. This documents analyses and discusses the impact from some of the objectives of the WI and proposes the initial steps in categorizing the work-item that sets the stage for stage-2/stage-3 work in this area.
WI objectives
.
1. [bookmark: _Hlk516787901]Support of asynchronous and synchronous NR-NR Dual Connectivity [RAN1, RAN2, RAN4]
2. Early Measurement reporting
3. Efficient and low latency serving cell configuration/activation/setup
4. Fast recovery

For objectives #2 and #3, if we were to use the LTE release-15 euCA as the starting point, it is important to assess the similarities and differences in conditions that exist between the LTE CA scenario and the NR CA/MR-DC scenarios that the WI addresses.

RAN2 work-scope of CA/DC enhancements with NR

Idle mode measurement related activities for NR CA
The concepts of mobility in NR idle mode are pretty similar to that in LTE.  So is the deployment of NR cells (including small cells with mm-wave).  In this perspective, we think that the LTE euCA enhancements for idle mode measurements can be re-used for the most part, with NR and MR-DC specific enhancements and exclusions. Figure 1 below provides more details on the LTE euCA and NR similarities.
	



Figure 1: Overview of idle measurements/reporting for euCA and the applicability to NR
We see that for NR CA, the NW can broadcast a list of potential SCell frequencies (and potentially, cells in these frequencies) with NR specific enhancements (like on-demand SI for eg., to reduce the NW load on broadcast resources). And UE can reports the measurement results (including NR specific enhancements like reporting the gNB Tx beam etc..) which can be used to setup CA.
In euCA, the power hit the UE takes for measuring the LTE frequencies in idle mode is controlled by allowing the NW to configure a timer which inform the UE for how long it needs to perform these measurements when coming out of connected mode. Same logic can be used for NR as well.
Observation 1: The LTE euCA enhancements for idle mode measurements can be re-used for the most part such as configuration of early measurement reporting in RRC connection release, indication of measurement availability in RRC connection setup procedure and measurement results request/reporting over UE information procedure, with NR and MR-DC specific enhancements and exclusions.

Proposal 1: NW provides NR frequencies for early measurement reporting in idle mode in RRC connection release. Details on measurement configurations are FFS.
Proposal 2:  A timer is supported to indicate how long in time the UE should measure the NR frequencies while in NR idle. It is configured by NW as in LTE euCA. Details on the timer are FFS.
Idle mode related activities for MR-DC and NR-NR DC
The UE idle mode measurements of potential frequencies/cells that can be added as MR-DC/NR-NR DC configuration may require the UE to measure frequencies in other RAT (as inter-RAT measurements, esp in MR-DC) and this can require turning ON the other RAT HW (could be FR2 RFIC as an example, and this is applicable even in NR-NR DC where the measurement of other FR frequencies).
However, we see advantages in deployments where MR-DC or NR-NR DC is used where the SCG is used primarily for data-transfers while the MCG is used to anchor mobility.  Current release-15 specification already allows configuration for EN-DC directly (blind NR SCG addition) when the UE goes from LTE IDLE to LTE CONNECTED. Adding inter-RAT measurements would make this work without blind addition.
Proposal 3: NW configures the UE to measure inter-RAT frequencies in UE idle for both LTE and NR, as part of the enhanced NR CA/MR-DC. 
Proposal 4: RAN4 to decide on the measurement requirement for NR UE inter-frequency and NR and LTE inter-RAT frequencies for early measurement reporting in idle mode..

Validity Area concept for NR-NR and MR-DC
The LTE euCA usage of validity area is also applicable to NR CA, and Figure 2 below captures the validity area usage logic. With mm-wave small cell deployment where the scope of multiple cells from different operators, increases for NR, there could be further fine-tuning needed but we can start with similar concept in NR CA.
	



Figure 2 : Overview of the usage of validity area in euCA
Proposal 5: NR CA and NR-NR/MR-DC uses the concept of validity area that is configured by the NW when the UE goes to idle. UE performs the idle mode measurements only when it is in the validity area. Details are FFS. 

Enhancements in INACTIVE mode
Enhancements in NR RRC_INACTIVE state
In current NR specification, the UE preserves the MCG configuration while transitioning from RRC_CONNECTED to RRC_INACTIVE, where this configuration can be used along with the NW provided configuration at resumption time. From this aspect, release-15 already provides the framework for restoring the MCG in NR. If the measurement of NR and LTE frequencies are possible while the UE is in RRC_INACTIVE state, it should be possible to resume with NR-NR DC or NE-DC at the resumption time based on the saved configuration of the UE.  We see the usefulness of measuring the potential frequencies/RATs in NR RRC_INACTIVE state to see if these measurements can be used to form NR-NR or MR-DC at resumption. 
Observation 2: Providing both LTE and NR measurements at the transition from RRC INACTIVE to RRC CONNECTED can help with setting up of MR-DC or NR-DC/CA faster.
Proposal 6: NR and LTE measurements can be configured by the NW when moving the UE from RRC_CONNECTED to NR RRC_INACTIVE state (FFS if the duration of the measurement will be different from transition to NR RRC_IDLE).  The UE provides these measurements after the transition to RRC_CONNECTED.
Enhancements in LTE RRC_INACTIVE state for EN-DC
In LTE release-15, the UE releases the physical layer configuration of all the serving cells except for the PCell while going from LTE RRC_CONNECTED to LTE RRC_INACTIVE.  Similar to NR resumption optimizations, we do see the usefulness of measuring the potential NR frequencies in LTE INACTIVE state along with the LTE measurements, so that EN-DC can be resumed right away when coming out of LTE INACTIVE state. 
Proposal 7: LTE measurements can be configured by the NW when moving the UE from RRC_CONNECTED to LTE RRC_INACTIVE state for setting up of LTE CA at resumption (FFS if the duration of the measurement will be different from transition to LTE RRC_IDLE). The UE provides these measurements after transition to RRC_CONNECTED.
Since EN-DC can be setup including the NR SCG in RRCConnectionSetup message in rel-15 itself (while transitioning from LTE IDLE to LTE CONNECTED), we think this improvement of setting up EN-DC at resumption from LTE RRC_INACTIVE can be useful. And so we would like to also allow NR measurements in LTE_INACTIVE state.
Proposal 8: NR measurements can be configured by the NW when moving the UE from RRC_CONNECTED to LTE RRC_INACTIVE state (FFS if the duration of the measurement will be different from transition to LTE RRC_IDLE). The UE provides these measurements after transition to RRC_CONNECTED.

Activation of CA/DC setup at configuration and resumption
Following the LTE euCA principle, where the NW can activate the configured SCells, NR CA enhancements can also add the activation of configured NR or LTE SCells in both MCG and SCG at configuration time. In LTE euCA, n+20 frames were specified for the UE to be ready to receive PDCCH on the activated SCell. Obviously, the timing requirements for activating the NR SCells at the RRC configuration time would require RAN4 input, but functionally this should be possible.
Proposal 9: Direct activation of LTE and NR SCells in EN-DC and NE-DC and NR CA/DC at RRC configuration by the NW is allowed, unless RAN4 objects. The timing requirements for activation are to be specified by RAN4.

Signalling Reduction in CA/DC setup involving NR
Compared to LTE, in NR we may have lower number maximum configurable carriers (16), but the amount of configuration each carrier can be associated with (esp with upto four dedicated BWP configurations within each carrier) in setting up of NR configuration for NR CA or NR-NR/MR-DC is quite large. 
If we examine the NR control configuration for each carrier, other than the frequency configuration from Downlink/UplinkConfigCommon the rest of the parameters from physical layer configuration can be reused in every serving cell/BWP. Even the locationandBandWidth from BWP-ConfigCommon provides a bandwidth start and width relative the serving cell in which the BWP is configured, and so is not absolute value.
This provides a nice platform to provide the same configuration across different serving cells which are deployed with different PCIs and frequency locations. NR also allows grouping of serving cells that carry same configuration.
Proposal 10: NR serving cell configuration can be grouped for NR CA and NR-NR/MR-DC such that multiple cells in the same group can have the same configuration applied. The number of cells in a group is FFS.

Reduction in activation latency of SCell
In LTE, the time for the UE to be ready to receive PDCCH on the SCell after activation (8 ms) is shorter than the time the UE needs to derive and report the CQI (16-24ms), and so LTE euCA focused on reducing/eliminating the CQI reporting time to reduce the activation delay.
In NR, the time for the UE to be ready to receive the PDCCH on the SCell is dependent the duration of the SMTC period (and the variability on when the SCell is activated during this period), along with other aspects like whether the UE has recently made a measurement on the SSB, whether there are any active serving cells using the same band as the SCell in FR2.  The minimum time is 15ms, while the actual time is usually much larger (could be upto ~80ms). 
Compared to this, the CSI measurement and reporting time in NR is much shorter (esp with FAST CSI), and in many cases is less than 3ms (based on the numerology). It can be seen that the main aspect to consider in reducing the activation latency is not the CSI acquisition, but rather the UE ready time to receive PDCCH. 
Observation 3:  The CSI measurement/reporting delay in NR is much shorter than the delay the UE needs in getting itself ready to receive PDCCH on the activated SCell in NR. So compared to euCA, the main factor to consider in reducing the activation latency of the SCell in NR, is not the CSI acquisition, but rather the UE ready time to receive PDCCH.
There are cases where this can be reduced. As an example, recall that NR allows very wide bandwidth cells and the UE can realize the wider BW with multiple carriers that are contiguous or non-contiguous in the same cell band. In cases like these, the UE is expected to use the same beam information for transmit and receive beam forming as well as the SSB timing information, and in some cases where the SCells do not have SSB, the PCell SSB can be used for PDCCH reception ready procedure.
Based on the above, we see some benefits and potential in reduction of activation time but also note that in NR, any reduction in the PDCCH reception ready time and CSI reporting time requires input from RAN4 and RAN1.
Proposal 11: RAN2 to agree to monitor the RAN1 progress on latency reduction in SCell activation time for NR SCells.

Conclusion and proposals

Observation 1: The LTE euCA enhancements for idle mode measurements can be re-used for the most part such as configuration of early measurement reporting in RRC connection release, indication of measurement availability in RRC connection setup procedure and measurement results request/reporting over UE information procedure, with NR and MR-DC specific enhancements and exclusions.

Proposal 1: NW provides NR frequencies for early measurement reporting in idle mode in RRC connection release. Details on measurement configurations are FFS.
Proposal 2:  A timer is supported to indicate how long in time the UE should measure the NR frequencies while in NR idle. It is configured by NW as in LTE euCA. Details on the timer are FFS.
Proposal 3: NW configures the UE to measure inter-RAT frequencies in UE idle for both LTE and NR, as part of the enhanced NR CA/MR-DC. 
Proposal 4: RAN4 to decide on the measurement requirement for NR UE inter-frequency and NR and LTE inter-RAT frequencies for early measurement reporting in idle mode..
Proposal 5: NR CA and NR-NR/MR-DC uses the concept of validity area that is configured by the NW when the UE goes to idle. UE performs the idle mode measurements only when it is in the validity area. Details are FFS. 
Observation 2: Providing both LTE and NR measurements at the transition from RRC INACTIVE to RRC CONNECTED can help with setting up of MR-DC or NR-DC/CA faster.
Proposal 6: NR and LTE measurements can be configured by the NW when moving the UE from RRC_CONNECTED to NR RRC_INACTIVE state (FFS if the duration of the measurement will be different from transition to NR RRC_IDLE).  The UE provides these measurements after the transition to RRC_CONNECTED.
Proposal 7: LTE measurements can be configured by the NW when moving the UE from RRC_CONNECTED to LTE RRC_INACTIVE state for setting up of LTE CA at resumption (FFS if the duration of the measurement will be different from transition to LTE RRC_IDLE). The UE provides these measurements after transition to RRC_CONNECTED.
Proposal 8: NR measurements can be configured by the NW when moving the UE from RRC_CONNECTED to LTE RRC_INACTIVE state (FFS if the duration of the measurement will be different from transition to LTE RRC_IDLE). The UE provides these measurements after transition to RRC_CONNECTED.
[bookmark: _GoBack]Proposal 9: Direct activation of LTE and NR SCells in EN-DC and NE-DC and NR CA/DC at RRC configuration by the NW is allowed, unless RAN4 objects. The timing requirements for activation are to be specified by RAN4.
Proposal 10: NR serving cell configuration can be grouped for NR CA and NR-NR/MR-DC such that multiple cells in the same group can have the same configuration applied. The number of cells in a group is FFS.
Observation 3:  The CSI measurement/reporting delay in NR is much shorter than the delay the UE needs in getting itself ready to receive PDCCH on the activated SCell in NR. So compared to euCA, the main factor to consider in reducing the activation latency of the SCell in NR, is not the CSI acquisition, but rather the UE ready time to receive PDCCH.
Proposal 11: RAN2 to agree to monitor the RAN1 progress on latency reduction in SCell activation time for NR SCells.
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