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1	Introduction
The LTE Rel-15 WI  on enhancing CA Utilization (euCA, see RP-170805) is the predecessor of the NR Rel-16 DCCA WID [1]. The euCA WI’s objectives were generic but straightforward – shorten the CA set-up delay and reduce signalling overhead, particularly in an inter-frequency or inter-site deployment. The largest bottleneck identified in the WID was the substantial delay due to inter-frequency measurements, needed to detect, measure, configure and activate candidate SCells (especially for a UE transitioning from IDLE to CONNECTED).
The basic problem is rather general and   applies to CA/DC or any DC-like approach. The LTE studies in R2-1710996 demonstrated quite large benefits from providing early measurement reports to the network. In RAN#80 a new WI was approved for Rel-16 NR, namely DCCA WI (see RP-182076]. Even though the WID scope is slightly general than in euCA WID, in essence the scope aims to solve the same problem that was identified in LTE also for NR. The additional aspects in NR are coming from having INACTIVE state and more emphasis on CONNECTED mode. 
This paper aims to give a general overview of main problems that should be tackled in order to achieve a fast activation of CA/DC, discussing what could potentially work directly from Rel-15 euCA LTE and what potentially would need further work in NR.

2	Overall (high-level) description of LTE euCA Rel-15
During LTE Rel-15 WI RP-170805, the following features were specified to speed up the (S)Cell setup:
1. IDLE mode measurements: UE does measurements during IDLE mode that are reported to network on request when UE is in CONNECTED mode (this helps the eNB to immediately configure CA when UE switches to CONNECTED mode)
· Network signals to UE the (inter-frequency) carrier(s) to measure during the IDLE mode for potential SCells
· Measurement requirements were developed in RAN4, but primarily follow existing RAN4 minimum requirements for inter-frequency measurements
· UE indicates if it has inter-frequency measurement results during RRC connection establishment
· Based on the measurement results, the eNB determines whether to configure CA (i.e. the measurement report can immediately be used by the network to make the CA setup decision)
2. Activating SCells upon configuration: SCells can be activated immediately when they are configured (to reduce delay for activating SCell via MAC CE and allow CA to continue during handover)
· Network can configure in which state SCell starts upon SCell addition or after HO. The state can be any SCell state, i.e. deactivated (default), activated or dormant.
· The mechanism allows e.g. keeping SCells activated during handover (direct SCell activation) or having CQI reports from dormant SCell before deciding whether to activate the SCell (direction Scell hibernation)
3. Short CQI reporting (i.e. temporarily more frequenct CQI reporting): When SCell is activated, a temporary Short CQI reporting periodicity (which may be shorter than otherwise) can be configured to last for a set time (this can be used by eNB to realize faster when the UE CQI measurements indicate the SCell is activated and a valid CQI is provided)
· Temporarily more frequent CQI reporting at SCell activation (faster CQI reports, and allow UEs that can activate SCell faster to report CQI more quickly)
· The feature is called “short CQI reporting”, and allows having different CQI reporting periodicity until n+34 (i.e. maximum allowed time until SCell activation according to RAN4 requirements)

Additionally, the following features were specified to optimize and reduce the signalling related to management of multiple SCells as well as for SCell activation/deactivation.
1. SCell group configuration: allows configuring same parameters for multiple SCells via an SCell group configuration (e.g. for intra-band CA or LAA use cases). Up to 4 SCell groups can be used, with group configuration only being provided once and SCells utilizing the configuration within the group. Each SCell may also override the common configuration via dedicated signalling (to allow having some differences between the SCell configuration parameters)
2. Dormant SCell state: A new SCell state added (to the legacy SCell states of active and deactivated), with no PDCCH monitoring, but CQI reporting and RRM measurements continue according to RRC configuration. UE reports CQI but keeps the SCell otherwise inactive (this is supposed to reduce delay for scheduling when the SCell is activated, since eNB gets CQI reports already before SCell activation)

Key learnings from euCA WI were that to achieve a fast CA configuration and activation, the following issues should be addressed:
· Reduce the time it takes UE to measure and NW to get UE’s measurements of the candidate cell(s)
· Decrease SCell setup delay i.e. avoid the activation delay at configuration and have reduce SCell configuration overhead
· Obtain fast CQI reports after SCell activation to enable scheduling the UE right as soon possible
From NR point of view, the question is: Provided the particularities of NR (FR1, FR2, no always-on CRS) how to efficiently tackle these problems and achieve a fast CA/DC configuration and activation of inter-site cells. In the following sections, we will take one by one each of the problems and check the potential directions that could be investigated.

3	Fast SCell setup for NR
3.1	Reducing measurement and reporting delay
In NR, similarly to LTE, the largest bottleneck for fast CA/DC set-up is in knowing whether and which cell to configure for CA. If only configured after UE moves to CONNECTED, the delay induced by the time the measurements done and reported by the UE could be detrimental for setting-up CA/DC fast, leading to reduced throughput and increased latency. While a blind configuration is possible, it has several known problems (e.g. configuring wrong cell, UE still needing to detect the cell to be able to receive).
According to DCCA WID, one of the main objectives is:
	2. 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



In LTE, while in IDLE, UE relies on always-on reference signals. UE measures CRSs from neighbours and serving cell (while in IDLE). CRSs are available all the time. Measurements could be done e.g. once every DRX/paging cycle. From PSS/SSS the RS position is determined, and UE can do the measurements in IDLE. 
In NR, while in IDLE/INACTIVE, UE cannot rely on always-on reference signals, as there is no CRS concept. Instead, UE will be measuring in IDLE/INACTIVE based on SSBs (broadcast beams in IDLE/INACTIVE mode). The synchronization signal blocks (SSBs) are sent by gNB with the aim to cover the cell. From gNB TX beam sweep point of view, in lower frequencies (e.g. FR1 < 6 GHz) there are up to 8 SSBs swept by gNB in order to cover all the cell, while in higher frequencies (e.g. FR2 > 6 GHz) gNB could have up to 32 or 64 beams (each beam has an SSB) sweeping in order to cover the entire cell.  But, regardless how many SSBs are sent with beam sweeping, the SSBs are all sent during a window of 5 ms, with a periodicity that could vary from 5 ms up to 160 ms. 
From UE RX beam sweeping point of view, the situation is different: In lower frequencies, UE receives essentially omni directionally, which means UE has just one single beam, while for higher frequencies the UE could have up to 4 or 8 RX beams. 
But nevertheless, UE does IDLE/INACTIVE mode measurements as well, which currently are not reported once transitioning to connected. Therefore, due to long configuration delay for candidate SCells (in an inter-frequency inter-site type of deployment), it would be beneficial if NW would be aware earlier of the measurements UE did while in IDLE/INACTIVE. 
It has been shown [3] that providing early measurement results during connection setup will enhance utilization of small cells and can even provide power consumption benefits for the UE. I.e. as long as the amount of measurements is kept reasonable, there is no negative power consumption impact. Thus, it makes sense to provide those measurement results in some way, such that the UE does idle/inactive mode measurements (according to NW configuration/broadcasted info) and reports them to NW right after connection setup/resume.
Observation 1: In NR, for FR1 and FR2, UE is performing IDLE/INACTIVE mode measurements based on SSBs. It would be beneficial if UE would indicate these measurements to NW once back in connected.
Proposal 1: For both FR1 and FR2, take the E-UTRAN approach as baseline, i.e. UE can be instructed to perform measurements during IDLE/INACTIVE mode and  report these when moving to CONNECTED. 

3.2	Decrease SCell setup delay
Another important way to improve the overall CA set-up delay is related to the state in which SCells are configured. 
For LTE Rel-14 UE, when CA is configured, the SCells configured by RRCConnectionReconfiguration are initially in deactivated state. In this case, configuring and activating an SCell was based on measurements UE was doing during CONNECTED, based on the configuration received.
For Rel-15 euCA UE it was agreed that for CA, the SCells configured at RRCConnectionReconfiguration can also be in configured in the activated state. This would mean that SCell is directly in activated state after the RRC reconfiguration, which would reduce the overall setup delay. This is illustrated in Figure 1.


Figure 1 Illustration of directly activated SCell configuration procedure in euCA WI (showing only the configuration + activation)
[bookmark: _Hlk804942]One of the DCCA WID main objectives is:
	
2. [bookmark: _Hlk804929]Efficient and low latency serving cell configuration/activation/setup: Minimizing signalling overhead and latency needed for initial cell setup, additional cell setup and additional cell activation for data transmission. [RAN2, RAN1, RAN4, RAN3]
· This objective applies to MR-DC, NR-NR DC and CA
· The objective should consider enhancements when starting from IDLE, INACTIVE mode and CONNECTED mode



As we are aiming to speed up the CA/DC configuration/activation, the natural approach is to adopt the LTE baseline also in NR. Currently in NR, SCells are configured in deactivated state.
Having SCell configured in active state represents additional reduction of delay (on top of the substantial reduction gained by UE performing inter-frequency measurements in IDLE mode) towards achieving the fast CA set-up the WI is targeting. 
Observation 2: Direct SCell activation allows reduced CA activation delay.
Proposal 2: Direct SCell activation should be considered as baseline for NR, in order to enable fast additional cell activation for data transmission.
3.3	Faster CQI reporting 
For the network to effectively schedule an (activated) SCell, a CQI report from the UE is needed. There are two reasons for this: First, a CQI report indicates the NW that the UE is ready to be scheduled (and not still in the process of activating the SCell). Second, it allows channel aware scheduling based on UE’s link quality, which allows the scheduler to make efficient scheduling decisions for the UE.
In LTE Rel-15 euCA WI, two enhancements related to SCell CQI reporting were specified: a) short CQI reporting and b) dormant SCell state. 
Short CQI reporting means that when an SCell is activated, a more frequent CQI reporting periodicity may be configured for a period of time after SCell activation (faster CQI reports, allowing UEs that can activate SCell faster to report CQI more quickly). In LTE, this feature allows UEs to start reporting CQIs quickly without network havig to reconfigure the CQI reporting periodicity multiple times (i.e. first for SCell activation, then for reducing periodcity after that) because having different CQI reporting periodicity until n+34 (i.e. when SCell has been latest activated according to RAN4 requirements) allows UEs that are faster in activation to report CQI very quickly. 
Observation 2: The Short CQI aims to allow network to detect UEs that can activate SCells faster than the RAN4 minimum requirements state.
The dormant state was introduced to allow faster SCell activation: While SCell is in dormant state, the UE continues periodic CQI reporting for the SCell (like it does for activated SCells) but is not required to do PDCCH monitoring (just like this is not required for deactivated SCells), which can reduce UE energy consumption. Like with deactivated state, the RRM measurements continue according to the deactivated SCell measurement cycle (i.e. measCycleSCell) to e.g. allow deconfiguring the SCell. The promise of the dormant state is that it allows faster switching between activated and power saving states because the UE is still doing channel estimation and RRM measurements and can (re)start PDCCH processing more quickly when the SCell is activated. Hence, other than the CQI reporting, the dormant state is equivalent to deactivated state. The only reason it was specified as a different state was that its functions were not yet clear when the state was decided to be specified.
Observation 3: Except for CQI reporting, the dormant SCell state is equivalent to deactivated SCell state.
Since the requirements for the dormant state are better known now, it seems that the dormant SCell state itself might not be needed for NR. Since the essence of the state is to allow CQI reporting and the usage is always configured by the network,  it would be just possible to augment deactivated SCell state with (optional)CQI reporting configuration. This would allow all the same benefits without creating a different state (with all the complications it creates in MAC). 
Proposal 3: Specify CQI reporting configuration to deactivated SCell state for NR.

4	Conclusion
This paper gave a general overview of main problems that should be tackled in order to achieve a fast activation of CA/DC. The following observations were made:
Observation 1: In NR, for FR1 and FR2, UE is performing IDLE/INACTIVE mode measurements based on SSBs. It would be beneficial if UE would indicate these measurements to NW once back in connected.
Observation 2: Direct SCell activation allows reduced CA activation delay.
Observation 3: Except for CQI reporting, the dormant SCell state is equivalent to deactivated SCell state.
Based on these and the discussion, we propose the following:
Proposal 1: For both FR1 and FR2, take the E-UTRAN approach as baseline, i.e. UE can be instructed to perform measurements during IDLE/INACTIVE mode and  report these when moving to CONNECTED. 

Proposal 2: Direct SCell activation should be considered as baseline for NR, in order to enable fast additional cell activation for data transmission.
Proposal 3: Specify CQI reporting configuration to deactivated SCell state for NR.
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