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1	Introduction
One of the key objectives of euCA WI [1] was related to:
	· Reduced delays in Scell set-up, including shorter Scell configuration delay after UE moves from idle to connected by addressing the following aspects:
· Measurements on Scell candidates (e.g. network assistance in identifying Scell candidate carriers, and best effort UE measurements for Scell candidates),
· Measurement reporting (e.g. utilize UE’s earlier idle mode measurements for configuring Scell),
· Scell configurations and activations (e.g. the network could immediately configure Scell for CA without additional measurements when UE’s earlier idle mode measurements are available for setting up Scell)



Until RAN2#101bis meeting, the following agreements were reached related to SCell states:
	Agreements:
RAN2#100 [7]:
· Support configuring SCell directly in activated/deactivated state in Rel-15. FFS how to solve the CQI ambiguous and PDCCH monitoring timing issues
· Transition between legacy SCell deactivated state and fast activation state is via MAC-CE (i.e., similar to legacy).
· Legacy state transition mechanisms are applicable for transition between legacy SCell activated and SCell deactivated states.
· Dormant State: Introduce a New SCell fast activation state as follows:
		1) Not introduce L1 signalling
		2) Only period CQI report based on CRS
		3) without PDCCH monitoring

RAN2#101 [5]:
· When SCell is configured as activated, the PUCCH format changes to take this into account at n+20 (i.e. after the RRC processing delay). This should be confirmed from RAN4.
· Use “Dormant SCell state” as the name of the new Scell state and use ”Hibernate” as the action for moving from Activated SCell state to Dormant Scell state if necessary.
· Dormant Scell follows PCell DRX for CQI/RRM measurement report triggering.
· Additional new MAC CE is needed for state transition in/out of the dormant state. Legacy MAC CE is still used as in Rel-10 CA.
· Define a MAC CE for state transition from activated SCell state to the dormant SCell state. 
· It is supported that UE transits from dormant state to deactivate state.

 RAN2#101bis [6]:
· From RAN2 understanding, allow configuring SCell directly in dormant state. The details of timing should be similar as to directly to active state.
· Introduce a capability bit for direct SCell activation to 36.331 and 36.306.



This paper aims at describing the full functionality of direct SCell configuration: Activated vs. Dormant, how to use this together with IDLE mode measurements. 
NOTE: highlighted text in agreements refers to functionality of the dormant SCell.
2	Direct SCell state configuration 
The main goal of euCA WI was to find ways to shorten the CA configuration/activation delay of SCells for a CA capable UE in an inter-frequency inter-site deployment. One main delay component identified was the inter-frequency measurements and therefore extra IDLE mode measurements approach was developed in WI, as described in [8]. But even though that represented the main delay component tackled, any other extra delay improvements are a benefit for euCA concept. 
Therefore, one other delay component to improve considered was related to the state in which SCells are when configured. For a Rel-14 UE, when CA is configured, the SCells configured at RRCConnectionReconfiguration are in deactivated state. 
2.1	Direct activation of SCells and IDLE mode measurements
In Rel-14, configuring and activating an SCell was based on measurements UE was doing during CONNECTED, based on the configuration received. 
In euCA Rel-15 UE, the SCell will be configured and activated faster, based on followings:
· Configuration received in RRCConnectionRelease, when UE can be indicated an inter-frequency carrier to measure during the idle state. [3]
· The indication for which carrier(s) UE could do the IDLE measurements is included in SIB5 and dedicated RRC signalling (including the valid timer). UE indicates the availability of inter-frequency measurements in RRCConnectionSetupComplete or RRCConnectionResumeComplete. [4]
· Signalling of the SCell measurement information from during IDLE mode takes place as part of UE information procedure (UEInformationRequest and UEInformationResponse messaging) after the RRC connection was established. [6]
So, having SCell configured in active state represents additional delay reduction (on top of the the reduction gained by UE doing inter-frequency measurements in IDLE mode) towards achieving the fast CA set-up the WI is targeting. 
Observation 1: The direct Scell activation allows reduced CA activation delay, especially when used to configure SCells as active immediately when first configuring CA after UE moves to RRC_CONNECTED.
To shorten the delay in accessing the SCells once traffic starts (MO/MT originated), instead of configuring SCells only in deactivated state (as legacy LTE), it was agreed to support configuring SCell directly in activated/deactivated state in Rel-15 [7]. This means that SCell should be in active state at RRC reconfiguration. Another option would be to allow configuring SCell directly in dormant state. In this case, the details of timing should be similar as to directly to active state [6].
An illustration of the directly active SCell at configuration procedure is given in Figure 1 (from R2-1802754):



[bookmark: _Ref513551488]Figure 1 Directly activated SCell configuration procedure (showing only the configuration + activation)
Observation 2: Direct SCell activation should allow eNB to obtain CQI reports from the SCell faster than with SCell configuration + MAC CE activation.
2.2	CQI and PDCCH monitoring timing requirements
Since activated SCells both monitor PDCCH and report CQIs, the timing of PUCCH format change needed to be decided via reference to some clearly defined point of time. Unlike with MAC CE, wgere tghe reference point was on the MAC CE reception, here only the RRCConnectionReconfioguration reception was readily available. 
In legacy, when SCell is activated after being in deactivated state, the requirements state that CQI reporting for the SCell starts at n+8 and PDCCH monitoring starts (latest) at n+24/n+34 (depending on whether the cell was detected previously), where n is the time of receiving the SCell activation MAC CE (see R2-1802754). 
Hence, when SCell is configured as activated (i.e. SCell Configuration & Activation in time instance n), the PUCCH format changes to take this into account at n+20 (i.e. after the RRC processing delay). However, the exact timing requirements for this are still under discussion in RAN4 [5], but should not affect the RAN2 work or the work item closure in RAN2. 
Observation 3: Whatever RAN4 decides on the SCell activation time for direct SCell activation will not affect RAN2 work.

2.3	The sCellDeactivationTimer and direct Scell activation
Since all SCells are currently configured as deactivated, the sCellDeactivationTimer is only started when a MAC CE is activating an SCell is received. Since the SCells can also now be configured as activated, it needs to be decided when the sCellDeactivationTimer should start in that case. The simplest would seem to be either when the SCell is considered activated, or when the RRC configuration with the direct SCell activation is received. Since the current CR already considers the RRC timing to be used, we propose to use that (since that requires no changes to the running MAC CR and seems also technically feasible).
Proposal 1: Capture in MAC that the sCellDeactivation timer starts when UE receives the RRC reconfiguration with the direct SCell configuration. 

2.4	Direct Scell activation vs. dormant SCell state
In order to better understand what is the main difference between having a configured SCell in active, deactivated or dormant states, we summarize the basic properties of each state:
Activated SCell state: UE monitors PDCCH, reports CQI and does RRM measurements according to RRC configuration. May have DRX assigned according to per-UE DRX configuration (i.e. all Scells use the same DRX configuration)
Dormant SCell state: No PDCCH monitoring, but CQI reporting based on e.g. on CRS and RRM measurements continue according to RRC configuration. Alternatively, measurements could be performed according to the DRX cycle of the PCell.
Deactivated SCell state: No PDCCH monitoring or CQI reporting, but RRM measurements continue according to a “deactivated Scell measurement cycle”, which is a form of DRX for RRM measurements
Main difference between dormant and active SCell is the PDCCH monitoring for UE power saving. However, with proper DRX setting, is is likely that the power saving gains from dormant state are not too different compared to the DRX, but the gain could be coming from faster SCell activation. In principle, the dormant state is not even really a “state” but just allowing CQI reporting to be configured for deactivated state, with corresponding (new) performance requirements being defined for that.
Observation 4: Direct Scell activation does not require use of dormant SCell state.
Observation 5: Dormant state would not necesssarily need to be a “new SCell state”: It could just be a new configuration allowed for deactivated SCell state (e.g. if the dormant “state” would ever be introduced to NR).
2.5	Direct Scell activation vs. dormant SCell state
In RAN2#101bis, If UE can be configured to be in dormant state at RRC configuration [6]  or at handover (i.e. SCell state can be changed during HO instead of SCells being always deactivated) this also would raise the question: should the SCells be in activated state also at HO? So far, in Rel-14, SCells are in deactivated state at HO. It would make sense that if we would like to shorten the SCell activation delay to keep SCell activated at HO. Since the same decided for direct dormant state configuration, the rationale should be the same for direct activation: It doesn’t make sense to disallow SCell to be configured to be in activated state upon handover if the target eNB supports that.
Proposal 2: Allow direct SCell activation in any occasion when deactivated SCell can be (re)configured.
Further, now that the direct dormant state configuration has been agreed, the terminology and limitations should be decided: As per the decision to use “hibernate” for the state transition action, the configuration could be called “direct Scell hibernation”. 
Proposal 3: Use “direct Scell hibernation” for the configuration of SCell in dormant state.
Finally, since such a configuration may or may not be used in networks initially, and depends on both the direct configuration as well as the dormant state, a separate capability bit could be introduced to avoid having IOT issues if dormant SCell and direct SCell configurations are introduced at different times without being IOTd together.
Proposal 4: Introduce a separate UE capability for direct Scell hibernation. UE indicating this capability shall also indicate the dormant Scell capability.

2.6	Number of SCells directly activated/hibernated 
The running RRC CR also lists as one open item whether there should be some limitation on the number of Scells that can be simultaneously configured as activated or dormant. However, the technical justification for this is not clear: RAN4 does have different requirements for activating one or N SCells at a time, but there are still no separate UE capabilities for these. A UE supporting N Scells in activated mode should always also support activating N SCells at a time, even if the requirements for the activation time might differ from activating 1 Scell at a time. Therefore, we don’t think any additional capabilities on the number of SCells for direct configuration options should be introduced.
Proposal 5: Do not introduce additional capabilities for activating or hibernating N SCells: UE that can be configured with N SCells can also activate them all at once (even if RAN4 decides to create separate requirements for activating or hibernating 1 or N SCells via configuration).

5	Conclusion
We have discussd the direct SCell configuration and observed the following:
Observation 1: The direct Scell activation allows reduced CA activation delay, especially when used to configure SCells as active immediately when first configuring CA after UE moves to RRC_CONNECTED.
Observation 2: Direct SCell activation should allow eNB to obtain CQI reports from the SCell faster than with SCell configuration + MAC CE activation.
Observation 3: Whatever RAN4 decides on the SCell activation time for direct SCell activation will not affect RAN2 work.
Observation 4: Direct Scell activation does not require use of dormant SCell state.
Based on these and the discussion, we have proposed:
Observation 5: Dormant state would not necesssarily need to be a “new SCell state”: It could just be a new configuration allowed for deactivated SCell state (e.g. if the dormant “state” would ever be introduced to NR).
[bookmark: _GoBack]Proposal 1: Capture in MAC that the sCellDeactivation timer starts when UE receives the RRC reconfiguration with the direct SCell configuration. 
Proposal 2: Allow direct SCell activation in any occasion when deactivated SCell can be (re)configured.
Proposal 3: Use “direct Scell hibernation” for the configuration of SCell in dormant state.
Proposal 4: Introduce a separate UE capability for direct Scell hibernation. UE indicating this capability shall also indicate the dormant Scell capability.
Proposal 5: Do not introduce additional capabilities for activating or hibernating N SCells: UE that can be configured with N SCells can also activate them all at once (even if RAN4 decides to create separate requirements for activating or hibernating 1 or N SCells via configuration).
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