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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 Dormant SCell state:
	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.
· 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]:
· 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.
· [bookmark: _Hlk513664798]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.
· At least legacy periodic CQI values should be reused for candidate values for Dormant SCell periodic CQI reporting periodicity cqi-pmi-ConfigIndex-DormantState.
· Support deactivated  dormant state transition for SCells
· Create a dedicated configuration for dormant Scell CQI reporting, containing the parameters, cqi-pmi-ConfigIndexDormant, ri-ConfigIndexDormant, csi-SubframePatternDormant and cqi-FormatIndicatorDormant.
· Introduce a single capability bit for dormant SCell state.
· Allow SCell to transit directly into New Dormant State upon SCell configuration & upon successful HO to Target eNB by means of explicit RRC IE Indication.




This paper aims at describing the full functionality of dormant SCell state: How to configure it, how the CQI reporting works, how much it saves, and how to use MAC CEs
2	Dormant SCell state
2.1	Overview of Dormant SCell state
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. 
There are still several remaining details on the dormant Scell state remaining noted in the running CRs (mainly in the MAC CR, though):
· Timer issues: FFS: How does the sCellDeactivation timer start if the first SCell is configured as active. Could use “start or restart” for MAC when receiving scheduling?
· MAC CE design for dormant state: It is FFS how the MAC CEs design affects this subclause. Duplication with existing text should be avoided if possible. The exact structure (including the number of bits) in the MAC CEs is still FFS. The only decision so far is that two MAC CEs are introduced. It is FFS how many octets are used by the MAC CEs – the current version uses N and 4N octets, the value of N should be decided in RAN2#102. (NOTE: also present in the Stage-2 CR)
· PUCCH SCell: It is FFS whether PUCCH SCell is allowed to be in Dormant State (NOTE: Also present in the Stage-2 CR) 
The MAC CE design issues (which are the largest remaining open area) are discussed further in R2-1806775 and R2-1807903 – in this contribution, we focus on the smaller remaining issues.
2.2	State transitions involving Dormant SCell state
In order 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 either in active state or dormant state. The details of timing should be similar as to directly to active state. [6][7]
According to agreements, the new Dormant state is such that [7]:
· 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
Compared to legacy SCell deactivated and active state, dormant SCell is a state in between the two legacy states, i.e. without PDDCH monitoring (potential lower UE power consumption compared to activated), but keeping the UE measuring and reporting CQI (potential lower latency than deactivated), as described below:
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)
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
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.
Therefore, one could regard this new state as a form of “lower-activity active SCell state”, or a “sub-state” of deactivated state with CQI reporting allowed. However, what is still open is whether there should be implicit means for dormant state transitions: For example, the SCell deactivation was defined to allow network to let SCell move from activated state to deactivated state without MAC CE signallling (e.g. to avoid signalling losses), so the natural question is whether similar timers would be needed for dormant to deactivated or even activated to dormant state?
Observation 1: Implicit state transitions to/from dormant state (similar to activated --> deactivated) might be beneficial to define to avoid MAC CE signalling.
Obviously, given that the deactivation timer already exists, one could ask whether it should also apply for dormant state. This could be a simple choice, but given that the dormant state might be used differently, a different (cell-specific) timer could be also defined for the same purpose.
Proposal 1a: Define an optional cell-specific timer for dormant --> deactivated state transition, called (e.g.) dormantSCellDeactivationTimer. If configured, the timer is started when SCell enters dormant state, and upon expiry the SCell moves to deactivated state.
Proposal 1b: If Scell deactivation timer expires for SCell in dormant state and the dormantSCellDeactivationTimer is not defined, UE moves to deactivated state (like in legacy). If Scell deactivation timer expires for SCell in dormant state and the dormantSCellDeactivationTimer is defined, SCell does not change to deactivated (i.e. the new timer controls the transition if configured).
Proposal 2: Define an optional cell-specific timer for activated --> dormant state transition. If configured, the timer is started when SCell enters activated state, and upon expiry the SCell moves to dormant state.

2.3	CQI and Dormant SCell state
Dormant SCell follows PCell DRX for CQI/RRM measurement report triggering [6]. 
The RAN1 LS R2-1804212 indicated the following parameters are needed for the CQI reporting configuration of dormant SCell state:
· Separate CQI/PMI/RI reporting parameters with legacy value ranges (2 parameters – CQI/PMI and RI reporting offsets)
· Separate CSI feedback mode can be configured (1 parameter – periodic reporting mode)
· Two separate CSI subframe sets can be configured for the dormant Scell CQI reporting separately from activated Scell CQI reporting (2 CSI subframe sets like in Rel-10 CSI reporting) 
Therefore, it was agreed that [6]:
· At least legacy periodic CQI values should be reused for candidate values for Dormant SCell periodic CQI reporting periodicity cqi-pmi-ConfigIndex-DormantState.
· Create a dedicated configuration for dormant Scell CQI reporting, containing the parameters, cqi-pmi-ConfigIndexDormant, ri-ConfigIndexDormant, csi-SubframePatternDormant and cqi-FormatIndicatorDormant.
These decisions are all taken into account in the RRC and MAC CRs, and RAN1 also agreed to CR in R1-1805377 that implements these. The only remaining thing for RAN2 would be to check whether some additional modifications would be needed for these – but looking at RRC, the CQI procedures are basically non-existent (the parameters are just passed to the lower layers), and the same is true for MAC (even the CQI timing is not defined in MAC). Therefore, the CQI reporting for dormant state seems to be finalized in RAN2.
Observation 2: There is no more RAN2 for the dormant state CQI transmission.
2.3			State transitions
As discussed in R2-1802755, with the introduction of the new SCell state, UE can be in one of the three SCell states: active, dormant or deactivated. The existing MAC CEs were designed to be used to move SCell to Activated or Deactivated state, so the same logic could be used for the new state: A MAC CE indicates to UE which state transition to do.
Obviously, existing MAC CEs cannot be used for hibernating SCell since they were not designed for this, and state transitions should be unambiguously defined (i.e. the legacy MAC CEs (should) only handle legacy SCell state transitions).
The exact MAC CE design and how it is used in state transitions is more discussed in R2-1806775 and R2-1807903, but Table 1 illustrates the key aspects of those proposals.
[bookmark: _Ref513666106]Table 1 Rel-15 LTE allowed state transition 
	From --> To
	Active
	Dormant
	Deactivated

	Active
	-
	Yes
(new MAC CE)
	Yes
(legacy MAC CE)

	Dormant
	Yes
(new MAC CE)
	-
	Yes
(legacy MAC CE)

	Deactivated
	Yes
(legacy MAC CE)
	Yes
(new MAC CE)
	-



It has already been agreed that two new MAC CEs introduced due to the new dormant SCell state (corresponding to the legacy 7/31 Scell Activation/Deactivation MAC CEs), but the final MAC CE design still has to be decided in this meeting to finalize this aspect of the work item.
Observation 3: The MAC CE design has to be finished for dormant Scell state in RAN2#102. If it is not finished, either the WID will be extended or the feature removed from the WID.
2.4			PUCCH SCell and dormant state
One of the remaining FFSs in the Stage-2 and MAC running CRs concerns the PUCCH SCell: Can (or should it be possible) to configure PUCCH SCell in doprmant state? Currently, the PUCCH SCell can be deactivated but only if the SCells using it are also deactivated, since the CQI reporting of those SCells would only be handled via the PUCCH SCell. Since dormant state allows for CQI reporting, it is obvious to ask if there are benefits from allowing dormant state for PUCCH SCell?
However, considering the complications involvded (e.g. how are the PUCCH resources configured/retained? What happens to teh SCells when PUCCH SCell is dormant – do they also have to become dormant?) and the limited time available for this WID, we would propose to simply decide that PUCCH SCell can NOT be in dormant state.
Proposal 3: PUCCH SCell is not allowed to be configured in dormant state.

3	Conclusion
We have discussed the remaining aspects of the dormant SCell state (mainly) not related to the MAC CE design, and observed the following: 
Observation 1: Implicit state transitions to/from dormant state (similar to activated --> deactivated) might be beneficial to define to avoid MAC CE signalling.
Observation 2: There is no more RAN2 for the dormant state CQI transmission.
Observation 3: The MAC CE design has to be finished for dormant Scell state in RAN2#102. If it is not finished, either the WID will be extended or the feature removed from the WID.

Proposal 1a: Define an optional cell-specific timer for dormant --> deactivated state transition, called (e.g.) dormantSCellDeactivationTimer. If configured, the timer is started when SCell enters dormant state, and upon expiry the SCell moves to deactivated state.
Proposal 1b: If Scell deactivation timer expires for SCell in dormant state and the dormantSCellDeactivationTimer is not defined, UE moves to deactivated state (like in legacy). If Scell deactivation timer expires for SCell in dormant state and the dormantSCellDeactivationTimer is defined, SCell does not change to deactivated (i.e. the new timer controls the transition if configured).
Proposal 2: Define an optional cell-specific timer for activated --> dormant state transition. If configured, the timer is started when SCell enters activated state, and upon expiry the SCell moves to dormant state.
Proposal 3: PUCCH SCell is not allowed to be configured in dormant state.
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