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1 Introduction
In RAN2#106 meeting, RAN2 sent LS to RAN1/RAN4 [1] with the following agreements.
Agreement

1
SCell dormant state like LTE euCA will not be introduced in NR. 

2
‘dormancy’ behaviour will be studied as a solution for fast return to SCell utilisation for data transfer. The 'dormancy' behaviour implies that the UE stops monitoring PDCCH but continues other activities such as CSI measurements, AGC and beam management. RAN1/4 input required on feasibility and benefit.

In RAN1#98 meeting, the following agreements for ‘dormancy-like behavior’ on activated SCells have been achieved.
	Agreements:

· From RAN1 perspective, L1 based mechanism for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated Scells can be supported

· ‘dormancy-like’ => sparse/no PDCCH monitoring on activated Scell while maintaining CSImeasurements/reporting 


RAN1 replied the LS [2] with the following feedbacks:

Q 3: if the latency can be reduced, is it feasible to support ‘dormancy’ behaviour from RAN1/RAN4 perspective? If it is feasible, what are expected spec impacts from RAN1/RAN4 perspective?
[RAN1 Answer] From RAN1 perspective, L1 based mechanism for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behaviour on activated SCells can be supported. The expected specification impact from RAN1 perspective may include potential L1-indication of transition between ‘dormancy’ and ‘non-dormancy’ behaviour, and potentially, corresponding RRC impact. Alternatively, the transition can also be enabled by means of cross-carrier scheduling configuration, in which case the existing CIF/BWP indication fields are reused as the L1 indication. If BWP framework is reused, the RAN1 specification impact depends on further design. If BWP framework is reused, it would be necessary to check whether the existing BWP switch delay requirements are adequate, or whether different delay requirement should be defined for this transition; however, this would fall in RAN4 expertise. 
RAN4 replied the LS [3] with the following feedbacks:

Q 3: if the latency can be reduced, is it feasible to support ‘dormancy’ behaviour from RAN1/RAN4 perspective? If it is feasible, what are expected spec impacts from RAN1/RAN4 perspective?
From RAN4 perspective it is feasible to introduce dormancy behaviour. RAN4 would need to define UE requirements for UE in dormancy behaviour on the SCell, and define delay and possibly interruption requirements related to the transition from ‘dormancy’ behaviour to normal data transfer. Specification impact would depend on the RAN1 and RAN2 design.
In RAN#85 meeting, RP-192326 [4] was endorsed with the following proposals:
1. RANP tasks RAN2 to define dormancy behavior under MR-DC/CA WI 
2. In parallel, in the next quarter, RAN1, in consultation with RAN2, specifies L1 based mechanism for transitioning between ‘dormancy-like’ and ‘non-dormancy-like’ behavior on activated SCells under MC-DC/CA WI. 

3. Further study will be conducted if any additional UE behavior is needed when UE is also configured for receiving PDCCH based power saving signal/channel outside active time, and, if agreed, the additional UE behavior will be specified.  

a. RAN1 chair will treat this together with dormancy discussion under MR-DC/CA WI

b. RAN2 will wait for RAN1 conclusion.  If it is agreed that additional behavior is needed for outside of active time, RAN2 chair will decide how to split the work between MC-DC/CA and Power Saving.   

4. MR-DC/CA and Power Saving WID will not be updated

In this paper, we further discuss the dormancy-like behaviour.
2 Discussion
In R15 LTE euCA, one of the new mechanisms introduced is the dormant SCell state. For a dormant SCell, the UE will not monitor PDCCH, in order to save power, but continue to perform CQI measurement and reporting in order to reduce CQI reporting delay upon receiving SCell activation MAC CE. In order to support the state transition between dormant state and activated state or between dormant state and deactivated state, the hibernation MAC CE was introduced in TS 36.321. According to TS 36.133, the SCell activation delay can be reduced to 7ms or less for dormant SCell, depending on other UE capability e.g. short TTI, short processing time.
The Dormant State for SCell is specified as:

-
if the SCell is in Dormant State:

-
not transmit SRS on the SCell;

-
report CQI/PMI/RI/PTI/CRI for the SCell according to the periodicity indicated by cqi-ReportPeriodic-SCell-r15;

-
not transmit on UL-SCH on the SCell;

-
not transmit on RACH on the SCell;

-
not monitor the PDCCH on the SCell;

-
not monitor the PDCCH for the SCell;

-
not transmit PUCCH on the SCell.
Observation 1: In LTE euCA, dormant SCell state was introduced. For a dormant SCell, the UE does not monitor PDCCH.
Regarding the benefits of dormancy-like behavior, in addition to the reduced latency of transition from “no PDCCH monitoring” state to “PDCCH monitoring” state, power consumption for activated SCells can be reduced as well if the dormancy-like behavior is introduced. In R16 UE power saving, PDCCH monitoring reduction in CA scenario was discussed in the Study Item, the UE power consumption rises dramatically with the increase of activated SCells [5]. The network generally does not deactivate SCells by MAC CE even when the SCells are not used, but instead relies on the SCell deactivation timer (which is typically long). One of the potential reasons is that the transition time for SCells from the deactivated state to activated state could be considerably large in NR which affects the scheduling flexibility. As a result, there exists a large amount of unnecessary power consumption caused by redundant activated SCells. Therefore, it is beneficial for UE power reduction to reduce PDCCH monitoring on activated SCells.
Observation 2: It is beneficial from the perspective of UE power saving to reduce PDCCH monitoring on activated SCells, e.g. introducing dormancy-like behavior.
For the relationship between the discussion in eDCCA and UE Power Saving, our view is that in eDCCA the ‘dormancy-like’ behavior is defined, while in Power Saving the ‘dormancy-like’ behavior can be the baseline for the discussion on power saving in CA scenario. There is no conflict between these two topics.
Based on the RAN1 agreement, ‘dormancy-like’ behavior can be defined as sparse PDCCH monitoring on activated SCell or no PDCCH monitoring on activated SCell, while CSI measurements and reporting is maintained. In RAN2 point of view, for “sparse PDCCH monitoring”, no obvious benefits can be imaged compared with “no PDCCH monitoring”, on the contrary, it leads to configuration complexity, e.g. additional RRC signalling is needed to configure resources for PDCCH monitoring. Thus, for dormancy-like behaviour, no PDCCH monitoring can be supported as UE performs in Dormant State in LTE.
Proposal 1: For dormancy-like behavior, UE does not monitor PDCCH.

For other UE behaviors in addition to no PDCCH monitoring, e.g. UL transmission, CSI measurements and reporting, RAN1 reached a conclusion that CSI measurements/reporting is maintained. For SRS/ UL-SCH/RACH/PUCCH transmission, the UE behaviours in Dormant State in LTE can be inherited in dormancy-like behaviour.
Proposal 2: For dormancy-like behavior, the UE behaviours in Dormant State in LTE can be inherited. UE maintains CSI measurements/reporting and does not transmit SRS/ UL-SCH/RACH/PUCCH.

3 Conclusion

In this paper, we further discuss dormancy-like behavior and have the following observations and proposals:
Observation 1: In LTE euCA, dormant SCell state was introduced. For a dormant SCell, the UE does not monitor PDCCH and performs fast CQI reporting.
Observation 2: It is beneficial from the perspective of UE power saving to reduce PDCCH monitoring on activated SCells, e.g. introducing dormancy-like behavior.
Proposal 1: For dormancy-like behavior, UE does not monitor PDCCH.

Proposal 2: For dormancy-like behavior, the UE behaviours in Dormant State in LTE can be inherited. UE maintains CSI measurements/reporting and does not transmit SRS/ UL-SCH/RACH/PUCCH.
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