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1. Introduction
According to the SID for UE power saving in NR [1], followings are approved for the RAN1’s study scope:
	1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]
a) Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)
i) Network and/or UE assistance information
ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
b) Study the power saving signal/channel/procedure for triggering adaptation of UE  power consumption characteristics
2) Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]


This contribution discusses power saving mechanism on CA operation.  

2. Discussion 
The CA operation is useful to increase system throughput by using multiple serving cells, while it requires more power consumption for monitoring each serving cell regardless of whether there is actual PDCCH/PDSCH transmission or not. For UE power saving, a gNB can deactivate SCell for a UE considering the traffic condition, meanwhile this procedure needs processing time (i.e., latency) for state transition. To be specific, if the RF circuit for the serving cell is turned off, it would require a huge time budget (e.g. tens of msec) to turn on the RF circuit again. In euCA WI in LTE, in order to reduce latency for SCell activation compared to activation latency from SCell deactivated state to SCell activated state, a new SCell state in RRC_CONNECTED mode (called a “dormant state”) is introduced. On the dormant serving cell, a UE is not required to perform PDCCH monitoring in the dormant state, therefore this new state can be used for UE power saving in NR CA operation. Moreover, a latency for a state transition between dormant and activated state can be shorter compared to state transition between activated and deactivated state depending on the functionalities supported in dormant state (e.g., if RF is running, no RF wake-up latency is needed). 
Proposal: The dormant state is supported as one of the power saving mechanisms on NR CA operation.
In the dormant state, PDCCH monitoring is not required, but some procedures are needed to start scheduling on SCell after transitioning into SCell activated state. For example, in LTE, the CQI/PMI/RI measurements and reports (which is based on LTE CRS) are performed in the dormant state. In NR, if the dormant state is introduced for power saving, NR-specific features (e.g., multiple beam operation, BWP) could be considered for fast transition from dormant state to activated state. In followings, we discuss considerations on UE’s procedure for NR SCell dormant state; (Further studies on additional considerations and details of following features are needed for SCell dormant state.)
Regarding bandwidth parts, considering power saving, it is not proper that an active bandwidth part in activated state is maintained on dormant state, because there are many configurations for normal operation. In dormant state, for power saving, it is desirable that minimum required operations are defined, for example, small bandwidth of the bandwidth part, and small number of RS configuration (for measurement). 
In terms of BWP (numerology and bandwidth) at least for CSI measurement in dormant state, to be effective, CSI measurement in dormant state should be useful for the first active BWP which will be assumed to be active when the UE switches from dormant to active state. In this sense, BWP assumption during dormant state may follow the first active BWP at active state transition. In selecting the first active BWP, either default BWP or first active BWP of SCell can be considered. 
[bookmark: _GoBack]In NR, a gNB can configure multiple RS configurations for beam management, and a UE which receives the configurations performs measurements (e.g., L1-RSRP) on the RSs and reports measurement results. In the dormant state, a gNB might configure a few RS configurations for decreasing UE’s measurement. Regarding beam failure detection and recovery procedure, reduced RS configurations (which could be separately configured with those for activated state) to perform beam failure detection could be considered. 
In dormant state, multiple RS configurations for different purposes (e.g., CSI, RRM measurement, beam management, beam failure detection) could increase power consumption. So, one or a few RS configurations for multiple purposes is/are useful for decreasing power consumption from various measurements. For example, a gNB configures one CSI-RS configuration on default BWP for dormant state, then a UE can perform measurement for CSI (CQI/PMI/RI), RRM, BM and BFD on the RS.
Observation: For SCell dormant state, NR-specific features (e.g., BWP, beam-related operation) needs to be studied for fast transition from dormant state to activated state. 

3. Conclusion
In this contribution, we discussed dormant state as a power saving mechanism for CA operation, and followings are proposed and observed;
Proposal: The dormant state is supported as one of the power saving mechanisms on NR CA operation.
Observation: For SCell dormant state, NR-specific features (e.g., BWP, beam-related operation) needs to be studied for fast transition from dormant state to activated state.
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