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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 UE adaption to the traffic and UE power consumption characteristics. We provide potential approaches and scheme to efficiently manage UE power consumption. 

2. Discussion 
In our view, the UE power saving in NR would have two targets; one is to optimize power consumption by efficiently reducing DL functionality such as PDCCH monitoring at UE side considering traffic condition, and the other is to support power saving mode intended by a UE to prolong the UE battery life. In this contribution, we provide our views on UE power saving in PDCCH monitoring, in DRX operation, and in CA aspects. 

2.1. Power saving for DRX operation 
In NR, when DRX is configured, UE will perform PDCCH monitoring in the PDCCH monitoring occasions given by search space only if the MAC entity is in Active Time which is defined as the time duration during the following conditions are met:
-	drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer is running; or
-	a Scheduling Request is sent on PUCCH and is pending; or
-	a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble.
It is understood that drx-onDurationTimer is used to define the minimum time duration where UE shall perform PDCCH monitoring regardless of whether PDCCH is actually transmitted or not. Next, drx-InactivityTimer is used to maintain the Active Time to monitor more PDCCH after UE receives PDCCH indicating a new transmission (DL or UL). Next, drx-RetransmissionTimerDL or drx-RetransmissionTimerUL will be used to receive PDCCH indicating retransmission. Regardless of DRX cycle, UE will be ready to receive PDCCH when UE sent SR on PUCCH, and it is pending. In short, in current DRX operation, UE monitors PDCCH in Active Time, and the Active Time occurs due to the various conditions to receive PDCCH indicaing a new transmission, or PDCCH indicating retransmisison, or PDCCH associated with UL grant. However, there is no restrcions on which CORESET or Search Space or DCI format to be monitored during the Active Time in DRX operation. UE will monitors PDCCHs associated with all the configured CORESET/Search space/DCI formats. For instance, even though the MAC entity is in Active Time due to the scheduling request only, UE will perform PDCCH monitoring for the DL assignment as well as UL grant. In our view, considering the DRX timer state and SR state, UE can efficiently reduce the number of PDCCH BD attempts. Detailed examples can be found in our companion contribution [2]. 
Proposal 1: If DRX is configured, monitoring behavior can be different during the Active Time depending on the DRX timer state and SR state.
Next, PDCCH monitoring behaviour can be different across different BWP, and UE can change active BWP for power saving (e.g. default BWP). However, the current DRX parameters are configured per cell group. It means that DRX operation is not changed regardless of which BWP is active. In our view, at least when UE’s active DL BWP is set to be default BWP, it would be better to have different DRX configurations to save UE power consumption further.
Proposal 2: Separate configuration of DRX between default BWP and other configured BWP can be considered at least in a single cell case.
In the perspective of UE power saving, it would be useful for a UE to know the information about DL data packet to be served in terms of how many TB (size) or PDCCH/PDSCH to be scheduled or when gNB stop scheduling PDCCH/PDSCH for that DL packet. For instance, if the packet size is provided by the network to UE, UE may keep performing PDCCH monitoring until the overall size of the new TB which is scheduled to the UE is no less than the DL packet size. Alternatively, DCI can indicate whether or not the correponding PDSCH is associated with the last scheduling of the DL packet.
Proposal 3: For UE power saving, the DL packet information can be infomed to a UE, and UE can adjust PDCCH monitoring based on the packet information and the scheduled PDCCH/PDSCH. 

2.2. Power saving for PDCCH monitoring
For PDCCH BD attempts, UE would perform both channel estimation and channel decoding on candidates given by CORESETs and search space set configurations. From the power saving perspective, it is useful to reduce unnecessary channel estimations and blind decoding. In NR, for considering UE’s complexity and processing time line, the upper limits of the number of blind decodes and channel estimations were defined for each numerology. Considering the limits, UE can skip monitoring some portion of PDCCH candidates in a unit of search space. From the UE power saving perspective, the configurable BD/CCE limits can be used to adjust UE power consumption. To be specific, to support power saving mode intended by a UE, gNB could dynamically configure smaller BD/CCE limits to the UE. In a similar manner, it can be considered to adjust the number of CORESET and/or the set of aggregation levels to be used for PDCCH transmission. To be specific, in case of CORESET, some portion of CORESETs configured to a UE would not be used based on the network decision considering the overlapping resources among different CORESETs, and/or the beam management and/or the detection performance of PDCCH. In those points of views, dynamic CORESET activation/deactivation can be considered to efficiently reduce the number of PDCCH BD attempts and channel estimation. In case of aggregation level, if gNB and UE commonly know the proper value of AL for PDCCH transmission for a given time, the number of BDs and channel estimation could be efficiently reduced. For alignment on AL selection for PDCCH transmission between UE and gNB, the statistics of the previously transmitted PDCCH or CSI feedback for control channel can be considered. Detailed descriptions and examples can be found in our companion contribution [3]. 
Proposal 4: For power saving on PDCCH monitoring, followings could be considered;
· Configurable BD/CCE limit
· Dynamic CORESET on/off
· AL selection
· CSI feedback for control channel 

2.3. CA aspects on UE power saving
Considering traffic condition (e.g. the amount of DL data to be served) and the UE power consumption, some portion of SCells for a UE can be activated or deactivated, and UE may need to have the transition time for the SCell activation/deactivation. For instance, if the amount of DL data to be served is quite low, UE may not need to have a lot of activated serving cell. Instead, UE may deactivate SCell for UE power saving. According to euCA WI in LTE, if RF circuit is turned off for SCell deactivation, then the transition time from the deactivated state to the activated state could be remarkably large (e.g. 24msec). To alleviate this inefficiency, a new SCell state in RRC_CONNECTED mode (called a “dormant state”) is introduced in addition to “activated state” and “deactivated state”. For a dormant SCell, UE will not perform PDCCH monitoring, but will perform CSI measurement/reporting which can be used right after the serving cell is activated. In this case, UE could save UE power consumption compared to the activated state of serving cell whereas the transition time from dormant state to activated state is kept to be relatively small (e.g. 8msec). 
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. Detailed descriptions and examples can be found in our companion contribution [4].
Proposal 5: For power saving in NR, support dormant state as a SCell state. 
· RAN1 studies functionalities to be performed by UE on the dormant cell (e.g. CSI measurement/reporting, beam management).

3. Conclusion
We discussed UE power saving in NR, and proposed the followings. 
Proposal 1: If DRX is configured, monitoring behavior can be different during the Active Time depending on the DRX timer state and SR state.
Proposal 2: Separate configuration of DRX between default BWP and other configured BWP can be considered at least in a single cell case.
Proposal 3: For UE power saving, the DL packet information can be infomed to a UE, and UE can adjust PDCCH monitoring based on the packet information and the scheduled PDCCH/PDSCH. 
Proposal 4: For power saving on PDCCH monitoring, followings could be considered;
· Configurable BD/CCE limit
· Dynamic CORESET on/off
· AL selection
· CSI feedback for control channel 
Proposal 5: For power saving in NR, support dormant state as a SCell state. 
· RAN1 studies functionalities to be performed by UE on the dormant cell (e.g. CSI measurement/reporting, beam management).
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