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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 PDCCH monitoring, for example, BD reduction and feedback for control channel transmission/reception.  

2. Discussion 
In NR, a UE performs channel estimations and blind decodings on candidates given by CORESETs and search space set configurations. The channel estimation and blind decoding are one of the main factors of UE’s power consumption on connected mode. From the power saving perspective, it is useful to reduce unnecessary channel estimations and blind decodings, and followings could be considered for decreasing power consumption on PDCCH monitoring; 
Configurable BD/CCE limits
In NR, for considering UE’s complexity and processing time line, the limits of the number of blind decodes and channel estimations were defined for each numerology. For example, the maximum numbers of PDCCH blind decodes per slot are 44, 36, 22, and 20 for the SCS of 15, 30, 60, and 120 kHz, respectively. If the configured number of blind decodes is larger than the limit on a given numerology, a UE applies search space set level monitoring skip by given rules (e.g., CSS first mapping, lower SS set ID first mapping). From the power saving perspective, this BD/CCE limit and corresponding mapping procedure can be used to decrease the number of blind decodes and channel estimations. The gNB could dynamically configure smaller BD/CCE limit to UEs which needs power saving. A UE which is configured to decrease the BD/CCE limit may skip more candidates, and it is helpful to decrease power consumption of the UE. 
Dynamic CORESET on/off
[bookmark: _GoBack]In NR, a CORESET is semi-statically configured to indicate resource size on time/frequency domain and PDCCH characteristics (e.g., CCE-to-REG mapping, REG bundle size, interleaver parameters, and spatial QCL assumption). From network’s viewpoint, multiple CORESETs for different UE groups could be managed on a same time resource. Actually, some CORESETs are not used by various reasons (e.g., scheduling restriction, mismatch of beam direction), even if those CORESETs are configured to some UEs. And it means the UEs perform unnecessary blind decodes and channel estimation on those CORESETs. In order to solve this problem, dynamic CORESET activation/deactivation could be considered. 
In addition, as mentioned above, each CORESET can have different decoding performance because of different spatial QCL assumption and different CCE-to-REG mapping. For example, a CORESET without interleaving may show worse performance when UE’s feedback (e.g., PMI) is not accurate. So, if a gNB can configure activation/deactivation of CORESET, unnecessary decoding attempts of the UE can be decreased and corresponding power consumption can also be decreased. 
AL selection
Another unnecessary operation is to try to decode candidates with inappropriate AL. The inappropriate AL means coding rate which cannot satisfy minimum requirement. For example, if PDCCH coding rate for satisfying minimum requirement (e.g., BLER of 0.01) on a given channel environment is AL4, a UE doesn’t need to decode candidates assigned for AL1 and AL2. The monitoring skip of those candidate with improper AL can save power for channel estimation and PDCCH decoding attempt. However, because control channel specific CSI is not defined, a gNB cannot know proper AL for a UE on a given channel. In order to solve this problem, PDCCH decoding history (e.g., AL of latest successful decoding) can be considered. In other words, a UE can assume AL(s) which is smaller than AL of latest successful decoding is not used on the CORESET for PDCCH transmission. For reflecting channel variation and UE’s movement, time window which can assume monitoring skip on improper ALs could be considered. 
CSI feedback for control channel
In addition, for power saving mechanism on PDCCH monitoring, CSI feedback for control channel can also be considered. If the CSI of control channel is introduced, it can be defined per CORESET since each CORESET has own characteristics (e.g., TCI state, CCE-to-REG mapping), and RI is not needed because only rank 1 transmission is assumed in control channel. The number of CQI level can be same with the number of aggregation levels. The PMI could be useful for a CORESET without interleaving in order to achieve beamforming gain. 
The CSI feedback for control channel is useful for decreasing power consumption of PDCCH monitoring, but additional measurement and report may be needed. Further study on trade-off between power saving and additional overhead is needed. 
Proposal: 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 

3. Conclusion
In this contribution, we discuss power saving mechanisms for PDCCH monitoring procedure, and our proposal is as follows;
Proposal: 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 
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