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1 Introduction
During the RAN #80 meeting, SI on power saving was agreed to study UE power saving framework taking into consideration of latency and performance in NR as well as network impact. The objectives of the UE power saving study is illustrated as follows [1]  
	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]
3)  Study the enhancement of higher layer procedures for UE power saving   [RAN2]
a) Study the enhancement of  UE paging procedure based on the additional power saving signal/channel/procedure

b) Study the enhancement of  UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode  


In this contribution, we will carry out some preliminary discussion on power saving issues with focus on the PDCCH monitoring. Based on the discussion, our initial views will be revealed.  
2 Discussion
2.1 PDCCH monitoring in NR 
No matter in LTE and NR, it is common understanding that PDCCH monitoring is the dominant factor in the power consumption. For example, as observed in [2], in LTE system power consumption of PDCCH monitoring occupies more than 40% modem power consumption in a day of use. 
In NR, the power consumption in PDCCH monitoring is expected to be increased significantly. The first reason is wider bandwidth may be configured for PDCCH monitoring. For case of sub-6G Hz, one NR carrier can be up to 100MHz and for above-6G Hz case, one carrier can be up to 400MHz. Although, BWP operation was introduced to reduce the power consumption, the bandwidth of BWP can be still much larger than bandwidth of one LTE carrier when there is large data packet. Another reason is flexible SCS support in NR. In NR, larger SCS e.g., 30k Hz, 60k Hz and 120k Hz SCS are supported. Consequently, there are more slots within 1ms. Although the number of blind decoding candidates for larger SCS is reduced e.g., 36 blind decoding candidates per slot for 30k Hz, the total number of blind decoding is still much larger than 44 blind decodings within 1ms for single carrier case, which is around 1.6 times compared with that in LTE. 
· Observation: the power consumption on PDCCH monitoring in NR is expected to be increased compared with that in LTE

2.2 Potential aspects to improve power efficiency in PDCCH monitoring  
Considering the blind decoding effort is the main component of power consumption in the PDCCH monitoring, in this section, we focus on potential aspects to reduce the PDCCH decoding effort. Generally, the following aspects can be considered for the power efficiency improvement during PDCCH monitoring. 
· Adaptive/flexible search space configuration 
Although in Rel-15, the search space related features such as CCE aggregation level, number of PDCCH decoding candidates, monitored DCI format and PDCCH monitoring periodicity can be configurable, the configuration manner can be still further optimized. Firstly, current configuration is carried out in semi-static way, which could not adapt to the instant traffic change well. Take the PDCCH monitoring periodicity as example, since some service traffic happens in burst pattern. If large periodicity is configured, some latency would be incurred which is not desirable for NR service. On the other hand, if small periodicity is configured, it can be expected that UE would perform PDCCH decoding in vain in a large portion of PDCCH monitoring occasions, which is not benefit for the power saving. In this case, some adaptive or more flexible search space configuration is expected to match the traffic patter well. For example, there is traffic burst, small PDCCH monitoring periodicity is adopted and when traffic is sparse, large PDCCH monitoring periodicity is switched. 
· Fast SCC activation / deactivation in CA/DC
From UE perspective, it is obvious that any CA/DC operation is much more power consuming than operation without any CA/DC. Theoretically, current CA/DC operation could adapt to traffic fluctuation well. When the traffic load is high, multiple component carriers can be activated, otherwise additional component carriers would be deactivated. However, in case of CA, NR activation time would we larger since the available resource for measurements are limited and distributive, therefore once one SCC is activated, it is less likely to be deactivated. In addition, as observed in [3], the traffic pattern in SCC is sparser than that in PCC since its DL is mainly for large packet. In this regard, more redundant PDCCH monitoring is SCC is expected. Hence, more dynamic or faster SCC activation/ deactivation in CA/DC should be investigated. 
· Adaptive / flexible DRX configuration 
In LTE and NR, DRX is already one way to save the power. Similar to the PDCCH periority setting, the current DRX configuration could not match the traffic arrival well. Thus the DRX optimization should be investated jointly with RAN2 to achieve better power saving advantage. For example, more dynamic DRX parameter setting or adjustting can be considered to achieve best balance between power saving and service qulity. 
· Wake-up signal / go-to-sleep signal 
According to the observation in [4][5], around 60%~75% of energy is consumed for PDCCH blind decoding without data scheduling in RRC connected mode. To solve this problem, one direction is to optimize the PDCCH monitoring configuration as we discussed above. For example adaptive search space configuration, fast SCC activation/deaction. Another direction is to inform the existence of PDCCH in advance via some way. During the Rel-15 NB-IoT and MTC study, wake-up signal was designed to indicate whether there is valid paging PDCCH before each paging occasion to avoid the PDCCH blind decoding in vain. In NR, similar idea can be reused and further extended. For example, wake-up signal can be used in CDRX case or before each PDCCH monitoring cyle. 
· Decoding assisted information 

Currently, when UEs perform PDCCH decoding, the decoding operation is toally ”blind”, which would consume more power. In this case, if some decoding hint can be provided to the UE and UE perform the PDCCH decoding according the provided guidance, some power comsumption can be saved. For example, eNB could inform UE of the prefferred aggregation level or search space, then UE could firstly perform the blind decoding on that prefferred aggregation level and find the corresponding PDCCH before exhanstive searching. Alternatively, eNB could inform UE of whether the decoded DCI is the last one or not, if this decoded DCI is the last one, UE would skip the remaining decoding for power saving. 
· Proposal 1: Consider the following aspects for power saving during PDCCH monitoring

· Adaptive/flexible search space configuration 

· Fast SCC activation / deactivation in CA/DC

· Adaptive / flexible DRX configuration 

· Wake-up signal / go-to-sleep signal 

· Decoding assisted information 

3 Conclusion
In this contribution, we discuss some PDCCH moniting issues in high-level way. Based on the discussion, our observation and proposal are summarized as follows

· Observation: the power consumption on PDCCH monitoring in NR is expected to be increased compared with that in LTE

· Proposal 1: Consider the following aspects for power saving during PDCCH monitoring

· Adaptive/flexible search space configuration 

· Fast SCC activation / deactivation in CA/DC

· Adaptive / flexible DRX configuration 

· Wake-up signal / go-to-sleep signal 

· Decoding assisted information 
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