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1 Introduction
During RAN #78, the study of NR UE power saving and wakeup mechanism were proposed in [1]. Furthermore, there have been 2 rounds of E-mail discussions[2] on Rel-16 SID NR Power saving and UE wakeup mechanism and companies have shown great interests in NR power saving study and given their views in the discussion.  
In this contribution, we further present our views on NR UE power saving study.
2 Discussion
[bookmark: _GoBack]For UEs in RRC connected state, the UE needs to perform PDCCH monitoring, downlink data reception and decoding, uplink signal generation and transmission, and RRM measurement. For NR UEs, due to the support of wide carrier bandwidth of up to 400MHz and very high peak data rate, the power consumption for RRC connected UEs would be very high and dominant of the total power consumption. And furthermore,based on the evaluation in[3][4], it has been observed that PDCCH blind decoding without grant consumes 60~75% of energy in RRC connected mode thus there is headroom for power saving for RRC connected mode UEs. Therefore, during previous discussions companies have proposed that NR power saving study shall focus on RRC connnected states. On the other hand, for most of time the UE would stay in RRC idle and RRC inactive state and the UE needs to monitor paging and perform RRM measurements etc. As studied in Rel-15 eFeMTC[6] and FeNB-IoT[5], wake-up mechnasim for paging reception is beneficial for UE’s power saving. One of the motivation of introducing RRC inactive state is to save the UE’s power and the signaling overhead. Therefore, we propose NR power saving shall study the power saving mechanisms for UE in all the RRC states including RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED modes.     
Proposal 1: NR power saving shall study the power saving mechanisms for UE in all the RRC states including RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED modes.
For UEs in RRC connected state,as mentioned above, PDCCH monitoring is dominant for UE’s power consumption.Although in Rel-15, configurable PDCCH search space with configurable PDCCH monitoring period is supported which is beneficial to reduce the UE’s PDCCH motoring, there is still room to optimize. Firstly it is because that semi-static PDCCH search space configuration could not well match UE’s instant traffic therefore there would still be quite a large portion of PDCCH monitoring resulting in no PDCCH detected. Secondly,not in all the cases large PDCCH monitoring period can be configured. For example, small PDCCH monitoring period needs to be configured for services with stringent latency requirement.
BWP operation and carrier aggregation enable the possiblity for NR to adapt to variable traffic. When the traffic load is high, BWP with wide bandwidth or multiple component carriers can be activated for the UE, otherwise, the UE can work with BWP with a narrow bandwidth, e.g., the UE can stay in the initial active BWP when there is only spase and small data packet. Theoretically, BWP operation and carrier aggregation are beneficial for UE’s power consumption. On the other hand, in order to make full of the power saving potential of these schemes, enhanced BWP operation and carrier aggregation would be needed. For example, it is beneficial to reduce the activation and deactivation time to well adapt to the instant traffic load. It would be benefical for BWP operation considering all the UE’s procedures including data transmission, CSI measurement and RRM measurement etc..
For DRX, semi-static DRX configuration can’t fulfill the power saving requirement. wake-up mechanism or go-to-sleep mechanism may be benifical for UE’s power saving and they shall be studed. Furthermore, UE specific level wake up or go-to-sleep mechnism needs to be studied for well adjusting UE’s power based on its instant traffic.     
Proposal 2: For RRC connected state, study on reduced PDCCH monitoring, optimized BWP operation and carrier aggregation, DRX optimization shall be prioritized.
Proposal 3: Both wake-up mechanism and go-to-sleep mechanism shall be studied.
eMBB shall be focused on for NR power saving. Due to high peak data rate and use of wide bandwidth, there would be great challenge for NR eMBB UE’s power. The battery life for NR terminal would directly affect the user experience which is important for 5G’s marketing. On the other hand, for service such as IoT, there have already been WIs[5][6] and there may be new WIs in Rel-16 to study and specify the power saving mechanisms.     
Proposal 4: eMBB shall be focused on while other services shall also be considered.
As discussed above, power saving is very important for NR UEs. However, there is very limited time for the NR power saving study and the potentially the followed work item. It is challenging to do all the aspects relevant to power saving.   In order to benefit the Rel-16 UE enjoy with the power saving feature, one feasible way is that NR power saving study shall focus on the mechanisms with potentially large power saving gain and with relatively light specification work load in Rel-16.
Proposal 5: In Rel-16, NR power saving study shall focus on the mechanisms with potentially large power saving gain and with relatively light specification work load.
3 Conclusion
In this contribution, we provide our views on the NR UE power saving and wakeup mechanism study and we have the following proposals:
Proposal 1: NR power saving shall study the power saving mechanisms for UE in all the RRC states including RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED modes.
Proposal 2: For RRC connected state, study on reduced PDCCH monitoring, optimized BWP operation and carrier aggregation, DRX optimization shall be prioritized.
Proposal 3: Both wake-up mechanism and go-to-sleep mechanism shall be studied.
Proposal 4: eMBB shall be focused on while other services shall also be considered.
Proposal 5: In Rel-16, NR power saving study shall focus on the mechanisms with potentially large power saving gain and with relatively light specification work load.
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