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1	Introduction
During RAN #78, the study of NR UE power saving and wakeup mechanism were proposed and was one of the proposed study/work items in the RAN_draft email discussion.  Following Chairman’s instruction, the scope of the NR UE power saving feature is under the [NR_Power_Consumption] Email discussion coordinated by CATT.  The  results of 1st round email discussion was summaried in [1] with and presented in RAN#79.  The revision of the UE power saving SID based on the comments collected during the 1st round of email discussion was included in [1].  The 2nd round of RAN_draft email discussion with the target of narrow down the objectives had been concluded with the summary from the coordinator in [2].  In this contribution, we express the system analysis of CATT’s views on the scope of NR UE power saving study to facilitate the further discussion.
2.		Discussion
The target of the UE power saving email discussion is narrow down the scope of the study.  One of scope reduction discussion is the UE states for the study of the power saving.   It had been shown that the UE power consumption is mostly for UE in the RRC_CONNECTED mode.   It is important to have power saving solution for UE in RRC_CONNECTED mode.   Some companies would like to align with eMTC and NB-IoT with power saving based on wakeup signals in the RRC_IDLE mode since UE stay in RRC_IDLE or RRC_INACTIVE mode most of time.   There are proposals to have data access in the RRC_INACTIVE mode for short data transmission to minimize the power consumption in state transition from RRC_INACTIVE to RRC_CONNECTED mode for small and short data access.   The UE power saving in RRC_CONNECTED mode would cut down the UE power consumptions in a visible way with direct evidence to the end user with extended battery life.  Some of UE power saving solutions in RRC_CONNECTED mode should be able to apply to reduce the power consumption in RRC_IDLE and RRC_INACTIVE modes.  The UE power saving study should target to have common solutions in minimizing the power consumption in not only the RRC_CONNECTED mode but also in RRC_IDLE and RRC_INACTIVE modes.  
The UE power saving study is to idendify excessive power consumptioin aspects and study the respective soltuion.   The UE power consumption could be modeled as a two-state model; they are the ”network access” state and the ”power efficient” state.  The network access mode is when UE is in its active data Tx or Rx with normal power consumption.  The power efficient state is when the UE power consumption is below the normal power consumption for data Tx or Rx or UE is power off.  The power efficient mode and network access mode in the UE power saving are used not only for UE in inactive data reception/transmission but also for UE in active data reception/transmission.   During inactive data reception/transmission, the power efficient mode and network access mode are configured to UE for sleep with periodical wakeup, such as DRX OFF and DRX ON.  The power efficient mode could be adopted during the active data reception/tansmission to reduce the power consumption in a given condition, such as micro sleep to reduce the PDCCH monitoring, dynamic BWP switching, and received antenna adaptation.   
The UE power saving and wakeup mechanism would be used as the UE triggering mechanism from OFF state to ON state for the preparation of data reception and measurements.  The wakeup mechanism is also used as the indication to trigger the UE for monitoring the data scheduling/reception to minimize the power consumption when UE is in active data reception.  The asscoicated procedures, such as paging and registration, in the higher layer signalling need to be enhanced to support the UE wakeup mechanism in RRC_IDLE and RRC_INACTIVE mode.  The network access procedures, such as micro sleep, BWP configuration and antenna configuration, would take into account the dynamic adaptation of traffic arrival and service type in minimizing the power consumption of data Tx/Rx in RRC_CONNECTED mode.   There are proposals of enhancement the access procedure for data Tx/Rx in RRC_INACTIVE mode to reduce the power consumption.   The state machines at the network and at the UE need to futher complicate the procedure of state transition in order to support data Tx/Rx at the RRC_INACTIVE mode.   The potential power saving for data Tx/Rx at RRC_INACTIVE mode is to reduce the power consumption for state transmition.   The power saving solution in RRC_CONNECTED mode would enable UE to stay in the CONNECTED state for longer time without switching to the IDLE or INACTIVE state.   The study of data Tx/Rx at RRC_INACTIVE should be evaluated first after the completion of power saving solution in RRC_CONNECTED mode first.   
RRM measurements are one of the high power consumption area to be investigated, in particular in RRC_IDLE /RRC_INACTIVE mode and DRX cycle in RRC_CONNECTED mode.  UEs need to wake up early to prepare for the RRM measurements and channel tracking.   If there is no activity for the coming ON period, the power consumption used for RRM measurements are useless.   The long preparation time for RRM measurements is also the concern of UE power saving.  Thus, the study of UE power saving needs to incorporate the scheme to reduce the power consumption of active RRM measurements as well.  
The wakeup signal had been studied in LTE eMTC and NB-IoT for UE power saving in IDLE mode.   The study of UE power saving should focus on the solution of minimizing power consumption in the RRC_CONNECTED mode in NR since it is the area with high power consumption.  Although UE would stay in RRC_IDLE and RRC_INACTIVE modes most of time, the power consumption in RRC_CONNECTED mode is one of the main area to address with potential of high power saving.  Thus, the study of UE power saving should prioritize for UE in RRC_CONNECTED mode over RRC_IDLE/RRC_INACTIVE mode. 


3	Conclusion
In this contribution, we provide CATT’s views on the NR UE power saving and wakeup mechanism study.  The scope of the UE power saving and wakeup mechanism is to study all aspects of potential UE power saving in all states, which are UEs in RRC_IDLE, RRC_INACTIVE, and RRC_CONNECTED modes with prioritization on RRC_CONNECTED mode.  The study of UE power saving will not only focus on when UE is inactive but also active in data reception/transmission.   
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