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1 Introduction
In RAN1#95, the following was agreed on for potential technique for UE power savings in DRX [1]: 
Agreements:

For power saving scheme with UE adaptation to the DRX operation for further study
·  UE adaptation of its behavior to the DRX operation for UE power consumption reduction

· Power saving signal as the signal for the indication whether to wakeup or not before or at the beginning of DRX ON duration

· At least for the indication of PDCCH monitoring

· Preparation period in advance of DRX ON, e.g., to perform channel tracking, CSI measurements, beam tracking, in preparation for the PDCCH decoding 

· Go-to-sleep signaling as the indication allowing UE going back to sleep state

· Constraints on scheduling DCI during DRX_ON

· Dynamic DRX configuration – parameters could be dynamic adapted to the traffic arrival

· Dynamic selection of DRX configuration from multiple DRX configurations to adapt to the traffic arrival

· Adaptive parameters setting of one DRX configuration 

Other power saving schemes with UE adaptation to the DRX operation are not precluded.

Note: UE background processing, e.g.,periodic RRM/CSI measurements, beam management, RLM, time/frequency tracking,  needs to be studied in accordance to UE adaptation to DRX operation.
For triggering adaptation aspects in DRX, the following was agreed on:

Agreements:

The power saving signal/channel for UE adaptation includes the following signals/channels for further study

· Existing signal/channel based power saving signal/channel

·  PDCCH channel

· TRS, CSI-RS type  RS, SSS-like and DMRS

· PDSCH channel carried MAC CE and/or RRC signaling

· New power saving signal/channel – sequence based 

The aspects of the power saving signal/channel used for the UE adaptation to the traffic used for further evaluation of power saving signal design in addition to its triggering to the power saving gain.  

· Network resource overhead  

· Resource and/or periodicity of power saving signal/channel

· Multiplexing capability

· Usage of resource

· Coexistence/multiplexing with existed signal/channel of Rel-15

· UE-specific, group-specific, cell-specific power saving signal/channel

· Detection performance

· Complexity

· Power consumption of the power saving signal/channel

Agreements:

· The power saving signal/channel in trigger UE adaptation to DRX operation for further study is that the power saving signal/channel can be configured along the DRX configuration as the indication for UE to wake up from the sleep state.  RS resources can be considered to assist UE in performing RRM/CSI measurement and channel time/frequency and/or beam tracking.

· Other schemes are not precluded

Agreements:

· The power saving signal/channel candidate in triggering UE to achieve reducing PDCCH monitoring for further study  is that the power saving signal/channel can be used to trigger UE to skip the PDCCH monitoring and/or to go to sleep for a period of time.

· Other schemes are not precluded

In this paper, we focus on enhancements in C-DRX for UE power savings using a PDCCH/DCI-based wake-up signal/channel.  
2 PDCCH/DCI-Based Wake-up Signal/Channel
In Release-15, wake-up signals for Narrowband IoT (NB-IoT) and Machine Type Communications (MTC) were introduced for enhancing UE power saving in IDLE mode. Due to IDLE mode operation, these wake-up signals were designed to be sequence-based signals with specific resource element mapping. In C-DRX, wake-up signalling and/or information can be conveyed to user equipment (UE) over the physical downlink control channel (PDCCH).

For monitoring the wake-up signal/channel over PDCCH, UE does not have to fully wake up and be ready for PDSCH decoding or PUCCH response transmission as would be the case for regular PDCCH monitoring in an ON duration. The use of PDCCH for wake-up signal/channel transmission, as opposed to introducing a new sequence-based wake-up signal, would add less overhead, as a sequence-based design would require reserving specific resource elements. In addition, error-control coding is performed on DCI which allows for more robust detection of the wake-up signal/channel. Lastly, using PDCCH for wake-up signal/channel transmission would require only little modifications to the specification of Release-15 NR.
Proposal 1: Introduce a PDCCH/DCI-based wake-up signal/channel to indicate to UE when to wake-up for PDCCH monitoring in an ON duration.
The wake-up signal/channel can be shared between a group of UEs, which typically would share similar DRX configuration, or it can be UE-specific. For a shared wake-up signal/channel, common search space of PDCCH can be used, otherwise, UE-specific search space is used. In Figure 1, wake-up signal/channel transmission is illustrated in C-DRX.

Proposal 2: Wake-up signal/channel can be UE-specific or shared between a group of UEs.   
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Figure 1 Wake-up signal/channel for power saving enhancement in DRX.
New RRC configuration parameters and MAC CE commands may need to be introduced for controlling the operation of the wake-up signal/channel in C-DRX. Also, in order for UE to able to decode the wake-up signal/channel from PDCCH, a new DCI format may need to be defined specifically for the wake-up signal/channel along with a new RNTI.
Proposal 3: New RRC configuration parameters and/or MAC CE commands need to be introduced for controlling the operation of the wake-up signal/channel in C-DRX.

Proposal 4: A new DCI format specific to the wake-up signal/channel need to be defined in Release 16, along with a new RNTI specific for the wake-up signal/channel.
3 Conclusion
In summary, we propose the followings for enhancements in DRX for UE power savings:

· Proposal 1: Introduce a PDCCH/DCI-based wake-up signal/channel to indicate to UE when to wake-up for PDCCH monitoring in an ON duration.
· Proposal 2: Wake-up signal/channel can be UE-specific or shared between a group of UEs.   

· Proposal 3: New RRC configuration parameters and/or MAC CE commands need to be introduced for controlling the operation of the wake-up signal/channel in C-DRX.
· Proposal 4: A new DCI format specific to the wake-up signal/channel need to be defined in Release 16, along with a new RNTI specific for the wake-up signal/channel.
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