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1 Introduction
In RAN#83 meeting, a new Work Item “UE Power Saving in NR” was approved with the following objectives [1]:
1) Specify power saving techniques with UE adaptation with focus in RRC_CONNECTED mode [RAN1, RAN4] 

a) Specify the power saving techniques with power saving signal/channel 
i) Specify the PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED

ii) Note: this objective shall not duplicate DRX operation and impact to DRX is studied at RAN2

iii) Note: Any change of PDCCH channel coding and payload interleaver  is not in the scope

b) Specify the procedure of cross-slot scheduling power saving techniques  
i) Note: The procedure is in addition to Rel-15 cross-slot scheduling procedure

2) Evaluate the required switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers [RAN4]
a) Note: Switching on/off the RF is part of the evaluation
Note: 

· These objectives are RAN1/RAN4 focus and do not consider RAN2 impact. 

·  The objectives are subject to further update in RAN#84.  The update will be based on recommendations from the completion of RAN2 study and remaining RAN1 recommendations based on the conclusion of RAN1 study.

In this paper, we discuss a PDCCH-based power saving channel which is used for enhanced C-DRX operation.  
2 Discussion
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, power saving signalling and/or information can be conveyed to user equipment (UE) over the physical downlink control channel (PDCCH).

For monitoring the PDCCH based power saving channel, UE does not have to fully wake up and be ready for PDSCH decoding and PUCCH transmission as would be the case for regular PDCCH monitoring in an ON duration. 
Proposal 1: A PDCCH/DCI-based power saving channel indicates to UE when to wake-up for PDCCH monitoring in an ON duration.
The power saving 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 power saving channel, common search space of PDCCH can be used, otherwise, UE-specific search space is used. Figure 1 illustrates transmission of a group-common power saving channel and C-DRX configurations for the group of UEs which share the same group-common power saving channel.

Proposal 2: PDCCH-based power saving channel can be UE-specific or shared among a group of UEs.   
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Figure 1 Transmission of group-common power saving channel and DRX configurations for a group of UEs which share the same group-common power saving channel 
For controlling the operation of the power saving channel in C-DRX, gNB may have to indicate to the UE via higher-layer signalling a power saving channel configuration which includes a monitoring periodicity, a monitoring occasion duration, and a monitoring occasion time offset. If the UE is configured with DRX operation, the UE determines and receives the closest power saving channel to the start time of ON duration of a given DRX cycle and monitors the power saving channel during the configured DRX ON duration. 

Alternatively, the UE can determine (e.g., implicitly) configuration of the power saving channel based on DRX configuration, if the UE is configured to monitor the power saving channel. For example, the UE assumes that the monitoring periodicity of the power saving channel is same as a configured DRX cycle, and the monitoring occasion of the power saving channel is determined based on the start of DRX ON duration. 
If configuration of the power saving channel is determined based on DRX configuration and the power saving channel is shared among a group of UEs for overhead reduction, the group of UE may have to be configured with the same or similar DRX configurations. Thus, mechanism to distribute multiple UEs’ traffics across different time windows and to allow the UE to wake-up only for the configured transmission window may need to be further studied. 
In order for UE to able to decode the power saving channel from PDCCH, a new DCI format and/or new DCI contents may need to be defined specifically for the power saving channel along with a new RNTI.
Proposal 3: With group-common PDCCH-based power saving channel, DRX configuration which can effectively distribute traffics of multiple UEs sharing the group-common power saving channel should be further studied.

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

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

· Proposal 3: With group-common PDCCH-based power saving channel, DRX configuration which can effectively distribute traffics of multiple UEs sharing the group-common power saving channel should be further studied.
· Proposal 4: A new DCI format or DCI contents specific to the power saving channel need to be defined in Release 16, along with a new RNTI specific for the power saving channel.
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