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1	Introduction

A new study item in Rel-16 was started to investigate UE power saving [1]. RAN1 concluded its studies after during RAN1#96 and RAN#83 approved the scope of the work item and captured following:

The objective of the UE power saving includes the following,
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 addition, related to RAN2 part of the study item, following agreements were made in RAN2#105:

Agreements
-	RAN1 can focus on the design on the signal/channel.   From RAN2 perspective, the power saving signal/channel scheme is considered jointly with DRX.  RAN2 assumes that the WUS scheme is linked/associated to DRX.   RAN2 should study the impact to c-DRX. 
-	RAN2 assumes that RAN1 will downscope the solutions as soon as possible

In this contribution we discuss the PDCCH based power saving signal/channel for wake-up and the potential further study points for RAN2 while the RAN1 work item starts in parallel (in RAN1#96bis).

2	Discussion


From RAN1 WID [1]: 
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

Currently UE power saving can be achieved by enabling UE to discontinuously monitor PDCCH according to DRX configuration.  When DRX is configured, UE is required to monitor PDCCH only during onDuration of the DRX cycle. Network is able control UE PDCCH monitoring requirement using the parameters such as OnDuration-timer, inactivity timer and DRX cycle length. Both longDRX and shortDRX are supported by rel-15 which together by parametrizing accordingly enables network to optimize between UE power saving and scheduling latency. 

Observation: Using Release-15 mechanisms network can optimize between UE power saving and scheduling latency using DRX. 

Proposal 1: RAN2 focuses studies to scenarios where additional power saving is achieved when DRX is configured.

2.1. Adapting the PDCCH monitoring during DRX Cycle 

RAN1 WID states that a PDCCH based power saving signal/channel to trigger UE adaption will be specified. This may include plethora of mechanisms or techniques but from RAN2 perspective the focus could be use of such signal to reduce PDCCH monitoring, which was also identified one of the power saving techniques during RAN1 studies.

Based the agreement, RAN2 assumes linkage between power saving signal/channel and DRX thus it would be most feasible to study scenario where a PDCCH-based power saving signal/channel would control the UE requirement to monitor PDCCH during the ON duration of the DRX cycle. When UE has been indicated by the PDCCH channel it would be required to monitor PDCCH during the ON duration of the DRX cycle.

Observation: From RAN2 perspective the PDCCH based signal/channel triggering UE adaptation would be to control PDCCH monitoring requirement during the ON duration of a DRX cycle 


Proposal 2: RAN2 studies the PDCCH based power saving signal/channel that controls UE to enter active time during the ON duration of a DRX cycle.


2.2. RAN2 Aspects on the PDCCH Based Power Saving Signal/Channel

As the power saving signal/channel would imply new functionality or new signals/channels to be defined, one feasible way would be to use new DCI format specifically used for PDCCH based power saving. DCI format could be further associated to specific search space. Search space is associated to specific CORESET. By controlling the duration and periodicity of the search space, network can configure when UE is assumed to monitor the power saving signal/channel.

Transmission of PDCCH based power saving signal could differentiated from other PDCCH transmissions e.g. by defining new RNTI. This RNTI would be specific for PDCCH based power saving signalling. Feasibility to introduce new RNTI specific for identifying power saving signalling on PDCCH should be further studied by RAN2. 

Proposal 3: RAN2 to consider the mechanisms to detect at MAC layer when a power saving signal/channel has been received. e.g. new RNTI.



3	Conclusions
Based on the discussion and observations the following is proposed: 
Proposal 1: RAN2 focuses studies to scenarios where additional power saving is achieved when DRX is configured.

Proposal 2: RAN2 studies the PDCCH based power saving signal/channel that controls UE to enter active time during the ON duration of a DRX cycle.


Proposal 3: RAN2 to consider the mechanisms to detect at MAC layer when a power saving signal/channel has been received. e.g. new RNTI.
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