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Introduction
In RAN#80 a study item on UE power saving [1] was approved. The objectives of the SI were agreed as:

1. Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]

0. Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)

0. Network and/or UE assistance information
0. Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
0. Study the power saving signal/channel/procedure for triggering adaptation of UE  power consumption characteristics

1. Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]

1.  Study the enhancement of higher layer procedures for UE power saving   [RAN2]

2. Study the enhancement of  UE paging procedure based on the additional power saving signal/channel/procedure
2. Study the enhancement of  UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode  

In this contribution we discuss the characteristics of channels and procedures for study that may be used to adapt the UE to different power consumption behaviors which taken together allow the UE to save power during various modes of operation.

Discussion
Discontinuous reception (DRX) is an existing method of UE power saving in LTE. The SID implies that this method of UE power saving should be built upon during the study. It is therefore likely that UE adaptation procedures for power savings may have to be different dependent on whether the UE is in RRC_CONNECTED or in RRC_IDLE/RRC_INACTIVE state.

UE in RRC_ CONNECTED State
In RRC_CONNECTED mode, the UE is fully synchronised to the DL and monitoring the PDCCH. The UE can therefore be commanded by the network to adapt its power consumption mode via DCI. Suitable power adaptation schemes that can be triggered in this way, such as reduction in bandwidth of the active BWP, should be studied.

Proposal 1: Study the types of UE power adaptations that can be triggered by DCI in RRC-CONNECTED state.

UE in RRC_IDLE/RRC_INACTIVE State
In RRC_IDLE/RRC_INACTIVE mode, the UE may be in a DRX mode and depending on how long the UE has been in DRX mode, it may have lost synchronisation if the paging interval is long because of accumulated drifting of its receiver clock. Whilst in DRX, the UE is programmed to wake up at regular intervals to monitor the PDCCH during its paging occasion (PO). Whilst DRX itself is a good power saving adaptation, the UE consumes power when it wakes up to monitor a PO even when it has not been paged. Additional power can be saved even in DRX mode by the UE if it is arranged for the UE to wake up only during a PO in which the UE has been paged. This requires the insertion of a wake up signal (WUS) [2][3]. The UE in DRX would wake up just before each PO, detect the presence or not of its WUS and then go back to sleep if its WUS is not present. 

Observation: During DRX in RRC_IDLE/RRC_INACTIVE mode, more power saving can be achieved if the UE only wakes up during a PO that actually contains paging.

Proposal 2: Study the introduction of a wake up signal (WUS) for triggering UE power adaptation when in RRC_IDLE/RRC_INACTIVE mode.

If a WUS is introduced, then the UE will not need to synchronise to the DL every PO. This means that the UE receiver clock may drift even more. Furthermore, the detection of the WUS must consume less power than the monitoring of the PDCCH every PO and the WUS signal design should facilitate implementation of a WUS low power receiver. All these mean that the WUS signal must meet certain requirements such as those described in [3].

Proposal 3: RAN1 will study the requirements that an RRC-IDLE//RRC_INACTIVE WUS signal design must comply with.

Conclusions
In this contribution, we discussed the characteristics of channels for use and procedures to adapt the UE to different power consumption behaviors which taken together allow the UE to save power during various modes of operation. We highlighted one observation:
Observation: During DRX in RRC_IDLE/RRC_INACTIVE mode, more power saving can be achieved if the UE only wakes up during a PO that actually contains paging.

and propose as follows:
Proposal 1: Study the types of UE power adaptations that can be triggered by DCI in RRC-CONNECTED state.

Proposal 2: Study the introduction of a wake up signal (WUS) for triggering UE power adaptation when in RRC_IDLE/RRC_INACTIVE mode.
Proposal 3: RAN1 will study the requirements that an RRC-IDLE//RRC_INACTIVE WUS signal design must comply with.
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