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1. Introduction 

The study item on reduction of UE power consumption [1] includes consideration of the power saving signal / channel / procedure for triggering adaptation of UE power consumption characteristics (objective 1-b in the SID):

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

i) Network and/or UE assistance information

ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme

b) Study the power saving signal/channel/procedure for triggering adaptation of UE  power consumption characteristics

Triggering of adaptation of UE power consumption characteristics was considered in RAN1#94bis and the following associated agreements were made [2]:
Agreements:

· Study further the following for Triggering adaptation of UE power consumption characteristics  

· Existing signal/channel based approach

· Signals based on PDCCH channel

· Signals based on RS

· MAC signalling

· RRC signalling

· New power saving signal/channel

· Performance metrics based on the agreements in the evalution methodology

Agreements:

Study further:

· Triggering for UE time domain processing adaptation
· Trigger UE adaptation to DRX operation

· UE DRX PDCCH monitoring and efficient UE wakeup 

· Constraint on scheduling DCI during DRX ON

· Performing CSI measurement/feedbacks and RRM measurements
· Reducing power consumption during DRX ON

· e.g., go-to-sleep signalling to assist UE to the sleep state 

· Triggering dynamic adaptation among multiple DRX configurations

· Trigger UE adaptation in reducing PDCCH monitoring 

· Indication to change PDCCH monitoring behaviour, e.g., to monitor, to skip, to adapt to different PDCCH parameters

· Triggering for UE frequency domain processing adaptation
· Trigger for the adaptation of BWP

· State transition during BWP switching

· Pre-processing information, e.g., CSI measurement/feedback, before switching/activation for gNB to use after switching to the new BWP 

· UE assistance approach for network configuration 

· UE initiates the request to the network

· Network trigger UE feedback for the adaptation

· Trigger for the carrier adaptation in CA/DC 

· State transition in CA/DC activation/deactivation

· Pre-processing information, e.g., CSI measurement/feedback, before switching/activation for gNB to use after carrier activation

· Adaptation among different cells with different power consumption charateristics

· Bundle adaptation among different cells

· UE assistance approach for network configuration 

· UE initiates the request to the network

· Network trigger UE feedback for the adaptation

· Triggering UE processing adaptation
· Trigger for adaptation in number of Tx/Rx antenna and/or maximum number of MIMO layers and/or number of antenna panels

· UE assistance approach for network configuration 

· UE initiates the request to the network

· Network trigger UE feedback for the adaptation

· Network instructed

· Trigger for adaptation in UE processing time

· UE assistance information, e.g., k0, k1, k2 value

· Network instructed

· Trigger for adaptation of UE processing e.g., in maximum modulation orders, TB sizes, HARQ operation

· Triggering in reducing PDCCH blind decoding
These agreements fall into two categories:
· That some signal or channel triggers a change in the power state of the UE

· That one of the adaptations (e.g. DRX config, BWP, UE processing timeline) is triggered. In general the UE requests an adaptation and the network instructs the UE to change its power state  
This document considers other issues related to the triggering of adaptation of power state:

· What conditions cause the system to change the power state of the UE?

· What is the general procedure for changing the UE power state?

2. Discussion on triggering

Current agreements cover the following two issues:

· That some signal or channel triggers a change in the power state of the UE

· That one of the adaptations (e.g. DRX config, BWP, UE processing timeline) is triggered. In general the UE requests an adaptation and the network instructs the UE to change its power state  
This is illustrated in Figure 1. The figure shows that the UE is initially in a certain power state, for example in a PDCCH-only state with a  400MHz bandwidth part. There is then some trigger (shown as red arrow) that causes the UE to adapt its power state. The trigger can be some sort of physical signal or channel (such as a PDCCH or a go-to-sleep signal (GTS)). The trigger causes the UE to adapt its power state. Two possibilities are shown in the figure: (1) the UE can remain in the same power state, but adapts a parameter of that power state, such as the BWP configuration, or (2) the UE can move to a different power state, for example moving from a PDCCH-only state to a light sleep power state.
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Figure 1 - Current agreements concern triggering an adaptation from one power state to an adapted power state
The model shown in Figure 1 covers only part of the process of adapting the power state. The study item needs to also consider (Figure 2):

· What causes the UE to be triggered to change its power state? There should be some condition, prior to the triggering itself, that causes the UE to have its power state adapted.
· What is the procedure for adapting the power state? The agreements in the study item indicate that there will be a signal or channel that triggers the UE to adapt its power state, but RAN1 has not yet considered the procedure surrounding the trigger to adapt the power state. 
These issues are illustrated in Figure 2, where a condition (such as a buffer emptying) causes a power adaptation procedure to be invoked. During the power adaptation procedure, there is a trigger to cause the UE to adapt its power state, however the procedure spans an extent in time both before and after the trigger itself.
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Figure 2 - A condition causes a procedure to be invoked that triggers adaptation of power state
3. Conditions for adaptation
A condition causes a power adaptation procedure to be invoked. Different conditions can cause different power adaptation procedures to be invoked. Example conditions include:

Buffer status. When network and / or UE buffers empty, there is no data to send and a power adaptation procedure can be invoked that moves the UE from a high throughput / high power state to a low throughput / low power state.

Active applications. UE operating system software is aware of which applications are active. The UE is thus able to know which traffic types to expect, based on the known running applications. As applications open and close, the power state of the UE can be adapted. For example, if a gaming application is started, the UE may be required to adapt its power state from one with infrequent PDCCH monitoring (lower power) to a lower latency / higher power state with more frequent PDCCH monitoring.
Inactivity timers. When the UE has been inactive for a period of time, it can be moved to a lower power state with less frequent PDCCH monitoring. For example, it can be moved to state with a longer DRX cycle.

Battery status. When the UE battery is low, the UE can transition to a “power save mode”, where the UE accepts degraded performance (potentially lower throughput or higher latency) for extended battery lifetime. Hence battery status can be a condition that invokes a power adaptation procedure.

Temperature. While extension of battery lifetime is often the motivation for power consumption characteristic adaptation, there may be thermally constrained devices that need to adapt their power consumption adaptation based on UE temperature. Hence UE temperature can be a condition invoking power consumption adaptation.
Location / measurements. The location of the UE in the cell impacts whether the UE needs to perform mobility procedures (or the rate at which it needs to perform mobility procedures). The location can be determined (in an RF sense) from RSRP or SINR measurements. If these measurements are good, the UE is well served by the serving cell and hence can move to a lower power state where it does not need to perform neighbor cell measurements as frequently. 
It is hence observed that there are different conditions that cause different power consumption adaptations. From the above list, it seems evident that the UE is best placed to observe conditions that would motivate its power state to be adapted (although the buffer status and inactivity timer conditions are also known to the gNodeB).

Observation: The UE is best placed to observe conditions that would motivate its power state to be adapted.

Proposal 1: RAN1 study the conditions that invoke different power consumption adaptation procedures, including: buffer status, application activity, inactivity timers, battery status, temperature and measurements.
4. Procedure for adaptation
A general procedure for adaptation of power consumption characteristics is shown in Figure 3. The procedure consists of four steps. For some types of power adaptation, not all of these steps would need to be performed (e.g. if buffers became empty at the gNodeB, the gNodeB could autonomously trigger power state adaptation without UE assistance information). The four steps are considered in more detail below:

Condition. As discussed in the previous section, the UE observes some condition, such as buffers emptying or inactivity timers expiring, that causes it to invoke a procedure to adapt the power state. The procedure invoked depends on the condition.

UE assistance information. The UE sends information to the network that informs the network that the UE could benefit from adapting its power state. For example, under the condition that a gaming application is shut down at the UE, the UE can send information to the network that indicates that the UE can move to a lower power state since the gaming application no longer needs to be served.
Trigger to adapt power state. Depending on the power state adaptation, there can be various triggering signals. E.g. if it is known that the UE will not be scheduled during a DRX_on period, a go-to-sleep (GTS) signal can trigger the UE to move to a light sleep state. If it is known that the amount of data to be sent to the UE will reduce, the size of the BWP can be dynamically allocated via L1 signalling [3].

Feedback. Having received a trigger, the UE may need to provide feedback to the gNodeB, for example to acknowledge reception of the triggering command. Some forms of power adaptation procedure may not require this feedback step, given that it is potentially power and resource hungry.
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Figure 3 - General procedure to adapt power state

Proposal 2: RAN1 studies the general procedures that are required to adapt UE power state.

Based on the above discussion, there are various issues that RAN1 needs to study:
· The types of UE assistance information that are sent from the UE to the gNodeB.

· The physical channels used to transmit the UE assistance information.

· The information included in a message that triggers the UE to adapt its power state.

· The physical channels or signals used to transmit the trigger (the need to study this has already been identified in RAN1#94bis).

· Under which conditions feedback information is required.

· The type of feedback information transmitted from the UE to the network after the trigger.

· The physical channels used to transmit the feedback information.

Proposal 3: RAN1 studies the types of UE assistance information sent from UE to gNodeB and the physical channels used to transmit the UE assistance information.
Proposal 4: RAN1 studies the information included in messages that trigger the UE to adapt its power state.

Proposal 5: RAN1 studies under which conditions feedback information is required from the UE, the types of feedback information transmitted from the UE to the network after the trigger and the physical channels used to transmit this feedback information.
5. Conclusion
This document has considered two basic questions related to UE power consumption adaptation:
· What conditions cause the system to change the power state of the UE?

· What is the general procedure for changing the UE power state?
The document then makes the following observations and proposals:

Observation: The UE is best placed to observe conditions that would motivate its power state to be adapted.

Proposal 1: RAN1 study the conditions that invoke different power consumption adaptation procedures, including: buffer status, application activity, inactivity timers, battery status, temperature and measurements.
Proposal 2: RAN1 studies the general procedures that are required to adapt UE power state.

Proposal 3: RAN1 studies the types of UE assistance information sent from UE to gNodeB and the physical channels used to transmit the UE assistance information.

Proposal 4: RAN1 studies the information included in messages that trigger the UE to adapt its power state.

Proposal 5: RAN1 studies under which conditions feedback information is required from the UE, the types of feedback information transmitted from the UE to the network after the trigger and the physical channels used to transmit this feedback information.
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