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1. Introduction 

The study on UE power saving for NR [1] considers methods to reduce power consumption in the CONNECTED state. Some techniques to consider are captured in [2], based on agreements in RAN1#95 Spokane [3].

In the RAN1 #95 meeting the following related agreements were made:

Agreements:

The UE assistance information for the power saving schemes for further studies are as follows,

·  UE assistance information/feedback to assist network in configurations for UE adaptation

· UE preferred processing timeline parameters, e.g., K0, K1, K2 values

· UE preferred BWP information/configuration

· UE preferred antenna configuration, including MIMO layers, antenna panel awareness information

· UE assistance/feedback on the DRX configurations/parameters

· UE preferred BWP provided to assist network in BWP switching

· UE request on SCell/SCG activation/de-activation/configuration

· UE preferred PDCCH monitoring parameters/search space configuration/maximum number of blind decoding
Other UE assistance information for the power saving schemes is not precluded.
At RAN1#96 in Athens [4] the following related agreements were made
Agreements:

Update previous agreements as follows:

The UE BWP adaptation is to dynamically switch the BWP by gNB based on, e.g., the traffic to support efficient operation of BWP switching in reducing the UE power consumption.  

The UE adaptation to the CA/DC is to fast activation/deactivation of the SCell by gNB based on, e.g., the traffic to support efficient operation for fast SCell activation/deactivation in achieving UE power saving.  
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Agreements: 

Update previous agreements as follows:
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Agreements:

Update previous agreement as follows:

The UE power saving schemes with UE adaptation to the traffic is to reduce the number of antenna/panels or maximal number of MIMO layers indicated by the network semi-statically or dynamically to achieve the UE power saving. This may be done with potential UE assistance information. The dynamic approach may also be associated with a transition time, a timer, etc.

Agreements:

Observation:

Some UE assistance information has been used by the power saving schemes to adapt to the traffic resulting in power saving gain.  Power saving schemes including UE assistance information in the evaluation show power saving gain of [9%-45%] for UE adaptation to BWP switching, [4%-80%] for UE adaptation to DRX operation, and [5%-43%] for SCell operation
Agreements:

The UE assistance information provides the gNB additional information in faciliating UE adaptation to the traffic and reducing the power consumption of some respective power saving schemes shown aforementioned.  UE preferred configurations are fed back to the gNB to help the network optimizing the resource utilization and assisting UE in achieving power consumption reduction.

The power saving schemes with the power saving signal/channel triggering UE adaptation shows the power saving  with adaptation in different domains, such as DRX operation, BWP switching, and reducing PDCCH monitoring aforementioned.  
The RAN2 group has recently started the work on UE power save, and some few agreements have been made, though no discussion has taken place related to UE assistance information.
At the RAN2#105bis meeting in Xian [6], the following email discussion [7] was initiated. 

[105bis#28][NR/Power Savings] – UE assistance (Intel)

Capture a list of proposed UE assistance information and need for the UE assistance information 

Intended outcome: Set of acceptable proposals and TP

Deadline: Thursday 2019-05-02

The document considers how the amount of UE assistance information that is transmitted to the network can be controlled in order to reduce the UE power consumption and signaling overhead associated with this assistance information.

2. Controlled UE assistance information signalling

It can be observed there are multiple potential types of UE assistance information/feedback to assist the network in configurations for UE adaptation. For example, UE preferences on DRX configuration (time domain), bandwidth part operation (frequency domain), antenna configuration (space domain), and processing configuration are some examples and further agreed at the latest RAN1#96 meeting [4] CA/DC, cross and same slot scheduling and number of MIMO layers. 
It is advantageous to have multiple types of UE assistance information/feedback available at the gNB so that the UE power saving scheme can be fully optimized to a specific scenario. However, the operation of sending assistance and feedback information should be controlled / managed. Otherwise, excessive UE assistance information/feedback can increase signalling overhead. Transmission of assistance may also paradoxically consume more energy due to frequent requests (i.e. multiple instances of UE assistance information/feedback transmission) for UE adaptation operation. 

Observation 1: Controlled UE assistance information signalling is required in order to minimize signalling and to avoid excessive frequent UE assistance information transmission that may consume UE energy.

. Even with the potential availability of multiple types of UE assistance information/feedback, a gNB may not always support or consider all of that UE assistance information/feedback. For example, a gNB may not want to negotiate the DRX configuration for a specific UE or all UEs in the cell and hence may not require DRX-related assistance information. In this case, if a UE transmits UE assistance/feedback on the DRX configurations/parameters then gNB may not consider it at all. In this case, it would be beneficial if the gNB informs the UE on the configuration of supported UE power saving scheme. The configuration can be UE specific and/or applicable to all UEs in a cell. Once the UE acquires this information, the UE will only transmit the supported UE assistance information/feedback to assist the network as indicated in that configuration message.

Proposal 1: When multiple types of UE assistance information/feedback are available, the gNB is able to provide a configuration message (i.e. RRC message) to the UE that specifies relevant UE assistance information the gNB may be interested in.
As indicated earlier, the transmission of multiple types of UE assistance information (e.g. bandwidth adaptation, DRX adaptation, etc) may consume non-negligible UE energy, especially if the uplink UE assistance information becomes large. It would be beneficial if the UE can group different types of UE assistance information and transmit that grouped information. Moreover, the transmission of UE assistance information should be controlled with a certain periodicity or a minimum time duration from the last UE assistance information transmission occasion. Hence, we propose that the UE can be controlled by the gNB, to define the group of information the gNB requests as well as the timing for the UE assistance information transmissions.
Proposal 2: The transmission of UE assistance information shall be controlled/managed by the gNB, including the possibility of grouping UE assistance information, minimum transmission interval, and maximum number of transmissions.

Currently, we have support for UE assistance information procedure in 38.331, but this is only limited to support overheating and delay budget report. E.g. mobility information is currently not part of this information but listed as one parameter in the ongoing email discussion [7]. 
Furthermore, in the email discussion [7], a number of parameters are discussed, and which are generally very beneficial. Some parameters may though be more related to UE power save, like information related to measurement relaxation. Depending on the purpose of UE assistance the base-station, the information may be grouped into relavant areas targeting a specific purpose, like power save, preference, measurements, mobility etc.

Proposal 3: Based on outcome of email discussion [7], introduce parameters in defined groups in UE assistance information
3. Conclusion and Summary of Proposals

This document has considered how the transmission of assistance information can be controlled by the gNodeB.

List of observations and proposals.
Observation 1: Controlled UE assistance information signalling is required in order to minimize signalling and to avoid excessive frequent UE assistance information transmission that may consume UE energy.

Proposal 1: When multiple types of UE assistance information/feedback are available, the gNB is able to provide a configuration message (i.e. RRC message) to the UE that specifies relevant UE assistance information the gNB may be interested in.

Proposal 2: The transmission of UE assistance information shall be controlled/managed by the gNB, including the possibility of grouping UE assistance information, minimum transmission interval, and maximum number of transmissions.
Proposal 3: Based on outcome of email discussion [7], introduce parameters in defined groups in UE assistance information
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