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Foreword
This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;	
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
1. [bookmark: _Toc526803861]
Scope
The present document captures the findings of the study item, "Study on UE Power Saving in NR" [2].  The purpose of this TR is to study the UE power saving framework taking into consideration of latency and performance in NR as well as network impact.  The study of UE power saving in NR includes the study of the power saving schemes and the associated procedures.  The power saving schemes are to study the 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.   The power saving signal/channel/procedure is used for triggering adaptation of UE power consumption characteristic.  The power saving study also considers UE power consumption reduction in RRM measurements.  The associated procedures for the power saving schemes include the enhancement of UE paging procedure based on the additional power saving signal/channel/procedure and the UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode. 
This document is a 'living' document, i.e. it is permanently updated and presented to TSG-RAN meetings.
2. [bookmark: _Toc526803862]References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]. 3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]. [bookmark: _Ref523405195]3GPP RP-181463: “New SID: Study on UE Power Saving in NR”.
[3]. 3GPP TR 38.913: “Study on Scenarios and Requirements for Next Generation Access Technologies”.
3. [bookmark: _Toc526803863]Definitions, symbols and abbreviations
3.1. [bookmark: _Toc526803864]Definitions
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5]For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
1. 
2. 
3. 
3.1. 
3.2. [bookmark: _Toc526803865]Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

3.3. [bookmark: _Toc526803866]Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
PDCCH	Physical Dedicated Control CHannel

1. 
2. 
3. 
4. [bookmark: _Toc526803867] Introduction

UE battery life is an important aspect of the user’s experience, which will influence the adoption of 5G NR handsets and/or services. It is critical to study UE power consumption to ensure that UE power efficiency for 5G NR UEs can be better than that of LTE, and techniques and designs for improvements are identified and adopted.
ITU-R defines energy efficiency as one of the minimum technical performance requirements for IMT-2020. According to ITU-R report – Minimum requirements related to technical performance for IMT-2020 radio interface(s), “energy efficiency of the device can relate to the support for the following two aspects: a) Efficient data transmission in a loaded case; b) Low energy consumption when there is no data. Efficient data transmission in a loaded case is demonstrated by the average spectral efficiency. Low energy consumption when there is no data can be estimated by the sleep ratio”.
Because NR system supports high speed data transport, the bursty user data would be served by network in very short durations.  One efficient UE power saving mechanism is to trigger UE for network access from power efficient mode.     UE would stay in the power efficient mode, such as micro sleep or OFF period in the long DRX cycle, unless it is informed of network access through UE power saving framework.    Alternatively, network can assist the UE to switch from the “network access” mode to the “power efficient” mode when there is no traffic to deliver, e.g. dynamic UE transition to sleep with network assistance signal.  
In addition to minimizing the power consumption with the new wake up/go-to-sleep mechanism, it is equally importance to reduce the power consumption during the network access in RRC_CONNECTED mode.  More than half of the power consumption in LTE is UE in the access mode.   The power saving scheme would focus on minimizing the dominate factor of power consumption during the network access, which includes the processing of aggregated bandwidth, number of active RF chains and active reception/transmission time, and dynamic transition to power efficient mode.   From the field data collected in the LTE network, most of subframes contain no data or small data.   The power saving scheme for the dynamic adaptation to the different data arrival should be studied in RRC_CONNECTED mode.      Dynamic adaptation to traffic in different dimensions, such as carrier, antenna, beamforming, and bandwidth, would be studied in the studied.  Furthermore, methods to enhance the transitions between “network access” mode and power efficient mode should be considered.   Both network-assisted and UE-assisted approaches should be considered for UE power saving mechanism.
UE also consumes a lot of power for RRM measurements.  In particular, UE would need to power up before the DRX ON period to track the channel in preparation for the RRM measurement.  Some of the RRM measurements are not necessary but consumes a lot of UE power, for example, the low mobility UEs does not have to measure as frequent as   high mobility UEs. Network would provide the signalling to assist UE to reduce the power consumption on unnecessary RRM measurements. Additional UE assistance, for example the UE status information, etc, is also useful for the network to enable the UE power consumption reduction on RRM measurements.
The study of UE power saving is to identify the feasibility and benefit of techniques to allow UE implementations which can operate with reduced power consumption.   The study of the UE power saving framework would also take into consideration of latency and performance in NR as well as network impact.  
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