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1 Introduction
In RAN1, NR UE power saving SI is concluded with solid evaluation results for adaptions in time/frequency/antenna domain to UE power consumption characteristics as well as RRM power saving [1]. Due to the limited number of TUs, the study reasonably focuses on connected mode, NR-only, common power saving schemes for sub-6GHz and mmWave bands, and licenced spectrum. The subsequent WI in Rel-16 is expected to specify part of the studied schemes with higher power saving gain and limited system impact. Emphasizing the feasibility based on Rel-15 NR, Rel-16 power saving designs will be able to achieve better balance between data rate and UE power consumption, i.e., better UE energy efficiency defined as the ratio of data rate to UE power consumption.


Toward Rel-17, more advanced features will be deployed in the network. It is necessary to continuously improve UE energy efficiency by investigating at least the following aspects:

· NR-U power saving: Reduce intensive UE monitoring without compromising the capacity of unlicensed bands
· mmWave power saving: Further improvements to address power hungry RF and beamforming operations

· MR-DC power saving: Time-domain power saving by minimizing UE wakeup time across DC links
· Idle-mode power saving: Extending UE battery time that is mostly spent in idle mode

· Network measurement and optimization of UE energy efficiency 


In the following sections, we will elaborate the necessity and potential direction for each of the aspects.

2 Rel-17 Energy Efficiency Improvement
2.1 NR-U power saving

NR-U is a key feature for NR Rel-16 network to utilize more spectrum resource and achieve higher capacity. To maximize the spectral efficiency in a shared spectrum, UE is required to continuously monitoring any time occasion where gNodeB can potentially occupy the channel for data scheduling. While such requirement ensures maximal gNodeB scheduling flexibility, UE battery will quickly burn out due to the intensive monitoring. It is necessary to balance UE power consumption and spectral efficiency for a satisfying user experience with NR-U.

When there is no data in gNodeB buffer intended for a UE, it is reasonable to allow the UE to suspend monitoring preamble or data scheduling. In Rel-16, wakeup signalling is considered to eliminate dummy DRX OnDurations. It is also possible to apply it to NR-U even when no DRX is configured. In particular, wakeup signalling can be allocated around DRS and used to indicate whether UE need to resume monitoring or not. When there is no data, UE only wakeup for measurement and wakeup signal monitoring around DRS and save its battery life till next DRS occasion. 

If licensed band is present, it is possible to bundle the PDCCH monitoring behaviours between the licensed band and unlicensed band. For example, when the licensed band is switched to a wideband BWP, UE will start monitoring PDCCH in the unlicensed band. When the licensed band is switched to a narrowband BWP or a state only monitoring wakeup signal/channel, UE can suspend monitoring the unlicensed band.

Observation 1: Reducing UE monitoring on preamble or data scheduling when there is no data intended for the UE is important for better user experience with NR-U. Incorporating wakeup signalling and licensed-band assistance can be considered to reduce UE power consumption.

Proposal 1: Rel-17 NR UE power saving targets to improve UE energy efficiency for NR-U capable devices

2.2 mmWave power saving

In addition to sub-7GHz unlicensed spectrum, there are rich spectrum resources in mmWave band. However, to ensure reliable communications in mmWave band, massive antenna arrays are necessary. Due to the large amount of RF components with lower efficiency than sub-7GHz ones, there is higher power consumption than sub-7GHz devices when delivering the same data rate. While Rel-16 power saving designs will also be applicable to mmWave band, the higher power consumption requires further improvement for a satisfying user experience.

There are two main directions for this intension: Reduced active reception/transmission time and reduced active antenna number. For the former target, we should include the compete timeline of beam management into consideration and pursue reduced processing time/procedure as well as identifying the best reference resource configuration from UE power saving perspective. For example, more aggregated reference resources for UE sync, channel and beam tracking will provide benefit in reducing UE reception time. For the later target, UE assistance information can be considered to setup a link configuration for a running application that can achieve lower SNR requirement and allow UE to effectively reduce the number of active antenna.

Observation 2: To exploit the rich spectrum resources in mmWave band while ensuring similar power consumption as sub-7GHz devices, further reduction in active reception/transmission time and active antenna number should be investigated for mmWave power saving.

Proposal 2: Rel-17 NR UE power saving targets to improve UE energy efficiency for mmWave capable devices.

2.3 EN/MR-DC power saving

To balance the coverage and data throughputs, EN/MR-DC devices will be popular choices during 5G deployment. However, the misaligned UE wakeup times in the DC links will increase UE power consumption. One example is that misaligned DRX OnDurations will cause interrupted sleeps particularly for a highly integrated multi-mode modem.

To resolve the issue, UE can serve as the bridge for exchange the relevant link settings between the two RATs. In addition to exchanging information, UE can also suggest a common setting for the two links after considering the application QoS requirement. For example, the DRX offset is enlarged for a link running a latency tolerable service. If wakeup signalling is introduced in NR with flexible monitoring location, UE can also suggest the monitoring location in order to align the wakeup time in the other link.

Observation 3: To balance the coverage and data throughputs, EN/MR-DC devices will be the common solutions. Reducing the power consumption due to mismatched UE wakeup times in the DC links is important for user experience, and UE assistance can be considered for this target.

Proposal 3: Rel-17 NR UE power saving targets to improve UE energy efficiency for EN/MR-DC capable devices

· Note: EN-DC can be part of Rel-16 scope while Rel-17 can focus on NR-NR DC or NE-DC

2.4 Idle mode power saving

In Rel-16, connected mode power saving is prioritized. However, 90% of UE DoU time is spent in idle mode. If there can realize 20% power saving gain in idle mode, there will also extend around 20% battery time for a NR UE. Since UE processing power is low in idle state, optimizing idle model power consumption will rely on maximize the sleep time and reduce the energy overhead due to a UE wakeup.

For this goal, the paging occasion for a group of UE can be set close to a SMTC/SS burst so that UE total wakeup time and energy overhead for measurement and paging monitoring can be minimized. Wakeup signal for paging can be considered so as to keep UE sleep when there is no paging to the UE. The monitoring location can also be set around STMC/SS burst. Alternatively, the paging control and data can be allocated in different slots. By allocating paging control near SMTC/SS burst, there can minimize the UE wakeup time and energy overhead, particularly when paging activity is low.

Observation 4: Idle-mode power consumption can be optimized so as to effectively prolong UE battery time mostly spent in idle mode. This can be achieved by optimize paging occasion location w.r.t. STMC/SS burst or introduction of wakeup signalling for paging.
Proposal 4: Rel-17 NR UE power saving targets to improve UE energy efficiency for idle mode

2.5 Network measurement and optimization of UE energy efficiency 

UE energy efficiency defined as the ratio of data rate to UE power consumption is directly related to user experience. Users are happy with higher data rates and lower UE power consumption and thus happy with higher UE energy efficiency. To make the metric an objective measurement, RAN1 UE power consumption model can be utilized. Since there is a one-to-one mapping between network scheduling log with an estimated UE power consumption, network can actually measure UE energy efficiency.

As UE energy efficiency can be measured, optimizing the aggregated UE energy efficiency can translate to optimize the user experiences for all users in a cell. There are some possibilities for the optimization: 1) gNodeB scheduler is offline optimized with the logs containing the information of UE energy efficiency or 2) gNodeB scheduler can online adjust user link settings so as to optimize the aggregated UE energy efficiency. For 2), UE assistance can be considered by providing a suggested link setting change with the improved value in UE energy efficiency.

Observation 5: UE energy efficiency, defined as the ratio of data rate to UE power consumption, can translate to user experience. It can be measured by the network with scheduling log and RAN1 power consumption model. By optimizing the aggregated user energy efficiency, it is effective to optimize the user experiences for all users in a cell. The optimization can be done in either offline or online manner.

Proposal 5: Rel-17 NR UE power saving targets to measure and optimize UE energy efficiency and realize the best user experience with 5G.

3 Summary
In the contribution, we provide views for Rel-17 NR UE power saving that should target better user experience by comprehensive and effective optimization on UE energy efficiency. In particular, we have the following observations and proposals.
Observation 1: Reducing UE monitoring on preamble or data scheduling when there is no data intended for the UE is important for better user experience with NR-U. Incorporating wakeup signalling and licensed-band assistance can be considered to reduce UE power consumption.

Observation 2: To exploit the rich spectrum resources in mmWave band while ensuring similar power consumption as sub-7GHz devices, further reduction in active reception/transmission time and active antenna number should be investigated for mmWave power saving.

Observation 3: To balance the coverage and data throughputs, EN/MR-DC devices will be the common solutions. Reducing the power consumption due to mismatched UE wakeup times in the DC links is important for user experience, and UE assistance can be considered for this target.

Observation 4: Idle-mode power consumption can be optimized so as to effectively prolong UE battery time mostly spent in idle mode. This can be achieved by optimize paging occasion location w.r.t. STMC/SS burst or introduction of wakeup signalling for paging.

Observation 5: UE energy efficiency, defined as the ratio of data rate to UE power consumption, can translate to user experience. It can be measured by the network with scheduling log and RAN1 power consumption model. By optimizing the aggregated user energy efficiency, it is effective to optimize the user experiences for all users in a cell. The optimization can be done in either offline or online manner.


Proposal 1: Rel-17 NR UE power saving targets to improve UE energy efficiency for NR-U capable devices
Proposal 2: Rel-17 NR UE power saving targets to improve UE energy efficiency for mmWave capable devices.
Proposal 3: Rel-17 NR UE power saving targets to improve UE energy efficiency for EN/MR-DC capable devices

· Note: EN-DC can be part of Rel-16 scope while Rel-17 can focus on NR-NR DC or NE-DC
Proposal 4: Rel-17 NR UE power saving targets to improve UE energy efficiency for idle mode
Proposal 5: Rel-17 NR UE power saving targets to measure and optimize UE energy efficiency and realize the best user experience with 5G.

Reference

[1] TR 38.840, “Study on UE power saving in NR” 
