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1 Introduction

One objective of the study item (SI) [1] on New Radio (NR) Access Technology is to aim at a single technical framework that supports all identified usage scenarios, requirements and deployment scenarios including enhanced Mobile BroadBand (eMBB), massive Machine-Type Communications (mMTC) and Ultra-Reliable and Low Latency Communications (URLLC). 
It was agreed that from layer 2/3 point of view, aggregation of carriers with different numerologies is supported in NR [2], and that a single MAC entity can support one or more numerology/TTI durations [3]. It was also agreed during RAN2#95bis [4] that connected mode DRX (C-DRX) enhancement is studied in NR in order to support multiple services with different requirements and/or numerologies.
A number of RAN2 contributions have discussed possible enhancements to C-DRX. In general, it seems that most companies feel that LTE DRX should be used as a baseline for NR and that enhancements related to different numerologies should be considered. Many companies suggest that numerology specific DRX or enhancements related to the support of multiple numerologies should be studied in NR [5] [6] [7] [8] [9]. Such enhancements include activation of numerology-related UE behavior, clocking of timers when different TTIs are configured and numerology-specific configurations e.g. for HARQ-related timers. It was also proposed to support different DRX configurations to address different traffic mixes and to enable efficient and dynamic switching between such DRX configurations [9] [10]. Enhancements for DRX in support of asymmetric activity between downlink and uplink as well as for fast mobility in poor radio conditions have also been proposed [11]. Finally, additional C-DRX enhancements based on the reception of a wake-up signal from the gNB have been proposed in [12].
It was also suggested that there may be a relationship between beam management and C-DRX activity, whereby UE beam management behavior may differ as a function of the C-DRX state [6][13][14].
This contribution discusses the topic of power savings in NR in relation with the aspects of time and frequency. Contribution R2-1701187 [14] further discusses power savings in relation to beam management.

2 Power Savings in LTE
In LTE, DRX enables a UE in CONNECTED mode to discontinuously monitor PDCCH during inactivity periods under the control of the eNB based on the DRX configuration and scheduling activity. The eNB can tailor the DRX configuration based on service requirements and/or based on cell load (e.g. using DRX start offset). DRX thus provides the minimal PDCCH decoding requirements in time for specific RNTIs. A UE may then save power by turning off at least parts of the radio outside of its PDCCH active time.
Observation 1:
”Direct” applicability of LTE DRX principles for NR depends on RAN1’s decisions on the structure of the downlink physical control channel(s).
In addition, LTE MAC Activation/Deactivation can be used for a UE configured with one or more SCells for carrier aggregation (CA). Network-based Activation/Deactivation of SCell(s) can be used to adapt the available instant data rates by varying the amount of carriers (and thus the total bandwidth) available to the scheduler. A UE may then save power by retuning its RF front end accordingly.
Observation 2:
Applicability of LTE MAC Activation/Deactivation principles for NR depends on how NR will support multi-carrier operation, aggregation of resources and varying transmission bandwidth – all of which are still FFS.
3 Power Savings for NR

The applicability and/or the design of power savings mechanisms for NR is impacted at least by new use cases applicable to NR (including latency requirements and support for different numerologies/TTI durations) and possibly also by the possible introduction of some flexibility in varying a UE’s available (channelization) bandwidth, scalability of the control channels for NR, as well as support for higher frequencies.

3.1 Support for New Use Cases in NR

NR is expected to fulfil requirements associated to the support of the URLLC, mMTC and eMBB use cases.
For URLLC, devices are expected to transmit small packets with low latencies – the target user plane latency is 0.5ms. It remains unclear if the legacy time-based DRX mechanism can remain applicable for devices with such user plane latency requirements; however, battery life should be as important for such devices.  

For mMTC, the target requirement is for enabling battery life up to 10-15 years. One power savings component for such devices is related to reduction of signalling; however, other aspects are likely to be further investigated e.g. such as battery-efficient monitoring of control channel(s), to achieve such target.

Furthermore, the power savings mechanism should consider the different timing (e.g. 1ms for eMBB, 125us for URLLC) given the support for multiplexing of numerologies/TTI durations from the UE’s perspective.
Observation 3:
Same UE multiplexing of different TTI durations may impact the power savings function.
It is not unlikely that a UE may support different use cases and numerologies, possibly simultaneously. I would be preferable to avoid standardization of different mechanisms to enable power savings for each different use cases and their requirements. This may further mitigate the need for new mechanisms in case new use cases are introduced for NR at a later time.  
Proposal 1 As a design principle for NR, a single power savings mechanism is applicable to all NR use cases (and combinations thereof).
Similar to how DRX parameters are configurable for LTE today, the power savings mechanism should be configurable so that it can be tailored for each of these use cases e.g. numerology/TTI duration-specific.

Proposal 2 As a design principle for NR, the power savings mechanism is configurable so it can be tailored to each specific use case e.g. numerology/TTI duration-specific.
3.2 Scalability of the Control Channel Structure

As described in the first section, LTE has methods for power savings which involve limiting PDCCH decoding based on time (DRX) and based on frequency (activation/deactivation of carriers).  Such methods were developed under the assumption of a control channel structure of LTE which consisted of control channel always present on the first 1-3 symbols of every subframe, and over the entire bandwidth.  

The design of NR control channels may be different than that of LTE. Specifically, RAN1 is considering a number of design goals or design principles for the NR control channels, such as forward compatibility (for introduction of new services), subframe structures allowing flexibility for multiple control transmission opportunities in the same subframe, and explicit signalling of timing relationships (e.g. between UL assignment and UL data transmission). Furthermore, RAN1 may consider a more scalable control channel structure with multiple control channels to support different numerologies. RAN1 will also “study the impact of UE decoding power consumption in the physical layer DL control blind decoding in the case of lack of grant”.   

Any power savings mechanism would preferably take advantage of any aspects of the RAN1 control channel design, including aspects related to having a more power-efficient control channel decoding in the PHY layer.

Observation 4:
RAN1 design for the control channel may impact the UEs control channel decoding methods and, correspondingly, UE power savings algorithm.
3.3 Support for Flexible UE Available Bandwidth
It is expected that UEs in NR will support larger channel bandwidths, for example, in order to meet the larger data rate requirements of eMBB. The power savings mechanism should consider large UE channel bandwidths. For example, a large amount of UE power consumption in LTE not directly related to data transfer can be attributed to monitoring the control channel in the absence of any grants (UL or DL) from the network [8]. It can be expected that the power consumption from periods of scheduling inactivity will increase as the UE bandwidth increases. 
This may be addressed in NR by having a flexible bandwidth associated with the UE so a UE may have the opportunity performs RF tuning on the useful bandwidth. Such tuning is currently possible in LTE using MAC SCell activation/deactivation. For NR, enabling RF tuning may however depend on the control channel structure. For example, there may be multiple control channels (e.g. one for each numerology) which may schedule the associated channel bandwidth of the UEs configuration. As a result, there may be dependencies between control channel monitoring and RF tuning in NR.   
Observation 5:
NR may introduce dependencies between control channel monitoring and RF tuning to enable flexible UE bandwidths.
Contribution [7] describes a possible structure for the NR carrier that enables flexible allocation of transmissions resources through the support of variable UE channel bandwidth (in size and/or location) based on the UEs activity. The power savings mechanism operates based on the schedulable channel bandwidth at any given time. Specifically, it could control the monitoring of the UEs control channel(s), and/or enable tuning to the minimum applicable bandwidth dynamically.
Proposal 3 As a design principle for NR, the power savings mechanism enables a UE to operate according to the minimum possible channel bandwidth needed for the UE’s activity.
3.4 Support for Higher Frequencies

NR is expected to be deployed in higher frequencies and should support beamforming and beam processing techniques. One such technique is beam sweeping whereby NR UEs may decode different PHY layer channels (e.g. control channel) transmitted with a certain periodicity by the gNB. With beam sweeping, the UE monitors for a signal transmitted at different beam angles over a period of time. The UE can track the signal once a beam is acquired, in which case monitoring can be limited to the specific time associated with the signal transmission with the proper beam angle.   
Observation 6:
Beam sweeping may introduce periods of control channel monitoring inactivity.
Proposal 4 As a design principle for NR, the power savings mechanism minimizes the UE power consumption associated to beam sweeping, acquisition, and maintenance without impairing beam management.
Power savings and beam management are further discussed in companion contribution R2-1701187 [14].
3.5 Overall Design Principle for Power Savings in NR
LTE DRX and LTE Activation/Deactivation both address power savings, in time and frequency respectively. 
For NR, it can be expected that more efficient bandwidth management, bandwidth aggregation, power efficient control channel(s) structure will be introduced. Support for different use cases and possibly also for same-UE multiplexing of different numerologies/TTI durations is also supported. Finally, beamforming and related procedures in the UE will be introduced in support of operation in higher frequencies.

A single power savings mechanism addressing all the above mentioned design principles should be studied.
Proposal 5 RAN2 should aim for a single power savings mechanism based on the design principles discussed above.
This may be realized by introducing further enhancements to the LTE C-DRX mechanisms to improve battery savings with bandwidth adaptation, with scalable control channels, with different numerologies/TTI durations and for beam management.
4 Conclusion

In this contribution the following observations we made related to UE Power Savings in NR:
Observation 1:
”Direct” applicability of LTE DRX principles for NR depends on RAN1’s decisions on the structure of the downlink physical control channel(s).
Observation 2:
Applicability of LTE MAC Activation/Deactivation principles for NR depends on how NR will support multi-carrier operation, aggregation of resources and varying transmission bandwidth – all of which are still FFS.
Observation 3:
Same UE multiplexing of different TTI durations may impact the power savings function.
Observation 4:
RAN1 design for the control channel may impact the UEs control channel decoding methods and, correspondingly, UE power savings algorithm.
Observation 5:
NR may introduce dependencies between control channel monitoring and RF tuning to enable flexible UE bandwidths.
Observation 6:
Beam sweeping may introduce periods of control channel monitoring inactivity.
Based on the above observations, RAN2 should discuss and agree to the following:
Proposal 6 As a design principle for NR, a single power savings mechanism is applicable to all NR use cases (and combinations thereof).
Proposal 7 As a design principle for NR, the power savings mechanism is configurable so it can be tailored to each specific use case e.g. numerology/TTI duration-specific.
Proposal 8 As a design principle for NR, the power savings mechanism enables a UE to operate according to the minimum possible channel bandwidth needed for the UE’s activity.
Proposal 9 As a design principle for NR, the power savings mechanism minimizes the UE power consumption associated to beam sweeping, acquisition, and maintenance without impairing beam management.
Proposal 10 RAN2 should aim for a single power savings mechanism based on the design principles discussed above.
This may be realized by introducing further enhancements to the LTE C-DRX mechanisms to improve battery savings with bandwidth adaptation, with scalable control channels, with different numerologies/TTI durations and for beam management.
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