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1 Introduction

In last RAN1#86 meeting, the agreement on UE power consumption reduction was made [1] as follows:
Agreements:
· Impact of UE DL reception energy consumption should be studied also considering the total power consumption mainly focusing on DoU
· e.g., UE decoding power consumption in the physical layer DL control blind decoding in lack of grant
· e.g., UE decoding power consumption in the slot with the data
· e.g., UE decoding power consumption in the data reception process
· e.g., UE decoding power consumption in the measurement
· e.g., UE decoding power consumption in the SS
· UE power reduction techniques also should be studied
This document will discuss some factors influencing UE power consumption for DL reception and possible approaches for UE power savings. 

2 Discussion
In this section, we discuss some factors giving an impact to UE power consumption focused on DL reception and we briefly share our observation on the portion of UE power consumption for LTE UE blind decoding in lack of grant.

UE power consumption for DL reception could be affected by many factors, such as sleep mode duration, active reception time, receiver processing time, receiver complexity and so on. These factors may be broadly categorized into two issues: i) a UE implementation-specific issue which will not be the work scope of NR standardization, and ii) an overall system design-related issue which will be related to NR standardization work.

Observation 1: UE power consumption for DL reception is a function of many factors and these factors can be broadly categorized into two issues i) UE implementation specific issue and ii) overall system design issue.

UE implementation-specific issue
UEs can be equipped with different number of RF chains/antenna ports depending on vertical services to be supported, e.g., high-end eMBB devices and low-end mMTC devices. Even for high-end eMBB devices, it would be possible to have different RF/baseband design. So, how much power is reduced from the RF module and baseband sides could be UE implementation specific. For example, it is expected that UE saves its reception power more if smaller number of RF chains/antenna ports in the RF module is used for DL reception. Similarly, for UE power savings in the baseband, it is anticipated that less power is consumed if less number of components consisting of the baseband circuits is used for receiver processing. So, the amount of power reduced at UE for DL reception could be different depending on different implementation. We think that optimization of this implementation specific factors would not be the scope of NR standardization.

Proposal 1: RAN1 study for UE power consumption reduction should be focused on an overall system design-related issue. 

Overall system design-related issue
Given UE hardware/software implementation, having less receiver processing time at UE will be beneficial in terms of UE power savings. One way to reduce receiver processing time is to introduce longer DRX mode duration (for RRC idle UEs) and C-DRX mode duration (RRC connected UEs). However, using longer DRX/C-DRX duration can increase the latency which is one of key requirements to be supported in NR. This area has been studied in LTE and LTE evolution and NR study has to focus on finding the best tradeoff between UE power savings and required latency.
In addition to optimal DRX/C-DRX duration, another factor like optimization of NR-PDCCH monitoring interval could be taken into account for UE power savings in NR. For example, one of important requirements in NR design is shorter latency and to meet this requirement, it would be possible to have shorter scheduling unit than LTE. In this case, UE may have to monitor NR-PDCCH more frequently and this will cause more UE power consumption. So, it would be possible for the UE to have longer NR-PDCCH monitoring interval and this will allow the UE to have micro-sleep as shown in Fig. 1. However, longer NR-PDCCH monitoring interval may sacrifice the latency and thus careful study is also needed as discussed in DRX/C-DRX operation. 
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Figure 1: An illustration of NR-PDCCH monitoring interval where normal UE operation is to decode NR-PDCCH transmitted in every scheduling unit (green color) but for a power saving mode, UE may decode NR-PDCCH once per NR-PDCCH monitoring interval (dotted boxes). 
On the other hand, eMBB service will require larger bandwidth to support very high data rate and more UE power consumption is expected because UE has to receive control and data channels transmitted on much wider bandwidth. Reducing the maximum bandwidth for NR-PDCCH monitoring can provide a reduction in UE power consumption due to the lower baseband processing in some of the components, possibly including ADC/DAC, FFT, buffering and DL/UL processing blocks, as well as the less number of blind decoding in a given NR-PDCCH aggregation level. In order to support this, localized NR-PDCCH design could be taken into account.

Observation 2: NR design such as shorter scheduling unit and wider bandwidth for DL control channel will  impact UE power consumption.

UE blind decoding in lack of grant

It has been raised in [2] that current LTE UE power consumption for blindly decoding the physical layer DL control in lack of grant is considerable. For this particular case, we obtained similar observation. That is, the power consumption portion for UE blind decoding in lack of grant ranges around 55 % - 65% under the assumption of high throughput data transmission. Though the amount of power consumption may vary depending on traffic model, UE implementation, etc., we anticipate the observation hold in general. Therefore, it is proposed to take this into account for NR control channel design.
Observation 3: In some cases, around 55% ‒ 65% portion of power is consumed at current LTE UE for blindly decoding the PDCCH in lack of grant under the assumption of high throughput data transmission. 
3 Conclusion
In this contribution, we discussed some factors influencing UE power consumption for DL reception and possible approaches for UE power savings. The observations are the following:
Observation 1: UE power consumption for DL reception is a function of many factors and these factors can be broadly categorized into two issues i) UE implementation specific issue and ii) overall system design issue.
Observation 2: NR design such as shorter scheduling unit and wider bandwidth for DL control channel will  impact UE power consumption.

Observation 3: In some cases, around 55% ‒ 65% portion of power is consumed at current LTE UE for blindly decoding the PDCCH in lack of grant under the assumption of high throughput data transmission.  

Based on above observations, we propose the following:

Proposal 1: RAN1 study for UE power consumption reduction should be focused on an overall system design-related issue. 

Proposal 2: How much NR design such as shorter scheduling unit and wider bandwidth impacts UE power consumption should be studied.

Proposal 3: NR control channel should be designed with taking Observation 3 into account.
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