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1 Introduction
This contribution is a revision of R1-1804070 submitted to RAN1#92-Bis Sanya Meeting.
Because of the popularity of mobile broadband these years, the battery life issue has been a big headache for smart-phone users.  For NR, there expects even tough situation because of the much wider bandwidth operation, shorter TTI, tighter timing requirement, less always-on RS resource, and new service traffic characteristics. On the other hand, NR devices need to be more battery efficient than LTE; otherwise users may choose to stay with LTE of longer battery life and acceptable data rates. 
In this contribution, we share several issues that will bring higher UE power consumption for NR and discuss the considerations to realize power saving. Solutions to fundamentally resolve the issues can be further investigated and evaluated in Rel-16 study item of NR power saving that is under further scoping.

2 UE Power Consumption Observations and Discussion
By operation-wise break-down on LTE modem power consumption, Table 1 shows the top three factors that together dominate >70% of the modem power. The PDCCH-only and data parts of power consumptions are related to connected mode operations. The pre-sync part includes the synchronization before DRX on durations in connected mode as well as that before paging occasions in idle mode. Studying connected mode and idle mode power saving can thus contribute to major power reduction for mobile UEs.

Table 1: Top three dominating factors to LTE modem power consumption

	
	PDCCH only
	Data (DL/UL/both)
	Pre-sync

	Power consumption ratio
	>40%
	>20%
	>10%


The reason why PDCCH monitoring power consumption takes a large partition is that majority of the DL subframes do not contain data intended for the UE. On the other hand, UE needs to standby and monitor PDCCH to accommodate scheduling flexibility. Figure 1 shows an example behaviour of a UE receiving video traffic, and it can be observed there are plenty of UE wake-ups as well as the control monitoring occasions during the inactive time without DL data. Although a smart and fast adaptive DRX configuration can reduce the redundant control monitoring, DRX setting is typically static/semi-static while traffic pattern can vary along time due to the changing service condition and user behaviour. 

Observation 1: PDCCH-only occupies large portion of UE power consumption. Static/semi-static DRX setting cannot effectively to adapt to varying traffic pattern.

Observation 2: For NR UEs, it is important to reduce PDCCH-only power consumption by fast adaptation on DRX setting as well as minimizing UE active bandwidth, reception time, active antenna number, decoding complexity and standby power of higher layer processors due to fulfilling the tight timing requirements.
· Note: BWP has provided a good framework for adapting bandwidth and control monitoring settings.
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Figure 1. Example traffic of video streaming
Figure 2 shows a traffic pattern for video streaming using Carrier Aggregation (CA). Typically, primary component carrier (PCC) carries more data than secondary CC (SCC), and SCC provides assistant DL in case of delivering large data. Consequently, SCC exhibits sparser traffic pattern than PCC. Since the activation of SCC takes certain time (e.g. 24 ms or longer in LTE), SCC is infrequently deactivated to maximize scheduling flexibility. UE thus performs more redundant PDCCH monitoring in SCC. For NR, the distributive resources for cell synchronization and measurement can cause longer time to activate an SCC, and thus NR SCC is less likely deactivated. UE PDCCH-only power consumption in an NR SCC will be higher, and further investigation to resolve this issue is necessary. 

Observation 3: SCC traffic pattern is sparser than PCC since its DL is mainly for large data only. Since NR SCC will take longer time to activate and is less likely deactivated, NR UE will perform more redundant PDCCH monitoring in SCC than LTE. An effective solution to realize faster SCC access switching and less UE PDCCH-only power consumption than LTE is highly demanded for NR. 
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Figure 2. Traffic pattern of video streaming using CA; SCC traffic is sparse

For NR, more real-time interactive applications are expected. In LTE, online gaming can be regarded as a good example where users login to a common server and interact with each other in a virtual world. Figure 3 shows an example traffic pattern of a popular online game. In addition to that SCC exhibits sparse traffic pattern, there is a large portion of small data interlaced with large data in PCC. In fact, 65% of PCC data has size only less than 88 bits. If UE is requested to apply the receiver resources for large data reception to small data, e.g., 100MHz bandwidth and/or 4 active antennas, most of the UE power will be wasted. Also the power overhead of NR beam-management and CSI reporting become large if the data size is small. Physical-layer enhancements should be investigated to improve UE power saving for handling the services with small data sizes or mixed large and small data sizes
Observation 4: Physical-layer enhancements that can enable UE to handle common services with small data sizes or mixed large and small data sizes in battery efficient way is demanded for NR.
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Figure 3. Traffic pattern of online gaming; 65% of PCC data size is only up to 88 bits.

In LTE, UE can wake up only once and utilize consecutive CRS to effectively recover synchronization before a DRX on duration (denoted as “pre-sync” in Table 1). In NR, the synchronization resources, SSB and TRS, are distributive, which can cause NR UE to wake up multiple times in order to realize similar synchronization quality as LTE. Due to the power overhead before wake up and go-to-sleep, more UE power will be spent for NR pre-sync. How to reduce the synchronization requirement for paging/long DRX in NR is an important design target for realizing better UE power saving. 
Observation 5: NR UE can consume more power in pre-sync since the synchronization resources are distributive and more frequent wake-ups will be required to achieve similar synchronization quality. 
How to reduce the synchronization requirement for paging/long DRX in NR is an important design target for realizing better UE power saving.

As NR is expected to be fast and widely deployed around the world, UE experience with Rel-15 UE is important for smooth LTE to NR transition. In this regard, NR UE power saving study should enable Rel-15 UEs to benefit from the findings and designs. Therefore, we finally suggest:
Proposal 1: NR power saving design should consider benefiting Rel-15 UEs with minimized changes.


3 Summary
UE power consumption is an important factor to user experience. For smooth LTE to NR transition and to secure NR growth, UE power saving is an important design topic for NR. In this contribution, we share some issues on NR UE power consumption and some considerations for improvement. In particular, we have
Observation 1: PDCCH-only occupies large portion of UE power consumption. Static/semi-static DRX setting cannot effectively to adapt to varying traffic pattern.


Observation 2: For NR UEs, it is important to reduce PDCCH-only power consumption by fast adaptation on DRX setting as well as minimizing UE active bandwidth, reception time, active antenna number, decoding complexity and standby power of higher layer processors due to fulfilling the tight timing requirements.
· Note: BWP has provided a good framework for adapting bandwidth and control monitoring settings.

Observation 3: SCC traffic pattern is sparser than PCC since its DL is mainly for large data only. Since NR SCC will take longer time to activate and is less likely deactivated, NR UE will perform more redundant PDCCH monitoring in SCC than LTE. An effective solution to realize faster SCC access switching and less UE PDCCH-only power consumption than LTE is highly demanded for NR. 


Observation 4: Physical-layer enhancements that can enable UE to handle common services with small data sizes or mixed large and small data sizes in battery efficient way is demanded for NR.

Observation 5: NR UE can consume more power in pre-sync since the synchronization resources are distributive and more frequent wake-ups will be required to achieve similar synchronization quality. 
How to reduce the synchronization requirement for paging/long DRX in NR is an important design target for realizing better UE power saving.

Proposal 1: NR power saving design should consider benefiting Rel-15 UEs with minimized changes.

