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Introduction
In the previous meeting, power saving techniques were discussed in a broad scope. The follow agreements were achieved [3]:
Agreements:
At least the following power saving techniques are to be further studied (including detailed scheme, performance, complexity, overhead, etc.)
· Time domain 
· Cross-slot scheduling – enhancement from Rel-15
· Multi-slot scheduling 
· Slot aggregation– enhancement from Rel-15
· DRX configuration – C-DRX enhancement
· Dynamic Adaptation in configuration
· Adaptive parameters 
· Frequency domain 
· BWP – enhancement of dynamic switching from Rel-15
· RS (including SRS) configuration for channel tracking, CSI measurements etc.
· Efficient configuration/switching 
· Association with DRX
· CA/DC
· Quick activation/de-activation (e.g.,L1 signaling, MAC signaling) 
· Efficient configuration of SCell
· E.g., Power saving with CSI/RRM measurements and beam management only but no PDCCH monitoring before activation (SCell dormancy) 
· Antenna domain 
· Antenna adaptation
· Adaptation of number of panels/antenna with consideration of aspects, such as CSI measurements (for both Rx/Tx) 
· Adaptation multi-antenna processing 
· UE processing time 
· Adaptation in UE processing time 
· Timeline relaxing of UE processing 
· Reduce PDCCH Monitoring
· Reduced number of PDCCH processing
· Further reduce the number of PDCCH blind decoding 
· Adaptation in CORESET, search space, PDCCH candidate, AL, CCE, DCI formats/RNTI monitoring
· UE/Network Assistant Information 
· Adaptive configured parameters 
· Association with C-DRX
· Network assistance
· Decoupling of DL and UL grant 
· Configured RS for channel tracking and estimation 
· Assistant information for adaptation
· UE assistance:  UE assistant information/feedback used for adaptation in some domains
· Adaptation profile 


In this contribution, views on power consumption characteristic are provided. Furthermore, the UE traffic adaptation to efficiently make use of the power is also discussed. This is an updated contribution from R1-1810468.
Discussion
Previously in the study of low cost MTC, RAN1 discussed the main power consumption factors to consider, which was regarded important for cost reduction. [2]
In a high level UE design structure, the main power consumption contributors can be abstracted or summarized as:
· Active transmission time
· Base band processing time/complexity for transmission preparation
· Transmission power level and PA efficiency
· Active reception time
· Receiver processing time/complexity, Rx chain
· Sleeping mode duration
The study should cover various traffic types. How long above power contributions consumes the power is determined by the traffic characteristics and proper gNB scheduling implementation. 
In our understanding, a proper inter-operation between UE and gNB should be able to minimize the time duration that the UE is in an active mode while there is no traffic to be scheduled. The reason is that the UE in this situation needs to perform necessary control channel blind decoding, synchronization tracking and also to keep baseband, Rx chain and Tx chain active to waiting for gNB scheduling. There are also other parts of circuits that need to be active to provide necessary and complete support to ensure smooth processing and interaction between different modules. Although the detailed implementation is up to chip-set and UE vendors’ product design can could be different and variable between companies, these hardware operation inevitably consume some power when the UE is standing by for possible arrival traffic.
To have better QoS and especially short packet delivery latency, the above situation is in general regarded as acceptable and not optimized in LTE. 
However, NR UE is capable of supporting even higher peak data rate and extremely short transmission latency, which makes the NR system is applicable for more universal, up to date and challenging application no matter in vertical industry or consumer level. Higher performance UE come from more powerful processing capability. Thus, in this sense, the power consumption of the UE will be much larger than LTE UE when they are all active but no real traffic is processing. This period can potentially take considerable energy away from the UE battery and impact the utilization experience.
Therefore, one of the main motivations or design targets of UE traffic adaptation is to reduce the up mentioned pending period as short as possible.
Proposal 1: UE traffic adaptation for power saving needs to minimize the UE active period while no traffic.
On the other hand, for power saving purpose, if the UE stays long time in a state that in a low power consuming level, the UE can not be timely waken up and become active to receive or transmit data. A UE in DRX OFF period or even RRC_IDLE/INACTIVE mode can be examples. This may impact the latency performance. Thus, the UE traffic adaptation also needs to take packet delivery latency into account to avoid losing the merit of NR.
Proposal 2: UE traffic adaptation for power saving should take the packet delivery latency into account.

In this sense, the time domain adaptation should be designed to achieve that the latency should be short in both directions, which are from active to sleep and also from sleep to active. Basically, enhancement of C-DRX and introducing a new power saving signal or channel are main ways under consideration. For more flexible C-DRX adaptation, some sets of parameters can be configured by RRC beforehand, gNB may trigger to switch between different settings to better fit scheduling operation into one of the parameter settings. On the other hand, a new power saving signal/channel with low detection/reception complexity can be used for waking UE up based on the traffic arrivals.
Even though the two adaptation methods are not mutually exclusive, depending on the detailed mechanism and procedure for each option, the latency should be investigated with high priority.

For time domain optimization on cross-slot scheduling, multi-slot scheduling and slot aggregation, as long as the gNB have clear estimation on the next future traffic and scheduling, it is beneficial to support with such enhancements, which can at least reduce the PDCCH monitoring, buffering data amount and processing efforts. If gNB is capable of determining the scheduling profile before waking up the UE, this enhancement can be jointly considered with the functionality of power saving signal/channel. In this way, shorter active time and lower latency can be achieved. 
Proposal 3: Time domain optimization on multi/cross-slot scheduling and slot aggregation for power saving could be jointly considered with traffic adaptation procedures.
Similarly, the PDCCH monitoring reduction should also be considered with the traffic adaptation since the monitoring opportunities are highly related with the UE active time fitting into traffic arrival and scheduling.
Proposal 4: PDCCH monitoring reduction should be jointly considered with traffic adaptation procedures.
In the above listed factors, other than the ones related to time period of different mode, the main power consumption factors are the baseband processing complexity/time and PA. That means larger TBS, larger allocated bandwidth and more advanced MIMO schemes (including more antennas) can lead to higher power consumption in some situations. The frequency domain, antenna domain and UE processing time aspects in the previous meeting agreements can be regarded to have influence to power consumption with different baseband processing complexity/time and PA number.
· When UE operates with higher capability of MIMO and lager TBS, the peak power consumption increases. However, to make fair comparison, it is preferable to align the data amount to analyze the power consumption of the transmission or reception with different UE capability
· For the same amount of the traffic, if channel is sufficiently good, higher capability can reduce the power consumption as it can reduce the transmission/reception time and consequential wake-up time and increase the sleep time.
· For the same amount of the traffic, if channel condition is coverage or interference limited, higher capability is not helpful to power consumption reduction as peak rate is limited by the air interface speed in each transmission. In this sense, the wake-up time would be still long.
Thus, how UE capability impact the power consumption depends on case by case evaluation. In some scenarios, the system load status should also be taken into consideration. 

Conclusions
This contribution provides high level view on the UE traffic adaptation and power consumption characteristics.
As discussed, the UE power consumption is naturally linked to or proportional with the transmission/reception traffic amount and the time used to finish all the processing. An efficient traffic adaptation procedure allows UE to wake up timely and keep the RF and baseband active only in the necessary time slots. During the active time, ideally, the power should be utilized in an efficient way to pursue the low energy consumption. To summarize the discussion, the following proposals are highlighted:
Proposal 1: UE traffic adaptation for power saving needs to minimize the UE active period while no traffic.
Proposal 2: UE traffic adaptation for power saving should take the packet delivery latency into account.
Proposal 3: Time domain optimization on multi/cross-slot scheduling and slot aggregation for power saving could be jointly considered with traffic adaptation procedures.
Proposal 4: PDCCH monitoring reduction should be jointly considered with traffic adaptation procedures.
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