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1	Introduction
In this paper, we discuss details of a power consumption model that can be used for UE power saving study.
[bookmark: _Ref178064866]2	Discussion
2.1 	Power consumption model
To obtain a fair quantitative comparison of the relative benefits of various UE power saving schemes, a common power consumption model is required. The power consumption model needs to remain simple to avoid too complex simulation and difficulty on reproducing the simulation results. Despite of simplicity, the power model used in the analysis should be accurate. To achieve this, the first step to have a common understanding on the terminology used in the power model. Light sleep and deep sleep, for example, might have different meaning depending on the context assumed in a particular proposal. Regarding this, we propose a state/mode-based terminology to define the different portion of a process. This approach is chosen for its simplicity and for easier tracking. In addition, the changes behaviour of UE in its DRX, MIMO, bandwidth configuration, etc. can be easily represented. As a start, we could use Figure 1 as the base.
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Figure 1 UE power states and transition between the power states

 UE energy consumption can be categorized into two major parts, i.e. the being-in-state energy consumption and inter-state transition energy consumption. In the being-in-state part, the energy consumption basically depends on the power consumption for each time unit and the period that the UE being in that state. 
It should be noted that, however, the dynamic state switch could not be avoided, e.g. to make sure that the UE goes to sleep as much as possible. Thus, the energy consumption for the state-transition also plays significant role in calculating the total UE energy consumption. The required time/energy for each state-transition is usually a fix value for a certain UE implementation and, thus the total energy consumption depends more on the how many times the UE changes states.
[bookmark: _Toc525927276]Use a state/mode-based in the power consumption model and align the terminologies in the simulation assumptions.  
The consensus on the power/energy consumption on transitions is extremely important, for example, in analysing the optimum configuration on when the UE should in DRX or in the idle/inactive mode. While being in the DRX or in the inactive/idle mode is intuitively power efficient, the transition requires extra energy which in some cases, going to light/deep sleep too often might result in negative impact on the energy consumption. For example, UE needs retrieve context info from memory which is mostly a non-PHY process.
[bookmark: _Toc525926493][image: ]
Figure 2 Example: UE power consumption during a wake-up for PDCCH reception

Figure 2 shows an example of UE power consumption during a wake-up for PDCCH reception. From the figure we can see that the UE power consumption is dynamically varying in PDCCH reception and decoding. 

[bookmark: _Toc525927277]In a power state/mode, UE power consumption shall be calculated by averaging the power over the duration of the power state.

[bookmark: _Toc525943274]During the transition between power states, the UE power consumption can vary dramatically from sub mA to hundreds mA; and the duration of the transition depends on UE hardware and/or software implementations.
[bookmark: _Toc525927278]In a transition between power states, UE power consumption shall be calculated by averaging the power over the duration of the transition process.
In Table 1, a normalized in-state power consumption (relative to I-DRX Deep sleep) is shown for the case of two receive antennas (RF chains), LTE, no CA, and a given peak data rate. Table 2 shows the energy consumption of the inter-state/mode transition.


[bookmark: _Ref525927228]Table 1 Normalized in-state power consumption
	No
	States/Process
	Normalized
Power consumption
	Notes

	1
	I-DRX Deep sleep
	1
	Deep sleep during RRC_IDLE/RRC_INACTIVE DRX. UE is not required to maintain DL synchronization

	2
	C-DRX Deep sleep 
	5
	Deep sleep during RRC_CONNECTED DRX.

	3
	Light sleep 
	120
	UE RF reference clock active 

	4
	 PDCCH
	500
	Including PDCCH reception and decoding

	5
	PDSCH
	500
	Including PDSCH reception and decoding

	6
	RRM measurement
	450
	s-cell and neighbor cell measurement



[bookmark: _Ref525927230]Table 2 Transition energy consumption
	No
	States/Process
	Normalized 
Energy consumption 

	Duration /ms

	1
	Transition from deep sleep to PDCCH
	1685
	16

	2
	 Transition from light sleep to PDCCH
	905
	5



[bookmark: _Toc525826324][bookmark: _Toc525927279]Having information on the in-state/mode power consumption and the inter-state transition energy consumption, the UE energy consumption for any given observation time,, can be calculated as:

[bookmark: _Toc525826326][bookmark: _Toc525927281]where  is the energy consumption for UE in the state/mode transition ,  is the power consumption for the state/mode , and  is the time of the UE being in state/mode . It should be kept in mind that to get the fair comparison, the traffic model used in the simulation must be the same.
[bookmark: _Toc525927282]The power consumption model should include the power consumption of the UE being in a certain state/mode and the power consumption required by the UE to do transition between states.
In addition, similar parameters for different scenarios should also be agreed especially for several different cases of MIMO and bandwidth setting. Furthermore, as FR1 and FR2 might have different characteristics, the power consumption values for the above states should also be available for FR2 scenario.
[bookmark: _Toc525927283]Power consumption in each state/mode and in each state/mode transition should capture the power consumption on different configurations, for example, MIMO, bandwidth, data rate, and carrier frequency setting.
In addition to the power consumption values above, power consumption for several possible schemes in the UE power saving (e.g. power consumption on WUR, (enhanced) RRM measurement, (enhanced) initial search, BWP (de)activation, MIMO rank transition, CA (de)activation, main radio (de)activation, etc.) can also be included.
During PUSCH, power consumption of power amplifier (PA) very depends on radio output power. When UE is at the edge of cell, power consumption of PA is dominant. Furthermore, the PA power consumption is not scaled to bandwidth. Therefore, the power output power, PA efficiency, should also be considered, e.g. in [3].
Conclusion
In section 2, the following observations and proposals were made: 
Observation 1	During the transition between power states, the UE power consumption can vary dramatically from sub mA to hundreds mA; and the duration of the transition depends on UE hardware and/or software implementations.

Proposal 1	Use a state/mode-based in the power consumption model and align the terminologies in the simulation assumptions.  
Proposal 2	In a power state/mode, UE power consumption shall be calculated by averaging the power over the duration of the power state.
Proposal 3	In a transition between power states, UE power consumption shall be calculated by averaging the power over the duration of the transition process.
Proposal 4	The power consumption model should include the power consumption of the UE being in a certain state/mode and the power consumption required by the UE to do transition between states.
Proposal 5	Power consumption in each state/mode and in each state/mode transition should capture the power consumption on different configurations, for example, MIMO, bandwidth, data rate, and carrier frequency setting.
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