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1	Introduction
NR, with much larger bandwidth and peak throughput, is expected to consume more energy and increase its modem power consumption influence on the total UE power consumption compared to that of LTE. Thus, considering the power consumption in the NR standardization process becomes important. In 3GPP TSG RAN #80 meeting, a New SID: Study on UE Power Saving in NR was approved [1]. A further agreement in RAN1#94bis on [2] defines the normalized power consumption for several power states and can be used as a starting point to do evaluation on several different power saving proposals. 
Complementing to the above agreements, it is also necessary to understand the power consumption characteristic of the UE with the latest applications. This is important as different applications gives different percentage of time spent across different power states (which also means giving different percentage on the power distribution across different power states). In the end, understanding this characteristic could give a more solid background and more accurate evaluation metrics to the power saving proposals. 
[bookmark: _Ref178064866]2	Discussion
2.1 	Traffic model consideration
In determining power saving proposal, traffic characteristic certainly becomes one of the main considerations. For a one-shot high-load traffic for example, it is important to use high data-rate mode to finish the transmission as soon as possible and let the UE go to low-power mode, i.e. sleep mode. Thus, in this traffic type, UE power saving can be conducted by simply let the UE uses the high data-rate mode reception.
For a more bursty traffic, different approach might need to be taken. While the high-data rate mode can be used to finish the transmission fast, the bursty traffic application also requires the UE to monitor PDCCH quite often. Contrary to the data-transmission, PDCCH monitoring is best conducted with low data-rate mode. However, switching between low data-rate and high data-rate transmission requires additional energy and can not be conducted instantaneously (i.e. requires transition time). In this kind of traffic, therefore, the power saving proposal should consider how to efficiently use the low data-rate and high data-rate mode; and optimize the transition time and energy to switch between those modes.
Customers of wireless communication service, especially EMBB, typically use more than one application throughout the day. Several popular applications such as web-browsing, video streaming, instant messaging, etc. are proven to have different traffic characteristics/model. In general, those applications have significant differences in the mean inter-arrival time of the packets and the size of the packet itself. Considering this fact several different traffic models and/or modification needs to be agreed for the evaluation of power saving proposals.
Considering the importance of the traffic characteristic, it then becomes essential to define the traffic model of the various UE applications. By having traffic model for different applications, the time and power distribution of each power state across those applications can be defined. Some characteristics of several applications related to their traffic can be seen in Table 1.

Table 1. Traffic characteristics for different UE applications
	Applications
	Distribution Function
	Mean Packet size
	Mean IAT

	Web browsing 
	Poisson
	Large
	Long

	VoIP
	Markov process
	Small
	Medium

	Video streaming
	Pareto + Full buffer
	Large
	Mix

	Instant messaging
	Poisson
	Small
	Short

	Gaming
	Fixed + Largest extreme value
	Vary
	Short



As can be seen in the above table, different applications have different traffic characteristics, including its distribution function, mean inter-arrival time (IAT), mean package size, etc. While implementing a new traffic model for each application might give a more accurate result, it should be considered that the power saving evaluation should also be conducted in a simple manner if possible. Thus, for simplicity, modifications of FTP type-3 on its inter-arrival time, mean packet size, and mixing more than one FTP traffic generation is preferable. 
[bookmark: _Toc528931229]Different applications have different traffic characteristic which could lead to different approach on the power saving proposals 
[bookmark: _Toc528931232]Consider modification on the FTP traffic model on its inter-arrival time, mean packet size, and mixing more than one FTP generation to mimic other traffic models.

As evaluating power saving proposal for all UE applications (or traffic model) consumes a significant amount of time, it is then necessary to define which applications can be chosen as representatives. In this matter, the term “days-of-use” (DoU) is well known as a profile composed of different applications and the time spent throughout a day for a typical UE. Using DoU, evaluation on the power saving proposals can be done more accurately, e.g. whether a certain proposal is in favour of certain traffics, to see the total effect of a power saving proposal in daily manner, etc.
2.2 	Time and power distribution of the power states 
In the previous agreement, a calibration process is agreed to be conducted for the FTP and VoIP traffic models. The assumption for this calibration can be seen in []. Using the data from this calibration, we can observe in which power states UE spend the time and power most. It should be noted, however, in the actual power saving evaluation, a more complete power state (e.g. UL) and more realistic transmission scenario (e.g. considering more than one transmission per session) should be considered. Nevertheless, this initial calibration is required, for example to determine which power states we have to focus on in different traffic types.
Table 2. Time and power distribution across different power states for FTP and VoIP
	Applications
	
	Time distribution
	Power distribution

	
	
	PDCCH
Only
(%)
	PDCCH+
PDSCH
(%)
	Light
Sleep
(%)
	Deep
Sleep
(%)
	PDCCH
Only
(%)
	PDCCH+
PDSCH
(%)
	Light
Sleep
(%)
	Deep
Sleep
(%)

	FTP (with DRX implementation)
	
	38.2
	0.2
	0.0
	61.6
	96.8
	1.6
	0.0
	1.6

	VoIP (with DRX implementation)
	
	32.4
	1.5
	26.5
	39.6
	76.2
	10.3
	12.5
	0.9




As can be seen in the above table, different time and power distribution of power states occur in different traffic model (and parameter configuration). This difference might be even bigger if we consider other applications such as instant messaging. In addition, this calibration might also be used to give the relative average power consumption inside one monitoring period. In the above calibration for example, the FTP consumes 2,364,936 unit.ms while the VoIP consumes 2,565,220 unit.ms. In the other words, FTP has an average power consumption of 39.4 while VoIP has an average power of 42.8.
[bookmark: _Toc528931230]Different applications consume different average power 
2.2 	Time of usage 
Except from its average power, it also important to consider the time spent by the UE for each application, e.g. inside daily use. While the actual period might be different depends on the user habit, the following percentage can be used as a starting point.
Table 3. Time percentage of several applications
	Applications
	Time spent (%)

	Web browsing 
	20%

	VoIP
	5%

	Video streaming
	10%

	Instant messaging
	10%

	Gaming
	5%

	Background applications
	50%



2.3 	Days of Use Implementation
2.3.1 	Effect of the power saving proposal to different traffic
As can be seen in Table 2, UE spends different portion of time inside each power state. This will strongly affect the power saving gain that can be obtained by certain power saving proposals. An optimization in the PDCCH-only power state, for example, results in a larger power saving gain in the FTP traffic compared to that of VoIP traffic as the FTP traffic spends 96.8% of power on PDCCH-only state while the VoIP traffic spends only 76.2% energy.
In hypothetical case, supposed that in a power saving proposal the PDCCH-only can be conducted using a smaller number of receive antenna and with narrower bandwidth; and could reduce the power consumption of this state 30%. Ignoring the energy for parameter adaptation for simplification, following scenario might happen inside one minute of monitoring.
Table 4. Power distribution with and without a hypothetical power saving scheme
	Applications
	
	Without power saving (Unit.s)
	With power saving (Unit.s)
	Energy saving

	
	
	PDCCH
Only
	PDCCH+
PDSCH
	Light
Sleep
	Deep
Sleep
	PDCCH
Only
	PDCCH+
PDSCH
	Light
Sleep
	Deep
Sleep
	

	FTP
 
	
	22,920

	360

	0

	370

	16,044
	360
	0
	370
	6,876
(29%)

	VoIP

	
	19,440

	2,700

	3,180

	238

	13,608
	2,700
	3,180
	238
	5,832
(23%)



As can be seen in the above table, the energy saving of a certain power saving proposal will be different depends on the traffic characteristic/model. To avoid over optimize result, therefore, power saving gain of a power saving proposal should be evaluated for more than one types of application. This is also important to make sure that the respective power saving proposal not only useful for a certain application but can also be used (at least does not give drawbacks) to the other UE applications.
[bookmark: _Toc528931231]A power saving proposal conducted in the different UE application (traffic model) will result on the different power saving gain.

2.3.2 	Power saving calculation
A different result on the power saving gain of a power saving proposal for each application shown in Table 4 shows that a weighting mechanism is required to average the power saving gain across different applications. The weighting mechanism should include the average power consumption of the application and the percentage of time spent by the UE to use that application inside one daily usage. Denotes  as the average power of th application and   as the time spent by th application in the daily basis, the weight of the respective application can be defined as

where  
[bookmark: _Toc528931233]Power saving calculation across different applications should be weighted based on the energy consumption of the respective applications according to DoU.

In general, the power saving gain calculation can be seen in below figure.
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To keep the evaluation to power saving proposals remains affordable while maintaining accuracy, it is important to agree on the number of applications that should be included in the evaluation process. In this SI, we believe that a maximum number of four applications is a good trade-off to satisfy both accuracy and simplicity. These four applications used in the evaluation should be chosen with respect to its average energy consumption based on the DoU.
[bookmark: _Toc528931234]Consider four applications which have the largest energy consumption based on the DoU to be used in the power saving gain calculation.

Conclusion
In section 2, the following observations and proposals were made: 
Observation 1	Different applications have different traffic characteristic which could lead to different approach on the power saving proposals
Observation 2	Different applications consumes different average power
Observation 3	A power saving proposal conducted in the different UE application (traffic model) will result on the different power saving gain.

Proposal 1	Consider modification on the FTP traffic model on its inter-arrival time, mean packet size, and mixing more than one FTP generation to mimic other traffic models.
Proposal 2	Power saving calculation across different applications should be weighted based on the energy consumption of the respective applications according to DoU.
Proposal 3	Consider four applications which have the largest energy consumption based on the DoU to be used in the power saving gain calculation.
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