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1	Introduction
In the SI, most UE PS potential evaluations of proposed improvements have been made in the context of the specific operating modes or functions where the improvements are applied. In order to more fully appreciate their PS effect on the full UE radio operation, a more complete model for overall UE behavior across different modes is desirable. This paper discusses a simple high-level model that allows drawing some conclusions about the energy consumption significance of different operational modes and functions performed by a UE.
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2.1 	Main operational modes and functions
The following operations are captured in the high-level model:
· Idle mode
· Paging monitoring once per DRX cycle
· RRM measurements Ni times per DRX cycle
· Pre-wake up use of previous SSB 
· Connected mode
· C-CDRX ON-durations
· RRM measurements Nc times per DRX cycle
· Data burst-triggered processing
· Active data TRX
· CDRX IAT
· Connection release IAT  

The UE performs measurements and PO monitoring in idle mode as the starting point and moves to connected mode as a data burst arrives. It falls back to periodic CDRX once the CDRX IAT expires without a new data burst and returns to idle mode upon the connection release timer expiry.  Sleep state transition energies are also modelled as the UE alternates between active and deep/light sleep phases.


2.2 	System configuration assumptions
The SI evaluation assumptions include an FTP model. Real-world traffic is more varied, as an eMBB UE’s activity includes a range of apps data exchange scenarios. A traffic model based on commercial LTE NW statistics (2014) suggests that the following constitutes a representative model:
· Mean connection rate: 	20 connections/UE/h
· Mean connection length: 	10 s 
· Mean active data slot 
fraction during connection: 	10%

Idle mode configuration:
· SSB period:			20 ms
· DRX period: 			1.28 s
· PO length: 			1 ms
· PO offset wrt SSB: 		10 ms
· SSB measurement
· Period: 			at each DRX cycle
· Length: 			5 ms
· Preparation: 		AGC from previous SSB

Connected mode configuration:
· CDRX period: 			160 ms
· ON-duration length: 		8 ms
· ON-duration offset wrt SSB: 	10 ms
· PDCCH SS duty cycle: 		100%
· CDRX inactivity timer: 		100 ms
· Connection release timer: 	10 s
· SSB measurement
· Period: 			at each DRX cycle
· Length: 			5 ms
· Preparation: 		none

UE power state values (relative units) from TR and additional considerations:
· Deep sleep						1
· Light sleep							20
· Micro sleep 						45
· Measurement (idle)					100
· Measurement (connected) 				100
· Monitoring scheduling PDCCH 			100
· Monitoring paging PDCCH 				100
· Data TX/RX						122
· Transition in/out of deep sleep			23	(2 x 10 ms)
· Transition in/out of light sleep			26	(2 x 3 ms)

The data TRX power level is based on assumptions of UL:DL=1:10, 10% active slots (90% PDCCH monitoring), 0 dBm:23 dBm = 1:1. 
2.3 	Results and discussion
The above described energy consumption model has been used to evaluate the fraction of energy and time expended in idle and connected modes, additionally separating the deep sleep irreducible baseline and activity-induced (measurements, monitoring, and data) energy consumption. All percentages are given in relation to the total consumed energy and observation time.

	
	Energy [%]
	Time [%]

	Idle irreducible
	8.8
	88%

	Idle activity
	15.7
	

	Connected irreducible
	1.1
	12%

	Connected activity
	74.4
	



Note that the irreducible base energy consumption for the UE – if it were to permanently stay in deep sleep – is 10% of the observed total energy consumption.
We can estimate the energy reduction bounds for some operation classes, characterizing how much energy consumption were reduced if the operation is omitted but other operations are still performed. This is different from energy cost of different operation classes (energy consumed doing only that operation and ignoring other operations) – somewhat  fictitious metric in some cases since the UE may be simultaneously performing multiple functions. The reduction bound for most operations is smaller than the corresponding cost since eliminating one operation may make another operation dominant, instead of resulting in a dormant state.

	
	Energy reduction 
bound [%]

	Idle measurements
	8.1

	Idle PO monitoring
	7.6

	Connected measurements
	2.4

	Connected PDCCH monitoring
	5.4

	Connected active data TRX
	41.4



The results indicate that, under the used traffic model that reflects an average for many smartphone UEs in practice, each of the main operational categories has a limited energy reduction upper bound. While material presented during the SI suggests that some PS may be possible in multiple areas in terms of the energy cost of that area, significant total energy consumption reduction requires contributions in multiple areas.  One reflection is that the SI has focused heavily on improving PDCCH monitoring in the absence of data. The model suggests that even major improvements to PDCCH monitoring would not reduce the total UE energy consumption dramatically.  
An exception is the active data TRX phase that include active UL/DL data slots, PDCCH monitoring for continuing data, and the CDRX IAT, which consumes over 40% of the total energy. However, reduction of data TRX may require improvements that from those used for time- and frequency domain approaches mostly discussed in this SI.
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The energy distribution between different operational modes strongly depends on assumed traffic patterns and DRX and CDRX settings. Certain operational modes and their energy reduction potential may become more dominant under other specific traffic assumptions.

Conclusion
In section 2, the following observations were made: 
Observation 1	Multiple functional areas contribute noticeable but not dominant fractions of the total UE energy consumption.
Observation 2	The magnitude of UE PS gains potential from specific improvements differs significantly depending on whether it is viewed from the context of the relevant operating mode or overall UE energy consumption.
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