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1	Introduction
Energy efficiency is important from cost and environmental perspective. For battery-operated terminals, the energy efficiency is more important to achieve long battery operating times. In 3GPP TSG RAN #80 meeting, a New SID: Study on UE Power Saving in NR was approved [1]. To justify the effectiveness of different proposals on power saving several agreements for the UE power modelling have been made in [2]. In this paper, we address further consideration for UE power modelling of power saving techniques to complement the previous agreement mentioned above.
[bookmark: _Ref178064866]2	Discussion
2.1 	UE Power Scaling
In [2], a reference configuration has been agreed for UE power consumption modelling. It has also been agreed to FFS on UE power scaling for other configurations, and UE power saving signal processing power and power state transition energy.
2.1.1 	UE DL Power Scaling with CC
For DL carrier aggregation (CA), with the number of carriers increasing, UE power consumption increases. Using 1CC as a reference, we propose below scaling factors on UE power consumption for different number of carriers.
Table 1 UE power scaling to number of CC in DL CA
	Number of CC
	UE power scaling factor

	1CC
	1

	2CC
	1.7

	3CC
	1.9

	4CC
	2.2

	5CC
	2.4



[bookmark: _Toc528961062]For DL CA power estimation, UE power consumption can be scaled to the number of carriers as Table 1.

2.1.2 	UE DL Power Scaling with Number of Antennas
Assuming the number of Rx chain is the same as the number of Rx antenna, the UE DL power consumption can be scaled as table below. 
Table 2 UE power scaling to number of Rx antennas in DL
	[bookmark: _Hlk528744203]Number of RX antennas
	UE power scaling factor

	1 Rx
	0.5

	2 Rx
	0.7

	4 Rx
	1

	8 Rx
	1.5



[bookmark: _Toc528961063]UE power consumption in DL can be scaled to the number of Rx chains as above Table 2.
2.1.2 	UE UL Power Scaling with Number of Antennas
Assuming the number of Tx chain is the same as the number of Tx antenna, the UE UL 0dBm power consumption can be scaled as table below. For 23dBm case, UE power consumption is not scaling to the number of Tx chains as PA power is dominant. 
Table 3 UE power scaling to number of Tx antennas in UL
	Number of TX antennas
	UE power scaling factor (0dBm)

	1 Tx
	1

	2 Tx
	1.4

	4 Tx
	1.8



[bookmark: _Toc528961064]UE power consumption in UL can be scaled to the number of Tx chains as above Table 3.

2.2  	UE Power State Transition
For UE in a sleep state, the ramp-up duration to go out of the sleep state is always longer than the ramp-down duration to go into the sleep state. The ramp-up may involve a ramp-up sequence on UE power suppliers, interface activation and SW booting, which takes much more time than the corresponding ramp-down sequence.  The ramp-up also consumes much more energy than its corresponding ramp-down.
It has been agreed on the total required time and energy for the transition of sleep states. To further specify the time and relative energy value for the ramp down and ramp up transitions separately, we proposed the values in Table 3.
Table 4 Required time and energy for sleep state transition.
	Sleep type
	Additional transition energy
(Relative power x 1ms)
	Total transition time

	Deep sleep
	450 (380 for ramp-up + 70 for ramp-down)
	20 ms (16ms ramp-up + 4ms ramp-down)

	Light sleep
	100 (85 for ramp-up + 15 for ramp-down)
	6 ms (5ms ramp-up + 1ms ramp-down)

	Micro sleep
	0
	0 ms
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2.3 	UE Power Modelling on Wakeup Signal -- WU-PDCCH
Assume a dedicated low power wakeup receiver (WUR) to detect PDCCH power saving signal (i.e. WU-PDCCH).  Comparing with the main UE modem, the silicon area of the WUR can be much less. Some its RF requirements can be relaxed, e.g. allowing more noisy clock, lower ADC sampling rate etc. All these can help lower WUR power consumption. 
There are two types of method that can be used: time-domain correlation-based and frequency-domain decoding-based. 
For the time-domain correlation approach, UE’s WUR can be designed with ultra-low power as FFT is not required and time/frequency synchronization can be relaxed. Based on the state of art low power RF design, the correlation based WUS detection can consume as little power as 0.1 (normalized to UE deep sleep power). On top of UE sleep power consumption, WUR’s power consumption for power saving signal detection is marginal. 
For the frequency-domain decoding approach, UE’s WUR shall be implemented with FFT and DCI decoding. gNB can transmit WU-PDCCH with different bandwidth. The power consumption of the UE WUR depends on the BW. Assuming the narrowest BW (1MHz) of WU-PDCCH, the power consumption to decode WU-PDCCH is estimated as 3 (normalized to UE deep sleep power). With the bandwidth of WU-PDCCH increasing, the false alarm rate can be improved while the power cost for WU-PDCCH will increase. For 10MHz WU-PDCCH, the power cost for WU-PDCCH detection is estimated as 9; and 15 for 20MHz WU-PDCCH. 
[bookmark: _Toc528961068]For WU-PDCCH, Total power consumption in a slot where WU-PDCCH is monitored = Power consumed for WU-PDCCH detection + Power consumed for the sleep state in the slot.
[bookmark: _Toc528961069]For time-domain correlation receiver, power consumed for WU-PDCCH detection can be assumed to be 0.1 units (when corresponding deep sleep power consumption is normalized to 1 unit).
[bookmark: _Toc528961070]For frequency-domain decoding, power consumed for WU-PDCCH detection can be assumed to be 3 units for 1MHz WUS detection BW and 15units for 20MHz WUS detection BW (when corresponding deep sleep power consumption is normalized to 1 unit).
Conclusion
In section 2, the following observations and proposals were made: 
Proposal 1	For DL CA power estimation, UE power consumption can be scaled to the number of carriers as Table 1.
Proposal 2	UE power consumption in DL can be scaled to the number of Rx chains as above Table 2.
Proposal 3	UE power consumption in UL can be scaled to the number of Tx chains as above Table 3.
Proposal 4	For sleep states, the time and relative energy value for the ramp-down and ramp-up transitions can be separated as Table 4.
Proposal 5	For WU-PDCCH, Total power consumption in a slot where WU-PDCCH is monitored = Power consumed for WU-PDCCH detection + Power consumed for the sleep state in the slot.
Proposal 6	For time-domain correlation receiver, power consumed for WU-PDCCH detection can be assumed to be 0.1 units (when corresponding deep sleep power consumption is normalized to 1 unit).
Proposal 7	For frequency-domain decoding, power consumed for WU-PDCCH detection can be assumed to be 3 units for 1MHz WUS detection BW and 15units for 20MHz WUS detection BW (when corresponding deep sleep power consumption is normalized to 1 unit).
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