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1. Introduction 

A new study item on reduction of UE power consumption has been approved [1]. A part of the study includes evaluation of the potential gains of power consumption reduction techniques. Such an evaluation requires a common set of evaluation assumptions amongst companies. Evaluation assumptions have been proposed in Tdocs submitted to RAN1#94 and have been discussed in offline email discussions.
This document focusses on the following aspects of the evaluation assumptions for power consumption reduction:

· Power states

· IDLE mode assumptions including clock stability

2. Power states
In the Rel-15 work item on efeMTC, studies of power consumption were performed and the following power states were used in the analysis [2]:

Table 1 - Power consumption assumptions for Rel-15 efeMTC
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Power [units/ms]

Total ramp up or ramp down time [ms]

Notes

Receive

100

RF and baseband circuitry.

Light sleep

1

Corresponds to maintaining accurate timing by
keeping RF frequency reference active.

Idle, deep sleep

0.015/[0.05]

Deep sleep during PSM and eDRX,
depending on UE architecture.

Transitions to or from light sleep

50

15

Boot, reload memory etc.

Transitions to or from deep sleep

50

200/[25]

Boot, reload memory etc.,
depending on UE architecture.





These power consumption states and values were arrived at after a significant amount of discussion on the email reflector including many UE companies. Note that a similar set of assumptions were used for NB-IoT.

Using this power consumption model as a basis for the power consumption model for the NR power consumption study, the following observations are made:
· Light sleep. In this mode, accurate timing is maintained by operating an accurate TCXO-based clock. This clock has an initial frequency error (according to RAN4 specs) of 0.1ppm, a drift of 0.05ppm/sec and a maximum frequency error of +/-5ppm.

· Deep sleep. In deep sleep, there is no accurate reference timing and timing is maintained with a real time clock (RTC) with an accuracy of +/- 20ppm. In the deep sleep state, most of the functions of the modem are turned off and it takes a significant amount of time to transition into / out of the deep sleep state, where some of the time is taken in booting the modem CPU and reloading memory. Most of the power in deep sleep state is associated with running the RTC and other basic SoC support functions. This power consumption is reasonably independent of RAT, hence the same power consumption as eMTC, 0.015mW, is assumed.
· Receive. The efeMTC UE has a 1.4MHz RF bandwidth and a single receive chain, yet its power consumption is still 100 times greater than the power consumption in light sleep. Given that an NR modem has at least 2 RX chains and a much wider minimum BWP bandwidth, the NR receive power consumption is in reality greater than for eMTC. In [4] it is reported that LTE UE measurements of an IDLE mode paging DRX cycle indicate a current consumption of the order of 90mA when the UE is receiving. Assuming a battery voltage in the range of 2-3V was used, the receive power consumption is of the order of 200 mW (which would equate to approximately 200 units/ms). Hence, we consider that 200 units/ms is a reasonable receive power consumption. The receive power consumption would then scale upwards with more receive antennas and wider receiver bandwidths. The 200 units/ms value is hence a baseline for a 2RX chain, 20MHz BWP, single component carrier mode of operation. RAN1 needs to agree on scaling equations that modify this baseline power consumption as a function of number of RX chains, number of component carriers and BWP size. Given other overheads, we observe that any relation between the number of blind decodes and power consumption is weak. 
· Transition to / from light sleep. Significant power is consumed in transitioning to / from light sleep. The power consumed in transitioning to / from light sleep for an LTE modem was measured in [xxx] and is reproduced in Figure 1. The plateaus at the left and right edges of the trace are attributed to transitioning to / from sleep state. The power consumed in these transition regions is approximately 25% of the power in the steady-state receive mode for the device. Assuming receive mode consumes 200units/ms, these observations are hence consistent with a transition to / from light sleep requiring 50 units/ms. The results in [4] and [5] show the transitions occupying 10-20% of an IDLE paging cycle of approximately 28ms, hence the total ramp up / down time is probably more accurately modelled as having a duration of approximately 5ms.

· Transition to / from deep sleep. The power taken to transition to / from deep sleep is similar to the power taken to transition to / from light sleep, but the time taken to perform these transitions is much longer than for the light sleep state. In order to enjoy a power saving benefit from deep sleep (where the power consumption is approximately 0.015mW), there is a significant energy penalty, due to the long transition time. In the deep sleep state, the modem RAM may be cleared and the CPU may be put into a low power mode. Reloading the RAM and booting the CPU are two processes that cause this transition time to be long. Depending on UE architecture, there can be significant differences in power consumption between implementations.
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Figure 2 – Power vs time for an LTE paging wakeup. Results from Mediatek [5]
In addition to the power consumption assumptions for eMTC, the NR power consumption study should also consider the UL transmit power, power for RRM measurements and power consumption for receiving a power saving signal.

UL transmit power. Depending on the traffic model, active data transmission can account for a significant proportion of the power consumption of the UE. In [6], it is reported that 50% of the UE power consumption is associated with active data transmission when the UE is running a Youtube application. Active data transmission entails the UE sending UL signals (even when the traffic is mainly in the DL, PUCCH are sent in the UL). Hence the power state model should include UL transmission power.
While the NB-IoT study / work items assumed a PA efficiency of 45-50%, the PA efficiency for an NR modem is likely to be less when transmitting a multi-subcarrier OFDM-based waveform, given the higher PAPR that is has to cope with. The PA efficiency is also likely to be degraded at mmWave carrier frequencies. Accounting for other components in the transmit chain, the overall transmit power efficiency is more realistically of the order of 25%. For a 23dBm transmitter, the power consumption while transmitting is 800mW, equating to approximately 800 units/ms.

While power control changes the amount of radiated power, it does not necessarily have a significant effect on UE power consumption, since the PA efficiency reduces if the UE is not transmitting at maximum power. This effect is implementation dependent. Our view is that the study should hence assume that there is a fixed power consumption at the UE of 800 units/ms regardless of power control.
RRM measurements. While RRM measurements can require synchronization to neighboring cells, the main task undertaken in RRM measurement is akin to the UE operating in receive mode. Hence we think that RRM measurements should be assumed to consume 200 units/ms. Note that an RRM measurement can be associated with a measurement report and transmission of this measurement report in the UL would consume 800 units/ms, as described above.

Power saving signal. The power consumed in receiving the power saving signal is dependent on the design of the power saving signal. Proponents of a power saving signal should provide an estimate of the power consumption of their power saving signal receiver.

Based on the above discussion, Table 1 summarises our proposed power consumption state model for NR.
Table 2 – Proposed power consumption model for NR
	Power state
	Power (units/ms)
	Time (ms)
	Notes

	Receive
	200
	
	2RX, LTE bandwidth. Needs to be scaled as a function of BWP size, number of RX chains, CA

	Transmit
	800
	
	No scaling for power control

	Light sleep
	1
	
	Accurate timing maintained.

	Deep sleep
	0.015
	
	Inaccurate timing with a RTC

	Transition to / from light sleep
	50
	5
	Boot from a standby state

	Transition to / from deep sleep
	50
	200
	Boot / reload RAM


3. IDLE mode assumptions
In offline email discussions, the following IDLE / INACTIVE mode assumptions have been proposed:

[image: image3.png]eMBB Scenario casel case2 case3
Traffic load light medium high
DRX cycle [s] 10.24 0.32 0.32
On duration time[s] 0.001 0.002 0.16
#POs/PTW 1 4 4
Paging rate [%] 10 10 10




  
These assumptions are generally OK, but the following should be taken into account:

· eDRX. NR does not currently support eDRX. Hence the concept of PTW does not exist. 
· In IDLE mode, the frequency stability of the UE is worse than in CONNECTED mode (where in CONNECTED mode, a frequency stability of 0.1ppm is appropriate). For an FFT-based power saving signal, the following frequency stabilities are proposed for IDLE / INACTIVE mode:

· Light sleep. Initial error = 0.1ppm. Drift = 0.05ppm / sec. Max error = 5ppm. These values assume a typical TCXO.

· Deep sleep. Max error = 20ppm. This value assumes an RTC (real time clock) is used in deep sleep mode.

For a non-FFT-based power saving signal, supporting a low power receiver implementation, these frequency stabilities can potentially be relaxed. Hence, depending on the waveform of the power saving signal, other frequency stabilities should not be precluded.
Since the study assumes eMBB use cases, a maximum DRX cycle time of 10.24 seconds is acceptable. If mMTC services were considered in the future, longer DRX cycles and eDRX could be considered.
4. Conclusion
This document has considered the power state model for the NR power consumption study and IDLE mode assumptions and makes the following proposals.
Proposal: Use the following power states and associated power consumptions:
	Power state
	Power (units/ms)
	Time (ms)
	Notes

	Receive
	200
	
	2RX, LTE bandwidth. Needs to be scaled as a function of BWP size, number of RX chains, CA

	Transmit
	800
	
	No scaling for power control

	Light sleep
	1
	
	Accurate timing maintained.

	Deep sleep
	0.015
	
	Inaccurate timing with a RTC

	Transition to / from light sleep
	50
	5
	Boot from a standby state

	Transition to / from deep sleep
	50
	200
	Boot / reload RAM


Proposal: Use the following clock stabilities in IDLE mode:

· Light sleep. Initial error = 0.1ppm. Drift = 0.05ppm / sec. Max error = 5ppm. 

· Deep sleep. Max error = 20ppm. 

· Other frequency stabilities are not precluded for the study of power saving signals supporting low power receiver implementations.
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