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1	Introduction
Energy efficiency is important from a cost and environmental perspective. For battery-operated terminals, the energy efficiency is further important because of the desire to achieve long operating times. In 3GPP TSG RAN #80 meeting, a New SID: Study on UE Power Saving in NR was approved [1]. 
In this paper, we discuss methodology for evaluating the impact of UE power savings techniques that will be considered in the SI. The methodology includes the performance metrics and the simulation parameters.
[bookmark: _Ref178064866]2	Discussion
2.1 	Performance Metrics
To have a fair comparison on the performance of different energy saving schemes, a set of evaluation metrics are required. The performance of the energy saving schemes should be evaluated against the baseline case, i.e., no energy saving schemes are enabled, and considering not only the energy saving gains, but also other impacts, e.g., latency, user throughput, system overhead, etc. In the following sections we discuss these aspects in detail. 
2.1 	Power saving gain
2.1.1 Power Consumption model
[bookmark: _Hlk524962394]To analyse the advantage of different proposals on energy savings, a quantitative analysis on UE power consumption is required. Therefore, it is important to have a well-established power consumption model at the UE. The power consumption model needs to remain simple to avoid too complex analysis and to make the simulation reproducible, easy to be traced, and independent from scheduler impact. 
Despite the simplicity, it is important to have a power consumption model that could facilitate evaluation of different power saving schemes. For this purpose, one major breakdown that should be implemented to the power consumption model is the being in-state power consumption (e.g. PDCCH monitoring, PDSCH reception, light sleep, and deep sleep) and the inter-state power consumption (e.g. light sleep to PDCCH reception, deep sleep to PDCCH reception). This separation is important as the former is more dependent to the adaptive timing setting (e.g. DRX setting) while the latter is more independent. As discussed in [8], both in-state power consumption and power required by the UE for state transitions have material impact on overall UE power consumption and having power consumption information on those two parts would lead to a more optimum setting for the power saving schemes. In addition, the power consumption model should also capture the impacts on the changes to BW, MIMO ranks etc. These changes can be modelled as inter-state transitions. 
[bookmark: _Toc525906267][bookmark: _Toc525906578][bookmark: _Toc525915297][bookmark: _Toc525935856]The power consumption model should consider both 
a) [bookmark: _Toc525935857]power consumption of the UE being in a particular state (e.g. PDCCH monitoring, PDSCH reception, light sleep, deep sleep, particular BW etc.) and
b) [bookmark: _Toc525935858]power consumption required by the UE to perform transitions between states and related parameter adaptation.

In addition to above proposal, as NR provides flexibility on several parameters which are relevant to power consumption such as MIMO ranks, bandwidth, and carrier frequency, it becomes important to have an agreement on the power consumption for different settings of those parameters. As an example, Table 1 below shows the LTE power consumption of PDSCH reception, including monitoring the corresponding PDCCH, for different parameter settings on the bandwidth, number of receive antennas, and data rates for 2.1 GHz of carrier frequency without carrier aggregation. 
Table 1 An example of LTE power consumption of DL reception
	Bandwidth
	MIMO rank
	Data rate
	Power consumption

	5 MHz
	2
	10 Mbps
	1.0

	
	
	50 Mbps
	1.4

	
	4
	10 Mbps
	1.4

	
	
	50 Mbps
	1.8

	10 MHz
	2
	10 Mbps
	1.3

	
	
	50 Mbps
	1.7

	
	4
	10 Mbps
	2.0

	
	
	50 Mbps
	2.1



From the table we can see that, even if we have the same data rate, the power consumed by the UE baseband processing can be different in different bandwidth and MIMO rank settings. Therefore, it is important to reflect these factors in the power consumption modelling. 
[bookmark: _Toc525935859]The power consumption model should capture the power consumption on different MIMO rank, bandwidth, data rate, carrier aggregation, and carrier frequency settings.
It should be kept in mind, however, that the dynamic nature of the power state, MIMO rank, bandwidth, carrier frequency, etc. is restricted by the time required by the UE to do such state transition or parameter adaptation. Thus, it is important to have an agreed value on this required time to make sure that the power saving schemes can be implemented. Recall that the transition time is physically numerology-independent, as it is a hardware character. Hence, when different numerologies are considered in NR, it is better to express the required time for the transition in absolute time units, e.g., milliseconds, and if necessary convert it to number of symbols in the corresponding numerology. 
[bookmark: _Toc525906272][bookmark: _Toc525906583][bookmark: _Toc525915302][bookmark: _Hlk524965681][bookmark: _Toc525935860]The power consumption model should include the time required by the UE to conduct state transition or parameter adaptation and is measured in absolute time units, e.g., milliseconds.
Different energy saving schemes are (mainly) proposed to improve the battery lifetime. Considering this fact, the evaluation on the energy saving schemes should be conducted in the sense of total energy consumption to accomplish one or several operations in a given time instead of reducing the instantaneous power consumption. In the PDSCH reception for example, a larger bandwidth requires a larger instantaneous power compared to that of narrower bandwidth. However, using a larger bandwidth requires a shorter time to complete the transmission. Hence, although the instantiations power consumption is higher, the total energy consumption might be lower by using a larger bandwidth due to the shorter reception time.  
[bookmark: _Toc525906274][bookmark: _Toc525906585][bookmark: _Toc525915304][bookmark: _Toc525935861]The evaluation of power saving schemes should consider overall UE energy usage for performing a certain operation (e.g. a FTP session) by taking into account the per symbol/per slot/per transition values from the UE power consumption model.

Furthermore, the UL transmission also plays an important role in evaluating the energy saving schemes. First, some of the energy saving schemes may require the UE to send a feedback in the UL to confirm whether the new settings are applied. Such associated cost should be captured also in evaluating the energy saving schemes. Moreover, the power saving scheme applied may also prolong the UL transmission time due to factors such as reducing the bandwidth, system capacity, scheduling delays, etc. Therefore, an UL power consumption model is needed in evaluating the overall energy savings at the UE. We have more details in our companion paper [6] to discuss this issue. 
[bookmark: _Toc525935862]Both DL reception and UL transmissions by the UE should be considered while evaluating the overall UE energy consumption.

2.1.1.2	Traffic consideration
In 3GPP evaluations FTP models 1-3 are used for modelling bursty traffic. These models can be used as a starting point to evaluate the power saving gain from different power saving scheme proposals. It should be noted that, however, different applications have different traffic types. These different traffic types have significantly different characteristics which can be seen in their distribution function, mean transmission size, and the mean inter arrival time [3], [4]. 
Intuitively, we could assume that the evaluation on the power saving schemes in the different traffic setup might lead to different results. In an extreme situation, a power saving scheme might be very beneficial to one type of traffic while it gives negative effect to the other type of traffic. Thus, a power saving evaluation should consider different traffic profiles. Therefore, even if only FTP models are used for the evaluations, different parameter value sets should be used in simulations so that they can at least at a high level mimic different traffic characteristics
[bookmark: _Toc525935863]At least 3GPP FTP models 1, 3 should be used for the evaluations. Different parameter value sets should be simulated with these models so that different traffic characteristics can be captured at least at a high level.

It is important to select several traffic types which commonly consume the majority of energy consumption in the UE side on the regular daily basis. In this case, the Days-of-Use (DoU) profile such as in [5] allows us to define the types of applications (traffic types) and their amount of usage for a typical eMBB user throughout a day. To evaluate whether a certain power saving proposal does not have negative effects in the total daily energy consumption (although it has positive effect for a certain network type), the power saving proposal can be evaluated for all relevant traffic types and calculated as a percentage relative to the common DoU energy consumption.

[bookmark: _Toc525933195][bookmark: _Toc525933784][bookmark: _Toc525935864]DoU profile can be used to select the representative traffic types (or FTP parameter setting) which will be used for the evaluation of power saving proposals.

2.1.2 	Additional latency due to power saving measures
Additional signalling (e.g. precursor signals) and lower throughput (e.g. due to smaller BW, MIMO rank, etc.) might occur due to the power saving schemes. This can increase latency. Therefore, the additional latency should be rated relative to the latency that occurs when using the base parameter setting.
[bookmark: _Toc525935865]Additional latency is assessed by comparing the latency of transmission with a power saving scheme and the latency occurring without power saving scheme.
2.1.3 	Impact on network and system overhead
Several power saving schemes might require additional transmissions to inform the UE regarding the optimum configuration and/or signal of the respected data transmission and cycle. This consumes additional DL and/or UL resources as well as put restrictions on the scheduler. Therefore, it may reduce both the UE perceived throughput and spectral efficiency, especially in a high load cell. Therefore, signalling should be built thoroughly so it consumes a small portion of transmission resources. In the performance metric, the additional system overhead can be represented as the percentage of signalling load per-UE to the total cell capacity, or the cell throughput. 
[bookmark: _Toc525935866]When system level simulations are performed, user perceived throughput (considering TCP slow start) vs. served traffic per cell for different loads should be reported for the evaluated power saving scheme 
[bookmark: _Toc525554961][bookmark: _Toc525555574][bookmark: _Toc525557258]In addition to the effect of UE power saving mentioned above, several additional negative effects in the network side might also occur. These negative effects should be considered carefully and kept low. Power saving in RRM measurement for example, might affect the mobility robustness and thus might degrade the NW performance due to suboptimal serving cell selection. In addition, the reduction on the number of receive antennas in the multiple antenna system could reduce the link and system performance due to suboptimal antenna port or beam selection. A further discussion about this part can be read in [7]. 
[bookmark: _Ref525906400]2.1.4 	Power saving signal performance
Some of the possible power saving schemes are the introduction of the wake-up signal (WUS), go-to-sleep signal (GTS), and/or wake-up radio (WUR). Should these schemes be implemented, there should be an analysis or simulation regarding their performance. Similar to NB-IOT and MMTC, the performance observation for such signalling should include coverage area, detection performance, false alarm rate, and the missed detection rate. 

[bookmark: _Toc525935867]For evaluating the necessity and performance of Wake-up signal/ Wake-up-receivers or Go-To-Sleep signals
[bookmark: _Toc525935868]a) the performance of these additional signaling needs to be observed in terms of their coverage area, detection performance, false alarm rate and missed detection rate.
[bookmark: _Toc525935869]b) the impact of false or missed detection of those signals on overall system performance should be evaluated.
2.2 	Simulation parameters
To rate the performance of power saving schemes, base settings for several representative scenarios are required. Here, the setting includes but is not limited to the traffic type, deployment scenario, bandwidth, number of antennas, and DRX parameters. An example of the parameter setting base can be seen in Table 2.
	Parameters
	Values

	Traffic type
	FTP as baseline, FFS other traffic models 

	Deployment scenario
	Dense urban

	Bandwidth
	40 MHz (for FR1) & 200 MHz (for FR2)

	Number of antennas
	4

	DRX parameters
	Short DRX cycle: 20 ms (optional)
Short DRX cycle timer: 4 (optional)
Long DRX cycle: 160 ms
DRX inactivity timer: 20 ms
On duration timer: 5 ms


Table 2. A base of simulation parameters for power saving comparison

2.3	System/Link level performance
[bookmark: _GoBack]If new precursor signals are introduced, as discussed in section 2.1.4, the link level performance should be studied. In the system level, as discussed in section 2.1.3, couple of impacts might occur. Therefore, link level and system level simulations are necessary to evaluate the performance with and without a power saving scheme. A justification whether the respected power saving scheme can be implemented or not is conducted based on whether the link level performance and the throughput values when using power saving scheme relative to that of without power saving scheme remain in acceptable ranges. 
Conclusion
In this document we discuss evaluation methodology for UE power savings and propose the following: 

Proposal 1	The power consumption model should consider both
a)	power consumption of the UE being in a particular state (e.g. PDCCH monitoring, PDSCH reception, light sleep, deep sleep, particular BW etc.) and
b)	power consumption required by the UE to perform transitions between states and related parameter adaptation.
Proposal 2	The power consumption model should capture the power consumption on different MIMO rank, bandwidth, data rate, carrier aggregation, and carrier frequency settings.
Proposal 3	The power consumption model should include the time required by the UE to conduct state transition or parameter adaptation and is measured in absolute time units, e.g., milliseconds.
Proposal 4	The evaluation of power saving schemes should consider overall UE energy usage for performing a certain operation (e.g. a FTP session) by taking into account the per symbol/per slot/per transition values from the UE power consumption model.
Proposal 5	Both DL reception and UL transmissions by the UE should be considered while evaluating the overall UE energy consumption.
Proposal 6	At least 3GPP FTP models 1, 3 should be used for the evaluations. Different parameter value sets should be simulated with these models so that different traffic characteristics can be captured at least at a high level.
Proposal 7	DoU profile can be used to select the representative traffic types (or FTP parameter setting) which will be used for the evaluation of power saving proposals.
Proposal 8	Additional latency is assessed by comparing the latency of transmission with a power saving scheme and the latency occurring without power saving scheme.
Proposal 9	When system level simulations are performed, user perceived throughput (considering TCP slow start) vs. served traffic per cell for different loads should be reported for the evaluated power saving scheme
Proposal 10	For evaluating the necessity and performance of Wake-up signal/ Wake-up-receivers or Go-To-Sleep signals
a) the performance of these additional signaling needs to be observed in terms of their coverage area, detection performance, false alarm rate and missed detection rate.
b) the impact of false or missed detection of those signals on overall system performance should be evaluated.
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