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1	Introduction
Energy efficiency is important from cost and environmental perspective. For battery-operated terminals, the energy efficiency is further important because of the desire 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 saving evaluation methodology has been made in [2], [3], [4], and [5]. In this paper, we provide some initial evaluation results for calibration and provide additional inputs to evaluation methodology.
[bookmark: _Ref178064866]2	Discussion
2.1 	Calibration on the traffic model
2.1.1 	Calibration results
To obtain consistent evaluation between companies, it is beneficial to simulate several scenarios on the traffic model to observe whether different companies have similar traffic output for the same reference scenario or not. In [5], it is agreed that FTP model 3 with 0.1 Mbytes of packet size and 200msec of mean inter-arrival time; and VoIP model as defined in R1-070674 are used as the reference scenario to generate time distribution for different power states. The calibrations are conducted in the following settings:
1. No C-DRX configured for both VoIP and FTP.
2. C-DRX cycle of 160msec for FTP with 100msec of inactivity timer and on duration timer of 8msec.
3. C-DRX cycle of 40msec for VoIP with 10msec of inactivity timer and on duration timer of 4msec.

For simplification, several simplified assumption can be made: Power modelling configuration for FR1; peak throughput; 100MHz, of DL BWP; 10 symbols of PDSCH (one symbol occupied by DMRS); transmit 868584 information bits per slot (note: a packet can fit within a PDSCH transmission); all packets can be successfully decoded on the first transmission; no HARQ retransmission; no UL slots; single user; and short DRX is not configured. Due to the random nature in several aspects of transmission, e.g. inter-arrival time (for FTP), spurt and silence time (for VoIP), a considerable time of monitoring is required to obtain enough data to satisfy the statistical average. In this calibration we monitor the transmission for a period of one minute for each scenario. 
An example of state dynamic for transmissions with the above assumptions can be seen in Fig. 1, Fig. 2, Fig. 3, and Fig. 4. Note that the state dynamics in these figures (and the values in Table 1) consider only the downlink part of the transmission.
In Fig. 1, we can see that without DRX, there are only two states for the transmission, i.e. the PDCCH+PDSCH state and the PDCCH-only state. Implementing the DRX feature (see Fig. 2), there will be an additional state in the transmission, i.e. deep sleep state. In this calibration, the FTP transmission only has the deep sleep state because there is only one DRX configuration (i.e. long DRX cycle), which is set to 160ms. This DRX cycle is significantly larger than that of the time required to enter and exit deep sleep state. Given this knowledge, according to agreed evaluation assumptions, the UE will always choose deep sleep state instead of micro and/or light sleep.
[image: ]
Fig 1. State dynamics in FTP transmission with-out DRX cycle
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Fig 2. State dynamics in FTP transmission with DRX cycle


Similar to Fig. 1, there are only two power states for VoIP transmission without DRX cycle (see Fig. 3). Using the DRX cycle, there will be two additional power states, i.e. light sleep and deep sleep. The light sleep occurs in the talk spurt time. As the frame size is 20ms and the inactivity timer is set to 10ms, there is about 10ms gap between the time when the inactivity timer expired and the next PDSCH. Deep sleep, on the other hand, occurs in the silence time. Specifically, when the UE wakes up after the light sleep, do the PDCCH monitoring, and realize that there is no grant, the UE will start the long DRX cycle. Since the DRX cycle is set to 40ms and the on-duration timer is set to 4ms, there will be 36ms that can be used by the UE to go to sleep. This available time is larger than the time required by the UE to enter and exit the deep sleep (i.e. 20ms). Therefore, the UE can choose to enter the deep sleep for this occasion.
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Fig 3. State dynamics in VoIP transmission without DRX cycle
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Fig 4. State dynamics in VoIP transmission with DRX cycle


Table 1. Time distribution for traffic model calibration
	Power states
	Time distribution

	
	FTP
	VoIP

	
	No DRX
	With DRX
	No DRX
	With DRX

	PDCCH only (includes PDCCH reception, decoding, and micro sleep)
	99.8 %
	38.2 %
	98.5 %
	32.4 %

	PDSCH + PDCCH
	0.2 %
	0.2 %
	1.5 %
	1.5 %

	Micro sleep (sleep below 6ms, not including micro sleep in PDCCH only)
	0 %
	0 %
	0 %
	0 %

	Light sleep (sleep between 6ms – 20ms)
	0 %
	0 %
	0 %
	26.5 %

	Deep sleep (sleep above 20ms)
	0 %
	61.6 %
	0 %
	39.6 %







[bookmark: _GoBack]
Table 2. Power distribution for traffic model calibration
	Power states
	Power distribution

	
	FTP
	VoIP

	
	No DRX
	With DRX
	No DRX
	With DRX

	PDCCH only (includes PDCCH reception, decoding, and micro sleep)
	99.4 %
	96.8 %
	95.7 %
	76.2 %

	PDSCH + PDCCH
	0.6 %
	1.6 %
	4.3 %
	10.3 %

	Micro sleep (sleep below 6ms, not including micro sleep in PDCCH only)
	0 %
	0 %
	0 %
	0 %

	Light sleep (sleep between 6ms – 20ms)
	0 %
	0 %
	0 %
	12.5 %

	Deep sleep (sleep above 20ms)
	0 %
	1.6 %
	0 %
	0.9 %



Table 1 and Table 2 shows the time and power distribution for both FTP and VoIP cases to be used for calibration purposes. 
In addition, it is also worth to note that the total energy consumption for “with DRX” case is smaller compared to that of “No DRX” case. For FTP scenario for example; with no DRX, the total energy consumption under one-minute observation is 6,021,600 unit.ms. Using the DRX, the energy consumption can be reduced to 2,364,936 unit.ms, which is about 62% of energy reduction. In the VoIP scenario, with no DRX, the total energy consumption under one-minute observation is 6,214,750 unit.ms, while using DRX, the energy consumption can be reduced to 2,565,220 unit.ms, which is about 59% of energy reduction. For both cases, the energy saving comes from the reduction of the PDCCH monitoring occasion which is transformed to the light and/or deep sleep. It should be noted, however, this calculation still excludes the energy consumption required to do the state transition.
[bookmark: _Toc528948583]A suitable DRX configuration could significantly reduce the energy consumption of the UE.
While DRx settings mentioned above have been used for claibration, a suitable DRX configuration (e.g. using 160ms of DRX cycle for 200ms of IAT FTP traffic) could give a significantly different power consumption compared to that of without DRX implementation. Using somewhat imprecise DRX setting, on the other hand, will not give as much power saving. Using 40ms of DRX cycle for the above FTP scenario, for example, only gives about 45% of total energy reduction. Therefore, in determining the basic value of DRX configuration, it is important to consider the characteristic of the respective traffic model and scenario, mainly to avoid over optimistic power saving value for the power saving proposals.
[bookmark: _Toc528948557]A DRX configuration base for each traffic type should be agreed by considering the characteristic of each traffic to avoid over optimistic power saving gain. 

2.1.2 	Transport characteristic consideration
While the calibration in section 2.1.1. is indeed important, it is also necessary to consider also a more realistic scenario for each traffic type. FTP transmission for example, requires initiation from the UE side (UL). In addition, each occasion also most likely will be conducted in more than one transmission. Furthermore, each of this transmission also requires ack transmission from the UE side. A more realistic scenario for the respected traffic models, therefore, are required. For the FTP case, for example, the scenario can contain on how much transmission is conducted in one occasion, how much the gap between the UE initiation and the downlink reception, etc. While for VoIP, we might also define whether the evaluation consider only one-way or two-way transmission. Agreement on this is quite important as this characteristic will affect the total power consumption of a UE (thus, it also affects the power saving gain of each PS proposal). In addition, understanding this characteristic is also important, for example, to define whether the UE can enter a low-power mode or not (e.g. DRX cycle).
Fig. 5 shows an example for FTP transmission similar with the calibration scenario. However, each FTP occasion contains three DL transmission, where each transmission has 2ms gap. In addition, each occasion is initiated by UL transmission 6ms before each FTP occasion. Furthermore, after each DL transmission an ack is transmitted 1ms after the DL reception. As can be seen in the figure, the line for the PDCCH+PDSCH or UL state is thicker compared to that of Fig. 1 as there is more than one DL for each occasion.
[image: ]
Fig 5. State dynamics in FTP transmission with DRX cycle considering the UL transmission and the number of DL transmission per occasion

Table 3. Time and Power distribution for FTP using different scenario
	Power states
	Distribution

	
	Time
	Power

	PDCCH only (includes PDCCH reception, decoding, and micro sleep)
	38.2%
	89.1%

	PDSCH + PDCCH
	0.6%
	4.5%

	Deep sleep (sleep above 20ms)
	60.3%
	1.4%

	UL
	0.9%
	5.0%



The time and energy distribution can be seen in Table 3. In this table, the a 0dB UL transmission is assumed. Comparing Table 1 and Table 3, we can see that the percentage of the power for PDCCH-only state decreases noticeably. In addition, in this scenario, the UE consumes 2,569,476 unit.ms compared to 2,364,936 unit.ms which is about 8% differences. This difference will be even bigger if we consider a larger number of DL transmission in one FTP occasion.
[bookmark: _Toc528948558]Both UL aspect and the number of DL transmission per occasion should be considered in the energy consumption calculation. 

2.2 	Power saving metric
2.2.1 	Power modelling
In the transmission, it can be happened that more than power state occurs in the same slot. For the case of FDD, for example, there are some possibilities that the UL and DL occurs at the same time simultaneously. In that case, the total power consumption for the respective slot is not simply equal to the summation from the two respective power states. Instead, a base value should be considered in the calculation. Micro sleep, as a state where the baseband HWs are active can be considered as the base value for this circumstance.
[bookmark: _Toc528948559]For the case of 2 power states occur simultaneously in a slot, micro sleep can be used as a base to calculate total power consumption for the respective slot.

In addition, it is also possible that multiple power states occupy different portions of the same slot. As an example, for a total of 14 symbols in a slot, it is possible to PDCCH, PDSCH, and short PUCCH. Several other combinations are also possible considering the flexible nature of NR in the RE arrangements. In this case, a simple averaging can be implemented to calculate the power consumption for the respective slot. Define  and  as the power and the number of symbols for j power state, the average power for the respective slot can be calculated as

[bookmark: _Toc528948560]For the case of more than one power states occupying one slot, the power consumption for the respective slot is defined as the average power across each power state, weighted by the number of symbols of each power state. 

It should be noted, however, some values of the power states in [3], [4] might not be used to directly calculate the average power consumption for the case mentioned in the Proposal 3 above. The PDCCH only state, for example, already includes the PDCCH reception, decoding, and micro sleep; and thus, cannot directly be used to calculate the power of a slot containing PDCCH, PDSCH, and UL.
2.2.2 	Power saving gain
In [2], it was agreed that the power saving gain in the power saving metric will be calculated as a percentage of the power consumption reduction compared to that of the baseline scheme. To obtain this power saving gain, several methods can be used, e.g. using simulation and/or numerical analysis. Using simulation method, the power saving gain will vary depends on the transmission occasion due to some random process inside the transmission. Therefore, it is important to have sufficient monitoring period to obtain stable average value of power saving gain. In this SI, 1 minute of monitoring period can be used for averaging the power saving gain of power saving proposal.  
[bookmark: _Toc528948561]A minimum simulation duration should be agreed for calculating the power saving gain.

In addition, it is also worth to note that this power saving gain will give a different number when a proposal is applied to a different network traffic. Thus, to give a more accurate power saving gain, it is reasonable to evaluate the power saving gain for several traffic models. Define and as the power saving gain and the normalized weight for application , the average power saving gain can be obtained by
,						        	   Eq. 1
where =1. Here, the value of  depends on the relative value of the energy consumed by the respective application to the total energy consumption in the average daily usage. 
[bookmark: _Toc528948562]When multiple applications are evaluated, Eq. 1 can be used to determine the average power saving gain across different traffic models. 

In addition to the power saving gain, it was also agreed that latency of packet or scheduling delay, user perceived throughput, system throughput, and/or resource utilization/overhead (if applicable) should be reported as the result of the evaluation.
2.2.3 	Latency
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. Here, latency can be defined as the additional time required to complete one transmit occasion (from the start of transmission initiation until the transmission is completed). Due to random nature for certain traffic characteristic, e.g. inter arrival time, etc. the additional latency should be measured for its average and worst-case scenario inside an acceptable simulation duration (e.g. one minute).
[bookmark: _Toc528948563]Additional latency for a power saving scheme is measured by comparing the latency of the transmission compared to the baseline scenario and is measured for both its worst-case scenario and average value over the simulation duration.

Conclusion
In this contribution we provide initial results for calibrating the evaluation assumptions in section 2.1. 
In section 2, we discuss some additional considerations for evaluation methodology and propose the  following: 
Observation 1	A suitable DRX configuration could significantly reduce the energy consumption of the UE.

Proposal 1	A DRX configuration base for each traffic type should be agreed by considering the characteristic of each traffic to avoid over optimistic power saving gain.
Proposal 2	Both UL aspect and the number of DL transmission per occasion should be considered in the energy consumption calculation.
Proposal 3	For the case of 2 power states occur simultaneously in a slot, micro sleep can be used as a base to calculate total power consumption for the respective slot.
Proposal 4	For the case of more than one power states occupying one slot, the power consumption for the respective slot is defined as the average power across each power state, weighted by the number of symbols of each power state.
Proposal 5	A minimum simulation duration should be agreed for calculating the power saving gain.
Proposal 6	When multiple applications are evaluated, Eq. 1 can be used to determine the average power saving gain across different traffic models.
Proposal 7	Additional latency for a power saving scheme is measured by comparing the latency of the transmission compared to the baseline scenario and is measured for both its worst-case scenario and average value over the simulation duration.
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