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Introduction
In RAN #80, UE power saving SI has been approved [1] with following objectives:
1. Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]
a. Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
i. (Note: existing UE capabilities are assumed for UE processing timeline)

ii. Network and/or UE assistance information
iii. Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
b. Study the power saving signal/channel/procedure for triggering adaptation of UE power consumption characteristics

2. Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]

3. Study the enhancement of higher layer procedures for UE power saving [RAN2]
a. Study the enhancement of UE paging procedure based on the additional power saving signal/channel/procedure
b. Study the enhancement of UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode  

In the SID, the study in RAN1 includes identifying power saving techniques which requires evaluation to verify the potential benefits from the newly identified techniques. In this contribution, we discuss on the evaluation methodologies to evaluate candidates of power saving techniques.
Discussions
Power consumption model
A UE power consumption for downlink could be modelled with power states, where the number of power states could be overly complicated as it is largely dependent on the receiver implementation for a given situation. Therefore, we should consider using a simplified power consumption model which is still valid for most of implementation cases. In general, power consumption at a UE receiver is from RF module and baseband module, where RF module consumes more power than baseband module in high performance receivers.
The number of power states should be minimized for simpler evaluation of power saving techniques. If there is marginal difference in power consumption between power states, we could consider them as the same power state. For example, power consumption for downlink reception of PDCCH and PDSCH may have a negligible difference as RF module consumes the same power and baseband module may consume power with a marginal difference. In this case, a same power state (e.g., active) for both cases. The power consumption level could be largely different when bandwidth part size is changed and/or receiver type (e.g., low power consumption receiver with a limited capability) is changed for PDCCH and PDSCH reception which can be handled with power model for UE adaptation.
Proposal 1: use a same power state for PDCCH monitoring and PDSCH reception.
When a UE is not receiving any downlink signal, a UE may turn-on minimum set of RF components required. The sleep states could be categorized into deep sleep, light sleep, and micro sleep according to the sleep window. If a UE is in a long sleep window (e.g., long DRX cycle), the UE may fall into a deep sleep and turn on only low frequency coarse oscillator to wake up when it needs to. If a UE is in inactive states but needs to receive a signal within a short time window, the UE may fall into a light sleep or a micro sleep, where light sleep and micro sleep may not have much different as the same set of RF components need to be on.
Therefore, we may use two sleep states such as deep sleep and light sleep (including micro sleep) when a UE is in inactive state with minimum set of RF components on. 
Proposal 2: use two sleep states only such as deep sleep and light sleep, where the light sleep include micro-sleep.
The transition time from a sleep state to the active state should be defined since it may consume non-negligible energy if power states changes often. Also, it would be easier to define the transition time with an absolute time rather than number of symbols as it is not dependent on the numerology. From a deep sleep to the active state, it should be discussed whether the transition time could be a fixed value or the transition time is determined based on the relative time location of the reference signal for re-synchronization considering that the tracking reference signal is not available in every slot unlike LTE.
Proposal 3: study if the transition time should be determined based on relative time location of re-synchronization signal
A power saving signal (e.g., wake-up signal) has been proposed. A UE can be indicated with the power saving signal to monitor PDCCH or not in the associated on-duration. Thus, power consumption could be further reduced with DRX operation.
If the power saving is received or monitored in the regular receiver which is used for other downlink reception as well, the power consumption could be similar with PDCCH reception or a reference signal reception according to the power saving signal design. However, if the power saving signal is received or monitored in a receiver which is optimized for power saving reception only, the power consumption level could be much lower.
Proposal 4: study the benefit of using additional power saving receiver for power saving signal detection only 
The table 1 shows the UE power consumption model based on the discussion above.
Table 1. UE power consumption model based on the power state
	
	Power [units/slot]
	transition time
[ms]
	Notes

	Active (PDCCH/PDSCH reception)
	100
	
	No need to split power state model for PDCCH and PDSCH as there is marginal difference for the power consumption

	Deep sleep
	0.05
	
	Turn on low frequency coarse oscillator only

	Light sleep/Micro sleep
	[0.5 ~ 1]
	
	Turn on higher frequency more accurate oscillator + VCO

	Transition from deep sleep
	10
	1
	

	Transition from light sleep
	10
	0.1
	

	Power saving signal/receiver
	[0.001 ~ 10]
	
	Depends on the receiver architecture



Evaluation assumptions
Performance metrics
As a performance metric, the power efficiency (e.g., power consumption reduction rate) to receive a certain amount of traffic should be considered. The power consumption model based on the power states and adaptation of frequency, time, and RF could be used to evaluate the power efficiency. It could be simply % of power consumption reduction from the baseline scheme, where the baseline should be Rel-15 NR with bandwidth part operation.
In addition, latency should be also part of the performance metric since the latency could be increased with power saving techniques. For example, a wake-up signal could be used in each DRX On-duration to indicate that whether a UE should monitor PDCCH in the associated DRX On-durations. Once a UE indicated not to monitor the PDCCH in the associated DRX On-duration and a burst data arrives during the deactivated DRX On-duration, the UE needs to wait until next DRX On-duration to receive the burst data. Therefore, the trade-off between power efficiency and latency should be evaluated for all power saving candidate techniques.
Proposal 5: power efficiency and latency can be considered as performance metrics for power saving 
To improve power efficiency, a gNB scheduler could maximize a UE peak throughput rather than maximizing spectral efficiency. For example, allocating all downlink resource in a slot for a UE with a SU-MIMO operation could minimize a UE active time when the UE is served with a burst traffic which in general limits multi-user diversity gain (e.g., frequency selective scheduling, MU-MIMO operation), thus resulting in reduced system spectral efficiency. Therefore, the spectral efficiency could be also considered as a performance metric. In a system level simulation with non-full buffer traffic, this could be translated into resource utilization.
Proposal 6: spectral efficiency can be also considered as a performance metric for power saving 

Simulation parameters
The following simulation parameters can be considered for evaluation of power saving techniques
· Deployment scenario: indoor hotspot and dense urban
· Considering the power saving performance metrics, the power saving techniques should be evaluated at least in indoor hotspot and dense urban deployment scenarios
· Frequency range and subcarrier spacing: both FR1 (30kHz) and FR2 (120kHz)
· The subcarrier spacing for each frequency range could be a fixed value for the sake of simplicity since the subcarrier spacing may not impact power efficiency
· [bookmark: _GoBack]Traffic type: on top of existing FTP models, a burst traffic arrival model could be also added
· Duplex: both TDD and FDD could be considered
· Operating bandwidth: two bandwidth parts with a wide BWP (100MHz) and a narrow BWP (20MHz) can be considered

Conclusion
In this contribution, we discussed on evaluation methodology for power saving, and propose the following: 
Proposal 1: use a same power state for PDCCH monitoring and PDSCH reception.
Proposal 2: use two sleep states only such as deep sleep and light sleep, where the light sleep include micro-sleep.
Proposal 3: study if the transition time should be determined based on relative time location of re-synchronization signal
Proposal 4: study the benefit of using additional power saving receiver for power saving signal detection only
Proposal 5: power efficiency and latency can be considered as performance metrics for power saving 
Proposal 6: spectral efficiency can be also considered as a performance metric for power saving 
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