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1 Introduction
According to the power reduction SID approved in RAN #80, the following objectives are listed regarding studying UE power saving in NR for RAN1 [1]: 
· Identify techniques for UE power saving study with focus in RRC_CONNECTED mode 
· 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
· (Note: existing UE capabilities are assumed for UE processing timeline)
· Network and/or UE assistance information
· Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
· Study the power saving signal/channel/procedure for triggering adaptation of UE  power consumption characteristics
· Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment 
In this contribution we provide our views on the evaluation methodology for power saving study. 
2. Discussion
2.1 System Evaluation Scenario and Methodology 
To evaluate the potential benefits of power saving techniques, it is important to include small cell scenario (i.e. indoor hotspot). At the same time, urban scenario should also be covered. Among the urban scenarios listed in [2], dense urban and rural can be considered. However, down-selection of the simulated macro l scenario(s) is necessary in order to manage a reasonable simulation load. In particular, dense urban is a preferred option to simulate. Regarding numerology, 30kHz for FR1 and 120kHz for FR2 can be considered.  
To sum up, we propose: 
Proposal 1: 
· System evaluation for power reduction should include indoor hotspot and dense urban.
· Using 30kHz numerology for FR1 and 120kHz for FR2. 

2.2  Traffic model 
Power saving studies should be assessed at least including bursty traffic models, which was already discussed of LTE. For analytic simplicity, the exsiting Poisson-based FTP traffic model 1 and model 3 defined in 3GPP TR 36.814 [2] can be considered as starting point to exerice power consumption studies in bursty traffic, where files arrive for transfer according to a possion process with lambda value. To characterize the average system load, the offered cell load is defined as a product of packet arrival rate lamda and packe size S.  We think at least two file sizes of 0.1Mbytes and 0.5 Mbytes should be chosen to represent the diverse applications of 5G NR (e.g. web browsing, video conference, instant message vs. steaming video and data downloads). In addition, simulations should run for various arrival rates lambda so as to provide insights on the performance metrics for a range of resource utilization load such as [10%, 50%, 80%]. Studies on the other bursty traffic models with heavy-tailed distributions and long-range dependency such as Pareto and Weibull distributions can be further considered if it is proved that existing FTP model can not adequately capture the burstiness of typical NR application in a real 5G network.
Proposal 2: 
· Use FTP model 3 as starting point for UE power consumption reduction study. 

2.3 Power consumption model 
UE power consumption patterns depend significantly on the actual implementation of the terminal hardware. For the power consumption study, a reference model need to be created to represent the UE's power consumed in the key states and actions. This model needs to be generic enough to capture the basics of the hardware but still correctly identify the contribution due to the key relevant components considering the tradeoff between complexity and accuracy. 
We propose a general power consumption model for the UE power saving study as shown in FIG.1. Primarily, we identify two states of the UE: active period and sleep period. 
[image: ]
Figure 1: UE power consumption in RRC_CONNECTED state
· In the active period, UE switches to its active states, wakes up, and turns on its RF module to monitor PDCCH. RF module remains on during the on-duration and inactivity timer. If there is no PDCCH addressed for the given UE before inactivity timer expires, a sleep period starts and UE switchs to its sleep state.  
· In the power model, two types of sleep states are defined for UEs in DRX operation, i.e. light sleep (LS) and deep sleep (DS) state. These were also defined for previous LTE power consumption discussions and in our view they should also be kept. 
· When short values of DRX cycle is employed, state transitions between active state and sleep state occur frequently. In this case, to reduce state transition delay, UE selects to switch to LS state where less components may be power off. 
· However, when longer values of the DRX cycle or RRC_IDLE state is employed, UE may power down more hardware modules to reduce power consumption by switching to its DS state. 
· In addition, the transition time and its association power consumption from one state to another state (e.g. from/to LS state) should be considered by separate parameters. 
For each of the three states, we suggest considering the proposed average power consumption when in that state. 
One practical limitation is that the power consumption of PDSCH and PDCCH in a same slot should not be separated because many RF/BB components are shared in the integrated circuit design, which is denoted with . Also, when a DL paramters i.e. transmission power  is exammed, contributions from associated UL, e.g. transmission of ACK/NACK for PDSCH will also be considered and vice versa. 
Furthermore, UE can apply the unstandardized microsleep when it is in RRC_CONNECTED even in LTE. It is also worth noting that the microsleep can save more power in NR compared to LTE in case of cross-slot scheduling is enabled due to faster power ON and OFF of parts of RF subsystem and BB processor. 
One of most notable difference power saving mechanisms between NR and LTE is that NR allows UE to switch back to a smaller bandwidth part (BWP) while it is in RRC_CONNECTED model so as to achieve a higher powr saving gain in case of less traffic. This should be also modeled to explore the energy consumption performance of the Rel-15 NR. 
Table 1 summarized the UE power consumption model parameters and the values we recommended. The transition time parameters are additionally provided in Table 2.     
Table 1: UE power consumption model paramters
	Parameters
	Values (units/slot)
	Description

	
	1
	Power consumed during deep sleep in IDLE mode, including power consumed for low accuracy clock and memory maintaining, leakage current (e.g. caused by power management unit), etc.

	
	3
	Power consumed during deep sleep in RRC_CONNECTED 

	
	20
	Power consumed during light sleep in RRC_CONNECTED 

	
	45
	Micro-sleep power consumption after decoding PDCCH when no PDSCH is scheduled

	
	300
	Power consumed for RX with PDCCH only for sub6 GHz

	
	350 (sub6, 20Mhz)
600 (sub6, 100Mhz)
650 (mmWave, 100MHz)
835 (mmWave, 200MHz)
	Power consumed for RX with PDSCH and PDCCH

	
	<750, 2500> (100MHz)
	The value <X,Y> is X unit/ms when transmit power is 0dBm and below, and is Y unit/ms when transmit power is 23dBm. Linearly scaled with transmit power in between X mW and 10^2.3mW.

	
	150
	Power consumed for RRM measurement



Table 2: Transition time parameters
	 Parameters
	Values(symbols, units/slot)
	Description

	

	35 symbols
180
	Transitions to/from light sleep and consumed power

	

	60 symbols
160
	Transitions to/from deep sleep and consumed power





2.4 Performance Metrics
DRX mechanism in NR allows UE that is not receiving data from gNB to enter a power-saving mode to extend its battery life. In most of real-time applications of 5G NR, such as stream video and gaming, it was observed that there is period of time in which UE does not need to continuously monitor PDCCH due to lack of DL traffic. It is important to investigate the potential gain of power saving together with impacts of latency performance.
 For evaluation with bursty traffic model, the following performance metrics should be considered: 
· Effective DRX ratio , defined as the ratio of the number of DRX cycles where UE monitors and detects PDCCH relative to the total number of DRX cycles. 

· To understand whether a sort of go-to-sleep (GTS) signaling is critical to save power, it is necessary to  the evaluate the cumulative distribution of number of consecutive active slots per DRX cycle where there is no PDSCH/PDCCH scheduled but UE continuously monitor PDCCHs.   
· Packet delivery latency denotes the time interval between when the packet is generated and when the transmission of packet is completed.     
· [bookmark: _GoBack]The energy consumption of UE over time  can be calculated as follows based on the length of each power state  of power consumption model in Section 2.3: 

  Where  is the consumed power corresponding to power state . 
The evaluation should target all the UEs in the network for a given traffic pattern and DRX configuration with different UE geometry (such as 5th, 50th and 90th percentile users).  
Proposal 3: 
· To use the metrics of effective DRX ratio, number of consecutive active slots, packet delivery latency and energy consumption for power saving SI. 

3. Conclusion 
In this contribution, we have provided some evaluation methodology aspects in relation to 
· System evaluation scenarios and numerologies
· Traffic model
· Power consumption model 
· Performance metrics. 

Based on the discussions, we propose the followings: 
Proposal 1: 
· System evaluation for power reduction should include indoor hotspot and dense urban.
· Using 15kHz numerology for FR1 and 120kHz for FR2. 

Proposal 2: 
· Use FTP model 3 as starting point for UE power consumption reduction study. 
Proposal 3: 
· To use the metrics of effective DRX ratio, number of consecutive active slots, packet delivery latency and energy consumption for power saving SI. 

We also recommend discussing the power consumption model and conclude a set of meaning power states. The agreed evaluation methodology shall then be used to assess the benefits provided by power saving techniques for 5G NR UEs.
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