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1 Introduction

In this contribution, we discuss and provide our views on how to do performance evaluation for network energy saving.
2 Discussion
2.1 Power consumption model 
1, Separate DL/UL evaluations

For gNB, DL transmission and UL reception are generally independent to each other, in terms of data rate/ latency and power consumption. And energy saving techniques can also be, in most cases, classified as mainly implemented in DL transmission or in UL reception. Thus, separate DL/UL evaluations would be much more clear when comparing and assessing the results of different energy saving candidate solutions.
Proposal 1:  Performance evaluations for DL transmission and UL reception should be separate and independent to each other.
2, Separate power consumption model for FR1/FR2

In FR2, especially for FR 2-2, SCS is much higher than FR1, for example, 960kHz, the absolute time duration for a slot should also be decreased heavily, and that means gNB has to process DL/UL data much faster than FR1. The increased processing speed will lead to increased processing power and energy for a slot in most cases, even a slot duration is decreased in FR 2. So it is reasonable to set separate power consumption model for FR1/FR2.
Proposal 2:  Power consumption model for FR1/FR2 should be separate.
3, Power consumption model for gNB sleep mode
Just as the sleeping modes defined in TR 38.840 for UE, there can also be several sleeping modes for gNB. For example, there can be 2 or 3 sleeping modes, each with different power consumption level and transition time to active mode, and within the sleep mode duration, both DL transmission and UL reception are stopped. To make evaluation simpler, the defined sleeping mode can be irrelevant to FR1 or FR2, 
Proposal 3:  Power consumption model for 2 or 3 sleeping modes can be defined, each with different power consumption level and transition time to active mode.
4, Power consumption model for gNB active mode
For gNB’s active mode power consumption model, similar approach as UE’s can be adopted. First, we determine the relative power consumption value for each specific power state per slot under a nominal condition/configuration, and then we determine how to scale up the relative power consumption values for other extended conditions/configurations based on the nominal values. The examples for nominal condition/configuration can be as follows,
	Nominal conditions/configurations

	subcarrier spacing
	30kHz(FR1) 120 kHz(FR2)

	scheduled bandwidth unit
	1RB

	number of TRX chain
	1 TRX chain

	number of carrier
	1 carrier

	number of antenna
	M = 4, N = 4, P = 2, Mg = 1, Ng = 1

	number of SSB beam
	1

	gNB transmission power level
	24dBm, 30dBm

	PA efficiency
	0.3


And the specific power states can be:
	DL
	UL

	PDCCH only
	PUCCH only

	PDSCH only
	PUSCH only

	PDCCH+PDSCH
	PUCCH+PUSCH

	SSB
	SRS

	CSI-RS
	


Proposal 4:  The relative power consumption value for specific power state per slot under a nominal condition/configuration should be defined and can be scaled up to extended conditions/configurations.
2.2 Evaluation KPIs
For better performance comparison, different KPIs can be adopted for different scenarios. 
For empty/low traffic load scenario, UE can generally get enough radio resources for transmission, and the capacity provided by the network is under-utilized. So the UE perceived throughput is generally good except in some cases, large packet latency may happen due to some energy techniques, for example, carrier/beam on-off. And KPI of energy consumption per time unit is a more proper statistics than energy consumption per bit. 
For medium/high traffic load scenario, gNB/UE may has to buffer DL/UL data for some time and wait for gNB’s scheduling to get radio resources for transmission, and the capacity provided by network is largely utilized. UE perceived throughput and packet latency are important KPIs that will impact UE experience. And energy consumption per time unit or energy consumption per bit are both OK for statistics.
Additionally, some techniques, such as dynamic cell/carrier/beam on-off may have impact on performance related to initial access and handover. So initial access/handover performance should also be considered especially for some techniques related to network access.
Proposal 5:  For empty/low traffic load scenario, energy consumption per time unit and packet latency should be considered. For medium/high traffic load scenario, UE perceived throughput, packet latency and energy consumption per time unit or per bit should be evaluated. Initial access/handover performance should be additionally considered for some techniques that will impact network access.
3 Conclusions

In this contribution, we propose the followings:
Proposal 1:  Performance evaluations for DL transmission and UL reception should be separate and independent to each other.

Proposal 2:  Power consumption model for FR1/FR2 should be separate.
Proposal 3:  Power consumption model for 2 or 3 sleeping modes can be defined, each with different power consumption level and transition time to active mode.
Proposal 4:  The relative power consumption value for specific power state per slot under a nominal condition/configuration should be defined and can be scaled up to extended conditions/configurations.
Proposal 5:  For empty/low traffic load scenario, energy consumption per time unit and packet latency should be considered. For medium/high traffic load scenario, UE perceived throughput, packet latency and energy consumption per time unit or per bit should be evaluated. Initial access/handover performance should be additionally considered for some techniques that will impact network access.
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