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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN#94e, the moderator has provided the following summary [2] on the potential scope for the evaluation of network energy savings: 
1. Definition of a network energy consumption model
a) Note 1: it is suggested to adapt the framework of the power consumption methodology of TR38.840 to the network side, utilizing information from known models / external references and other relevant information, including relative energy consumption for DL and UL (considering factors like PA efficiency, number of TxRU, etc), sleep states and the associated transition times, and one or more reference parameters/configurations
b) Note 2: an absolute power consumption model could also be studied in addition to the relative power consumption model, or a method could be studied for allowing to derive absolute power consumption metric from the relative power consumption metric and additional information available outside 3GPP
2. Definition of an evaluation methodology, including studying potential KPIs
a) Note: evaluation methodology should not focus on a single KPI, but allow evaluating how to enable system-level network energy savings while balancing impact to network/user performance (e.g. spectral efficiency, capacity, UPT, latency) and UE power consumption/complexity

During the email discussions leading to the summary in [2], majority companies support a relative energy consumption model over an absolute consumption model which requires detail modeling and implementation dependent. In this short contribution, we focus specifically on the power consumption states of TR38.840 when applied and adapted to the network power consumption operation.  

Discussion
To properly evaluate any potential energy saving techniques and functionalities, several key components need to be in place:
· A reference configuration(s), e.g., System Bandwidth, FR1/FR2, the number of RX/TX chains and antenna configurations, BW, coverage, cell size, Carrier configurations i.e., SA/NSA, Urban/Rural, etc.
· A network energy consumption model where power consumed by different states e.g., digital parts, beamforming, L1/L2 processing, and power amplifiers, transceivers, etc.
· Sleep states and transition times between different defined sleep states
· Evaluation KPIs
To model the energy consumption of the network, the following needs to be considered and agreed on: 
· gNB/TRP/beam power operations model, 
· The various sleep modes and its corresponding power consumption levels, and
· The transition time between the different sleep modes.
In TR38.840, the UE power consumption model power state consists of three different sleep states: Deep sleep, light sleep, and micro sleep. This is in addition of the 4 other power states consisting of PDCCH-only, SSB or CSI-RS processing, PDCCH + PDSCH and UL. Furthermore, additional transition energy and total transition time (Table 19 of TR38.840) for the three sleep types have been adopted as working assumption during the UE power saving study phase. 
For the network, specifically the gNB power consumption model, similar approach as in the UE consumption model can be taken. In essence, it should contain the following basic or default states. Note that additional states such as Micro Sleep are not precluded if shown to be justified. 
· State 0: Complete Off; this represents a shutdown scenario where all Tx/Rx/BH are turned OFF. 
· State 1 (Deep Sleep): Tx/Rx turned OFF. gNB monitors BH for trigger to turn ON. 
· State 2 (Light Sleep): Tx turned OFF. gNB monitors UL ‘WUS’ and BH for trigger to turn ON.
· State 3 (RACH-only): Tx turned OFF. gNB monitors RACH for trigger to turn ON.
· State 4 (Tx/Rx ON): Default ON; all Tx/Rx/BH are turned ON.
State 0 and 4 correspond to legacy gNB power consumption operation. If only these two states are present, then it corresponds to the scenario that there is no implementation of fine or coarse adaptation of the gNB transmit power. Deep sleep corresponds to power adaptation that is activated and/or deactivated through backhaul such as in the form UE assistance data that is signaled through the backhaul. No air interface or L1 monitoring is required in the Deep sleep since both the Tx and Rx processing of gNB have been turned off. This is in contrast with State 2 where L1 Rx monitoring is still operational and only the Tx chain has been turned off. Deep and light sleep states can also be viewed from the point of view of fine and coarse power adaptation, respectively [3].
The UE power consumption with the state transition is illustrated in the Figure 1 below.
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Figure 1: Illustration of UE power consumption at state transition (TR38.840)

With these states, the additional energy and transition time should be modeled as well. The values are represented as TBD pending further discussions among companies on some harmonized values.

Table 19: UE power consumption during the state transistion
	Sleep type
	Additional transition energy:
(Relative power x  ms) 
	Total transition time 

	Deep sleep 
	TBD
	TBD

	Light sleep 
	TBD
	TBD 




Observation 1: The gNB power consumption model should consist of power states that corresponds to fine and coarse power adaptation e.g., Deep and Light Sleep states, respectively.
Observation 2: Support of additional transition energy with transition time for any sleep states should be introduced.

Conclusions
In this contribution, we present our views on the applicability of sleep states for the gNB power consumption model. Based on the discussions in the previous sections, we have the following observations: 
Observation 1: The gNB power consumption model should consist of power states that corresponds to fine and coarse power adaptation e.g., Deep and Light Sleep states, respectively.
Observation 2: Support of additional transition energy with transition time for any sleep states should be introduced.
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