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1	Introduction
In this contribution, we briefly present the network power consumption model assumed in analysis used in [1].
2	Network energy consumption modelling
Base station power consumption modelling is based on ref [2] which defines four different sleep modes as shown in Figure 1. 
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[bookmark: _Ref471194503]Figure 1 Sleep modes 1 to 4 and corresponding deactivation time periods. [2]

Figure 2 illustrates the base station power consumption for different configurations and sleep modes according to [2] that are basis for the analysis. 
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[bookmark: _Ref471194953]Figure 2 Base station power consumption for different configurations and sleep modes according to [2].
The power model implemented in the simulator controls the power consumption and functionality of the gNB. The gNB can be in several modes (see Figure 3):
· active/SM1: normal operation, gNB is fully operational, transmits or receives user data, is idle (no traffic) or it is in symbol-level sleep mode (sleep mode 1, µDTX). The activation/deactivation time for SM1 was neglected in the simulations since it is not expected to have any significant impact on the results. 
· sleep mode SM2 – SM4: power saving mode, gNB doesn't transmit or receive anything but reacts to incoming DL user traffic by waking up. In these sleep modes gNB also periodically wakes up to transmit SS burst and listen on RACH, then it goes back to sleep.
Note that during the presented simulations sleep mode SM4 was not used.
Each mode is characterized by certain power consumption, deactivation time needed to change from one sleep mode state to another – e.g. go from the previous (more active) mode to next, activation time (wake up time) from current mode to more active mode and idle time threshold, which controls when the gNB changes the sleep mode state after being idle. These are all parameters.
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[bookmark: _Ref471203388]Figure 3 Sleep mode transitions modelled in the simulator.
Each simulated gNB starts in active mode. The power consumption in active mode depends linearly on the actual RF load in each symbol. Besides user traffic transmission or reception the simulator simulates also synchronization signal transmission. If there is no user traffic but SS needs to be transmitted in some resource elements, the gNB is not fully idle and consumes power proportional to the number of resource elements used to carry the synchronization signal. If there is no traffic and no SS burst, the gNB is fully idle in that symbol and switches immediately to sleep mode 1 and consumes SM1 power.
When the gNB has been idle for some time, it goes to SM2 (sleep mode 2). The transition from active mode to SM2 takes certain time (deactivation time), during which the gNB's power consumption is assumed to be the same as in SM1 mode (completely idle using µDTX). After the deactivation time elapses, the power consumption switches to SM2 level, i.e. there is no power interpolation during the deactivation time (see also Figure 4).
While in a sleep mode, the gNB wakes up periodically to transmit SS burst and listen on RACH. If there is no access attempt on RACH (due to new traffic arrival), it goes back to sleep. When the gNB remains idle, it gradually goes to a deeper sleep mode, unless the deactivation/activation times are so long that the gNB wouldn't be able to deactivate and wake up again in time for the next SS burst transmission occasion. Thus the SS burst transmission period limits the deepest sleep mode the gNB is able to enter (Figure 4 and Figure 2).
[bookmark: _GoBack]During activation the gNB goes up through all more active sleep modes than the current until active mode is reached and its power consumption is always at the level of the current sleep mode it is in.
[image: C:\Users\lahdekor\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\I67KK0J4\3GPP_EE_SpokaneJan2017_example_v3 (002).png]
[bookmark: _Ref471203841]Figure 4 Modelling of wake up for periodic synch/RS and subsequent deactivation.

Figure 4 shows an example of gNB side modelling where active data transfer is followed by the sleeping period utilizing different sleeping modes (SMs) and where the sleep period is interrupted with periodic downlink SS burst transmission.
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TABLE V
BASE STATION POWER CONSUMPTION IN 2020 TECHNOLOGY. SLEEP
MODES | TO 4 CORRESPOND TO OFDM SYMBOL, SUB-FRAME, RADIO
FRAME AND STANDBY, RESPECTIVELY.

BS power Load Sleep mode (pamal deactivation)
consumption Full None 2 3 El
W] ELE 4 s Tms T0 ms Ts
2x2 macro 702.6 | 1145 76.5 8.6 6.0 53
4x4 macro 422 138.9 86.3 124 73 6.2
pico 69 23 15 0.4 03 0.2
femto 22 1.0 0.6 0.2 0.2 0.1
LSAS 403 322 21.0 41 24 1.6





