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Introduction
[bookmark: _GoBack]In 3GPP TSG RAN#94-e meeting, the objectives of network energy saving SI were approved [1]. According to the SID, the establishment of the network power consumption model and the evaluation of the network energy consumption are important in the study of the network energy saving techniques. In this contribution, more consideration about network energy saving are provided.
Background
As mobile communications gradually evolved into 5G era, new features and applications are emerging. Compared with 4G network, the 5G network has a qualitative leap in key indicators such as transmission rate, transmission delay, and connection scale, which can support a variety of service scenarios and applications. However, it also poses increasing challenges to mobile operators, especially in energy consumption.
The bandwidth of the 5G cell is more than five times that of the 4G cell. In addition, the 64/32-TRX massive MIMO equipment with high complexity is used, leading to extremely high power consumption of the 5G base station. At the beginning of 2019, the power consumption of 5G base stations was about 3~4 times that of 4G base stations. High power consumption is a tough problem for operators to deploy 5G on a large scale.
Therefore, research on network energy saving is of far-reaching significance. Reducing the network energy consumption is important for the development of a sustainable and green communication system, and reduction of the operation expense. It is essential to study the network energy saving techniques.
[bookmark: _Toc14529][bookmark: _Toc39][bookmark: _Toc20558][bookmark: _Toc17708][bookmark: _Toc6874][bookmark: _Toc81574476][bookmark: _Toc102067337]Network energy saving techniques is essential in Rel-18.

Discussion on sleep mode transition of network power consumption model
Similar with UE power consumption model, the network also has sleep states and active states. Therefore, it is important to study the transition between sleep modes and active states of the network.
In [2], an analysis of power savings in sleep modes with different transition times is shown in Figure 1. According to Figure 1, 4 different sleep modes duration are defined. And the corresponding total transition time (deactivation plus reactivation) is 71μs (OFDM symbol), 1 ms (sub-frame or TTI), 10 ms (frame) and 1 s (long-term sleep).
For the above four types of sleep mode, the power value of different sleep states is undistinguishable, especially the three deeper sleep states. 
As agreed in [1], the framework of the power consumption modelling and evaluation methodology of TR38.840 is to be adapted to the base station side. Obviously, it is simple and effective to define a per-slot relative power consumption of each power state to model the network power consumption. When the sub-carrier spacing is 15 KHz, one slot is 1 ms. sleep mode1 and sleep mode 2 cannot be distinguished in network power consumption model with the sleep mode duration defined in [2].
[image: ]
Figure 1 Power consumption in different BS sleep modes

[bookmark: _Toc16582][bookmark: _Toc102067338]The total transition time and power value of SM1 (71μs), SM2(1 ms) , SM3(10 ms) and SM4(1 s) of network power consumption model is too close to be distinguished.

In [3], a sleep mode state machine is further proposed to control the transition of the network power states as illustrated in Figure 2. 
As shown in the Figure 2, a step by step transition is performed. The transition from active mode to a sleep mode is triggered by a timer, when the base station has no data transmission within a certain period, it will enter into the sleep mode. When the transition condition of the next sleep depth is satisfied, the base station will enter to a deeper sleep mode until it enters to the deepest sleep mode.
Similarly, when there is new data to be transmitted for the base station in a sleep mode, the base station wake up from the current sleep mode back to active mode. During wake-up from a deep sleep mode, the base station goes through all previous modes, for example when waking up from SM 4, it goes through the following sequence: SM 4→SM 3→SM 2→active mode/SM 1.

[image: ]
Figure 2 Base station sleep mode state machine

As described in [3], the state machine of a base station is very complicated, which increases the complexity of the base station power consumption model and workload of evaluation.
[bookmark: _Toc23222][bookmark: _Toc102067339]The state machine of step by step transition increases the complexity of the base station power consumption model and workload of evaluation.
To reduce the complexity of the base station power consumption model, a state machine like UE power consumption model in TR38.840 can be considered. The transition time and energy from/to a sleep state is modeled by ramp-up, ramp-down and additional transition energy, which is shown in Figure 3. 
[image: ]
Figure 3 Illustration of a state transition scheme

[bookmark: _Toc102067344][bookmark: _Toc7692]A state machine similar with UE power consumption model in TR38.840 can be considered.

Conclusion
In this contribution, we discuss the sleep mode transition of network power consumption model and have the following observations and proposal.

Observation 1: Network energy saving techniques is essential in Rel-18.
Observation 2: The total transition time and power value of SM1 (71μs), SM2(1 ms) , SM3(10 ms) and SM4(1 s) of network power consumption model is too close to be distinguished.
Observation 3: The state machine of step by step transition increases the complexity of the base station power consumption model and workload of evaluation.

Proposal 1: A state machine similar with UE power consumption model in TR38.840 can be considered.
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