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1
Decision/action requested

The group is asked to discuss and approve the contribution.
2
References
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3
Rationale

This pCR proposes some text on introducing Energy Aware States, as defined by ETSI GAL [b], in 5G Network Functions.
4
Detailed proposal

It is proposed to make the following changes to TR 32.972.
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3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
EAS
Energy Aware State

EE
Energy Efficiency
GSI
Green Standard Interface
ICT
Information and Communication Technology

KPI
Key Performance Indicator
MANO
Management and Orchestration
MNO
Mobile Network Operator

NFV
Network Functions Virtualization
PUE
Power Usage Effectiveness
SDO
Standards Development Organization
VNF
Virtualized Network Function

VNFC
VNF Component
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7
Potential mechanisms to improve energy efficiency

Editor’s note: this clause aims at identifying potential mechanisms to improve energy efficiency of 5G networks and/or parts of networks and/or network elements / functions.

Improving energy efficiency of mobile networks can be studied at various levels:

- network element / network function level

- sub-network level

- whole network level.

At network element / network function level, studies (cf. [A]) have shown that:

1. the power consumption of a server is the combination of the static power consumption (cf. Pidle at zero CPU utilization) and a dynamic load-dependent power consumption that increases linearly;

2. the maximum power consumption (Pbusy) of the server is reached when CPU utilization is 100%;

3. Pidle is a large fraction of Pbusy (about 50% in the figure below);

4. Pidle equal to zero is not reached.
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Figure 7.1: Power consumption of a server

In 5G networks, network functions virtualization is likely to be widely adopted, e.g. in NGC and the CU part of NR. The power consumption of Network Function Virtualization Infrastructure (NFVI) servers supporting virtualized network functions which are part of NGC or the CU part of NR will vary as shown in Figure 7.1.

The power consumption of Physical Network Functions (PNF) will also vary as shown in Figure 7.1.

As seen in clause 5, EE KPIs for base stations are defined by traffic over power consumption. Studies made on the power consumption of base stations (see e.g. [B]) have shown results which are comparable with those depicted by Figure 7.1. 

Figure 7.2 shows measurement results for a UMTS base station, in terms of power consumption (in Watts) over traffic (in Mega Bytes).
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Figure 7.2: Power consumption of a UMTS Base Station

The power consumption of base stations varies according to (signalling and user plane) traffic load (which varies during the day / night) and depends on the radio access technology being used.

Based on this, energy efficiency of 5G base stations and other network elements / network functions may potentially be improved:

- By reducing as much as possible signalling traffic load on a base station serving no user;

- By deploying mechanisms enabling to tend towards zero power consumption at zero load (i.e. either zero CPU utilization or zero traffic load).

As shown by figure 7.1, Pidle, i.e. the power consumption of a server when its CPU load is null, is a large portion of Pmax, the power consumption of the server when CPU load is 100%. Based on this observation, and extrapolating it to the Network Function level of a 5G network, either PNF or VNF, smart mechanisms enabling to reduce Pidle of Network Functions are expected, possibly through introducing some standby modes in Network Functions when their load is zero.

ETSI ES ES 203 237 [x] – clause 6 - introduces Energy Aware States, modelled as pairs of "Primitive sub-States" (PsSes) related to the configuration of Power Scaling and Standby mechanisms.
EAS = {Pj, Sk} with 0 ≤ j ≤ J and 0 ≤ k ≤ K

where:

# Sk represents the k-th Primitive sub-State (PsS) related to the Standby techniques:

- S0 shall be the active state,

- in Sk, with k > 0, the entity is sleeping,

- in SK, the device is completely off;
# Pj represents the j-th Primitive sub-State (PsS) related to the Power Scaling techniques:

- P0 shall be the Power Scaling sub-state (P-PsS) for the highest network device performance (it also consumes the highest power),

- with j > 0, Pj shall be the Power Scaling sub-state (P-PsS) for the intermediate level where the entity is in reduced performance while still being active.
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Figure 7.3: ETSI GAL Energy Aware States

Given the exclusive use of power scaling and standby capabilities, the J Power Scaling sub-State (P-PsSes) can be adopted only when the entity is active while the K Standby sub-State (S-PsSes) only when the entity is in standby mode. 

In this way, when an entity provides internal automatic mechanisms for changing the operating mode (active or standby), the EAS P-PsS component represents the power scaling configuration used during the active mode, while the S-PsS component represents the standby configuration used during the standby mode.
The support of Energy Aware States in 5G Network Functions (PNFs and VNFs) in NG-RAT and NGC will be implementation-dependent. Therefore, it is important, from an operator’s perspective, to be able to discover Energy Aware States, if any, supported by the various Network Functions which compose its multi-vendor 5G network. ETSI ES 203 237 [x] – clause 5 – defines the Green Standard Interface (GSI), providing a set of commands to setup the power management and monitoring of energy-aware resources, which may include 5G Network Functions. The main functionalities offered by the GSI interface are:
# Discovery: used to retrieve information such as e.g. available power states and individually manageable components within the entity;
# Provisioning: allows the configuration of an entity into a certain power state;
# Monitoring: permits to monitor relevant parameters, incl. power states, etc.

# Etc.
In order for a network operator to be able to discover, control and monitor the Energy Aware States supported by its 5G Network Functions end-to-end, it would be useful if the GSI functionalities are made available to the NM layer via standardized management interfaces. Depending on use cases, the “provisioning” functionalities can be located at various layers.
In the context of Virtualized Network Functions, MANO functional blocks need to be involved.
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