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Abstract: This use case proposes that the 6G system can take into account the requirements of energy efficiency at the UE, and also User-controlled renewable energy requests, into account when delivering a service.
--- FIRST CHANGE ---
3
Definitions of terms, symbols and abbreviations

3.1
Terms

For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].


User-controlled renewable request: a request for a service to be provided only when a certain proportion of renewable energy can be used across the 3GPP system. This request originates from the user and is passed via the UE to the network when the UE requests the service.
3.2
Symbols

For the purposes of the present document, the following symbols apply:

<symbol>
<Explanation>

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].


UE EE
UE energy efficiency

--- SECOND CHANGE (new clause) ---
5.x
Use case on UE power saving
5.x.1
Description

Green and sustainable communication is a core requirement in 6G, and UE power saving is a requirement for achieving green communication. As shown in figure below, UE power consumption has direct relationship with a user’s experience in aspects such as battery life, lifespan, overheating and phone freezing. 6G UE may support new use cases such as immersive communication and ISAC which requires more complex hardware design and higher processing capability, so power consumption for a 6G UE is likely to face additional challenges.

[image: image1.png]@

Battery life

High power consumption and poor battery life,
resulting in frequent charging

Overheating

The operating temperature of the components with high
power consumption may too high to cause overheating.

Lifespan
Low battery life adds battery cycles, affecting battery lifespan.

High heat increases the component consumption, affecting
component lifespan.

Phone freezing

Overheating protection leads to lower frequency
and lower voltage, causing phone freezing




Figure 5.x.1-1: Impact of UE’s power consumption on user’s experience

In view of the importance of reducing a UE’s power consumption, NR has studied significant power saving techniques. However, most of the techniques are proposed for different kinds of services, not considering the characteristics of each service, such as data rate and latency. 

In Table 5.x.1-1, UE energy efficiency (EE) test results of three different 5G modems are listed. It can be concluded when data rate is one order of magnitude lower, UE EE is one order of magnitude lower correspondingly. According to statistical outcome of current 5G networks, a UE’s typical data rate is from 10Mbps to 100Mbps, and the probability of UE’s traffic to use peak data rate is extremely low. So, more (or different) power saving measures should be taken for services with low data rate, which means the network should support different functions to UEs at different data rates.

Table 5.x.1-1: Normalised relative UE EE test results of energy consumption per bit under different data rate in NR (source: Huawei research)
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Furthermore, for use cases insensitive to latency, longer sleep ratio or sleep duration can be configured for the UE to save more power. For use cases sensitive to latency, dense reception or even always-on reception should be configured to ensure low latency, which may lead to relatively high power consumption and low UE EE.

Therefore, to realize efficient energy saving for UE, it is critical to consider different user experience requirements when considering service provision, such as UE EE, data rate, latency and also any User-controlled renewable request (where UE’s sessions are scheduled on network entities with renewable energy source to reduce the EC and CO2e attributable to UE). Taking these into account requires the UE to determine these parameters, and to inform the network of them.
5.x.2
Pre-conditions

1. The network and UE can negotiate multiple user requirements, such as UE EE, User-controlled renewable request, data rate and latency. The parameters can be negotiated independently or jointly. 
2. There are mutual agreements between the network and UE on the correspondence of user requirements and service characteristic.

5.x.3
Service Flows

1. The UE is consuming the service offered by a Service Provider and collecting the power information of itself. 
2. The UE calculates or predicts the requirements of UE EE, User-controlled renewable request, data rate and latency for services. 

3. The UE reports the expected parameters (of UE EE, User-controlled renewable request, data rate and latency) to the core network. 
4. The network makes a decision on service delivery based on the received, and network-generated, parameters. The network informs the UE of the chosen parameters and provides the service based on the chosen parameters.

5.x.4
Post-conditions

Different network functions or power saving techniques can be used considering UE EE and other user requirements. The EE of each UE can be optimized based on the service being executed.

5.x.5
Existing features partly or fully covering the use case functionality
UE energy efficiency (EE) is intensively studied in both IMT-2020 and 3GPP. IMT-2020 formulated the definition and evaluation methodology of EE for UEs. In ITU-R M.2083, UE EE was defined as the quantity of information bits per unit of energy consumption of the communication module (in bit/Joule). In 3GPP, both RAN and SA1 gave requirements related to energy saving for 5G. According to TS 22.261- Service requirements for the 5G system, “Energy efficiency is a critical issue in 5G. The potential to deploy systems in areas without a reliable energy source requires new methods of managing energy consumption not only in the UEs but throughout all components of the 5G system.”
However, the methodology on UE energy efficiency in 5G didn’t take other users’ experiences into account. It’s unrealistic to take similar measures for all scenarios with different characteristics.

Moreover, in 5G systems, a user is informed about their EC e.g., at the end of the service or periodically, e.g., every month. However, it’s already too late and no corrective measures can be taken from the user and from the MNO to reduce the EC. In 6G systems, it is hence necessary to provide energy saving options to users during a service.

5.x.6
Potential New Requirements needed to support the use case
[PR.5.x.6-1] The 3GPP network shall be able to acquire the overall service requirements for a service which shall include at least UE EE, User-controlled renewable request, 3GPP end-to-end energy efficiency, QoS requirements.
NOTE1: requirements on UE EE, User-controlled renewable requests are acquired from the UE. QoS and 3GPP end-to-end energy efficiency are known at the 3GPP network.
[PR.5.x.6-2] The 3GPP network shall support different network capabilities meeting different UE EE requirements, 3GPP end-to-end energy efficiency requirements, and user experience requirements.
NOTE2: This can include selecting the most suitable radio access technology

[PR.5.x.6-4] In response to a User-controlled renewable request, the 3GPP network shall be able to offer an Energy Saving mode for service execution to UEs where the service session will be executed on network entities with renewable-energy source.
--- END OF CHANGES ---
