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Introduction
At the 2015 United Nations Climate Change Conference, 195 countries committed to ambitious but necessary objectives for reducing greenhouse gaz emissions.

The telecom industry has to play its part towards achieving these objectives by optimizing the power efficiency of its systems. 

Improving power efficiency is also benefitial for reducing the OpEx of operators. 

While it is understood that many techniques for reducing power consumption are independent of the system architecture  (400 V DC power, liquid cooling, etc.), architectural choices may also have an impact on energy efficiency and should therefore also be taken into account.

Also, it would be beneficial to define system-wide functions to measure and control the energy consumption in meeting operators' business objectives, especially when we are faced with  the estimated exponential increase of traffic in the near  future as highlighted in the NGMN 5G White Paper: 
“Energy efficiency is defined as the number of bits that can be transmitted per Joule of energy, where the energy is computed over the whole network, including potentially legacy cellular technologies, Radio access and Core networks, and data centres.
5G should support a 1,000 times traffic increase in the next 10 years timeframe, with an energy consumption by the whole network of only half that typically consumed by today’s networks. This leads to the requirement of an energy efficiency increase of x2000 in the next 10 years timeframe.
Every effort should be made to obtain the energy gain without degrading the performance, but the technology should allow native flexibility for the operator to configure trade-off between energy efficiency versus performance where justified.”
As an example, UE power consumption optimization mechanisms such as eDRX and Power Saving Mode have already been specified into 3GPP standards, and we could investigate the feasibility of designing solutions for system-wide power consumption optimization, with coordinated operations from various network elements such as RAN, CN, UE and service control as well as the backbone and backhaul/fronthaul networks. 
We could also investigate mechanisms to adjust the network energy consumption according to the traffic flow:
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Such adjustment may use both a close loop (local to each equipment and therefore out of SA2 scope) and a longer loop involving the Core Network. It should also be noted that decisions to adjust energy consumption need to take into account the impact on the QoE provided to the user.
We must keep in mind that 5G will have to cover dense areas where low duty power savings is likely to never happen, as well as low density countryside, where power would be wasted in a large majority of the time and power savings could be very significant, provided the right architecture choices are made and smart switching off of resources can be performed.
We therefore propose to:
· separate energy efficiency aspects from bullet 7, because there are other mechanisms than NFV/SDN for improving the energy efficiency;

· add overall energy efficiency of the 3GPP system as a general major objective.
Proposed changes to TR 23.799
4.1
High level Architectural Requirements
Editor's Note: This clause will document high-level architectural requirements that guide the architecture study.
1) Support the new RAT(s), the evolved LTE, non 3GPP access types It is FFS whether GERAN and/or UTRAN are supported.

a) As part of non 3GPP access types, WLAN access and Fixed access shall be supported. Support for satellite access is FFS

2) Support unified authentication framework for different access systems 

3) Support multiple simultaneous connections  of an UE via multiple access technologies

4) Allow independent evolutions of core network and RAN, and minimize access dependencies.

5) Support a separation of Control plane and User plane functions.

6) Support IP connectivity services and connectivity services for data units other than IP., which ones are FFS

7) Leverage  techniques (e.g. Network Function Virtualization and Software Defined Networking) to reduce total cost of ownership, improve operational efficiency, energy efficiency, and simplicity and flexibility for offering new services
8) Support measurement of energy consumption by defining energy consumption information collection functions and the KPI’s in the network elements such as RAN and the transport network links
9) Support monitoring, reporting and adjustment of system-wide energy consumption, taking into account the amount of traffic and required QoE.
10) Efficiently support different levels of UE mobility (including stationary UE(s)) / service continuity 

11) Support different levels of resilience for the services provided by the network 

12) Support different means for reducing UE power consumption

13) Support services that have different latency requirements between the UE and the PDN
14) Minimize the signalling (and delay) required to start the traffic exchange between the UE and the PDN
15) Support network sharing
16) Support roaming
a) As part of roaming, the architecture shall support both routing of user traffic entirely via the VPLMN and routing of the user traffic back to the HPLMN 

17) Support broadcast services
18) Support network slicing
19) Support Architecture enhancements for vertical applications
20) Support dynamic scale-in /scale-out
The overall energy efficiency of the 3GPP system should be pursued as a general major objective when designing the architecture and choosing between architectural options.
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