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1. Introduction

The objective of this contribution is to emphasise the importance of introducing an energy saving functionality to a relay node right from its adoption and how it can be realised while minimising the impact on legacy Rel-8 system. 

2. Background

Radio networks normally account for around 80% of the total electricity used by an operator, and so the power consumption of each cell site is coming under scrutiny [1]. High power consumption translates directly to high operator OPEX and a significant environmental impact, both of which are now increasingly unacceptable. On realising this, in RAN #46 a WI on Energy Saving for UMTS was approved [6]. 
With the introduction of relays, the importance of energy saving becomes more stringent. This is because network operators tend to deploy numerous relay nodes (RNs) in a given service region to support potentially very magnificent data rate; e.g. the peak 1 Gbps DL rate as demanded by LTE-A. By having numerous small relay cells, it is possible to bring the transmitter and receiver closer to each other, and this in turn will improve cell throughput and system capacity very economically. However, more relay means more energy consumption and the need for more radio resources. As a way to tackle this, this contribution envisages a method to turn on/off various functionalities of a relay on demand/semi-statically – and hence, it is argued here that in a given eNB coverage area, all relays need not be ON all the time. For this purpose, a legacy RRC state machine of a UE is enhanced and applied to a RN as a way to turn on/off relays. 

With this type of on-and-off relaying, network operators will get an added inherent benefit – which is the possibility to manipulate ICIC. For instance, the network can identify the worst interfering relays and turning them off on a temporary basis.
3. Proposals:
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3.1. Need for the Enhanced States for Relay Nodes:

The envisaged state machine for relays follows the legacy RRC state machine of UEs, and hence has two predominant states. In other words, an attached relay is envisaged to have two main states which are very similar to RRC_IDLE and RRC_CONNECTED states of a UE. 
As shown in Fig. 1, DETACHED corresponds to a state in which an RN has been powered on, but has not been registered to the network. Hence, neither network (nor EPC) nor any e-NB hold any valid information, geographical location, routing (e.g. TAI) pertaining to the relay node that is just powered on. As a result, data transmission via the DETACHED relay node is not possible. On the other hand, once the relay has attached/registered with the network it can either be in the other two main states such as, STANDBY and ACTIVE. In the ACTIVE state, an RN serves RRC_CONNECTED UE(s) STANDBY state that corresponds to a low power consumption SLEEP mode is a state in which the relay node is registered/attached to the network, but not actually active – i.e., idling in terms of supporting UE related traffic on the access link. 
As illustrated in Fig. 1, the relay node always enters ACTIVE state from the DETACHED state on a successful attach process. Subsequently, a relay node in ACTIVE state transits to STANDBY state for energy saving if there is inactivity in terms of user traffic handling in Uu interface or for ICIC purposes. The state transition mechanism between ACTIVE and STANDBY is FFS.
Proposal 1: Energy Saving is paramount for Relays right from their adoption for the network operators to be energy efficient 
Proposal 2: Legacy RRC State machine for UEs should be adopted as a baseline for energy saving function in Relay Nodes 
Proposal 3: RAN2 should discuss about the enhanced state of Relay Nodes in which an RN has a limited activity, e.g. to save energy or for ICIC purposes.
3.2. Practical Scenario: 
The following section describes a more realistic practical scenario where energy saving is more effective with the proposed strategies. It is envisaged that relays are going to operate in small pockets within the umbrella of a given D-eNB for the reason of supporting 1 Gbps in the DL. Hence, it is assumed here that within a given D-eNB region there can be many relays – some of which can be in their ACTIVE state whereas others can be in their STANDBY state depending on whether they serve any UE traffic or not respectively. 

Suppose a UE in its IDLE state is located in the common coverage area as shown in Fig. 2 and would like to initiate a GBR traffic demanding 500 Mbps in the DL. Suppose that a number of relays are served by a given D-eNB and out of which Relay 1 and Relay 3 are sleeping. Further assume that the IE in question is located very close to Relay 3 which is in the STANDBY State. UE’s initial camping on process is on either D-eNB or already active relay. Although camping on is on a far away cell, given that the initial camp on procedure does not necessitate high data rate, such scenario is realistic. In this case, further assume that the camping on process is on D-eNB. On receiving the initial context setup, the D-eNB can realise that it may not handle the given user traffic. It will later select appropriate neighbouring relay, wake-up if the chosen relay is already sleeping and handover the UE in question to the chosen relay. 
4. Conclusion 

This contribution shows how the legacy RRC State machine for UE can be enhanced and used to support an energy savings feature in Relay Nodes. Based on our analysis, the followings are recommended:
Proposal 1: Energy Saving is paramount for Relays right from their adoption for the network operators to be energy efficient. 
Proposal 2: Legacy RRC State machine for UEs should be adopted as a baseline for energy saving function in Relay Nodes.

Proposal 3: RAN2 should discuss about the enhanced state of Relay Nodes in which an RN has a limited activity, e.g. to save energy or for ICIC purposes.
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Appendix 

A.1 EU-Based Initiatives – EU 2020 Energy Policy

In January 2007, the European Commission stepped up its energy and climate change ambitions to new levels. It proposed that the Union would take on the following targets:

· an independent EU commitment to achieve at least a 20% reduction of greenhouse gases by 2020 compared to 1990 levels and an objective for a 30% reduction by 2020 subject to the conclusion of a comprehensive international climate change agreement;

· a mandatory EU target of 20% renewable energy by 2020 including a 10 % biofuels target. 

The European Parliament and the 2007 European Spring Council endorsed these targets and invited the Commission to come forward with concrete proposals on how to implement these targets. The European Commission tabled its concrete proposal in January 2008 in its climate change and energy package relying on a detailed economic analysis that examined the impacts of a range of policy options (this included proposals for a directive to revise the EU ETS, a decision to share reduction efforts in the sectors outside the EU ETS and a directive to promote renewable energy). The proposals made by the Commission were accepted with limited changes by the Council and the European Parliament at the end of 2008. Accordingly, measures are taken to improve the energy performance of products, buildings and services, to improve the yield of energy production and distribution, to reduce the impact of transport on energy consumption, to facilitate financing and investments in the sector, to encourage and consolidate rational energy consumption behaviour and to step up international action on energy efficiency. (Reference: Proposal for a DIRECTIVE OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL on the energy performance of buildings - http://europa.eu/scadplus/leg/en/lvb/l27064.htm). 

Another voluntary scheme that is worth to be noted here is the European Telecommunications Network Operators' (ETNO) Association Sustainability Charter. This is aimed specifically at telecom operators, and had 18 members (17 European operators plus Verizon) as of early 2009. It aims to:

· Ensure efficient energy utilization and the reduction of environmental impacts through improved energy management 

· Contribute to national and global efforts to reduce greenhouse gas emissions 

· Provide opportunities to market environmental practice and demonstrate the viability of voluntary actions 

· Share knowledge and best practice among the association's members 

· Benchmark among the members and look for best practice 

· Provide members with a recommended energy policy 

· Put pressure on suppliers with a code of conduct 

· Carry out innovative pilots
A.2 North American Initiatives – The Energy-Star Programme

As required by existing federal legislation, the United States Department of Energy continues to develop energy efficiency standards for a number of products and appliances. Additionally, many states have passed energy efficiency standards for products and appliances not covered under federal law. During the 2007-2009 legislative sessions, twenty-four states considered a total of forty one bills that would establish energy efficiency standards, programs to promote improved energy efficiency, tax incentives for energy-efficient products and appliances, and/or limitations on the sale or manufacture of certain lighting in the state. (Ref: http://www.tiaonline.org/environment/EIATRACK_North_America_White_Paperfinal.pdf, http://www.eiatrack.org/q/1028)

A.3 ITU Initiatives

The International Telecommunication Union set up a new group to develop standards related to the impact of information and communication technologies (ICT) on climate change, with a focus on reducing ICT emissions and looking at ways the same technology can be harnessed to help other industry sectors such as energy, transportation and buildings do likewise. The ITU says that ICT could help "cut global emissions by between 15 to 40%", although this depends on the methodology used to calculate these estimates (which is why a key objective of the group will be to develop internationally agreed methodologies to calculate ICT's effectiveness in emission reduction).
Considering the April 2008 Kyoto Symposium and the June 2008 London Symposium output, Telecommunication Standardization Advisory Group (TSAG) created the Focus Group on ICTs and Climate Change in July 2008. It will identify, from the standardization viewpoint, the impact of ICTs on Climate Change, in particular the reduction of ICT’s own emissions over their entire lifecycle (direct impact), the mitigation that follows through the adoption of ICTs in other relevant sectors (indirect impact), and facilitate the monitoring of relevant climate parameters.
A.4 Initiatives by Other Organisations

Given that it is understood that it is wise to have one or more industry standards in place, particularly in the key area of energy saving, in the recent past Alliance for Telecommunications Industry Solutions (ATIS) launched its wider Green Initiative in mid-2008. One of the main objectives of such an initiative is the development of industry-driven and market-oriented benchmarks. The Network Interface, Power, and Protection-Telecommunications Energy Efficiency (NIPP-TEE) committee of the ATIS is in the process of devising a standardized methodology to measure and report energy efficiency as a function of power consumed versus performance delivered for new equipment and technologies introduced into the network.

In Japan, as part of the government’s national energy strategy, Nippon Telegraph and Telecommunications (NTT) Group has ambitious goals to reduce its own energy consumption and is thus working towards a formal acceptance plan with vendors. As noted by the Smart2020 report, the Japanese government provided ¥3 billion (US$31 million) in 2008 to fund R&D in energy-saving technologies related to information and communications technology (ICT) equipment.
Fig. 1: Possible Relay State Machine and Transition
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Fig 2: Exemplary Illustration of the Proposed Relay Operation











