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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

Energy saving is important for operators for operational efficiency. Energy consumption is a significant operational cost factor for operators. In developing markets up to 30% of OPEX is spent on  energy. Energy efficiency is also of concern for our environmental objectives. For Macro base station, base station could account up to 80% of CO2 emission in a mobile network. Smaller cost effective nodes such as FemtoCells and PicoCells are increasingly being deployed. Whilst these nodes require less power budget, they provide smaller coverage area.  With increased data rate and more denser networks, need for energy efficiency is expected to increase further and so is the requirement for low energy base station technology. There is an increased focus on identifying opportunities for energy efficiency now then ever. 
1
Scope

The present document summarizes the study done under the SI “Solutions for energy saving within UTRA Node B” defined in [1] by listing technical concepts addressing the objectives of the study item (see below), analysing these technical concepts and selecting the best solution (which might be a combination of technical concepts).
The objective is to do an initial study to identify potential solutions to enable energy saving within UMTS Node-Bs, and do light initial evaluation of the proposed solutions, with the aim that a subset of them can be taken forward for further investigation as part of a more focused study in 3GPP. 

The main objective is to save power of RBS but other savings are also to be investigated. Preference for solutions to be studied can be prioritized as follows.

a) no impact to legacy or new UEs, 

b) no impact to legacy but impact to new UEs, 

c) impact to both, but minimise impact to legacy.



Solutions that provide energy saving for UMTS  NodeB are captured in this Technical report including the ones that do not require specification changes. -
Energy saving of site support solutions and NodeB peripheral parts (e.g. rectifier, backup system, Cooling etc) are outside the scope of RAN1 studies.
 “Non-backward compatible” techniques are not excluded from discussion at this stage; the impact of the “non-backward-compatibility” on legacy terminals should be assessed.
The present document provides the base for the following preparation of change requests to the corresponding RAN specifications if any solution are identified as beneficial require specification changes.
2
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The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.
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[15]
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3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the [following] terms and definitions [given in ... and the following] apply.

example: text used to clarify abstract rules by applying them literally.

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 following abbreviations apply:

ACK
Acknowledgement

CQI
Channel Quality Indicator

CRC
Cyclic Redundancy Check

DCH
Dedicated Channel

DL
Downlink

DPCCH
Dedicated Physical Control Channel

DPCH
Dedicated Physical Channel

DPDCH
Dedicated Physical Data Channel

DTX
Discontinuous Transmission

E-DCH
Enhanced Dedicated Channel

E-DPCCH
E-DCH Dedicated Physical Control Channel

E-DPDCH
E-DCH Dedicated Physical Data Channel

E-AGCH
E-DCH Absolute Grant Channel

E-HICH
E-DCH HARQ Acknowledgement Indicator Channel

E-RGCH
E-DCH Relative Grant Channel

F-DPCH
Fractional Dedicated Physical Channel 

HSDPA
High Speed Downlink Packet Access

HS-DSCH
High Speed Downlink Shared Channel

HS-PDSCH
High Speed Physical Downlink Shared Channel

HS-SCCH
High Speed Physical Downlink Shared Control Channel

NACK
Negative Acknowledgement

P-CCPCH
Primary Common Control Physical Channel

RBS
Radio Base Station

RL
Radio Link

S-CCPCH
Secondary Common Control Physical Channel

SCH
Synchronisation Channel

SIR
Signal-to-Interference Ratio

TFC
Transport Format Combination

TPC
Transmit Power Control

TTI
Transmission Time Interval

UE
User Equipment 

UL
Uplink

UTRAN
UMTS Terrestrial Radio Access Network
4
Scenarios 
<This section describes all the scenarios that will be studied in energy saving. The scenarios should consider deployment, UTRAN configuration (e.g. MIMO/non MIMO, DC/non DC, macro cell/micro cell), cell load, backward compatibility to a specific UE release, etc.>
Below are list of aspects that could be used to characterise the energy saving scenarios:

· Deployment and coverage: 
· UTRAN only, single cell, single carrier coverage
· UTRAN only, single cell, multi-carrier coverage
· UTRAN only, multiple inter-frequency cells with different coverage (e.g. hot spot and overlay network)
· Inter-RAT multiple cell Coverage (e.g. UMTS/GSM or UMTS/LTE)

· NodeB configuration
· Number of sectors and carriers
· MIMO / non-MIMO
· NodeB type: Macro NodeB, Home NodeB
· single-carrier / dual-carrier.
· Assumptions on traffic load and type: 
· Traffic load: empty cell, low, medium, high

· Number of active users

· Traffic variation: static, dynamic

· Traffic type: Mix of R99 HSDPA and HSUPA
5
Energy Consumption of UMTS Node-Bs
<This section contains a qualitative analysis of energy consumption breakdown of current UMTS Node-Bs for different antenna/carrier configurations, NodeB topologies and DL and UL loading scenarios.>
The components listed below are the main parts in an NodeB energy consumption breakdown, containing BBU, REs, power supply, coaxial feed, and other related consumptions. The relation in Table 1 is summarized based on a variety of configurations of macro NodeBs under a low load assumption specified as 10% in [15].

Table 1: Power Consumption breakdown of an UMTS NodeB
	UMTS NodeB power consumption
	Qualitative contribution to 
Total Power Consumption

	Base Band Unit (BBU)
	Medium

	Radio Equipments  (REs)
	Big

	Primary DC Power Supply (i.e. rectifiers, battery)
	Medium

	Coaxial feed pressurization/dehydration
	Medium 
(varying with feeder length and diameter)

	Other related consumption(like fan, lighting, alarm, etc.）
	Small
(under typical environmental conditions)


From the Table 1, BBU and REs correspond to the biggest part of the total power consumption and should thus be the main focus of this study. 

However, even if those elements correspond to the main consumption from a qualitative point of view regardless of the NodeB type and configurations, their absolute power consumption is actually very different for the different configurations, e.g. MIMO and non-MIMO, concentrated and distributed NodeB. Therefore, the actual NodeB configuration still plays an important role for finding suitable energy saving solutions and is an important aspect in the definitions of the scenarios as outlined above
6
Metrics for Evaluation

<This section describes how to evaluate the solutions and that the rules for adopting energy saving solution.>

[image: image2]
· Metrics and Evaluation to be based on ETSI TS 102 706 V1.1.1 (2009-08) [15]

· Energy efficiency shall be a measure of 
· Average power drawn from the input voltage source 
· Long term average RF output power transmitted at each of the antenna port
· Following is assumed as baseline for evaluation

· Traffic distribution to include voice, streaming, interactive and file download to capture realistic operation
· Energy consumption for Load levels at low medium and busy hours are to be evaluated [15]
· One RBS is covering three sectors, with each antenna port connected to one sector
· Mobility of users (pattern and velocity) should be evaluated

· Cell range is load dependant and therefore the max path loss, L, should be increased until service degradation is observed for any of the UEs
· Following Traffic distribution is to be assumed

	Traffic case 
	Application
	WCDMA/HSPA

	Speech
	CS speech and VoIP
	[5]

	PS Streaming
	Audio/Video streaming
	[50]

	PS Interactive
	Web browsing
	[25]

	PS File download
	P2P, file/software download
	[20]


7
Technical Concepts

This section describes and analyses the suggested technical concepts addressing the problem described by the study item “Solutions for energy saving within UTRA Node B” defined in [1].
7.1
<Name of Concept A>
7.1.1
Description of the concept

<Editor’s note: How does the concept solve the problems addressed by the SI?>
7.1.2
Analysis of the concept

< Editor’s note: Calculations, simulations, gain estimations etc. might be added here.>
7.1.3
Pros & Cons of the concept

Pros:
Cons:

<Editors note: UE impacts; including those on legacy UE’s, gains and specification impacts should be captured in this section.> 
o
Cell and User throughput

o
UE energy consumption

o
Impact to UE RRC states, 

o
Possibility for UE camping, 

o
Idle / Connected mode mobility including cell identification

o
Call setup latency (e.g. emergency call)
7.1.4
Open issues of the concept

7.2
<Name of Concept B>

7.2.1
Description of the concept

<Editor’s note: How does the concept solve the problems addressed by the SI?>

7.2.2
Analysis of the concept

< Editor’s note: Calculations, simulations, gain estimations etc. might be added here.>

7.2.3
Pros & Cons of the concept

Pros:

Cons:

<Editors note: UE impacts; including those on legacy UE’s, gains and specification impacts should be captured in this section.> 
Cell and User throughput

o
UE energy consumption

o
Impact to UE RRC states, 

o
Possibility for UE camping, 

o
Idle / Connected mode mobility including cell identification

o
Call setup latency (e.g. emergency call)

7.2.4
Open issues of the concept

7.3
<Name of Concept C>

7.3.1
Description of the concept

<Editor’s note: How does the concept solve the problems addressed by the SI?>

7.3.2
Analysis of the concept

< Editor’s note: Calculations, simulations, gain estimations etc. might be added here.>

7.3.3
Pros & Cons of the concept

Pros:

Cons:

<Editors note: UE impacts; including those on legacy UE’s, gains and specification impacts should be captured in this section.> 
Cell and User throughput

o
UE energy consumption

o
Impact to UE RRC states, 

o
Possibility for UE camping, 

o
Idle / Connected mode mobility including cell identification

o
Call setup latency (e.g. emergency call)

7.3.4
Open issues of the concept

8
Recommendation
This section describes which technical concepts of section 4 are potentially useful for the 3GPP specification.
8.1
Overview of the selected solution

<Editor’s note: A summary of which concepts are selected.>
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