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| NTRODUCTION

Expectations are that broadband equipment will rdmuntie considerably to the electricity
consumption of households in European Communitthen near future. Depending on the
penetration level, the specifications of the equeptmand the requirements of the service
provider, a total European consumption of up toT%@h per year can be estimated for the
year 2015. With the general principles and acti@ssilting from the implementation of this
Code of Conduct the (maximum) electricity consumptcould be limited to 25 TWh per
year, this is equivalent to 5,5 Million tons of effjuivalent and to total saving of about € 7,5
Billion per year.

The potential new electrical load represented Iy ¢lquipment needs to be addressed by EU
energy and environmental policies. It is importdrat the electrical efficiency of broadband
equipment is maximised.

To help all parties to address the issue of eneffjgiency whilst avoiding competitive
pressures to raise energy consumption of equipaieservice providers, network operators,
equipment and component manufacturers are inwitetgh this Code of Conduct.

This Code of Conduct sets out the basic principtelse followed by all parties involved in
broadband equipment, operating in the European Gomtyy in respect of energy efficient
equipment.
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1. EQUIPMENT COVERED

This Code of Conduct covers equipment for broadlsamdices both on the customer side as
listed in Table 1, and on the network side asdisteTable 2. Note that not all the equipment
listed in these tables may yet have a completeokaissociated power targets. Any such
missing values may be added to future versionshef €ode of Conduct, as may any
additional technologies that become significanthie Broadband space. Figure 1 below gives
examples of home gateway/modem configurations whi boundary between customer
premises and network equipment that this Code ofdGat takes into account. This Code of
Conduct covers also the equipment for Small Oftt@me Office (SOHO) applications.
Terminals like PCs or TVs are not covered by thisi€of Conduct.

Consumer: Network:
End-use equipment Access Network equipment
Terminal(s) line
] Freeeeeod Home Modem \
i gateway NT LT
: i___ HNID IP- network
i" ATA
Frommmemeo Router || Modem LT —
S NT
_-] HNID
Printer] |
server

T Modem
T g LT /

Figure 1: Examples of configurations

Broadband access equipment is defined by its imcatipn of a transmission technology
capable of providing more than 2048 kbit/s (ITU-@R.113 [1]) full-rate capacity in at least
one direction.

When equipment is in an idle state, it needs talble to provide services with the same
quality as in the on-state, or to be able transitimthe on-state to deliver the service without
introducing a significant additional delay from thser perspective. This requirement holds
regardless of whether the service is initiated ftbeMWAN-side, or the LAN-side.

In this Code of Conduct these categories of equipmell subsequently be referred to as
“customer premises equipment” (CPE) and “networkigment” or “broadband equipment”
in general.

Table 1: CPE covered

Type of CPE

Home gateways:

» DSL CPEs (ADSL, ADSL2, ADSL2plus, VDSLAnd VDSL2 with G.993.5
(Vectoring) support)

+ Cable CPEs (DOCSIS 2.0 and 3.0)
* Optical CPEs (PON and PtP)
+ Ethernet router CPEs

Broadband Equipment Code of Conduct — Version 5 20th December 2013
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* Wireless CPEs (WIMAX, 3G, and LTE)

Simple broadband access devices:
* DSL CPEs powered by USB
e Layer 20NUs

Home network infrastructure devices:
* Wi-Fi access points
Small hubs and non-stackable Layer 2 switches
* Powerline adapters
Alternative LAN technologies (HPNA and MoCA) adayste
Optical LAN adapter

Other home network devices:
* ATA/VoIP gateway
* VolIP telephone (standalone standard desktop phone)
* Print server

The following equipment is excluded from this versbf the Code of Conduct:

¢ Terminals like PCs and TVs

e Set-top boxes for digital TV services; complex tegt-boxes are covered by the Code

of Conduct for digital TV Service Systems.

» Special purpose devices, like conference phonegovphones, or appliances that

contain other main functionalities besides the Viiftction

* Video gateways providing conditional access “temtion”, characterized by their
capability to receive select and descramble meltigigital video streams to be
rerouted on a home network or/and locally decodedutput audio video content.
Video gateways equipped with embedded audio/ videooding and outputting

capability are commonly called “headed” video gatgsv

* Enterprise CPE products, intended as those equiptinahinclude one or both of the
following characteristics and are typically intedde be used in high end applications

and users:
o Works only with other dedicated proprietary cortngl device/server.

o Is modular (i.e., allowing non-standardized, prefaiy LAN, or WAN
interfaces to be inserted in the equipment).

Table 2: Network equipment covered

Type of network equipment covered

DSL network equipment (e.g., ADSL, ADSL2, ADSL2plasd VDSL2)

Combined DSL/Narrowband network equipment (e.g. AMSvhere POTS interface is
combined with DSL BroadBand interface)

Optical Line Terminations (OLT) for PON- and PtRwerks

Wireless Broadband network equipment (e.g., Wideeas points for Hotspot applicatia
or WiMAX Radio Base Station)

Broadband Equipment Code of Conduct — Version 5 20th December 2013
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» Cable service provider equipment
» Powerline service provider equipment

2. AIM

To reduce energy consumption of broadband commiimicaquipment without hampering
the fast technological developments and the seproeided.

3. COMMITMENT
Signatories of this Code of Conduct agree to m#lkeasonable efforts to:
a) Abide by the General Principles contained in AnAex

b) Achieve the power consumption targets set out imexnC, for at least 90% (by
numbet) of the new-model items of broadband equipmeneney by this Code of
Conduct that are introduced to the market afternridecated dates. For an equipment
vendor, “new-model” means equipment that is fingtught to market during a given
year (note that a simple production optimisationbag-fix would not necessarily
constitute a new-model). For a network operatoewimodel" means equipment of a
particular type and specification being procuredthe first time in a given year. For
the subsequent manufacture or purchase/installafitime same equipment, the Code
of Conduct values pertaining to the original yeaintroduction/purchase apply. To
take into account the time network operators needdlect new equipment and
introduce it into their networks, network operatarg entitled to specify the Tier of
the Code of Conduct that applied at the date orchvthe operator formally initiated
the procurement process for this equipment (eg.déite on which the Invitation to
Tender for that equipment was issued). If this apph is employed, the operator shall
formally notify the supplier of the relevant datedaTier.

c) Provide end-users with information about power comgtion of CPE (CPE-on-state,
CPE-idle-state) and about switching off CPE in tiser manual, on the Internet, the
packaging, and/or at the point of sales.

d) Co-operate with the European Commission and MerSkae authorities in an annual
review of the scope of the Code of Conduct andpiiner consumption targets for
future years.

e) Co-operate with the European Commission and MenStates in monitoring the
effectiveness of this Code of Conduct through #@orting form that is available on
the homepage of the EU Standby Initiative [3].

f) Ensure that procurement specifications for broadbeguipment are compliant with
this Code of Conduct.

Each version of the Code of Conduct, once publisheda standalone document that
supersedes all previous versions, and neithersrédenor depends on such versions. When a
new version of the Code of Conduct comes into forée is assumed that
companies/organizations who have already signed Gbde of Conduct will remain
signatories for the new version. However any comgfmganization may withdraw its
signature from the Code of Conduct with no penalty.

1 For network equipment 'by number’ means ‘by numbgports’, so as to allow for equipment with very
different numbers of ports.
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4, M ONITORING

Signatories agree to provide information on the @ogonsumption of their equipment which
is covered by the Code of Conduct to the Europeamr@ission on annual basis. This should
be provided by the end of each March for the previcalendar year. Where a signatory first
signs part way through a calendar year, then rigygpfor that first year should be done from
the date of signing, not the beginning of that wdée year.

The anonymous results will be discussed at least anyear by the signatories, the European
Commission, Member States, and their represengativerder to:

a) Evaluate the level of compliance and the effecissnof this Code of Conduct in
achieving its aims.

b) Evaluate current and future developments that emfte energy consumption, (i.e.,
Integrated Circuit development, etc.) with a view &greeing actions and/or
amendments to the Code of Conduct.

c) Set targets for future time periods.

S. REPORTING

The presentation of the results provided to the @@sion will be in the form of the
reporting sheet available on the homepage of th&tddby Initiative [3].

Broadband Equipment Code of Conduct — Version 5 20th December 2013
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A. GENERAL PRINCIPLES

Signatories of this Code of Conduct should endeavoumake all reasonable efforts to
ensure:

Al For broadband equipment in general

A.1.1 Broadband equipment should be designed to meetCtide of Conduct power
consumption targets. However, power management naisinduly impact the user
experience, disturb the network, or contravenefidicable standards.

A.1.2 Operational and control systems are specified utfterassumption that hardware
has power management built in, where applicable,, idepending on the
functionality required of the unit, the hardwardlautomatically switch to the state
with the lowest possible power consumption.

A.1.3 Signatories will endeavour to assist in the improgat of the existing low-power
standards, and the development of new ones aspajaies

A2 For CPE

A.2.1 Any external power supplies used for CPE shallnhbadcordance with the EU Code
of Conduct for External Power Supplies [4]. Powensumption of the external
power supply shall be included in the power measerd.

A.2.2 CPE is designed under the assumption that the m@mp may be physically
disconnected from the mains or switched off manuajl the customer, from time to
time, at their own discretion.

A.2.3 Power delivered to other equipment (e.g., over WEBOE) shall not be included in
the power consumption assessment. This other egmipsehall be disconnected for
the power consumption measurement, except wheristhins contradiction with the
operation of the product. However, target valuesspecified for some specific USB
devices, as a reference for USB manufacturersi@beé considered separately from
the evaluation of the power budget (and relatedemption objectives) of the CPEs
they can be connected to.

A3 For network equipment

A.3.1 Broadband network equipment should be designedutfil the environmental
specifications of Class 3.1 for indoor use accaydin the ETSI Standard EN
300019-1-3 [5], and where appropriate the moreredd environmental conditions
than Class 3.1 for use at outdoor sites. At remsités the outdoor cabinet including
the Broadband network equipment shall fulfil Cla&4 according to the ETSI
Standard EN 300019-1-4 [6]. Broadband network egeipt in the outdoor cabinet
should be designed taking in account the charatitesiof the cabinet and the
outdoor environmental condition; e.g., in caseregfcooling cabinet it should be
considered that the equipment inside the cabinetldcoperate (for short time
periods) at temperature up to 60° C. If coolingeésessary, it should be preferably
cooled with fresh air (fan driven, no refrigerafioithe Coefficient of Performance

2 For WAN-side DSL systems, this function can bevated (with care) for deployed ADSL2/2plus (seeFBB
TR-202 guidelines).

Broadband Equipment Code of Conduct — Version 5 20th December 2013
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245 power to the energy needed for the cooling sysstould be higher than 10.
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B. DEFINITION OF OPERATION STATES
B.1 Definitions of CPE operation states
B.1.1 Off-state

In the off-state, the device is not providing any functionality.iFlstate is defined by EC No
1275/2008 [9].

B.1.2 Idle-state

In the idle-state, the device is idle, with all the components beimgheir individual idle
states. In this state the device is not processirigansmitting a significant amount of traffic,
but is ready to detect activity.

Transitions between the idle-state and on-statd owcur without manual reconfiguration of
the device, i.e., they must happen automatically.

The definition of idle state for LAN Ethernet Por$ the Home Gateway in Table 3 is
different from the definition of the idle state faAN Ethernet Ports of simple broadband
access devices (modems and NTSs) in Table 4. FamaeH>ateway, no LAN Ethernet port is
connected for Idle-state testing. For a simple thbaad access device (modems and NTS),
one LAN Ethernet port is connected with link upadg to pass traffic. The difference is due
to the fact that the LAN Ethernet port of a modesmaquired to be operational at all times,
while this is not necessarily the case for a Horaee@ay.

The idle-state of a home gateway is defined athalcomponents of the home gateway being
in their idle-state as defined in Table 3.

Table 3: Definition of the idle-state for home gateays

Port / component Idle-state

Central functions
(processor and memory:
routing, firewall, OAM Not processing user traffic.
(e.g., TR-069), user
interface)

Single WAN: Idle (link established and up, the rfaee is ready
to transmit traffic but no user traffic is present.

More details on the physical layer configuration @drtain
interfaces can be found in the on-state definititee Table 7).
The idle state configuration can be different tharon-state if
this does not require a manual reconfiguration hey énd use
WAN interface (e.g., in case of DOCSIS 3.0, the CPE transitiamsat1x1
configuration or in case of ADSL2plus to the L2 rapd

In case of dual WAN interfaée for backup or alternativ
purposes, only one of the two ports will be in #v®ve describe
state, while the second will be disconnected or awiive, but
able to be manually or automatically activatedeéded.

In case of dual WAN interface for simultaneous agien, both

-~

LD

3 |t should be noted that CPEs may exist with mhesmttwo WAN interfaces (e.g. in case of DSL bondingr
more than two copper pairs). In the remainder isf document dual WAN interface CPEs are mentioretha
most common category of multi-WAN CPEs.

Broadband Equipment Code of Conduct — Version 5 20th December 2013
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Port / component Idle-state

ports will be in the above described state.

Ports not connected (or no Ethernet link) but viithernet link

LAN Ethernet ports detection active.

Wi-Fi Beacon on, but no user traffic transmitted,alient associated.
Alternative LAN

technologies (e.qg., MoCA, Powerline, HPNA, or POF capability is actiedf but ng
HPNA, MoCA, user traffic transmitted.

Powerline, POF)

1 FXS port with phone connected (200 Ohm / 5m mables
length), phone on-hook, off hook detection active.

Remaining FXS ports: no phone or other load comukdiut able
to detect a connection.

FXS

1 phone connected (5m max cable length), the ploopewered
locally by its own power supply (i.e., it is notyered via the S
ISDN SO interface), phone on-hook, off hook detection agctiv

Remaining ISDN SO ports: no phone or other loacheoted, but
able to detect a connection.

A

FXO No active call, incoming call detection enabled

DECT interface No active call, incoming call detectenabled.

DECT charging station

for DECT handset DECT handset on cradle, in trickle charge.

Backup battery Battery is fully charged (trickleacging).

USB No devices connected, detection of USB dewaotse.

When activity is detected on a component, the gpat®e components transition to the on-
state. The transition time should be less thancbrek wherever possible in order to not
adversely impact the customer experience. The ti@teof the Ethernet link may take more
than 1 second, but must stay below 3 seconds.|@hger transition time can be tolerated in
this case because it requires some user interactibring up the link (e.g., connect a device
or boot a PC).

Note that because only those components requiredigport the activated service go into
their on-state, for a complete device (as opposedftinctional component) there will in fact
be a range of power states. At any given time QRE& should consume the minimum power
commensurate with its current level of activity fwihe appropriate hysteresis).

Table 4: Definition of the idle-state for simple
broadband access devices (modems and NTs)

Port / component Idle-state

Idle (link established and up, the interface isdyeto transmit

WAN port traffic but no user traffic is present).

In idle state the LAN port is up and a link is plogdly and
LAN port logically established (cable length is 10m as defim ETSI EN
301575). There is no user traffic transmission twa link only,

Broadband Equipment Code of Conduct — Version 5 20th December 2013
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302

Port / component Idle-state

some insignificant handshake traffic is allowed.

Table 5: Definition of the idle-state for Home Netwrk Infrastructure Devices (HNID)

Port / component Idle-state

1 port in idle state (see LAN port in Table 4),case of more
Ethernet port than 1 port the remaining ports are disconnectetl viath
Ethernet link detection active.

The definitions of the idle-state for all otherarfaces and functionality are the same as
defined in Table 3.

Table 6: Definition of the idle-state for other hone network devices

Port / component Idle-state

1 port in idle state (see LAN port in Table 4),case of more
Ethernet port than 1 port the remaining ports are disconnectetl viath
Ethernet link detection active.

VolP/telephony No active call, call detection aetiinactive display.

Print server No print job active.

B.1.3 On-state

The on-state of a home gateway is defined as altdmponents of the home gateway being
in their on-state as defined in Table 7.

For the interfaces carrying user traffic the minitimoughput that needs to be considered is
indicated as well in Table 7. As this is the minirtraffic load to be applied to a certain
interface, some interfaces can carry more traffiorder to accommodate all minimal traffic
loads. This excess traffic should be carried oreitbt LAN port(s).

Customer-side Ethernet ports present on CPEs amomsible of non-negligible energy
consumption. Energy Efficient Ethernet (EEE) asraf in IEEE Std 802.3-2012 SECTION
SIX [11] defines power saving mechanisms for wireastomer-side Ethernet ports (see also
Annex G). It is then recommended that copper EttefitEE 802.3 [11]) interfaces in the
CPE comply with EEE. To allow sufficient time fogepment implementation, allowances
for EEE capable Ethernet ports are defined andisobexth allowances for non-EEE capable
ports. Starting January 1st 2016, there will beingle target based on the use of EEE
implementations only. During testing, the measurgneguipment connected to EEE capable
ports must also support EEE [11].

Transitions between the idle-state and on-statd owcur without manual reconfiguration of
the device, i.e., they must happen automatically.

Table 7: Definition of the on-state for home gatewgs

Port / component On-state

Central functions
(processor and memory: | Processing the user traffic present on the WAN &AdN
routing, firewall, OAM interfaces.

(e.g., TR-069), user

Broadband Equipment Code of Conduct — Version 5 20th December 2013
15



Port / component

On-state

interface)

WAN port

Single WAN: Active (link established and passingrusaffic)

In case of dual WAN interface, for backup or altgive
purposes, only one of the two ports will be in thbove
described state, while the second will be discot@tkor not

active, but able to be manually or automaticallvated in case

of need.

In case of dual WAN interface for simultaneous agien, both
ports will be in the above described state.

ADSL2plus

Line is configured as per TR-100 [12], Table 8-3.

Select a valid ADSL2plus specific test profile, igared in rate
adaptive mode. Use a test loop of 1250m.
The DSL line is active (in showtime) and passingrusaffic:
3 Mbit/s downstream, 0,3 Mbit/s upstream.

VDSL2 (8, 12a, 17a, but
not 30a)

Line is configured as per TR-114 [14], Table 9 (Sfie Line
Settings).

Select a valid VDSL2 profile line combination, fahe
governing profile bandwidth (namely 8, 12, or 17 ¥H
configured in rate adaptive mode. Use a test Idop00 m for
the 8 MHz profile and 150 m for each of the 12 dMdMHz
profiles.

The DSL line is active (in showtime) and passingrusaffic:
10 Mbit/s downstream, 2 Mbit/s upstream.

VDSL2 (30a)

Line is configured as per Broadband Forum Recomiatéol
TR-114 [14], Table 9 (Specific Line Settings),

VDSL2 Band Profile shall be: Profile 30a, usingaier Annex
B PSD mask, configured in rate adaptive mode. Utastaloop
of 100m.

The DSL line is active (in showtime) and passingrusaffic:
20 Mbit/s downstream, 5 Mbit/s upstream.

Fast Ethernet WAN

Link established at 100 Mbit/s and passing usefffidra
concurrent 1 Mbit/s downstream and 1 Mbit/s upsiresent in
bursts of 25 back-to-back 500 bytes Ethernet Fra(@RC
included). These rate, size and traffic shape afected to
ensure that the Ethernet Interface can activate Ed&Power
Idle mode during testing (i.e, the interface witurn to idle
mode between each burst).

Gigabit Ethernet WAN

Link established at 1000 Mbit/s and passing useffid¢r
concurrent 50 Mbit/s downstream and 10 Mbit/s gastr sen|
in bursts of 250 back-to-back 500 bytes Ethernatries (CRQ
included). These rate, size and traffic shape afected to
ensure that the Ethernet Interface can activate Ed&Power
Idle mode during testing (i. e., the interface wdturn to idle
mode between each burst).

Fibre PtP Fast Ethernet

Link established at 100t/8Hod passing user traffic: 20 Mbi
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Port / component

On-state

WAN

downstream, 5 Mbit/s upstream.

Fibre PtP Gigabit Etherne
WAN

tLink established at 1000 Mbit/sand passing userffidra
50 Mbit/s downstream, 10 Mbit/s upstream.

GPON Passing user traffic:10 Mbit/s downstream, 1tfgl upstream.
1G-EPON Passing user traffic: 10 Mbit/s downstreadMbit/s upstream.
10/1G-EPON Passing user traffic: 50 Mbit/s dowrestre5 Mbit/s upstream.
10/10G-EPON Passing user traffic: 50 Mbit/s doweestn, 10 Mbit/s upstream|.
XG-PON1 Passing user traffic: 50 Mbit/s downstreatMbit/s upstream.
Active with a downstream channel with a modulatigpe of
DOCSIS 2.0 256 QAM and an upstream channel with a modulatype bf 64
' QAM and a symbol rate of 5,12 Ms/s and passing trsdfic:
10 Mbit/s downstream, 2 Mbit/s upstream.
4 downstream channels with a modulation type of Q26V. 4
upstream channels with a modulation type of 64 QAMymbol
rate of 5,12 Ms/s, and a transmit level of 45 dBp#Y channel
Modem is passing user traffic: 10 Mbit/s downstreath Mbit/s
upstream.
DOCSIS 3.0

The Basic configuration represents a modem thap@tp 4
downstream and 4 upstream channels.

An additional power allowance is provided for eaclditional 4
downstream channels supported by the modem.

WIMAX, 3G, LTE

Passing user traffic: 1 Mbit/s dowresam, 200 kbit/s upstream.

LAN Fast Ethernet ports

All ports active, link established at 100 Mbit/sbte length is
10m as defined in ETSI EN 301575 and passing usdict
concurrent 1 Mbit/s downstream and 1 Mbit/s upsirgeer port
sent in bursts of 25 back-to-back 500 bytes EtheRrames
(CRC included). These rate, size and traffic stapeselected t
ensure that the Ethernet Interface can activate E&Power
Idle mode during testing (i. e., the interface wéturn to idle
mode between each burst).

LAN Gigabit Ethernet
ports

All ports active, link established at 1000 Mbitésble length ig
10m as defined in ETSI EN 301575 and passing usdict
concurrent 10 Mbit/s downstream and 10 Mbit/s wgastr per
port sent in bursts of 250 back-to-back 500 bytéiseiet

Frames (CRC included). These rate, size and trafimpe are

selected to ensure that the Ethernet Interfaceacéimate EEE
Low-Power Idle mode during testing (i. e., the ifaee will
return to idle mode between each burst).

Wi-Fi 802.11g or 11a

Beacon on, 1 Wi-Fi client associated and 1-5m afn@y AP in
the same room, avoid interference in the same baiid, user
traffic: concurrent 5 Mbit/s downstream and 5 Mbit/pstreamn

O

(where simultaneous dual-band operation is supgorthis
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303
304

Port / component

On-state

traffic is used).

Wi-Fi 802.11n or 11ac

Beacon on, 1 Wi-Fi 802.11n client associated arimlaway
from AP in the same room, avoid interference ingame band
with user traffic. concurrent 10 Mbit/s downstreamnd
10 Mbit/s upstream (where simultaneous dual-baretaion is
supported, this traffic is used).

Alternative LAN
technologies (e.g., HPNA|
MoCA, Powerline, POF)

MoCA, Powerline, HPNA, or POF capability is actedt with
L user traffic: concurrent 10 Mbit/s downstream ar@ Mbit/s
upstream per interface.

FXS

1 phone connected (200 Ohm / loop current of 20/rBA max
cable length), off hook, 1 active call.

Remaining FXS ports: no phone or other load comukdbut

apply).

ISDN SO

1 phone connected (5m max cable length), the ptsopewered

interface), phone off hook, 1 active call.

Remaining ISDN SO ports: no phone or other loadnected,
but able to detect a connection (for those ISDNo&(@s, the idle
targets apply).

FXO

1 active call.

DECT interface

1 active call.

DECT charging station for

DECT handset

DECT handset not on cradle, no charging.

Backup battery

Battery is fully charged (trickleacging).

USB

No USB device connected, detection of USB devarctive.

Low speed power line

Active, with traffic: 10 kisit/

Bluetooth

Active, with traffic: 10 kbit/s.

Zigbee

Active, with traffic: 10 kbit/s.

Femtocell (Home use, RHK
power <10mW, RF powel

active, client 5m away in the same room, with usaffic:
2 Mbit/s.

10mW-50mw)

able to detect a connection (for those FXS polnis,idle targets

locally by its own power supply (i.e., it is notwered via the S0
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305
306

307
308

309

310
311

312
313
314
315
316

317
318
319
320
321
322
323

324
325
326

327
328
329
330

331

Table 8: Definition of the on-state for simple
broadband access devices (modems and NTs)

Port / component On-state

WAN port

Active (link established and passing user traffithwhe traffic
load defined in Table 7 for a given WAN interfagpé).

LAN port

Active (link established and passing the same amotiuser
traffic as defined for the WAN port).

For the on-state of Home Network Infrastructure iDes (HNID) the same definitions as
listed in Table 7 apply.

Table 9: Definition of the on-state for other homenetworking devices

Port / component On-state
Port active (user traffic transmission to suppbe tunctionality
Ethernet port of the device as described in the rows below, clapigth is 10m
as defined in ETSI EN 301575).
VolP/telephony 1 active call.
Print server Print job active.
B.2 Definitions of network operation states

For Broadband-Network-technologies the followingtes are differentiated:

Network (e.g., DSL)-stand-by state: This state Hhias largest power reduction
capability and there is no transmission of datasibs. It is essential for this state that
the device has the capability to respond to arvaiitin request, leading to a direct
state change. E.g., a transition to the networkldald state may happen if data has to
be transmitted from either side.

Network (e.g., DSL)-low-load state: This state a#oa limited power reduction
capability and a limited data transmission is aldwlt is entered automatically from
the network-full-load state after the data transiois during a certain time is lower
than a predefined limit. If more than the limitegtal has to be transmitted from either
side, a state change to the network-full-load stateentered automatically. The
network-low-load state may comprise multiple sudtest with history dependent state-
transition rules.

Network (e.g., DSL)-full-load state: This is thatst in which a maximal allowed data
transmission is possible. The maximum is definedH®y physical properties of the
line and the settings of the operator.

For the wireless network equipment also the foltaystates are defined:
0 Busy hour-load-state
0 Medium-load-state
0 Low-load-state
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332
333

334
335
336
337

338
339

340
341
342
343

344

345
346
347
348
349
350
351
352

353
354
355

356

357
358
359
360
361
362
363

364
365

366
367
368
369

370
371

C. POWER LEVELS . TARGETS AND TIME SCHEDULE
C1l CPE

CPEs covered by this Code of Conduct (home gatevimyse network infrastructure devices
and other home network devices) should meet tHewvioslg maximum power consumption

targets in the on-state and in the idle-state &iseatkin section B.1. In the off-state, these
CPEs must meet the requirements of the Code of @rior External Power Supplies [4].

The CPEs should apply all possible energy savingre; minimizing the overall power
consumption whenever possible (e.g., when all oresof its functions are not operating).

The power levels defined in this document for tdless are mean values based on sufficiently
long measurement periods (at least 5 minutes),nguwhich the equipment remains
continuously in that same state (measurements dlooly start when the equipment is stable
in this state for at least 60 seconds). Power ssmed at the 230V AC input.

C.1.1 Home Gateways

The home gatewéyis composed of several components, namely a psoc@dus memory, a
WAN interface and several LAN interfaces. Dependorg the purpose of a given home
gateway, different components may be included. pbwer consumption targets for each
type of home gateway are calculated by summingvtitees of its individual components.
The home gateway as a whole has to meet the suntengekts for its various modes of
operation and activity. Component power consumptanes are used to compute the overall
home gateway target for a given configuration ammalenof operation, but are not themselves
normative.

The home gateway must meet the power targets ferstdte and for on-state as defined in
section B.1. Depending on the actual state ofridevidual components, several intermediate
power consumption levels for the home gateway exist

The values per component for the idle-state andthstate are given in the following tables.

If an interface is able to work in different modésnust establish a link with the highest
possible capability and the targets have to bearhascordingly. This for example applies to
Wi-Fi 802.11n interfaces or Gigabit Ethernet LANrgsoi.e., to a Gigabit Ethernet interface a
Gigabit Ethernet capable device must be connectechéasurement purposes and the Gigabit
Ethernet target applies. If a lower capability @evis connected, the power consumption
should be lower and ideally reach the target of bwer capability technology, i.e., if a Fast
Ethernet device is connected to a Gigabit EthdrA&t port.

In case of dual WAN, with reference to the defomtiof states, the calculation of targets for
idle and on state will be performed on the basigheffollowing rules:

In case of dual WAN interface for backup or altéirea purposes, the backup or alternative
interface will be activated when the main interfémses connectivity. Additional allowances
for the backup interfaces are found in Table 10khe Targets must be met under two
conditions (and only the highest value should Iperted):

* The first one, corresponding to the situation whe main WAN interface is active
and the backup or alternative interface is discotateor not active

4 A home gateway is used here as a generic termhwdricompasses all kinds of access interfaces &h,
cable, fibre, etc.)
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372 » The second one, corresponding to the situation vtherbackup is activated and the
373 main interface is disconnected or not active

374 In case of dual WAN interface for simultaneous agien, additional allowances for the
375 additional interfaces are found in Table 10b.

376 Table 10: Power values for home gateway central funions plus WAN interface

Tier 2013-2014:

Tier 2015-2016:

1.1.2013 - 1.1.2015 -
Home gateway central functions plus WAN 31.12.2014 31.12.2016
interface
Idle- |On-State| Idle- | On-State
State(W)| (W) |State(W)| (W)

ADSL2plus 2,4 3,4 2,2 2,8
VDSL2 (8, 12a, 17a, but not 30a) | Note 10.3 3,2 4,6 3,2 4,0
VDSL2 (30a) | Note 10.3 4,7 53 4,3 4,8
Fast Ethernet WAN 2,0 3,0 1,5 2,0
Gigabit Ethernet WAN 2,5 5,0 2,5 4,5
Fibre PtP Fast Ethernet WAN 2,9 50 2,5 4,5
Fibre PtP Gigabit Ethernet WAN 3,2 5,6 2,6 4.8
GPON 3,5 5,0 3,2 4,0
1G-EPON 3,5 4,7 3,2 4,0
10/1G-EPON 48 | 62 Nolti,(ljo"l Noltgéo"‘
10/10G-EPON 53 | 7.7 Nolti,éo"l Noltgéo"‘
XG-PON1 4.8 65 Nolti,(1)0.4 NoltgéOA
DOCSIS 2.0 3,7 4,6 3,7 4,6
DOCSIS 3.0 basic configuration 6,2 7,1 5,2 6,2
WIMAX 3,5 6,0 2,8 4,8
3G 3,5 6,0 2,8 4,8
LTE 3,5 6,0 2,8 4,8
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377

378
379
380

381
382
383

384

385
386
387
388
389
390

391

392

Notes:

(10.1)

(10.2)

(10.3)
(10.4)

The ONU values shown in Table 10 assume that theehgateway central functions
include a Gigabit Ethernet switch functionalitygthdditional power budget for the
PHY interface of the LAN ports will have to be aooted separately).

The above consumption targets for all ONUs in Tdlfleassume the use of optics
that meet the PR-30 or PRX-30 power budgets (IEER.3 or ITU-T
(.984.2/G.987.2 [15] Class B/B+ power budgets, twner is applicable.

VDSL2 allowances include Home Gateways supportir@9@&.5 (Vectoring).

The state of maturity of this technology is sucat thnly indicative power targets can
be set. Signatories must report the power consomptivalues of any such

equipment that they manufacture or deploy, so ttatstate of development of this
technology can be taken into account when revitiege targets in the future. Such
reports will not be included in the assessment loétiver or not the 90% target has
been achieved.

Table 10a: Power values for home gateway addition&ackup WAN interface

Tier 2013-2014: Tier 2015-2016:
Home gateway additional Backup 1.1.2013-31.12.2014 1.1.2015 - 31.12.2018
WAN interface |dle-State | On-State | Idle-State | On-State

(W) (W) (W) (W)
Fast Ethernet WAN 0,2 0,4 0,2 0,4
Gigabit Ethernet WAN 0,7 2,4 0,3 1,0
Fibre PtP Fast Ethernet WAN 11 2,4 1,1 2,4
Fibre PtP Gigabit Ethernet WAN 1,4 3,0 1,4 3,0
WIMAX 1,7 3,4 1,7 3,4
3G 1,7 3,4 1,7 3,4
LTE 1,7 3,4 1,7 3,4

Table 10b: Power values for home gateway addition&imultaneous WAN interface

Tier 2013-2014: Tier 2015-2016:
WAN interface |dle-State | On-State | Idle-State | On-State

(W) (W) (W) (W)
ADSL2plus | Note 10.5 2,4 1,0 0,9 1,0
VDSL2 (8, 12a, 17a, but not 30a) | Note 3.2 22 1.6 5
10.5
VDSL2 (30a) | Note 10.5 4.7 2,9 2,5 2,9
Fast Ethernet WAN 0,4 0,6 0,4 0,6
Gigabit Ethernet WAN 0,9 2,6 0,6 1,0
Fibre PtP Fast Ethernet WAN 1,3 2,6 1,3 2,6
Fibre PtP Gigabit Ethernet WAN 1,6 3,2 1,6 3,2
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WIMAX 1,9 3,6 1,9 3,6

3G 1,9 3,6 1,9 3,6

LTE 1,9 3,6 1,9 3,6
393 Notes:
394 (10.5) Intier 2013/2014, On-State values for simultanedDSL and VDSL were set lower
395 than Idle-State values. There is already enoughm©Ode allowances in the WAN
396 and Central functions and other LAN allowancesdooant for the product needs. In
397 Tier 2015/20186, this situation is corrected.

398 Table 11: Power values for home gateway LAN interfees and additional functionality

Tier 2013-2014:| Tier 2015-2016:
1.1.2013 - 1.1.2015 -
Home gateway LAN interfaces and additional 31.12.2014 31.12.2016
functionality ide | on- | Ide | on-
State | State | State | State
(W) (W) (W) (W)
1 Fast Ethernet port 0,2 0,4 0,2 0,4
1 Fast Ethernet port supporting EEE 0,2 0,3 0,2 0,3
1 Gigabit Ethernet port 0,2 0,6 0,2 0,6
1 Gigabit Ethernet port supporting EEE 0,2 0,4 0,2 0,4
Wi-Fi interface, IEEE 802.11g with up to 20 dBm EIRr
11a/h radio with up to 23 dBm EIRP | Note 11.1 0.7 15 0.7 1.3
Wi-Fi interface, IEEE 802.11a/h radio with up tod@Bm
EIRP | Note 11.1 0.7 2,5 0.7 2.2
Wi-Fi interface, IEEE 802.11n radio at 2,4 GHz wiih to
20 dBm total EIRP (up to 2x2) or at 5,0 GHz withta23 0,8 2,0 0,8 2,0
dBm total EIRP (up to 2x2) | Note 11.1
Wi-Fi interface, IEEE 802.11n radio at 5 GHz wifhto 30
dBm total EIRP (up to 2x2) | Note 11.1 0.8 3.0 0.8 2,5
Wi-Fi, IEEE 802.11ac 2x2 radio at 2,4 GHz with opl¥
dBm EIRP per chain (20 dBm EIRP total for 2x2) f&o 1,2 2,9 1,0 2,5
11.1
Wi-Fi, IEEE 802.11ac 2x2 radio at 5 GHz with up®
dBm EIRP per chain (23 dBm EIRP total for 2x2) f&o 2,1 3,4 2,1 3.4
11.1
Wi-Fi, IEEE 802.11ac 2x2 radio at 5 GHz with uio
dBm EIRP per chain (30 dBm EIRP total for 2x2) f&o 2,1 3,8 2,1 3,8
11.1
Additional allowance per RF chain above a 2x2 MIMO
configuration (e.qg., for 3x3 and 4x4) with up to@&Bm 0,1 0,3 0,1 0,3
EIRP per chain
Additional allowance per RF chain above a 2x2 MIMO
configuration (e.g., for 3x3 and 4x4) with up tod8m 0,1 1,6 0,1 15
EIRP per chain
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Tier 2013-2014:| Tier 2015-2016:

1.1.2013 - 1.1.2015 -
Home gateway LAN interfaces and additional 31.12.2014 31.12.2016
functionality lde- | On- | Idle | On-

State | State State | State
(W) (W) (W) (W)

HPNA 1,5 2,0 1,5 2,0
POF (up to 200 Mbit/s) 0,5 0,5 0,4 0,4
POF (above 200 Mbit/s) 2,0 2,0 1,8 1.8
MoCA 1.1 1,8 2,2 1,7 2,1
MoCA 2.0 1,8 2,2 1,7 2,1

Powerline - High speed for broadband home netwgrkimp

to 30MHz bandwidth) 1,5 2,0 1,3 1,8

Powerline - High speed for broadband home netwgrkimp

to 68 MHz bandwidth) 2,0 2,7 2,0 2,7

Powerline - High speed for broadband home netwgrkimp

to 86 MHz bandwidth) 40 | 45 4,0 4,5

High speed powerline adapters (2xN up to 86 MHz

bandwidth) 4,7 55 4,7 5,5

PowerLine - Low speed for smart metering and appka

control (Green Phy) 0,8 1.5 0,6 1,3

FXS 0,3 1,2 0,2 1,0
ISDN SO 0,2 0,4 0,2 0,3
FXO 0,2 0,9 0,2 0,7
Emergency fall-back to analog telephone per FXS 0,3 0,3 0,2 0,2
DECT GAP 0,5 1,0 0,5 0,9
DECT Cat-iq 0,5 1,2 0,5 1,0
DECT ULE 0,1 0,2 0,1 0,2
(I:DhEa(ng'}I'echarging station for DECT handset in slowkiiec 0.4 0 0.4 NLaL
USB 2.0 — no load connected 0,1 0,1 0,1 0,1
USB 3.0 — no load connected 0,15 0,15 0,1 0,1
SATA — no load connected 0,3 0,3 0,2 0,2
HDMI 0,3 0,3 0,2 0,2
Built-in back-up battery 0,1 0,1 0,1 0,1
Bluetooth 0,1 0,3 0,1 0,2
ZigBee 0,1 0,1 0,1 0,1
Z-Wave 0,1 0,2 0,1 0,1
IEC 14543-310 (*EnOcean”) 0,1 0,2 0,1 0,1
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Tier 2013-2014:| Tier 2015-2016:

1.1.2013 - 1.1.2015 -
Home gateway LAN interfaces and additional 31.12.2014 31.12.2016
functionality lde- | On- | Idle | On-

State | State State | State
(W) (W) (W) (W)

Femtocell (Home use, RF powetOmWwW) 6,0 7,0 45 55

Femtocell (Home use. RF power 10mW-50mW) 9.0 10,0 6,5 7.5

Integrated Storage (Flash e.g. eMMC, SSD or SD)Card 0,2 0,2 0,1 0,1

PCle Interface (Connected) 0,2 0,2 0,2 0,2
RF modulator (TV overlay for fibre network) 3,2 3,2 3,0 3,0
Embedded hands-free system 0,5 0,5 0,3 0,5

Additional Colour Display with Display size definkg area A in (dm2);
(typically found in VoIP devices)

A<0,10 0,5 0,5
0,10 < A<0,30 1,0 0,9
0,30 < A< 0,50 1,5 1,3
0,50 < A< 0,70 2,0 1,7
0,70<A<1,00 0,5 2,5 0,5 2,1
1,00 < A< 1,40 3,0 2,5
1,40 < A< 1,80 35 2,8
1,80 < A< 2,20 4,0 3,1
2,20 < A< 2,80 4,5 3,6
399 Notes:

400 (11.1) For simultaneous dual-band operation the allowafmethe individual radios can be
401 summed up.

402 There are types of home gateway device (e.g., a &t&8hed DSL modem or pure Layer 2
403 ONUSs) that are so simple (e.g., only provide Lafefunctionalities, does not contain an
404 Ethernet switch, and has a single LAN interface&l} ih cannot be usefully decomposed into
405 components. The power targets for such devicegiaea in Table 12.

406
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407

408
409

410
411
412

413
414
415

416
417
418
419
420
421

422

423
424
425

426
427
428

Table 12: Power targets for simple broadband acceskevices (modems and NTS)

Tier 2013-2014: Tier 2015-2016:
1.1.2013 - 31.12.2014 1.1.2015 - 31.12.2016
Modem and NT total power target for
simple broadband access devices | cpg.igle | CPE-ON- | CPE-Idle-| CPE-On-
State (W) State State State
(W) (W) (W)
DSL-modem powered by USB 15 15 15 15
GPON ONU with 1 Gigabit Ethernet LAN 25 4.0 23 3.2
port
1G-EPON ONU with 1 Gigabit Ethernet 23 35 23 3.2
LAN port
10/1G-EPON ONU with 1 Gigabit Ethernet 38 5 7 Note 12.4| Note 12.4
LAN port ’ ' | 3,6 | 5,0
10/10G-EPON ONU with 1 Gigabit 43 70 Note 12.4| Note 12.4
Ethernet LAN port ’ ' | 4,1 | 6,2
XG-PON1 ONU with 1 Gigabit Ethernet 38 6.0 Note 12.4| Note 12.4
LAN port ' ’ | 3,6 | 5,4
Fast Ethernet PtPONU with 1 Fast Etherpet 28 28 26 26
LAN port
Gigabit Ethernet PtPONU with 1 Gigabit
Ethernet LAN port 3.2 3.2 3.0 3.0

Notes:
(12.1) USB Modem Power consumption (W) is defined at tYid BB Interface.

(12.2) The above consumption targets for all ONUs in Tdl#leassume the use of optics
that meet the PR-30 or PRX-30 power budgets (IEER.3 or ITU-T
(.984.2/G.987.2 Class B+ power budgets, whichevapplicable.

(12.3) If the ONU has a Fast Ethernet LAN port insteadaoGigabit Ethernet port the
power targets are reduced by the difference betvee&iast Ethernet LAN and a
Gigabit Ethernet LAN port from Table 11.

(12.4) The state of maturity of this technology is sucét thnly indicative power targets can
be set. Signatories must report the power consomptivalues of any such
equipment that they manufacture or deploy, so ttatstate of development of this
technology can be taken into account when revigiege targets in the future. Such
reports will not be included in the assessment loétiver or not the 90% target has
been achieved.

C.1.2 USB dongles

For a home gateway with USB ports additional funradity originally not built into the
device can also be provided via USB dongles. Theepaonsumption of USB dongles is
measured at the DC 5V USB interface.

Please note that the USB devices are considerawtasquipped with additional chipsets
implementing applications or complex software ssattiat will drastically change the power
values.
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429 Table 13: Power values for USB dongles

Tier 2013-2014: Tier 2015-2016:
1.1.2013 - 1.1.2015 -

USB powered peripherals and dongles 31.12.2014 31.12.2016

|dle-State | On-State | | dle-State | On-State
(W) (W) (W) (W)

3G/4G 0,5 1,75 0,4 15
DECT 0,4 0,6 0,3 0,5
DECT GAP 0,4 1,3 0,3 11
DECT Cat-iq 0,4 0,6 0,3 0,5
DECT ULE 0,1 0,4 0,1 0,3
W ersce dhge EERS021100001 0 g9 | 20 | 06 | a7
ZigBee 0,1 0,4 0,1 0,3
Z-Wave 0,1 0,4 0,1 0,3
IEC 14543-310 (“EnOcean”) 0,1 0,4 0,1 0,3

430 Notes:

431 (13.1) For Wi-Fi USB dongles with more than 1 RF chain,alowance for additional RF

432 chains as defined in Table 11 can be added.

433 C.1.3 Home Network Infrastructure Devices

434 Table 14: Power targets for Home Network Infrastrucure Devices (HNID)

Tier 2013-2014: | Tier 2015-2016:
1.1.2013 - 1.1.2015 -
Power targets for Home Network Infrastructure 31.12.2014 31.12.2016
Devices Ide | On- | Idle | On-

State State State State
(W) (W) (W) (W)

Wi-Fi Access Points with IEEE 802.11b/g or 11a 22 34 2,0 3,0

Wi-Fi Access Points with IEEE 802.11n or 802.11lac
radio with up to 20 dBm total EIRP at 2,4 GHz

Wi-Fi Access Points with IEEE 802.11n or 802.11lac
radio with up to 23 dBm total EIRP at 5 GHz

Wi-Fi Access Points with IEEE 802.11n or 802.11lac
radio with up to 30 dBm total EIRP at 5 GHz

Gigabit Ethernet optical LAN adapters (fiber

2,3 3,9 2,1 3,3

3,6 53 3,6 5,3

3,6 5,7 3,6 5,7

converter or POF adapter) 3.2 3.2 2.8 2.8
Ethernet optical LAN adapters (fiber converter or

POF adapter) up to 200 Mbit/s 1.5 15 1.3 13
MoCA LAN adapters 4,0 4,0 3,5 3,5
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437
438
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441

442

Tier 2013-2014: | Tier 2015-2016:
1.1.2013 - 1.1.2015 -
Power targets for Home Network Infrastructure 31.12.2014 31.12.2016
Devices ldle On- ldle- On-
State State State State
(W) (W) (W) (W)
DECT ULE LAN adapters 0,2 0,2 0,2 0,2
ZigBee LAN adapters 0,3 0,4 0,2 0,3
Z-Wave LAN adapters 0,3 0,4 0,3 0,3
IEC 14543-310 (“EnOcean”) LAN adapters 0,3 0,4 0,2 0,3
High speed powerline adapters (up to 30 MHz 30 40 25 35
bandwidth)
High speed powerline adapters (up to 68 MHz 35 5.0 35 40
bandwidth)
High speed powerline adapters (up to 86 MHz 43 45 43 45
bandwidth)
High speed powerline adapters (2xN up to 86 MHz 5.0 55 50 55
bandwidth)
Pow_erLlne — low speed for smart metering and 08 15 2.0 3.0
appliance control (Green Phy)
HPNA LAN adapter 3,5 4,0 3,2 3,6
Small hubs and non-managed 4 port Layer 2Fast 14 20 13 18
Ethernet switches without CPU (no VPN or VoIP ' ' ' '
Small hubs and non-managed 4 port Layer 2 Gigabi& 5 58 14 o5
Ethernet switches without CPU (no VPN or VoIP ' ' ' '

An HNID is typically a relatively simple device, wie 1 Ethernet LAN port is already

considered to be part of the initial configurati&thernet switches with 4 ports are considered
to be part of the initial configuration. If an HNIBas more than 4 Ethernet ports, additional
allowances for those Ethernet ports can be addddfased in Table 11.

For more complex HNIDs, the same allowances forteacl functionality apply as for home
gateways (see Table 11). A function used for comtrononitoring such as smart plugs, smart

sensor and remote controllable light devices ansidered equivalent to an HNID.
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C.1.4 Other Home Network Devices

Table 15: Power targets for other home network deges

Tier 2013-2014: Tier 2015-2016:
Devices ldle-State| On-State | Idle-State | On-State
(W) (W) (W) (W)
ATA / VolP gateway 1,3 2,1 1,3 2,1
VolIP telephone 2,7 3,5 2,7 3,5
VoI'P te_lephone llncludlng Gigabit Ethernet 39 43 3.9 43
Switching Function
Print server (without Wi-Fi) 1,8 3,6 1,8 3,6

Some types of other home network devices requidiiadal functionality; in that case the
same allowances for additional functionality apgé/for home gateways (see Table 11).

C.2

Network equipment

The following targets are power consumption targets per port.

a)

b)

d)

f)

Broadband Equipment Code of Conduct — Version 5

All power values measured at the power interface jmerface as described in the
standard ETSI ES 203215 [16] or at the AC inputzase of directly mains powered
systems. For directly mains powered systems, tiveepdimits stated in Table 16
through Table 26, will be increased by 10%. In cakentegrated remote or reverse
powered systems, the power limits stated may beased by 15 %.

The targets indicated as “Native ADSL2plus” apply €quipment that is designed to
operate natively in ADSL2plus mode and not VDSL2uipment operating in
ADSL2plus fallback mode.

Although no target is defined in this version o throadband Code of Conduct for the
energy consumption of VDSL2 equipment when opegaim fallback mode, the
actual consumption has to be tested and reportidivhe reporting sheet.

For multi-profile boards, the power consumptionitgro not apply to boards profile
not optimized under energy efficiency point of vidaquipment makers shall specify
what the optimized profile for the given board undest is at which the power
consumption target limit apply. For instance, arbdoaptimized for VDSL2 8b can
support other profiles (e.g., 12a, 17a, 30a) byhihave suboptimal performance at
such additional profiles in terms of power consuopt

For boards which have additional functions (e.garmmel bonding) in addition to the
bare DSL functionality, such boards are to be usetrmal DSL mode of operation
with any additional functions disabled. Optionallg, measurement with these
functions enabled can be described/requested.ctf additional functions cannot be
fully disabled, manufacturers will declare what #etra power budget due to the
added functionality is. Such an extra budget wdt be considered in the per port
power consumption computation.

In Table 16a, “vectored VDSL2” refers to a DSLANMatisupports vectoring per ITU-
T G.993.5 on all its lines and operates with onenattiple vectored groups. Each line
is included in one vectored group. The term “vestiogroup” is defined in ITU-T
G.993.5. The DSLAM is configured for VDSL2 operati@ccording to ETSIES
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478
479
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483
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485
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487
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490
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492
493

203215 [16] with upstream and downstream vectoeingbled on all its lines. For the
configured profile, the DSLAM operates on all iteels at its maximum supported
transmit power and over the widest frequency bavds which it supports vectoring.
The DSLAM operates at its maximum cancellation tdpees in terms of number of
cancelled disturbers and of SNR improvement gawiéd cancellation.
C.2.1 Broadband DSL network equipment
Table 16: Broadband ports — DSL-full-load-state
(with service traffic on the lines as specified iffable 7)
Power targets for Tier 2013-2014 Tier 2015-2016
g (1.1.2013-31.12.2014)) (1.1.2015-31.12.2016)
DSL-full-load-state
(W) (W)
Native ADSL2plus (including ADSL and
ADSL2 and with transmission power of 19,8 1.1 1,1
dBm)
ADSL2plus fallback from VDSL2 (including
ADSL2 and with transmission power of 19,8 N/A Note 16.1
dBm)
ADSL2plus fallback from VDSL2 (including
ADSL2 and with transmission power of 14,5 N/A Note 16.1
dBm)
VDSL2 (profile 8b) transmission power 19,8
1,6 1,4
dBm
VDSL2 (profile 12a and 17a) transmissjon 15 13
power 14,5 dBm ’ ’
VDSL2 (profile 30a) transmission power 17 15
14,5 dBm ' ’
G.fast (106 MHz profile) N/A Note 16.1
Notes:
(16.1) This target should be defined in the next versibthe CoC.
The above values apply to fully equipped, maximunfiguration DSLAMs with more than
128 ports. For equipment up to 128 ports (and wilximum configuration) 0,3 W per line
may be added to the above values, with a minimuimevaf 10 W for the whole DSLAM.
Starting from 1.1.2015, the additional allowancerésluced to 0,15W per line with a
minimum value of 5W. For ADSL the port thresholdét at 100.
Table 16a: Broadband ports — DSL-full-load-state
for Vectoring capable VDSL2 equipment
recgota | 120152018
Equipment (1.1.2014-31.12.2014 Py
(W) - NOTE 31.12.2016) (W) —
NOTE
Vectored VDSL2 (profile 12a and 17a with transnugsi +01 +0.05
power 14,5 dBm) without crosstalk cancelling ampng ' ’
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boards

Vectored VDSL2 (profile 12a and 17a with transnugs
power 14,5 dBm) with crosstalk cancelling among +0,3 +0,2
boardsfor up to 128 ports

Vectored VDSL2 (profile 12a and 17a with transnuas
power 14,5 dBm) with crosstalk cancelling among +0,6 +0,5
boards for more than 128 ports

Vectored VDSL2 (profile 30a with transmission power

14,5 dBm) without crosstalk cancelling among boards +0.2 +0,1

Vectored VDSL2 (profile 30a with transmission power
14,5 dBm) with crosstalk cancelling among boardg fo +0,3 +0,25
up to 128 ports

Vectored VDSL2 (profile 30a with transmission power
14,5 dBm) with crosstalk cancelling among boardg fo +0,6 +0,5
more than 128 ports

494  Notes:

495 (16.2) Consumption limits are expressed as an additiohalance in [W/port] to be
496 applied to the corresponding consumption targeinfmr-vectoring capable VDSL2
497 equipment (see Table 16).

498 The additional allowance for the uplink interfaeg@glicable for all power states: full, low &
499 standby) is:

500  4,5W per equipment for each PtP 1000Mbit/s intexfa
501 * 9,0 W per equipment for each PtP 10Gbit/s interface
502 * 6,0 W per equipment for each PON (GPON) interface
503  5,0W per equipment for each PON (1G-EPON) interfac
504  7,5W per equipment for each PON (10/1G-EPON) fater
505 * 9,0 W per equipment for each PON (10/10G-EPONYfate

506 Starting from 1-1-2015, the additional allowance ttee uplink interface (applicable for all
507 power states: full, low &standby) is:

508 e 2,0 W per equipment for each PtP 1000Mbit/s interfg)
509 * 6,0 W per equipment for each PtP 10Gbit/s inter{&ce
510 e 4,0 W per equipment for each PON (GPON) interface
511 e 2,0 W per equipment for each PON (1G-EPON) interfac
512 e 5,0 W per equipment for each PON (10/1G-EPON) fater
513 * 6,0 W per equipment for each PON (10/10G-EPONY)fate
514 (*) Energy Efficient Ethernet should be implemented
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Table 17 Broadband ports — DSL-low-load-state | Note 17.1

Power taraets for Tier 2013-2014 Tier 2015-2016
9 (1.1.2013-31.12.2014) (1.1.2015-31.12.2016
DSL-low-load-state
(W) (W)
ADSL2plus (including ADSL2) (L2 state) 0,7 0,7

N/A | For further study,
VDSL2 | Note 17.2 N/A subject to definition of
L2 state in ITU-T

Notes:

(17.1) The DSL-low-load-state should allow a bit rate ot@nfigurable value (e.g. for
keep-alive-signals, voice). The DSL-low power sthteels shall not hamper the
quality of service. In order to solve the issuesseal by non-stationary cross talk,
further investigations need to be done. They cbeldttenuated by the application of
much longer time intervals between state transsti¢tb-30 minutes) than those
defined today (1-255 seconds). This requirementesomto effect when the issues
on the quality of service have been solved by thedardization bodies.

(17.2) The DSL-low-load-state is not foreseen today indtandard for VDSL2. Operators
and manufacturers are urged, through their reptatess in the standardization
bodies, to make effort towards low power stated witrresponding values, which
are indicated here as targets for future standewisions. This requirement comes
into effect when relevant standards are available.

(17.3) Vectored VDSL?2 targets are for further study.
Table 18 Broadband ports — DSL-standby-state (L3 State) | Ne 18.1

Tier 2013-2014 Tier 2015-2016
Power targets for DSL-standby-state | (1.1.2013-31.12.2014)(1.1.2015-31.12.2016)
(W) (W)
ADSL2plus (including ADSL and ADSL2) 0,3 0,3
VDSL2 0,5 0,5

Notes:

(18.1) DSL-standby-state shall correspond to the L3 madgefined in ITU-T Rec G.992,3
[19], ITU-T Rec G.992,5 [20] and ITU-T Rec G.99318]. A short start up time of
< 1 second has to be realized to guarantee tripefpnctions like VolP and Video
over IP (while the current value for this start tume is around 3 seconds). This
requirement comes into effect when relevant statglare available.

(18.2) Vectoring doesn't apply to stand-by state

The DSL-low-load-state should allow a bit rate ofanfigurable value (e.g. for keep-alive-
signals

The above values for DSL-low-load and -standbyestatre for fully equipped, maximum
configuration DSLAMs with more than 128 ports. Fguipment up to 128 ports (and with
maximum configuration) 0,3 W per line may be addedhe above values for the whole
DSLAM, with a minimum value of 10W. For ADSL thepdhreshold is set at 100.
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Starting from 1.1.2015, the additional allowancerésluced to 0,15W per line with a
minimum value of 5W

Start-up/Wake-up times from DSL-standby-state td@8l-power-state should be less than
1 second to guarantee a good quality of servigg, (@ice calls).

To minimize cost, dimensions, and power consumptibe network equipment contains
chips that control multiple DSL lines (4-8-16) eatflspecial care is not taken, a single line in
DSL-full-load-state could result in a chip fully e@tional on the other lines also (in low-load
or standby states), resulting in an unnecessaryewasenergy. The network systems (and
their basic components) shall therefore be desigmexider to tackle this issue, maximizing
the energy savings also in mixed environments ivis in different power states, being this
the typical situation found in the network.

MELT-stand-by state is defined as the state in twitie Metallic Line Testing entity (MELT) is
in IDLE mode, i.e., inactive, connected in paraltel the broadband port on the DSLAM and
provisioned for line testinglELT standby targets are additional allowancesamthe power
consumption targets defined for each of DSL opegasitates.

Table 18a: Broadband ports — MELT-stand-by state

Power targets for Tier 2013-2014 Tier 2015-2016
MELT-standby state (1.1.2013-31.12.2014) (1.1.2015-31.12.2016
(mW) (mW)
ADSL2plus (including ADSL2) 40 30
VDSL2 40 30

C.2.2 Combined DSL/Narrowband network equipment

Power consumption limits for POTS interface implatagon into an MSAN are defined in
Table 19. The values defined apply to a testingditaom where the line length equivalent
resistance (including the CPE resistance) is asgumie 510 Ohm.

It is further assumed that power consumed by MSANfionality, which is common to both
Broadband and POTS is split appropriately acrosgwio functions. For those boards, such as
combo interface board and combo main control boahich integrate Broadband and POTS
functions, the power consumption of these boaré@starbe measured separately for each
function, i.e., measure Broadband with POTS dishldad vice versa. In case the two
functions cannot be fully disabled separately, plogver values for each function can be
declared in proportion according to the measurtad power values.

Table 19 Per-port MSAN POTS power consumption limits

Per-port MSAN Tier 2013-2014 Tier 2015-2016

POTS power

consumption limits PortState line feed (W) PortState line feed (W)
in Watt
PortState 40mA | 32mA | 25mA | 20mA | 40mA | 32mA | 25mA | 20mA

Not provisioned for
POTS | Notes 19.1, 0,3 0,3 0,3 0,3 0,3 0,3 0,3 0,3
19.2
Provisioned for
POTS - on-hook | 0,3 0,3 0,3 0,3 0,3 0,3 0,3 0,3
Notes 19.2, 19.3
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Per-port MSAN Tier 2013-2014 Tier 2015-2016
POTS power
consumption limits PortState line feed (W) PortState line feed (W)
in Watt

PortState 40mA | 32mA | 256mA | 20mA | 40mA | 32mA | 25mA | 20mA
Provisioned for
POTS - off-hook | 2,6 1,9 1,6 1,5 2,6 1,9 1,6 1,5
Note 19.2

Notes:

(19.1) These figures are additive to those existing in ¢bde of conduct section C.2
(network equipment) for Broadband to form the pamt pmit for combo operation.

(19.2) Note that this assumes that the port is equippesupply POTS but has not been
configured for use by an end customer.

(19.3) Note that this excludes any on-hook charging ctyrehich may be drawn by the
CPE (up to 3mA in some countries).

The above values are for fully equipped, maximumifigoration MSAN with more than 128
ports. For equipment up to 128 ports (and with mmaxn configuration) 0,3 W per line may
be added to the above values for the whole MSAN) &iminimum value of 10 W.

Starting from 1.1.2015, the additional allowancerésluced to 0,15W per line with a
minimum value of 5W

It is further assumed that power consumed by MSAntfionality which is common to both
Broadband and POTS is split appropriately acrosgwio functions. For those boards, such as
combo interface board and combo main control boahich integrate Broadband and POTS
functions, the power consumption of these boaréstarbe measured separately for each
function, i.e., measure Broadband with POTS dishldad vice versa. In case the two
functions cannot be fully disabled separately, plogver values for each function can be
declared in proportion according to the measurtad power values.

The additional allowance for the uplink interfase i
 4,5W per equipment for each PtP 1000Mbit/s intexfa
9,0 W per equipment for each PtP 10Gbit/s interface
* 6,0 W per equipment for each PON (GPON) interface
e 5,0 W per equipment for each PON (1G-EPON) interfac
e 7,5W per equipment for each PON (10/1G-EPON) fater
* 9,0 W per equipment for each PON (10/10G-EPONYfate

Starting from 1-1-2015, the additional allowance tiee uplink interface (applicable for all
power states: full, low &standby) is:

e 2,0 W per equipment for each PtP 1000Mbit/s interfé)

* 6,0 W per equipment for each PtP 10Gbit/s inter{&ce

* 4,0 W per equipment for each PON (GPON) interface

e 2,0 W per equipment for each PON (1G-EPON) interfac
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* 5,0 W per equipment for each PON (10/1G-EPON) fater
* 6,0 W per equipment for each PON (10/10G-EPONYfate
(*) Energy Efficient Ethernet should be implemented

C.2.3 Optical Line Terminations (OLT) for PON and Pt Pnetworks
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608

Table 20: Optical Line Terminations for PON ports

<= 32 PON ports

> 32 PON ports

Power targets for Optical Line Terminations for PON ports

Tier 2013
(1.1.2013)

(W)

Tier 2014
(1.1.2014)

(W)

Tier 2015 - 2016

(1.1.2015)-
(31.12.2016)

(W)

Tier 2013
(1.1.2013)

(W)

Tier 2014
(1.1.2014)

(W)

Tier 2015 - 2016
(1.1.2015)-
(31.12.2016)

(W)

GPON (2.5G/1G)

OLT (GPON, fully equipped with maximum configuratiomplementing
standard Layer-2 (Ethernet) aggregation functitiesliincluding Multicast

8,8

8,1

6,0

8,3

7,7

5,6

OLT (GPON, fully equipped with maximum configuraiiomplementing
also functionalities at the IP layer such as raytMPLS, and IP QoS) ),
more advanced Layer 2 functionality (QOS, shapiudjcing)

9,3

8,5

6,5

8,7

8,0

6,0

XG-PON1 (10G/2.5G) | Note 20.1

OLT (XG-GPON1 10G/2.5G, fully equipped with maximuwuanfiguration
implementing standard Layer-2 (Ethernet) aggregationctionalities
including Multicast)

15,0

15,0

15,0

13,0

13,0

13,0

OLT (XG-GPONL1 10G/2.5G, fully equipped with maximwunfiguration
implementing also functionalities at the IP layects as routing, MPLS, ar
IP QoS), or more advanced Layer 2 functionality §6haping, policing).

d

18,0

18,0

18,0

15,0

15,0

15,0

Additional per port allowance for 10G GPON and 1BBON OLT, with
independent traffic process component (not embedidddON MAC) on
each line cards, implementing Layer 3 functionaditof Edge Router (
least IP/MPLS routing and interface and policy lblakrarchical QoS (H
QoS)), providing extendable capability to evolvaliag new functionalitie
currently under discussion, and variable traffiogassing functions and/
market specific customization requirements.

1°2}

50

50

50

50

50

50

EPON (1G/1G)
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<= 32 PON ports

> 32 PON ports

Power targets for Optical Line Terminations for PON ports

Tier 2013
(1.1.2013)

(W)

Tier 2014
(1.1.2014)

(W)

Tier 2015 - 2016

(1.1.2015)-
(31.12.2016)

(W)

Tier 2013
(1.1.2013)

(W)

Tier 2014
(1.1.2014)

(W)

Tier 2015 - 2016

(1.1.2015)-
(31.12.2016)

(W)

OLT (1G-EPON, fully equipped with maximum configtice implementing
standard Layer-2 (Ethernet) aggregation functidiesliincluding Multicast

8,1

8.1

59

7,7

7.7

5,5

OLT (1G-EPON, fully equipped with maximum configtiom implementing
also functionalities at the IP layer such as raytiPLS, and IP Qo0S), ¢
more advanced Layer 2 functionality (QOS, shapiudjcing)

Dr 8,8

8,8

6,4

8,1

8,1

6,0

10G/1G EPON | Note 20.1

OLT (10/1G-EPON, fully equipped with maximum confrgtion
implementing standard Layer-2 (Ethernet) aggregatfonctionalities
including Multicast)

18,3

17,5

15,5

15,3

14,6

12,6

OLT (10/1G-EPON, fully equipped with maximum confrgtion
implementing also functionalities at the IP layecls as routing, MPLS, ar
IP QoS), or more advanced Layer 2 functionality 8&haping, policing)

d 19,3

18,8

16,8

15,9

154

13,4

Additional per port allowance for 10G GPON and 1BBON OLT, with
independent traffic process component (not embedidddON MAC) on
each line cards, implementing Layer 3 functionaditof Edge Router (
least IP/MPLS routing and interface and policy lblakrarchical QoS (H
QoS)), providing extendable capability to evolvaliag new functionalitie
currently under discussion, and variable traffiogassing functions and/
market specific customization requirements

7,0

192}

7,0

50

7,0

7,0

50

10G/10G EPON | Note 20.1

OLT (10/10G-EPON, fully equipped with maximum canfration
implementing standard Layer-2 (Ethernet) aggregationctionalities

19,5

including Multicast)

18,8

16,6

16,9

16,2

14,0
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<= 32 PON ports > 32 PON ports
Tier 2013 | Tier 2014 T'e(rlzflzgig)(_m Tier 2013 | Tier 2014 T'e(rlzflzgis)?m
Power targets for Optical Line Terminations for PON ports (1.1.2013) | (1.1.2014) (31.i2.2016) (1.1.2013) | (1.1.2014) (31.i2.2016)

(W) (W) w) (W) (W) w)
OLT (10/10G-EPON, fully equipped with maximum canfiation
implementing also functionalities at the IP layecls as routing, MPLS, and 20,5 20,0 17,8 17,4 16,7 14,5
IP QoS), or more advanced Layer 2 functionality 86&haping, policing)
Additional per port allowance for 10G GPON and 1BBON OLT, with
independent traffic process component (not embedidddON MAC) on
each line cards, implementing Layer 3 functionaditof Edge Router (at
least IP/MPLS routing and interface and policy lblaserarchical QoS (H- 7,0 7,0 50 7,0 7,0 5,0
QoS)), providing extendable capability to evolveliad new functionalities
currently under discussion, and variable traffiogassing functions and/pr
market specific customization requirements

609 Notes:

610 (20.1) The state of maturity of this technology is suct thnly indicative power targets can be set. Smymed must report the power consumptions values
611 of any such equipment that they manufacture orayeslo that the state of development of this teldgyocan be taken into account when revising
612 these targets in the future. Such reports willbeincluded in the assessment of whether or nd2@Pe target has been achieved.

613
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614 Table 21: Optical Line Terminations for PtP ports

Power targets for Optical Line Tier 2013-2014| Tier 2015-2016
Terminations for PtP ports (1.1.2013) (W)| (1.1.2015) (W)

PtP 1000Mbps
OLT (PtP up to 1000 Mbit/s, up to 100 ports, fulguipped

with maximum configuration) 4 2.8
OLT (PtP up to 1000 Mbit/s, from 100 and 300 poftdly 27 24
equipped with maximum configuration) ' ’

OLT (PtP up to 1000 Mbit/s, with more than 300 ppfully 19 17

equipped with maximum configuration)

Additional per port allowance for PtP up to 1000it4bOLT,
with independent traffic process component (not eshdied in
LAN switch) on each line cards, implementing Lay@f
functionalities of Edge Router (at least IP/MPLS$ithog and
interface and policy based hierarchical QoS (H-QaS) 0,3 0,3
providing extendable capability to evolve addingwne
functionalities currently under discussion, andialtale traffic
processing functions and/or market specific custation
requirements

PtP 10Gbps
OLT (PtP at 10 Gbit/s, up to 12 ports, fully equedpwith

: , : 28 18
maximum configuration)
OLT (PtP at 10 Ghbit/s, from 12 to 42 ports, fullguipped
. . . \ 20 13
with maximum configuration)
OLT (PtP at 10 Gbit/s, with more than 42 portslyfelquipped 13 3

with maximum configuration)

615 The above values are for fully equipped with maximzonfiguration OLTS.
616 The additional allowance for the uplink interfase i

617 * 4,5W per equipment for each PtP 1000Mbit/s interfa
618 e 9,0 W per equipment for each PtP 10Gbit/s interface
619 * 6,0 W per equipment for each PON (GPON) interface
620 e 5,0 W per equipment for each PON (1G-EPON) interfac
621 e 7,5W per equipment for each PON (10/1G-EPON) fater
622 e 9,0 W per equipment for each PON (10/10G-EPONYfate

623 Starting from 1-1-2015, the additional allowance tiee uplink interface (applicable for all
624 power states: full, low &standby) is:

625 e 2,0 W per equipment for each PtP 1000Mbit/s interf)
626 * 6,0 W per equipment for each PtP 10Gbit/s inter{&ce
627 * 4,0 W per equipment for each PON (GPON) interface
628 e 2,0 W per equipment for each PON (1G-EPON) interfac
629 * 5,0 W per equipment for each PON (10/1G-EPON) fater
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* 6,0 W per equipment for each PON (10/10G-EPONYfate
(*) Energy Efficient Ethernet should be implemented

The above consumption for GPON, XG-PON1 and EPON @i per port whatever the
number of ONU connected to it is. The above congiomgor GPON OLT is with Class B+
(ITU-T G.984.2 amd1) optical modules.

The above consumption for PtP OLT is per user pidre optical budget for the OLT P2P
interfaces shall be in line with IEEE 802.3, ClaG8efor the 100BASE-LX10 and 100BASE-
BX10 interfaces and IEEE 802.3, Clause 59 for tD@OBASE-LX10 and 1000BASE-BX10

interfaces. The PtP 10 Gbit/s limits are applicalnidy to PtP links operating at 10 Gbit/s,
fully equipped with maximum configuration that ditly connect to CPE associated with
broadband distribution for residential customerd SOQHO.

The above power consumption for EPON OLT is pet pad with PRX30 class for 10/1G-
EPON OLT, PR30 class for 10/10G-EPON and PR30 ¢tassG-EPON [12].

C.2.4 Wireless Broadband network equipment
Table 22: Wi-Fi network equipment

Tier 2013-2014 Tier 2015-2016

Power targets for Wi-Fi network equipment (1.1.2013) (W) (1.1.2015) (W)

Wi-Fi access points (Hotspot application)
802.11b/g/n or 802.11/b/g/a — ON state and 8 8
Active Standby | Note 22.1

Notes:

(22.1) The On-state is defined with no traffic on the Wigeért. Therefore there is no
difference in power consumption between the Orestmd the Low-load-state
(Active Standby) for this equipment.

Table 23: WIMAX network equipment

Tier 2013-2014| Tier 2015-2016
Power targets for WiMAX network | (1.1.2013) (W) | (1.1.2015) (W)

equipment 2,5 3,5 2,5 3,5
GHz GHz GHz GHz

WIMAX Radio Base Station (B
sectors) — Busy-hour-load-state

WIMAX Radio Base Station (8
sectors) — Medium-load-state

WIMAX Radio Base Station (8
sectors) — Low-load-state

560 530 510 480

480 460 440 420

390 370 355 340

Configuration of WIMAX Radio Base Station:

1) 3 sectors, 2,5 GHz/3,5 GHz, 10 MHz bandwidth chirthe 4 MIMO, 29:18 DL/UL
subframe ratio

2) Output power: 28 W (7 W x 4) (3,5 GHz) / 40 W (10¥\4) (2,5 GHz) at antenna
interface for each sector
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For WIMAX Radio base station the following states differentiated:

Busy-hour-load-state is the operating mode of the equipment or devitere it provides
maximum capacity and RF transmit with the maximuwtpat power.

Medium-load-state is the operating mode of the equipment or devibere RF transmits
with the 50% DL symbol.

Low-load-state is the idle mode of the equipment or device whekeorks with no traffic
and only transmits the Preamble and MAP.

Table 24: GSM/EDGE network equipment

Tier 2013-2014| Tier 2015-2016
Power targets for GSM/EDGE (1.1.2013) (W) | (1.1.2015) (W)

network equipment
0,9/1,8/1,9 GHz 0,9/1,8/1,9 GHz
GSM/EDGE Radio Base Station

(3 sectors) — Busy-hour-load-state 800 760
GSM/EDGE Radio Base Station

(3 sectors) — Medium-load-state 700 650
GSM/EDGE Radio Base Station 580 540

(3 sectors) — Low-load-state

1) Three sectors, four carriers per sector (S444)

2) Output power: 20 W at antenna interface for ezatier (4 x 20 W for each sector). For
equipment that, differently from Remote Radio Uné@se designed to be installed in shelters
and will face feeder loss, the output power wiléao be incremented by the feeder loss. For
the table above, that loss is defined to be 3dB.

For GSM/EDGE Radio base station the busy hour loaellium load and low load states
defined in ETSI TS 102 706 [10] shall be used.

Table 25: WCDMA/HSDPA network equipment

Tier 2013-2014| Tier 2015-2016

Power targets for WCDMA/HSDPA | (1 .1.2013) (W) | (1.1.2015) (W)

network equipment

2,1 GHz 2,1 GHz

WCDMA/HSDPA Radio Base Station 800 760
(3 sectors) — Busy-hour-load-state
WCDMA/HSDPA Radio Base Station 670 650
(3 sectors) — Medium-load-state
WCDMA/HSDPA Radio Base Station 570 540
(3 sectors) — Low-load-state

3 sectors, two carrier per sector (S222), DisteduRadio Base station with dual-TX
Radio Remote Unit which nominal output power isléggn 80W.

1) Output power: Output power: 20 W at antenna interfeor each radio cell. (20 W+
20 W for each sector). For equipment that, diffdgefrom Remote Radio Units, are
designed to be installed in shelters and will féeeder loss, the output power will

Broadband Equipment Code of Conduct - Version 5 20th December 2013
41



676 have to be incremented by the feeder loss. Fotalhie above, that loss is defined to
677 be 3dB

678 For WCDMA/HSDPA Radio base station the states #dferdntiated (the state definitions are
679 based on defined in ETSI TS 102 706 [10] shall $edu

680 Table 26: Wireless broadband network equipment — L'E
Power targets for LTE wireless Tier 2013-2014| Tier 2015-2016
broadband network equipment (1.1.2013) (W) | (1.1.2015) (W)
LTE Radio Base Station (3 sectors) — 900 840
Busy-hour-load-state
LTE_Radlo Base Station (3 sectors) — 750 200
Medium-load-state
LTE Radio Base Station (3 sectors) — 650 600
Low-load-state
681 Configuration of LTE Radio Base Station:
682 1) 3 sectors, 2,6 GHz, 20 MHz bandwidth channel 2 *\2®I
683 2) Output power: 40 W (20 W x 2) at antenna interflmreeach sector. For equipment
684 that, differently from Remote Radio Units, are desid to be installed in shelters and
685 will face feeder loss, the output power will hawvebe incremented by the feeder loss.
686 For the table above, that loss is defined to be 3dB

687 For LTE Radio base station the following states differentiated (the state definitions are
688 based on draft ETSI TS 102 706 [10]):

689 Busy-hour and Medium-load-state: All REs dedicated to CCHs, reference and
690 synchronisation signals shall be transmitted. Ilditeeh a certain number of PRBs dedicated
691 to PDSCH shall be trans-mitted. The number of tratisd PRBs dedicated to PDSCH shall
692 be calculated as such, that the complete power ttreebaseband bandwidth (20 MHz) and
693 averaged over one LTE FDD frame (10 ms) is 50%ydnmur-load) and 30% (medium-load)

694 of the maximum rated power of the cell

695 Low-load-state: all REs dedicated to CCHSs, reference and synchaioiz signals shall be
696 transmitted

697 C.2.5 Cable network equipment

698 Cable network system vendors are developing nehitactures, which incorporate multiple
699 headend functionalities into a single piece of pmént. As these system designs develop,
700 suitable power targets will be developed and inetudh the Code of Conduct. The industry
701 expects to have estimates for these power tang&t8l4. Deployment of these systems under
702 development is expected to replace I-CMTS and M-GMEquipment in the next several
703 years, therefore investment in future power efficke enhancements to current CMTS
704 technology is not expected.

705 The power targets in this section apply to I-CMT®&daM-CMTS equipment.

Broadband Equipment Code of Conduct - Version 5 20th December 2013
42



706
707

708

709
710
711

712
713
714
715
716

Table 27 CMTS Definitions

[-CMTS

A Cable Modem Termination System (CMTS)wards (at layer 2 or layer

data packets between a wide area network via itevdtk-side interfaces an
customer premise equipment via its DOCSIS RF iaterfports. In the case
an Integrated CMTS (I-CMTS), the downstream (DS) iRErfaces, upstrea
(US) RF interfaces, Network —side interfaces arsbeasated control plane al
data plane processing entities all reside withgingle piece of equipment. A
I-CMTS does not support, nor was it designed topsup MPEG videc
transport.

M-CMTS

In the case of a multi-unit, distributed-gguent CMTS (an M-CMTS), th
interfaces and associated control plane and dai@e pbrocessing entities &
distributed among multiple pieces of equipment. Titst of these, called an N
CMTS Core, is comprised of the upstream RF inteaand the Network-sig
interfaces. All upstream and network-side contréhnp and data plar

processing for those interfaces is also handledthyy M-CMTS Core|

Downstream MAC-layer processing is also performedne M-CMTS Core.

A separate piece of equipment, the Edge-QAM, costadhe M-CMTS
downstream RF interface ports as well as netwalt&-snterfaces. The M
CMTS Core transmits downstream data content antralaio the Edge-QAM
across the Converged Interconnect Network (CIN) the DOCSIS-define
DEPI interface (which is a form of an IP tunnelhelEdge-QAM then perform
the downstream physical-layer processing necedsamyodulate and transn
the data content of the downstream channel ontmgiveam RF port(s) towa
the CM and CPE devices on the HFC network.

A third component, the DOCSIS Timing Server progigecommon sense

timing and frequency to the other M-CMTS componewis the DOCSIS$

3)
d
of
m

nd
AN

)

e
are
fl-
le
e

(
d
1S
it
rd

of
D

Timing Interface (DTI).

Table 28: Cable network equipment

Power targets for cable network equipment

Tier Tier 2015-2016

(1.1.2012-31.12.2014) (W/Channel)

(W/Channel)
[I-CMTS 6 6
M-CMTS Core 6 6
Edge-QAM 3 3

2012-2014 (1.1.2015-31.12.2016

An allowance of 4,5 W is provided for each EtherReint-to-Point 1 Gbit/s interface for M-
CMTS Core and Edge-QAM. An allowance of 8 W is pded for each M-CMTS Ethernet
Point-to-Point 10 Gbit/s interface for M-CMTS camed Edge-QAM

The above values are nominal at 25° C per dowmstrehannel (or QAM) for a fully

equipped chassis at its maximum configuration. i@gafeatures are not assumed. The
assumed configuration for I-CMTS and M-CMTS Coreliles a ratio of two upstream
Service Groups paired with one downstream Serviaauk It is assumed that the ratio of
number of channels in an upstream Service Grouputober of channels in a downstream
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Service Group is 1:4. For Edge-QAM, the assumedigaration is that all QAM channels
are configured as DOCSIS downstream channels. Thes®r numbers reflect the total
chassis power divided by the number of downstrelaammels.

The optional DOCSIS Timing Interface (DTI) Server an M-CMTS configuration is
expected to consume at most 80 W.

C.2.6 Powerline network equipment

Access powerline networks have not reached a higpoitance in Europe yet. When
powerline networks are developed, additional potaegets for power line access equipment
should be included in this Code of Conduct.
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D. ExXAMPLE HOME GATEWAY POWER CONSUMPTION TARGETS

The home gateway power consumption targets are a@tigrom the components according
to the configuration (profile) of the home gatew&ome example profiles are provided
below. Home gateways having these exact configqarmatmust meet these power targets, and
by using this approach it is possible to createtdingets that must be met for a home gateway
of arbitrary functionality.

D.1 ADSL Home Gateway

ADSL home gateway with 4 Fast Ethernet LAN portsjragle radio IEEE 802.11b/g Wi-Fi
interface and 2 USB 2.0 ports:

- inidle-state: all Ethernet LAN ports disconnected traffic on Wi-Fi

- in on-state: all Ethernet LAN ports active, traffic Wi-Fi
_ idle-state on-state
Function
2013/2014 2015/2016 2013/2014 2015/2016
Central functions + ADSL
WAN interface 2,4 2,2 3.4 2,8
4 Fast Ethernet LAN ports 4x02=08 4x0,280 4%x04=16| 4x04=106
single radio IEEE 802.11b/g
Wi-Fi interface (23 dBm 0,7 0,7 1,5 1,3
EIRP)
USB 2.0 ports 2x0,1=0,2 2x0,1=02 2x002z| 2x0,1=0,2
Total equipment 4,1W 3,9W 6,7W 5,9W

D.2

VDSL2 Home Gateway
VDSL2 home gateway with 4 Gigabit Ethernet LAN ora single radio 802.11n Wi-Fi

interface, 2 USB 2.0 ports and 2 FXS ports:
- inidle-state: all Ethernet LAN ports disconnectad traffic on Wi-Fi, no active voice

call

- in on-state: all Ethernet LAN ports active, trafba Wi-Fi, 1 active voice call (the

second FXS port has no device connected and ferpthit the idle target needs to be
considered)
. idle-state on-state
Function
2013/2014 2015/2016 2013/2014 2015/201i6

Central functions + VDSL2
WAN interface (17a) 3.2 3.2 4.6 4.0
4 Gigabit Ethernet LAN ports 4 x0,2=0,8| 4x0,2=0,8 4x06=2{4 4x0B4&
single IEEE 802.11n radio
Wi-Fi interface with 3 RF 0,8+0,1=0,9| 0,8+0,1=0,9 2,0+04=24 2,0+044
chains 3x3 MIMO (23 dBm)
USB 2.0 ports 2x0,1=0,2 2x01=02 2x002z| 2x0,1=0,2
FXS ports 2x03=06 2x02=04 1,240,3=1,3,2+0,3=1,5
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idle-state on-state
2013/2014 2015/2016 2013/2014 2015/2016
Total equipment 5,7W 5,5W 11,1W 10,5W

Function

747 D.3 Ethernet router with 4 Fast Ethernet LAN ports
748 Fast Ethernet router with 1 WAN and 4 LAN Etherpetts:

749 - inidle-state: all Ethernet LAN ports disconnected
750 - in on-state: all Ethernet LAN ports active
) idle-state on-state
Function

2013/2014 2015/2016 2013/2014 2015/2016

Central functions + Fast
Ethernet WAN interface

4 Fast Ethernet LAN ports  4x0,2=0/8 4x0,2&804x04=16| 4x04=1,6
Total equipment 2,8W 2,3W 4,6W 3,6W

2,0 1,5 3,0 2,0

751 D.4 Cable DOCSIS 3.0 CPE
752 DOCSIS 3.0 CPE in 8x4 configuration with 1 Gigdbihernet LAN port:

753 - inidle-state: the Ethernet LAN port is disconnelcte
754 - in on-state: the Ethernet LAN port is active
. idle-state on-state
Function
2013/2014| 2015/2016 2013/2014 2015/2016
Central functions + DOCSIS 3.0
basic configuration WAN interface 6.2 5.2 [ 6.2
1 DOCSIS 3.0 Additional power
allowance for the additional 4 2,2 2,0 2,8 2,5
downstream channels
1 Gigabit Ethernet LAN port 0,2 0,2 0,6 0,6
Total equipment 8,6W 7,4W 10,5W 9,3W

755 Complex HNID: dual-band 11n access point with 4 Gigpit Ethernet LAN ports

idle-state on-state
2013/2014 2015/2016 2013/2014 2015/2016

Function

Wi-Fi Access Points with
single band IEEE 802.11n 2,3 2,1 3,9 3,3
radio (23 dBm), 2x2 MIMO

single IEEE 802.11n radio
Wi-Fi interface (23 dBm), 0,8 0,8 2,0 2,0
2x2 MIMO

3 additional Gigabit Etherne
LAN ports

t3><0,2=O,6 3x02=06 3x06=18 3x05B&
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Function

idle-state

on-state

2013/2014

2015/2016

2013/2014

2015/201

Total equipment

3,7W

3,5W

7, TW

7,1W
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E. REPORTING FORM
See Reporting Sheet on the homepage of the EU [Stdnitiative [3].

The reporting spreadsheet should be filled in oa basis of equipment capability, in
particular the actual number of ports on cardshassis should be entered, regardless of any
design or regulatory constraints which may resuthe suboptimal use of those cards.

For Network Operators, the tier to be used for dampe purposes should be that pertaining
to the year when equipment of a given type wasreddor the first time.
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F. TEST METHODS
F.1 Customer premises equipment

Customer premises equipment with an external paueply shall be measured 230V AC
input in all states (when existing) as they arecdbed in section B.1. In the future,
standardization bodies like ETSI could provide arenaletailed specification for the
measurement of the power consumption in differ&ates.

F.2 Network equipment

The values given in section C.2 are indicatingatheraged power consumption per port for a
fully equipped system as delivered by the manufactu

Systems powered by DC voltage shall comply withstfaedard ETSI EN 300 132-2 [8].

The method of power measurement of equipment i \With point C.2.1, C.2.2 and C.2.3
shall comply with the Technical Specification ETES$ 203 215 [16]. The method of power
measurement for equipment in line with point C.2Hall comply with the Technical

Specification ETSI TS 102 706 static mode [16].

In case of systems powered directly by AC mainsaga, the power consumption will have
to be measured at the AC input. For such systdragpawer limits stated in Table 16 through
Table 28 may be increased by 10%. In case of iatedrremote or reverse powered systems,
the power limits stated may be increased by 15 %.

The power limits have to be fulfilled for the syst®perating at ambient temperature (25 * 2°
C). Fans, if present in network equipment in linghvpoints C.2.1 and C.2.2, have to be set at
maximum speed.

Note: for both Customer premises and network eqgeaignthe xDSL test conditions under
which energy consumption is measured should beeseptative of the scenario(s) under
which network equipment or CPE is to be deployedy.(eselection of band plan for

VDSL2).The Broadband Forum and ETSI EE provide xD&&t plans, which may be used
prior to the general availability of a unified tesethodology which is fully compatible with

the Code of Conduct.

In the spirit of industry harmonization, ETSI EEdatne Broadband Forum will collaborate
on the review/definition of the Broadband Energjcefncy measurement methods standards
and test plans for xXDSL CPE and network equipmeraiphed by ETSI with the aim of
making joint recommendations for the next revisibthe Code of Conduct.
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G.

EVOLUTION OF POWER SAVING FOR BROADBAND EQUIPMENT

The volume of deployed broadband equipment is asing dramatically and so does its
combined power consumption. Due to low customeregggion ratios (typically, one CPE
per customer), such equipment is typically idle hradghe time, most of the time exchanging
data only to maintain its network status. It isréfere evident that such equipment can be
optimized in terms of its power consumption andivagt profiles. Examples of such
techniques include dynamic adaptation (e.g., perémce scaling), smart standby (e.g.,
through proxying network presence and virtualizatiof functions) and energy aware
management. The following list gives an overview safime of available optimization
techniques.

Energy Efficient Ethernet (EEE) as defined in IEG# 802.3-2012 SECTION SIX —
wired copper Ethernet interfaces on CPEs have bilgyato operate at a data rate
lower than their nominal data rate, reducing poe@rsumption of the interface as a
whole. Different port-type-specific signalling mechsms are used in EEE, including
Low Power Idle. To take the full advantage of tieEpotential, both link peers must
support EEE.

Network Proxying defined by the ECMA task group enthe work programme of
TC38-TG4 - Proxying Support for Sleep Modes. Theknis focused on providing
support for the Network Proxy function for variotygpes of broadband equipment,
including VoIP phones. A proxy in this context is antity that maintains network
presence for a sleeping higher-power broadbandcee® VolP phone remains idle
most of the time. VoIP phones cannot be put infollsstandby mode, since they are
required to maintain network presence through pesi data connectivity. Through
proxying, another entity within the broadband netwean assure such persistent data
connectivity on behalf of a VolP phone and wakeptwhen required. In this way, a
device can enter a full standby mode, without adyesse effects on associated
communication protocols.

Energy aware management IETF EMAN. Provides a freonle for Energy
Management for devices within or connected to compaiion networks, and
components thereof. It defines an Energy ManagerDemtain as a set of Energy
Objects, for which each Energy Object is identifiethssified and given context.
Energy Objects can be monitored and/or controlleth wespect to Power, Power
State, Energy, Demand, Power Quality, and battery.
https://datatracker.ietf.org/wg/eman/

Energy aware management within ETSI - The GreertrAtison Layer (GAL) is an
architectural interface/middleware that intendgitee a flexible access to the power
management capabilities of the future energy aBaoadBand nodes to effectively
exploit the capability of adapting their energy somption with respect to the
function (typically the traffic) variations. The GAaims at synthetizing and at
correctly exposing power management capabilitied epmrresponding consumption
variation.

Implementing those functions in broadband equipneitances its capabilities for power
saving.
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H. LIST OF ABBREVIATIONS

1G-EPON

EPON operating at 1 Gbit/s downstream and 1Ghg#sream (IEEE 802.3)

10/1G-EPON

EPON operating at 10 Gbit/s downstream and 1Ghjitgsream (IEEE 802.3)

10/10G-EPON

EPON operating at 10 Gbit/s downstream and 10Giyitssream (IEEE 802.3)

ADSL

Asymmetric Digital Subscriber Line

ADSL2plus Second generation ADSL with extended bandwidth
ATA Analogue Terminal Adapter

CoC Code of Conduct

COP Coefficient Of Performance

CPE Customer Premises Equipment

DECT Digital Enhanced Cordless Telecommunications
DOCSIS Data Over Cable Service Interface Specification

DSL Digital Subscriber Line

DSLAM Digital Subscriber Line Access Multiplexer

EPON Ethernet Passive Optical Network, as specifiecEisH 802.3
ETSI European Telecommunications Standards Institute
FXO Foreign eXchange Office

FXS Foreign eXchange Station

GPON Gigabit Passive Optical Network

GSM/EDGE Global System for Mobile communication/Enhancedabate GSM Evolution
HPNA Home PNA Alliance

IEEE Institute of Electrical and Electronics Engineers
I-CMTS Integrated Cable Modem Termination System

IP Internet Protocol

ITU International Telecommunication Union

LAN Local Area Network

LT Line Termination

LTE Long Term Evolution

M-CMTS includes CMTS core and EQAM (Edge Quadrature AmgétModulator)
MoCA Multimedia over Coax Alliance

MSAN Multi-Service Access Node

NAT Network Address Translation

NT Network Termination

ONU Optical Network Unit

PtP Point-to-Point Optical Network

PLC PowerLine Communication

PoE Power over Ethernet

PON Passive Optical Network

POTS Plain Old Telephone Service

SOHO Small Office, Home Office

USB Universal Serial Bus

VDSL2 Very High Speed Digital Subscriber Lin& generation
VolP Voice over IP

WAN Wide Area Network

WCDMA/HSDPA | Wideband Code Division Multiple Access/High Speedket Access
Wi-Fi Wireless Fidelity; technology using IEEE 802.11Insl@rds
XG-PON1 10-Gigabit passive optical network
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IEEE P802.3bk, draft D2.0, Draft Standard for Ettety Amendment 2: Physical Layer
Specifications and Management Parameters for Egteriether-net Passive Optical
Networks

Broadband Forum TR-100 Issue 2 (August 2012), ADSDSL2plus Performance
Test Plan, http://www.broadband-forum.org/techrdm@ivnload/TR-100_Issue-2.pdf

Broadband Forum TR-114 Issue 2 (November 2012), MDBerformance Test Plan,
http://www.broadband-forum.org/technical/downloa@fI14_Issue-2.pdf

ITU-T Recommendation G.984,“Gigabit-capable passiical networks (GPON):
General characteristics”

ETSI ES 203 215 V1.2.1, “ETSI Standard, EnvironraenEngineering (EE);
Measurement Methods and Limits for Power Consumptim Broadband
Telecommunication Networks Equipment”
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886 [17] ITU-T Recommendation G.993.5, “Self-FEXT cancediati(vectoring) for use with
887 VDSL2 transceivers”

888 [18] ITU-T Recommendation G.993.2, “Very high speedtdigsubscriber line transceivers
889 2 (vDSL2)”

890 [19] ITU-T Recommendation G.992.3, “Asymmetric digitalbscriber line transceivers 2
891 (ADSL2)”

892 [20] ITU-T Recommendation G.992.5, “Asymmetric digitalbscriber line 2 transceivers
893 (ADSL2)- Extended bandwidth ADSL2 (ADSL2plus)”

894
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J. SIGNING FORM

Code of Conduct

On Energy Consumption of Broadband Equipment

SIGNING FORM

The organisation/company/

signs the Code of Conduct on Energy Consumption oBroadband
Equipment and commits itself to abide to the pringnles described in point 3
“Commitment” for the equipment it produces, buys, nstalls or specifies.

The organisation, through regular upgrade reportswill keep the European
Commission informed on the implementation of the Cde of Conduct of

Broadband Equipment.
for the organisation

Director or person authorised to sign:

Name:
Managerial Function: ...
Address:
Tel. /Fax:
Email:
Date:

Signature L

Please send the signed form to:

Paolo Bertoldi

European Commission - DG JRC
TP 450

[-21027 Ispra (VA)

Tel. +39 0332 78 9299

Fax +39 0332 78 9992

E-mail: paolo.bertoldi@ec.europa.eu
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