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Executive Summary

This document provides the final set of WINNER eystrequirements which have been partly derived
from previous requirements described in earlieudoents [WIN2D6111] [WIN1D71], and newly identi-
fied and formulated, considering the latest advaresgs within the project, as well as developments i
research, regulation, standardisation, wireleskebaand industry. The focus is on system requirdme
with impact on the development of a new radio fiaig® concept and design, which is the primary gbal
WINNER.

The set of requirements defined in this documeke tineir user-centric origin in the service require
ments. First, a set of service classes togethdr target performance figures is defined which stidod
supported by the WINNER system. Exemplary servioghe real-time domain (virtual reality and VolP)
which motivate specific requirements are furthearelsterised. Broadcast and multicast support, 8s we
as emergency call services, are then covered.lfimatjuirements and recommendations for service pr
visioning (e.g., physical context information) aiigen.

The system capabilities requirements focus largalythe mobility support, i.e., handover within WIN-
NER, between different WINNER deployments, and Wéhacy systems. This is an essential feature of
the ubiquitous mobile communication system, andcitgperation with legacy systems sets the path for
migration towards WINNER. The corresponding measangts which are necessary for these network
functions are described. Furthermore, requirement®oS mechanisms and prioritisation are addressed.
Regarding security and privacy protection, reconutagons are given. For location based services, the
requirements on location determination accuracydatermined by critical applications like emergency
calls.

Given the broad scope of the WINNER system, itléaicthat in the terminal requirements chapter, the
re-configurability and adaptability of the netwaik a wide range of terminals plays a prominent.role
Furthermore, requirements on maximum transmit ppwestuction of power consumption, and antenna
configuration are given.

The key requirements for the WINNER RAN addressldiveer-layer system performance. Here, a sepa-
ration is made between the theoretically achievaleldormance values (e.g., in the form of peak data
rates and achievable delay) which characterizéuh@éamental performance limits due to system design
and the achievable performance under realistic iiond and following some satisfied user critefie
spectral efficiency requirements address the latise. The satisfied user criterion of WINNER phidse

is defined as 95% of the users having an averagesaession throughput greater or equal than 2/sbi

Spectrum is a scarce resource and recent develaprimenegulation make it even more important for
WINNER to provide solutions for different spectrusoenarios, including limited bandwidth and frag-
mented spectrum. Therefore the corresponding spactequirements have been further elaborated re-
garding, e.g., spectrum sharing between WINNER legtrs, WINNER RANS and with other systems.
Also requirements considering the cooperation tatfacy RATS, between WINNER RATS, and WIN-
NER modes have been reviewed accordingly.

This document provides a framework for the chalieggyoals of WINNER, in particular to ensure that
WINNER will support all service classes identifigdthe project, including interactive ultra high ki
media services, i.e., services which require caeatlly high data rates (up to 50Mbps) and low delay
(less than 20ms-100ms). Therefore, while 2G wiestems provided support for voice services, and
3G added support for basic multimedia, the ambitib@/INNER is to provide the technical solutions to
support advanced applications such as virtualtyealier wireless.
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List of Acronyms and Abbreviations

3G 3rd Generation (Cellular System)
3GPP 3G Partnership Program

ACS Admission Control Server

ADC Analog-Digital Converter

AGC Automatic Gain Controller

AN Ambient Networks Integrated Project
AoA Angle of Arrival

AP Access Point

ARQ Automatic Repeat Request

BAN Body Area Network

BER Bit Error Rate

BLER Block Error Rate

BSIC Base Station Identity Code

DDB Download Data Burst

EMC Electromagnetic Compatibility

EMF Electromagnetic Field

FDD Frequency Division Duplex

FSU Flexible Spectrum Use

FTP File Transfer Protocol

GoP Group of Pictures

GPRS General Packet Radio Service

GSM Global System for Mobile Communications
GUI Graphical User Interface

HO Handover

HSDPA High-Speed Downlink Packet Access
IMHO Intra Mobile Handover

ICNIRP International Commission on Non-lonising ReBrotection
P Internet Protocol

ISHO Inter System Handover

ITU International Telecommunications Union
KPI Key Parameters Indicators

LA Local Area

LTE Long Term Evolution

MA Metropolitan Area

MBMS Multimedia Broadcast Multicast Service
MIMO Multiple Input Multiple Output

MTU Maximum Transmit Unit

NLoS Near Line of Sight or Non Line of Sight
PAN Personal Area Network
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PHY Physical Layer

QoS Quality of Service

RAN Radio Access Network

RAP Radio Access Point

RAT Radio Access Technology

RN Relay Node

RRM Radio Resource Management

RSS or Received Signal Strength

RT Real Time

SAR Specific Absorption Rate

Sl International System of Units

SIB System Information Block

SRRM Serving Radio Resource Management

TCP Transmission Control Protocol

TDD Time Division Duplex

TDoA Time Difference of Arrival

TD-SCDMA Time Division-Synchronous Code Division Klple Access
ToA Time of Arrival

UMTS Universal Mobile Telecommunications System
uT User Terminal

WA Wide Area
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1 Introduction

This document captures the essential characteridéscribing the concept, applications and teclyyolo
of WINNER as a new ubiquitous radio access netwarkl translates them into a set of system require-
ments. These requirements are based on both tberetof the research performed during the project
and the latest developments in the wireless maatindustry.

The goal of this document is to provide a framewlorkthe challenges of WINNER, in particular to en-
sure that WINNER will support all service classesluding interactive ultra high multimedia services
i.e., services which require concurrently high datas (up to 50 Mbps) and low delays (less tham20

— 100 ms). Therefore, while 2G wireless system iglex support for voice services, and 3G added sup-
port for basic multimedia, the ambition for WINNER to provide the technical solutions to support
highly demanding services like virtual reality owereless.

A significant attribute of WINNER is the user-ceatapproach that was followed from the beginning of
the project. The identification of the main syst@atures was performed by an iterative methodology
based on the aggregation of as many as possibdts meel demands of the current and futuristic wésele
services users, which have also been grouped g@ptypes according to their activities in termserf-

vice usage. This has been the basis of the formafi@n extensive number of scenarios that weggetar

ing both contemporary and future applications. Tgriscess was followed by further application group-
ing, in terms of common technical requirements #ng generic applications and service classes were
created.

However, while the design of the WINNER concepbésed on user demands and services, the key re-
quirements of the WINNER RAN affect the lower layevhich are the subject of the research within the
project. Service requirements can ultimately ondyfblfilled if subordinate requirements on the syst
capabilities, the terminal characteristics, thedovayers’ performance and on spectrum technologies
met. From a system engineering point of view, taedrand quantitative lower-layer requirements,, e.g.
regarding spectral efficiency or delay, are the nobsllenging ones and will also serve as a fouadat

for comparison with other systems.

The description of the requirements in this docunaetopts a top-down approach based on the user and
services perspective. Within WINNER, these higlaseel requirements have been elaborated into as-
sessment criteria that include detailed definitisnisable for evaluation by the available simulatiools.

This refinement of assessment criteria definitibas been inspired by related definition in stangard
tion, in order to align with existing definitionsi@ facilitate comparisons. Additionally these d#ifims
have been adapted to ensure consistency througiewget of WINNER requirements and stress even
more the user-centric approach. E.g., the updatedtisl efficiency requirements include a defimitiof

an associated satisfied user criterion under wthielspectral efficiency has to be measured. T hisfieal
user criterion is consistent with the required datas of most WINNER service classes. With resfmect

a definition used in phase | evaluations, the featisiser criterion is considerably more string@%% of

the users must receive an average active sessmumgtiput of 2 Mbit/s or more.

This document finalises the WINNER system requinet®éhat have been partly updated from earlier
versions of the requirements set, and also someefewments that must be provided for a complete-over
all description of the requirements for the envisid WINNER system. Whenever possible, the require-
ments descriptions will provide links to the deptidn of the respective service classes and applits

so as to highlight the work performed in early sgf the WINNER project and to emphasise the user-
centric approach.

Following the structuring motivated above, Cha@gqrrovides the user-motivated service requirements.
In Chapter 3, the requirements on system capasilidire described, while Chapter 4 contains require-
ments on the user terminals. The core performaegpainements, derived from the service charactesisti
are presented in Chapter 5. Requirements on spetsthnologies then follow in Chapter 6.

Last but not least, the deliverable provides anerdew of requirements by presenting a list of them
Chapter 7. Furthermore the listed requirementgereped and mapped based on the layer they address.

The Appendix contains some additional recommendatibat might affect the overall system design but
are out of scope for WINNER, e.g., EMF exposuresatp
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2 Service Requirements

In this chapter, an overview of the RAN-relatedy&rperformance figures of all relevant WINNER ser-
vice classes [WIN2D6112] is provided. Subsequergtyme services which have particular impact on
system design are discussed in dedicated seclikmservices related to physical context (e.gcat@mn-
based services), real time applications, virtuality voice over IP (VolP), multicast, and broasica he
service requirements follow a high-level descriptidhe performance requirements associated and de-
rived from the service requirements then follovaitater chapter.

2.1 Service Classes

The WINNER system concept and its associated tdofies shall allow a cost-efficient baseline de-
ployment, to provide at least minimum requiremdatssome basic services and to meet minimum regu-
latory requirements. However, some of the envigloservices in Table 2.1, go beyond a basic funetion
ality. The table represents a list of servicessgadargeted by the WINNER platform. It also inthsaa
mapping between these classes and typical applicatalling in the scope of the respective classes.

Table 2.1: Service classes and associated applicais

Service Class Applications

1. Real Time Collaboration | Telepresence — Videoconference — Collaborative Wdxlaviga-
and Gaming tion Systems — Real Time Gaming

2. Geographic Real Time

Real Time Video Streaming — Collaborative Work
Datacast

3. Short Control Messages | Alarms — Remote Control — Sensors — Presence Diiivansfer
& Signalling (Lightweight Content)

4. Simple Interactive Appli-| Presence Driven Transfer (heavy content) — Interaeographi-
cations cal Maps (remote processing)

5. Interactive High Quality

Multimedia Rich Data Call — Control — Video Broadcasting /£8tming

6. Geographic Interactive | Video Broadcasting — Streaming

7. Interactive Ultra High

Quality Multimedia High Quality Video Conference — Collaborative Work

8. Simple Telephony & Voice Telephony — Instant Messaging — Lightweightitiplayer
Messaging Games

Audio Streaming — Video Telephony (Medium Qualityulti-

9. Data & Media Telephony, player Games (High Quality)

10. Geographic Datacast Localized Datacast / Beacaaglio Streaming

11. Rich Data & Media Te- | High Quality Video Telephony — Collaborative WorlStandard
lephony Data Call

12. LAN Access & File Ser-

: Access to Databases — Filesystems
vices

13. Multimedia Messaging Messaging (Data / Voice / Mgdi Web Browsing (lightweight)

Messaging (Data / Voice / Media) (medium weighfceess to
14. Lightweight Browsing Corporate Database — Audio on Demand — Web Browsilmger-
net Radio

Access To Databases (heavy weight) — FilesysteXideo

15. File Exchange Download / Upload — Peer-to-peer File Sharing

16. Video Streaming Video Streaming (normal)

17. High Quality Video

Streaming Video Streaming (archival)

18. Large Files Exchange
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2.1.1 Target Performance Figures

Table 2.2 lists for each service class typicald¢adata rates, end-to-end delays, and bit erresrathese

values have been derived from a user perspectigedancribe the desired performance at application

layer. Because the higher-layer functions influagdhese performance figures are out of scopehior t
definition of a radio access network, these vatasonly be regarded as guidelines for the dedwatif

requirements on lower layers.

Table 2.2: Service classes, data and error ratesitéractivity levels

. Delay :
Service Class Data Rate o Bit Error Rate
(Interactivity)
1. Real Time Collaboration 1-20Mbps | highly interactive] 10° - 10°
and Gaming (<20ms)
2-5Mbps | highly interactive 10°
2. Geographic Real Time Datacast P gy
(<20ms)
3. Short Control Messages 8 — 64Kbps | interactive / control 10°
& Signalling (20 — 100 ms)
. . L 64 — 512Kbps| interactive / control 10°
4. Simple Interactive Applications
(20 — 100 ms)
. . . . .| 2—5Mbps interactive / contral 10°
5. Interactive High Quality Multimedia
(20 — 100 ms)
6. Geographic Interactive Multimedia| 2 — 5Mbps interactive / control 10°
Broadcast (20 — 100 ms)
7. Interactive Ultra High 10 — 50Mbps| interactive / control 10°— 10°
Quality Multimedia (20 — 100 ms)
8 Simole Teleohony & Messadin 8 — 64Kbps conversational 10°% - 10°
' P phony ging (100 — 200ms)
. 64 — 512Kbps conversational | 10°—10°
9. Data & Media Telephony
(100 — 200ms)
. 64 — 512Kbps conversational |  10°—10°
10. Geographic Datacast
(100 — 200ms)
. _ 2 — 5Mbps conversational 10°-10°
11. Rich Data & Media Telephony
(100 — 200ms)
. . Up to 50Mbps conversational 10°
12. LAN Access & File Services
(100 — 200ms)
L . 8 — 64Kbps few seconds 10° - 10°
13. Multimedia Messaging
(> 200ms)
14. Lightweiaht Browsin 64 — 512Kbps few seconds 10°
- Hghtwelg g (> 200ms)
. Up to 5Mbps few seconds 10°
15. File Exchange
(> 200ms)
. _ 5Mbps few seconds 10°
16. Video Streaming
(> 200ms)
. L _ Up to 30Mbps few seconds 10°
17. High Quality Video Streaming
(> 200ms)
. Up to 50Mbps few seconds 10°
18. Large Files Exchange
(> 200ms)

In the following sections, some characteristic aglons envisioned for the WINNER system are de-

scribed in more detail with respect to their regoients on the transmission system.
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2.1.2 Requirements for Real-Time Applications

WINNER will support provisioning for real-time apgdtions. This is a direct consequence of the re-
quirement for support the list of service classgaction 2.1), which incorporates real time serviceal
time collaboration & gaming, geographical real tindatacast, and the respective applications:
telepresence, video conference, collaborative wagél time video streaming, navigation systemsl- rea
time gaming.

D

R1: The WINNER system shall provide the appropriateQoS guarantees to sustain the real-time
applications listed in Table 2.1.

For details on generalised QoS support within WINR\Eee Section 3.4.
2.1.3 Virtual Reality

Virtual reality is an environment simulated by argauter through integration of multiple sensoriat-pe
ceptions. By transmitting 3D images and soundedadmes possible to create a virtual space repnoguci
a sense as if the person is actually located ablaptace. Applications based on virtual reality arani-
fold, spanning from advanced gaming, to enhancemfecammunication, like telepresence, videoconfer-
encing, etc.

Related to the air interface, it is important tdenthat virtual reality includes a combination afrend
video and audio with ultra-fast response timesctontrolling the virtual reality based on user iatgion.

It can therefore be classified as a high-end serviithin the class of interactive ultra high mukidia
services, and supporting virtual reality is a majballenge due to the combination of high datasrated
short delay times tolerated. Furthermore it is efge that the amount of data to be transferred,the
packet sizes, are highly variable: They might sfpam ultra large size during a set-up or complgte u
date of the virtual reality data to very small paickalls just requesting updates of the user andose
status, or transmitting status, tracking, or malaifpon information on the uplink. A high asymmety
the amount of data in the two link direction furtlaelds to the problem.

Therefore, supporting virtual reality services didotes the utmost challenge to the WINNER air finte
face and is therefore adopted as a cornerstome ireuirements.

While 2G wireless cellular systems support voidg,iBcludes additional support for multimedia seegic
WINNER, however, has the ambition to enhance supdaitata rates and delay requirements even more
and therefore will be able to support mobile vitgality applications.

R2: WINNER shall support the QoS requirements for nteractive ultra high data rate, low delay
multimedia services.

2.1.4 Voice over IP

As an example of real-time applications, the vaiger IP (VolP) service has obtained considerable pu
licity in research, and standardisation, e.g., #H8DPA and LTE. Internet VolP applications (e.g.,
SKYPE) are being used increasingly. For WINNER psufing VolP is indispensable in order to realise a
fully packet-oriented air interface since voicee#ony will continue to be one of the most impatrtan
mobile services. Furthermore VolP offers the opymty to integrate voice services closely with athe
concurrent services in a multi-flow transmissiom éme user. Voice services are summarised in the
WINNER service classes 8 and 9, depending wheth@obmultimedia content is associated to voice,
see Section 2.1.

During talk spurts, in regular intervals (normadiyery 20 ms or 30 ms) a voice packet in the oréi800

bits is generated. Moreover, many VoIP users nedxk tsupported in parallel, which means that efiti
addressing and careful design of connection statemndatory to efficiently support this servicéisTis

a particular challenge to be considered in theéna@rface design. LTE currently targets to holdtei200

users in a connection state that would support VolP

R3: A WINNER site shall support a large number of @rallel VolP users. ‘

2.1.5 Broadcast and Multicast Support

In communication networks, broadcast is a unidiogetl point-to-multipoint service in which data is
transmitted from a single source point to all usera certain geographical area or multiple arBasad-
cast transmissions are unacknowledged. Acknowledgemf broadcast transmissions may be required
by specific applications but this is not within theope of this service.

Multicast allows the unidirectional point-to-multimt transmission of data from a single source fptmn
a subgroup of users in a certain geographical areaultiple areas. The user should be able to selec
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and/or join different multicast services and groupise operator should have admission control fehea
service in order to be able to provide a particatawice for closed groups only, such as companies.

The time-aligned distribution of data to a groupusérs includes a wide range of applications: Isedll
area information, news, advertisement, softwareatgx] server and database synchronisation, celtlbro
cast, etc. From a technical point of view, broatingsypically works without any CQI (Channel Qugli
Information) in the transmitter and contains pustvises without user interaction. CQI knowledge ban
feasible for multicast, however, link adaptatiord eapatial processing needs to consider the contdrai
set by the whole group and cannot be tailoredgarticular user.

2.1.5.1 Broadcast/ Multicast Applications

In Table 2.3, some applications that can be offevithin the broadcast / multicast (BM) environmang
presented. These applications are also mappeda t?&/tNNER service classes that can be found in Sec-
tion 2.1 and in [WIN2D6111][WIN2D6112].

Table 2.3: Example of broadcast and multicast apptiations

Application Media type Broadcast / Service class
Multicast
Emergency services Text, Voice B Multimedia messggigeographid
interactive multimedia broadcast

Local news Text, Audio M Lightweight browsing

Weather report Text, Static images M Geographiast

Traffic information Audio, Static images, M Geographic real time datacast
Low quality video

Tourist information Text, Audio, Low qual- M Geographic datacast
ity video

Audio, average quality] Audio (stereo) BM Data anediia telephony

Audio CD quality Audio (stereo) BM Data and mediephony

Video Video BM Video streaming

Another possible BM application is software updatesich can be illustrated by the following example
(see Figure 2-1): The terminal manufacturer develapsecurity update for its X series terminals. The
network operator is notified and the software updatscheduled during a quiet network period. Tjre u
date is multicast to the users during the night mhtwork operator also requests the acknowledgemen
of users that have received and installed sucdéstifie updates. These users are then removed thhem
multicast group.

Software update environment for MBMS

Netwok

User B User A Manufacturer
Operator
K—Software patch notification——f—Software patch notification—] Multicast Group 1
K—Software update service—y|
User A
User B
Software update———— User C
-Acknowledgement——>

Software patch

New multicast group

Multicast G 2
Software patch notification=—————] ulticast Group

User B
User C

Figure 2-1: Software update message sequence chart
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2.1.5.2 BM Recommendations and Requirements
Most of the following recommendations are base{BBD14].

e Services should be delivered with the requiredfa)i@oS level and user should be able to sub-
scribe to the most appropriate QoS level for alsiliV service.

* The subscriber should be able to define servickeprrce for reception with a priority procedure
during simultaneous/concurrent BM services.

*  Services should fetch in the network for the usétirsys (user’s profile).

* The BM service architecture should enable the ieffic usage of radio network and core-
network resources, with the main focus on the ramtierface efficiency, so the service architec-
ture should reuse the existing network componemtspsotocol elements thus, minimizing nec-
essary changes to existing infrastructure and semotifications should maximise the reuse of
existing channels.

« BM service centre should be considered in WINNEEh@&ecture.

R4: WINNER shall support efficient and reliable multicasting and broadcasting.

R5: It shall be possible for a terminal to receiveconcurrently multicast / broadcast services and
other services.

2.1.6 Background Services

In current and future networks, apart from the allimg messages, there are applications runnirtgen
background and may influence the “behaviour” okfpound applications (e.g., if there is a “sendie
covery” running in the background, the way that/ses are presented to user depends on the ortes tha
were found). Depending on the nature of each backgt service, user may access and interact with
these services (e.g., e-mail download) or be bidtkedo so (e.g., software/firmware service update)

The background services have bursty data (in gfnenal do not require permanent allocation of re-
sources. These services have the lowest priorignin QoS classification, thus background applicatio
only use the transmission resources when intemepplications do not need them. In fact therenare
reserved resources for background applicationsifisireason, the destination is not expectingda
within a certain time.

In this class of services, the scheduling is vergartant because it is used to exploit servicetimass to
accommodate more users and maximise resourcesatith.

Background services are, at principle, relativelgeinsitive to delay. The transmission/retransmissio
packets should be transparent (i.e., with zeroreate). For this reason background services a®wed
in machine-to-machine communications, which aredatdy sensitive.

Examples of background applications are: SMS, d:itediet, FTP and news.

R6: WINNER shall handle background services in an fficient way, exploiting the burstiness of
transmitted data to accommodate a large number of sers.

2.1.7 Support for Emergency Services

Mobile communications can be very useful in timégmergency mainly because of the potentially high
penetration of user terminals, and their mobildgllular phones are cheap, so almost everyone as o
and because of its dimensions, people can carglarephones in their pockets. However, there araes
aspects that have been proven critical in the @iseobile phones in this kind of situations, namtig
limited connectivity when the network is overloadedhich happens very often in emergency situations.
Cases like having too many users for limited resesi(e.g., in the surroundings the BS were dedfijoye
are common situations and sometimes the terminglmaghave enough power to reach the nearest BS or
relay node.

WINNER is not a design target to replace professdionobile radio systems which are used by emer-
gency authorities (fire-fighters, police, ambulasicetc.). Professional systems like TETRA provide a
extremely high coverage and reliabilities thatrm@eded for emergency situations and may not beeaffe
by WINNER in all situations.

R7: The WINNER System shall aim at achieving usermergency call requirements.
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2.1.7.1 Applications in Emergency Situations

The Mobile IT Forum proposed a table with typicppbcations usage in emergency situations [MITF].
This table is presented here (Table 2.4) and uddsteording to WINNER's services [WIN2D6112].

Table 2.4: Typical used applications for disasterad emergency cases and estimated bandwidth
required for each application when used in ambulane, etc.

Application Data rate Disaster prevention operation| Emergency situation

Chat 8 — 64 kbps X X

E-mail 8 — 64 kbps X X

Web browsing 64 — 512 kbps X X
Location Information| 8 — 64 kbps X X
IP telephony 64 — 512 kbps X X
IP camera 64 — 512 kbps X X
IP video conference 1-20 Mbps X) X
IP broadcast 2 — 5 Mbps| - X
Medical information 8 — 64 kbps - X

2.1.7.2 Emergency Call Number and Initiation

In European Union the emergency call number is i Pnited States of America and Canada this num-
beris 911 and in Japan it is 110.

In the 3GPP2 a “global emergency call” function TW¥| — which does not depend on the telephone num-
ber — is defined, because there are different nmnbged for emergency calls per country. The connec
tions to the emergency service authorities can dmwlled preferentially by linking the individual ¢el
phone numbers of emergency service authorities thiighgeneral emergency call function in the mobile
system. In addition, the local emergency call nurslcan be coded into the phone.

It is essential that in the WINNER system, useis lvé able to initiate emergency calls worldwidehwi
out knowledge of the local emergency number.

In future networks, as nowadays, the emergency callst be prioritised and the users shall be able t
perform those calls even if congestion occurs. @iergency calls should have the ability to overadg
service in order to complete the call. Emergendis chould be free of charge from any telephone, in
cluding public pay telephones.

When an emergency call is performed, a locationiseishall also be performed, finding from where th
call is originated.

2.1.7.3 Transmission of Medical Data

Emergency lifesaving treatments need to be proviglegerly and early as possible. The requirements
imposed on emergency medical systems are the atiatisof “medical control” and “proper convey-
ance”.

Currently the communications between ambulanceshaspitals are based on voice communications
over emergency radio channels or cellular phonasfeBsional Mobile Radio solutions sometimes offer
only a limited data rate for data channels. In ¢heases, the WINNER system might be used for the
transmission of high-resolution images and momiof body data, like temperature, blood pressice,
Hence, it would be possible to increase life-savaitg. Doctors may give adequate instructions aonce
ing the required treatments and prepare adequdellyospital to receive the patient.

To provide proper treatment when there are seiigusies or during a transport of patients undétical
situation to the hospitals, it is very importantcanfirm the identity and check their medical higtolro
obtain this, a wide-area electronic patient chgstesn can be used (inside moving ambulances oosh h
pitals) [MITF]. In this situation, the mobile netws should automatically switch over to the intérna
hospital's local area wireless network from theigks information network once the emergency vehi-
cles arrive to the hospital. Here, speed and dgcam the requirements.

Telemedicine has a great future, in the scope afiistp experiences of surgical operations to proage
erations of higher quality or promote operationseimote areas can be implemented, without the aked
the patients to move to a central hospital.
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2.1.7.4 Large-Scale Disasters

Cellular mobile systems become predictably overalih regions that suffer natural/human large-scale
disasters. Small data transmitters such as pagara/ark as limited alternatives.

However, in this kind of situations it is very inmpant to provide anyone the opportunity to contaefr
families and friends, or to be connected to a e¢mlisaster management entity. These communications
can help saving lives, because authorities or iddal people outside the disaster can give heipfol-
mation such as instructions on how to escape daiger“l am alive” (or IAA communication) function
can also be extremely important, and shall be jised.

To promptly and adequately implement countermeasirevents of large-scale disasters, it is indispe
sable to collect and transmit a wide variety ofbinfiation. This way, the network should handle the
transmission of information, not only via voice lalgo using a wider variety of applications, witle &im

to create an advanced information/communicatiotesyso users.

The information that should be transmitted in disasituations depends on the intended audiencer-em
gency service workers would want to access to tethiled forms of static information, such as hiniid
plants or technical data about building structuegs] dynamic data, such has the location of pedmpe,
status of fire, data provided by personal statuscds (e.g., location), data provided by sensorg.(e
heat, smoke, water, movement), etc. People lo8tdarforest, mountains etc., or trapped in largédbu
ings, industrial structures like refineries, powants, oil fields, etc., would want instant infation
about escape routes, emergency procedures, neigitoallayout, etc. [Groe06]

Although these data and information sources mustutleenticated and managed to ensure that materials
are relevant and updated. Some of this informatiaensible and violates the common norms of what i
inappropriate to share, such as office layouts.

Emergencies situations have demanding requiremespecially when visibility is poor, hands are husy
or when stress and distractions provoked by theosoding chaos create severe psychological strain.
This must be taken into account when designing snokrgency services.

2.2 Requirements for Service Provisioning

2.2.1 Network Reconfigurability, Content Adaptation, and Context Awareness

Services are in principle heterogeneous in nateug,(different contents, QoS, delay, data raties). én
fact, because of the heterogeneity of the netwbrksame service can be provided with differenaupe-
ters according to a specific location. For examalaser outside the shopping local area wirelessank
coverage range may still receive pop-ups from starel advertisements, exploiting the relay nodes co
erage or the RAN from other operator (multiple nogi}.

When the circumstances (environment and contexth@d, the behaviour of service or application and
the network should adapt to the user’s desiresome cases it may be necessary to dynamically ehang
e.g., the number of users, topology and the bilfitagform — dynamic reconfigurability.

When travelling between different networks, ensyitime same level of QoS for a certain service n@y n
be possible. Although, depending on the serviciergint QoS levels must be guaranteed (see Section
2.1.1). If the network cannot provide that levhE tiser shall be informed and the service cancelled

Content adaptation consists of tailoring the muiilia services to specific transmission capabilitées
cording to different factors:

* Network characteristics (e.g., delay, data rat&RB

« User terminal capabilities (e.g., memory, displeg stype of codec, processor speed).
« User preferences (e.g., personalisation, interiagtivith the content).

e User's actual environment (e.g., location, time).

« Content representations (e.g., syntax formats,dattat various bit/frame rates).

In fact, the success of WINNER may rely on its:wak and terminal heterogeneity. As stated before,
terminal will play an important role because ithvaié the “service filter”, according to the usepiofile.

In other words, user defines his profile in thertieal; the terminal shall deliver the user’s prefib the
service provider; and, finally, the service provighall toiler the services to that user accordmdis
user’s profile. However, the network operator Wiive millions of subscribers and the network haseto
capable to handle many services as users’ needs.

Because of service and user personalisation, tiveceerovisioning strictly depends on terminal id@
teristics, user preferences and context awarefidéssefore appropriate signalling mechanisms and ser

Page 15 (42)



WINNER II D6.11.4v1.0

vice discovery technologies must be implementedréer to make sure that the right information iaco
sumed at right place at right time by the rightruse

Context awareness is not only related with locatiaareness, but also with the timely relevanceifer,

his actual activities and mobility. The GALILEO/GRSstems can provide the user location in an out-
door environment, which is important to providevsegs based on location-awareness, such as maps or
directions to reach one place. Inside buildings,ltitation services may be provided by the wirelesal

area network, which may be important to provide efeample, information about a picture in a museum.

2.2.2 Personalisation

User personalisation refers to the way the usercoafigure the operational mode of his device ared p
select the content of the services according teiofile [Frat]. Each user is unique thus he hadesive
needs. Therefore, in order to satisfy the user syethigh level of personalisation has to be pedidnd
terminals will filter the huge amount of informatiaelivered according to the user’s preferences.

In designing the system, the user-centric apprdachonstrates that it is mandatory to focus attestam
the upper layers (maximum user-sensitivity), befonproving or developing the lower ones. Without
user friendliness, the user cannot exploit hisckeaind personalise it.

User friendliness exemplifies and minimises theraction between applications and user thanks tb we
designed and transparent mechanism that allowsamsethe machine to naturally interact (e.g., irdeg
tion of speech interfaces); therefore, the termstabuld be user-intuitive. For instance, persoadlis
software applications may be downloaded by usexrsed on their personal preferences or current envi-
ronments.

2.2.3 Physical Context Information

Physical context includes information such as liecatspeed and direction of movement. The informa-
tion can be obtained by using built-in featureshef radio interface or by using “external” locatimeas-
urement techniques. The relevance of both techeifmeWINNER is discussed with their specific ad-
vantages and disadvantages and related requirearenteduced.

The determination of the UT location by exploititige already available internal resources of a tllu
network provided by the WINNER RAN is generally bdn measurements in terms of Time of Arrival
(ToA), Time Difference of Arrival (TDoA), Angle oArrival (AoA), and/or Received Signal Strength
(RSS), processed by the network or UT. The accudapends on specific deployment parameters, e.g.,
cell size and bandwidth. The possible higher baddwof the WINNER compared to existing systems
transfers into potentially better location accuracgcation information could be obtained in sitoas
where external sources are not available or devook.

External solutions are based on external Globaligddion Satellite Systems (GNSSs) such as the-avail
able Global Positioning System (GPS) or the futtueopean Galileo system that deliver very accurate
position information for good environmental conaiits. For direct Line of Sight (LoS) access to salver
satellites the achievable accuracy can be very. INglrertheless, the performance loss in urban srea
narios can be dramatic due to certain limiting destmultipath, NLoS). Therefore, the accuracyafts
systems can vary between a few metres and up trédmetres. For indoor scenarios usually no GNSS
based positioning is possible due to weak sateligpals.

For WINNER, internal localisation is consideredergnt because it can be applied in situations where
external localisation is available and does notiiregan additional satellite receiver. Although #wzu-
racy is likely to be worse than GNSS, it may bdisigit for the most important localisation apptioas,
(e.g., emergency calls or internal applicationd)e TNSS based solution is further considered ak wel
because of higher potential accuracy and ongoiitgpeduction of receiver chipsets. This meansito i
clude specific functions in the protocols for GNE&yen a hybrid approach is suitable depending en th
UT position and the environmental conditions.

Localization classifications are differentiatedf@$ows:

« Network based positioning requires measurements which are pmddrby the network or the
BSs. No changes at the handsets are necessatye other side a higher traffic load due to sig-
nalling operations is generated.

e UT based positioning processes the measurements directlyeat) T. All UTs can use the same
signals from the BSs without increasing the netwlm&d. Nevertheless, computational com-
plexity at the UT is increased.

« UT assisted processing combines the network based and UT bassitioning. The terminal
measures the available signals itself and aftersyaite measured data is retransmitted to the
network. Finally, this data is post-processed aribtwork for location determination.
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For location determination by cellular networksngsWWINNER RAN each of the aforementioned proce-
dures can be used. If Global Navigation Satelligst&ms (GNSS) are included, a pure network based
solution is not possible because the measuredisagiynals have to be pre-processed directihetdT.

For example, location based services can be, elialigation, fraud detection or automated billing.
Besides for these user specific service-on-demaptcations, also for system side implementationis a
curate knowledge about the UT position becomesalasi Especially for location based handover, the
location based vertical handover, or radio resouraeagement that estimates of the UT location ean b
an input to improve the system performance. Funtobee, it is necessary that all wireless servicevigro
ers have to deliver the location of all emergeradiecs with specified accuracy.

The requirements of the system specific applicatidapend mainly on the considered scenario (WA,
MA, LA), especially on the cell size and the numbgusers in each cell. In a WA scenarios, the irequ
ments regarding accuracy will be weak due to thgelaell size and the usually uniformly distributiof

the users over the cell, and hence, the handoveadio resource management can work properly for a
location determination accuracy within about 10Greee Certainly, this value should be reduced far L
scenarios with much lower cell size, increased remalb users, and very high network traffic.

R8: The WINNER System will provide stand-alone loction information that can be used as input
for user and system-side applications, e.g., emerggy services.

R9: The WINNER System will maintain compatibility with existing location information mecha-
nisms (GPS, Galileo).

The WINNER system and UT should follow the develepits in the area of prevention and warning in
the case of natural disasters. Suitable functibesa)iwhich allow high-priority multicasting in ganular
geographical regions, should be implemented.

2.2.4 Service Discovery

The terminal software should contain a search engirallow the user to search for the best netwerk
vices (service discovery). Alternatively, this sgrengine can run in the background.

While walking in streets, driving a car, or insideshopping centre, etc. the UT maybe in the rarige o
more than one RAP. At this point, the UT may nemdiscover some service information before it can
make an intelligent network selection. The modiaai is roaming information; while information alito
security policies, price/billing, RAP workload mayso be useful. At minimum the UT has to know
whether the RAP will offer its desired service.

2.3 Mapping of Service Requirements to RAN Requirements

As mentioned before, the service-level requiremeatsesent the user perspective towards a mobile
communication system. Because the respective mblagers that are responsible for user interacsian

out of scope for WINNER, most of these requiremesats only be formulated qualitatively. Of course,
there is a dependency of service-level requiremientse lower-layer requirements presented in # n
chapters. This dependency is further illustrate8aotion 7.2.
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3 System Capabilities

The WINNER system concept will offer significantyhanced capabilities to its stakeholders. Addition
ally, basic capabilities already fulfilled by legasystems and relevant for the stakeholders haveeto
maintained.

3.1 System Autonomy

R10: The WINNER system shall be self-contained, allving to target the chosen requirements
without the need for inter-working with other systems.

3.2 Generalised Mobility Support within WINNER

A mobile radio system should be able to provide uber continuous connection regardless the user’s
location, as he is moving inside the system’s nétvemverage from one cell to another. This mobility
support is one of the key features of a mobileesystin the WINNER system, where different deploy-
ment modes will be operating together, it can suppgers moving from one operational mode to amothe
or even to a different network, without losing thebnnection, by performing handovers. In WINNER
there will be different types of handover, depegdom whether the user is changing frequency, cell,
mode, network etc. In order to initiate a handdhere are also many types of triggers defined.

The handover process is necessary in order togedhie end user the best QoS, but sometimes irs/olve
a time-consuming amount of overhead signallingeeisly when the network is congested or when there
are many candidate target cells and there shoulddssurements performed for all the cells. The hand
over process should be quick enough related tapipdication the user is receiving, so he will notice

the handover.

In the WINNER system, a user terminal may be in ¢beerage area of several cells of the different
WINNER modes, so the number of cells which the teatwill use to perform measurements for could
be very large and cause limitations to the handpvecess. For the intra-mode handover the number of
cells for the user terminal to measure will be lovmut the use of neighbouring cell lists could e
very much the handover process. In order to réstre number of cells to measure, the mobile teamin
can be supplied with a list of the neighbourings;ehat are the most likely to fulfil the signatength or
quality requirements at the mobile terminal locatio

In the WINNER network there exists the concept oblpof gateways which means that many GWs are
sharing the same pool of resources so a user mdndtvgeen base stations that belong to that podl wil
not have to change gateways, performing only r&diodovers. On the other hand, since gateways are
entities that can process limited load, load batanwill be needed between GWs to avoid congestions
The load balancing between gateways will be peréaftmy handing over users and since these users will
change GW they will change IP address and this tfgeandover will be an IP handover. The IP hand-
over will also take place when there is a needirfter-system handover, so the user will be then con
nected to a whole new network with a different tel@ss.

R11: The handover process shall respect and taketimaccount the user’s service requirements es-
pecially in terms of delay, so the handover will nbbe noticeable from the user’s point of view on
the application level.

R12: WINNER shall be able to provide the user ternmal a list of neighbouring cells for which the
terminal should perform measurements in order to inprove the handover process. These cells
could be operating in a different mode or in anothenetwork.

R13: WINNER shall be able to support not only radiobut also IP handover for the users. Both ra-
dio and IP handovers shall be seamless and not nodiable by the end user.

3.2.1 Intra-Deployment Handover

As mentioned before, in the WINNER network therdl e different deployment modes. When a user is
connected to only one deployment mode and he ismgdvom cell to cell inside the WINNER network
he is performing inter-cell intra-deployment hanei®s Intra-deployment handover is the handover be-
tween Radio Access Points (BSs and RNs) operatittigei same deployment mode (intra BSs, intra RNs
and between RN and BSs of the same mode). This dfgmndover includes the intra-cell handover
where the user remains in the same mode (an exathplehange of frequency in the same cell) and the
inter-cell handover between cells of the same mathe. basic trigger for inter-cell handover is tlee r
ceived signal strength (as it is already used imeculy deployed systems), but also the locatiorthef
user, the load of the neighbour cells, increastatference, congestion situations etc.
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R14: WINNER shall be able to support seamless intraeployment handover of user sessions (Q
flows) inside the same Radio Access Point (RAP) detween different Radio Access Points of one
deployment mode (either LA or MA or WA).

=

3.2.2 Inter-Deployment Handover

Inter-deployment handover is defined as the switghirocess between two cells of different WINNER
operational modes. The typical WINNER scenarioxiseeted to be the one where the cells of the differ
ent modes are overlapping either completely origdhrt The triggers for inter-deployment handovee a
bad signal strength or signal quality, terminalalian, user mobility, other physical layer basedgers
and algorithm based triggers (presented in Se@&iBr2). Many other triggers can also initiate atefin
deployment handover, such as user’s location, siseceived service requirements (i.e., data rat);
gestion in one mode, etc.

If one operator runs multiple instances of WINNERthie same geographical area operating at different
PHY parameterizations, e.g., in different bandsvith different duplex schemes, then, a resource-man
agement between these would be needed for termiiath can use both. The WINNER system should
make effective use of both instances, e.g., by largadynamic routing of flows of one terminal over-

dio links from both instances. If a UT leaves tlowarage area of one deployment (a hot-spot, fomexa
ple), all flows of that UT have to be transferredthe overlay deployment. That constitutes an inter
deployment handover due to leaving the coverage #rboth deployments are available simultanequsly
the possibility to select the deployment for edolwfarises, and WINNER system may transfer a flow t
another deployment for other reasons, e.g., lodahbang between the cells, congestion situatiotts, e

R15: WINNER shall be able to route each flow indivdually through the available deployments.
This must be done taking into account the flow’s Q® requirements, the user’'s preferences, to-
gether with the capabilities and advantages/disadvdiages of each deployment.

R16: WINNER shall support seamless handover of anindividual flow between cells of different
deployments.

R17: WINNER shall support resource management amorgy different deployments, including
handover, load balancing between base stations offférent deployments that controls the load of
the cells and supports handover of individual flowgrom one cell to another

3.3 Generalised Mobility Support between WINNER and Legcy Networks
3.3.1 Cooperation with Legacy Systems

The WINNER network will not be a standalone netwiorkhe future. Most likely, it will operate togeth
with other legacy or other future wireless netwarkthe same area. This cooperation can be dod#-in
ferent ways i.e., by performing inter-system haredevor by sharing spectrum. WINNER will be able to
cooperate with these legacy systems in order tarmae the efficiency of the system, to serve thersis
with best QoS and to ease the migration from thigtieg systems to the WINNER system. Depending on
the level of integration that is necessary, diffierapproaches can be taken to combine different RAT
When the integration between different technologgeslose, service provisioning is more efficienda
the system change will be more seamless, espediitlyreal-time flows. On the other hand, a higher
level of integration means providing a greater effo the definition of interfaces and mechanisimat t
are able to support the necessary exchange ofddtaignalling between RATS, and in general it rsean
more network complexity. Signalling between RATsecessary to archive required network capabili-
ties. The cooperation of arbitrary radio and wisslsystems is in the scope of the AN project. WIRNE
concentrates on the provision of required measunésria order to enable efficient cooperation and on
the cooperation between WINNER deployments. WINN&®uld provide the necessary interface to
enable a seamless change of radio access systemsldr to offer a good quality to the user, hardov
management should minimise any degradation of tbeigeed QoS (e.g., packet loss and delay) during a
handover.

R18: The WINNER system shall provide an interface hat supports the cooperation with legacy
systems in order to support an efficient interworkng between WINNER RAT and legacy RATS.
These RATSs could belong to the same or different epators. This interface shall also support the|
seamless handover between WINNER and legacy netwark

The WINNER inter-system handover should be consistéth the inter-system handover already defined
in legacy systems. In particular, the inter-systemdover procedure between UMTS and another RAT is
already specified by the 3GPP. Some of the spatifios are applicable to any RAT while others are
RAT specific (e.g., specified measurements on G&Maaplicable to GSM only). Therefore, the WIN-
NER design must fulfil all the requirements thag arentioned in the 3GPP specifications for everyTRA
and the 3GPP will need to do some specificatiocdéed to the WINNER system.
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Also, WINNER has identified intra-system handovatr@-deployment and inter-deployment). These
types of handover should coexist with the intetesyshandover in order to initiate an inter-systeandi
over when the other two types cannot be executeakeorejected.

3.3.2 Measurement Requirements for the WINNER System

Measurements are essential inputs for RRM algosthmd therefore mechanisms to configure, perform
and report measurements must be defined for theNERI system. Measurements affect the design of
the WINNER PHY, MAC and RLC (or RRC) from the phgali procurement of these measurements, to
the transport of these measurements to the logitities that need this information, including thefini-

tion of the protocols for the transport of thisarhation.

R19: The WINNER system shall provide at least to th RRM (and/or cooperative RRM) entity a set
of measurements for handover and other RRM functioalities.

These measurements may include:

« Received signal strength, interference level and C/I ratio. These must allow concluding on the
reception quality of the current flows and the flmssy (or the necessity) of doing a handover to
other cell or radio access technology. In WINNEBst measurements will be based on the UL
and DL synchronization pilots (performed by ternspdase stations and the relay nodes), not
only in the WINNER RAN, but also on legacy RANs, evhnecessary. Three different types of
measurements should be available intra-frequentsr-frequency and inter-system, the last one
should be performed by the WINNER multi-system ieats.

e Transmitted power. This is a report of the transmitted power setting precise instant. Path loss
measurements can also be measured as the diffdsetween the transmitted power and the re-
ceived signal strength. For WINNER, it should befgrened by UT, BS and RN.

e Quality measurements. These must allow concluding on the quality peregéiby the UT and
RAN and to compare it with the required quality. it necessary to do some measurements
based on users’ flows in order to determine Qo$lteand compare them with thresholds. QoS
indicators could be: BLER (block error rate), ragmitted block rate or bit rate at different lay-
ers

e Cdl load. The cell load corresponds to the amount of ctiyrarsed resources in comparison
with the available amount, cell load can be meabatedifferent levels, e.g., transmitted radio
power (PHY layer), or, number of used chunks (MAg&nplane), etc.

e Terminal velocity and location. As minimum requirement the system should knowwtach
serving BS the UT is attached. To estimate the reameearea of the serving BS, a more detailed
position determination should be performed, useagived signal strength measurements or sat-
ellite measurements (GPS).

» List of neighbouring base stations and relay nodes.
The split of measurements between the BS/RN, UTVAHWANER RAN could be the following:

*  BS/RN measurements:

0 Received Total Signal Strength (UL)

C/l (UL)
Synchronization and time measurements (UL): Obsktivee difference
Total Transmitted Power (DL): Total TX power compamith the total available
Transmitted Power per chunk (DL): Report
Traffic quality measurements (DL): BLER, PER

O O O o o

easurements:
Intramode — intra-frequency and inter-frequency YIRSSI, C/I
Intermode — intra-frequency and inter-frequency YIRSSI, C/I
Inter-RAT (DL): RSSI, C/I
Rx-Tx time difference (DL/UL)
Quality measurements (DL): BLER, PER (transporinciegd)

O o o o o 3
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0 Synchronization and time measurements (DL): obsktivae difference (ToA, TDOA,
Ao0A)

0 Transmitted power per chunk (UL): Report

o Traffic measurements (UL, internal measurementsltaverage, variance buffer occu-
pancy
0 Positioning measurements (UL): UT GPS or Galiledrg

* RAN measurements:
o0 SLC and RS buffer load

During the inter-system handover from a legacyepsto a WINNER cell, the target WINNER deploy-
ment mode and cell for the user performing the baedshould be found. The selection should be based
on the previous parameters that the current depoyrmode or RAT and possible target deployment
mode or RATSs can offer to the terminal, and al$eotnformation elements will be taken into account

*  Network capabilities. The legacy RANs cannot support many of the sesvibat can be offered
by B3G networks, but also B3G networks with limitemhdwidth can provide a limited subset of
services. The information on network capabilitieeldd be available (data rate, delay, etc)

* Terminal capabilities. The B3G terminals will be classified by perforroan(e.g., delay, data-
rates, etc.). It is expected that some terminalshaie limited performance to achieve reduced
size, longer battery duration, lower cost, etc.

e User preferences. The user could select some characteristics, grerselecting the network that
will offer lower cost per transmitted bit.

e Operator classification of users. The operator could offer different classes of ssuiption,
bronze, silver and premium users, with differentle of performance

e Other high level parameters. The architecture should be enough flexible tcoammodate other
information elements.

The WINNER UT, BS and RN should perform measuresjesutd also the mechanisms to report these
measurements to the UT/RN/ACS should be establishtael measurements should be triggered periodi-
cally and on demand.

3.3.2.1 Measurement of Legacy RANs

The WINNER multi-system terminal should have thegibility to measure the received signal strength
of base stations/access points of legacy systemsed¥er, the RRM entity in WINNER, associated to
the BS, should have the possibility to know (thiewsggnalling) to what possible cells of legacy sys$

to have a fast intersystem handover, when necedgast of the measurements described in the previou
section are required not only for WINNER but aleothe legacy networks.

The possible measurements and signalling paramatdusie:
« Received signal strength, Interference level and C/I ratio.
e Transmitted power.
e Cdl load.
« Terminal locations and velocities (if possible).

These figures will be either signalled directlyrfrahe legacy network or reported to the WINNER RAN
by the terminals.

3.3.2.2 Handover from WINNER to Legacy RANs

The handover from WINNER to a legacy system shaltibfined in order to provide mobility support to
users that are moving outside an area that hasagwédy WINNER. This handover can also be initiated
due to congestion in WINNER or by the user if he hgpreference to be connected to a legacy network
(if he does not receive a service that can onlgfiered via WINNER). The possibility for a terminial
WINNER to measure the received signal strength asfebstations or access points of legacy systems
should be foreseen when defining the WINNER sysiEme. RRM entity in WINNER should have access
to these measurements on legacy systems. Mordw@ossibility to exchange load information between
WINNER and legacy systems should also be anticibgeay., exchanged between cooperative RRM enti-
ties).
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The WINNER system should broadcast information &aktbe legacy RANSs, like information about
neighbouring cells (hence this requires some spesifnalling within the WINNER system). Some sig-
nalling is also requested to configure and regmtrheasurements performed on the WINNER and legacy
systems. The multi-mode UT should clearly be abledtect the other RAT. Some information of the
legacy systems to be supported should be carrggdeinthe WINNER system: The RAN to which the UT
is connected should send the connection informaftiom the target RAN to the UT. Specifically, it
should send an encapsulated message, specifibe iother standard, including the candidate/targht c
identifier(s) and the radio parameters relevanttfer target radio access technology. UMTS considers
two "System types": CDMA 2000 and GSM 900/1800/19@Mew type could be WINNER or LTE.
Therefore, an inter-RAN information exchange betweetwork elements of different RANs is neces-
sary. Also, in the IST E2R project, there is a camrmilot channel concept developed, whereas, one ca
support much faster frequency scanning.

3.3.2.3 Handover from Legacy RANs to WINNER

The handover from a legacy network to WINNER shallsupported by the WINNER system in order to
provide mobility support for users that are movingside a coverage area of the legacy networkyger
ers that are requesting new services that canlmnlyffered via the WINNER system, for resolving con
gestion situations in the legacy network, or fagrisspreference to the WINNER network.

Some information about the WINNER system should bbeadcast in the legacy RANSs, like the
neighbouring WINNER cells, together with some imfiation necessary to demodulate their signal: Some
specific signalling should be added in legacy RANIshort scanning times and efficient handoveadlo
balance and other inter-RAN functionalities are sidared desirable, there should be some inter-RAN
information exchange. This concept has alreadyegmde be viable in the current UMTS and GSM speci-
fications. The inter-operator case will be diffdrém the inter-RAT case, since so far there ismtert
operator interworking directly through the RadiocAss, except RAN sharing. Besides, some information
should be "broadcast" by the WINNER cells to allitwir identification (cf. BSIC in GSM or synchroni-
zation codes in UMTS): This information should hefided so as to be quickly demodulated by terminals
on legacy systems, particularly if compressed medesed in UMTS. The time structure (or period) of
this information should allow to avoid the problemedated to the BSIC identification in the case of
UMTS to GSM handover. WINNER should provide beactibe measured by terminals on the legacy
systems. The WINNER system should take into accthentonstraints related to the use of compressed
mode in UMTS systems.

R20: The WINNER system concept shall provide an imrface to legacy RATSs that supports seam
less handover to minimise degradation of communicain quality and enables further cooperation
mechanisms, e.g., RRM.

R21: A signalling channel to report measurements ather RANs shall be included in the WINNER
concept.

R22: In order to enable measurements of other systes by a WINNER transceiver, the WINNER
MAC frame design shall allow reserving time-frequery resources which are deliberately not used
for transmission, but left free for measurements.

R23: A signalling channel to notify user terminalsabout other available RANs shall be included in
the WINNER concept.

3.4 Support for QoS Mechanisms and Prioritisation of Fbws

The different service classes introduced in Taki?eeXhibit different target values of performanedica-
tors. These targets are derived from general Qg8inr@ments on the service level, which should be
propagated through all layers of the WINNER protastack.

R24: Packet flows are classified by QoS requiremesit QoS of each flow shall be controlled indi
vidually. QoS related to the delivery of a requestd application shall be negotiable, including rene-
gotiation during an active session.

To facilitate service-motivated QoS support mechiasi, a prioritisation of users’ data flows is esisén
Examples where prioritisation should be appliedude:

*  Services with tight delay constraints (e.g., vaoe interactive multimedia services): Usually,
some timestamp information is available for incognitata related to such services (for VolP,
the RTP could be used). WINNER should be able &duate such information, and to configure
the prioritisation of the respective flows accoghn so that the data is available at the receiver
within delay bounds. On the other hand, if the Staep indicates that the delay limit has been
already exceeded, the packet can be discardeé imetivork without consuming radio re-
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sources. On the other hand, WINNER should be aldéghal prioritisation information to ex-
ternal networks where its outgoing flows are routed

Services with data rate constraints (e.g., rea¢-tideo streaming): Counters could be imple-
mented at various protocol layers to ensure thafltw’s data rate remains between certain lim-
its. Activated at certain thresholds, prioritisatimechanisms may lead to a rate stabilisation
even for an increasing network load.

Prioritisation mechanisms should be realised dfedifit protocol layers

PHY: Transmit power control, modulation and codiognat for the subcarriers that carry a pri-
oritised flow

MAC: Prioritisation can be easily integrated insebased resource scheduling

RLC/RRC: Prioritisation should influence RRM mectsams like admission control and load
control

R25: WINNER shall support prioritisation of flows to facilitate QoS support. Prioritisation mecha-
nisms shall be implemented at all necessary protolclayers.

3.5 Security/Privacy Protection

The term security lacks in meaning until the déiomi of what is to be secure and for whom. WINNER
will have several security stakeholders for whible mobile platform must provide security services.
Moreover, the potential threats may differ fromkstaolder to stakeholder. There are different seguri
aspects relevant for a radio interface. User sgcoreans safeguards to ensure that the persorabddt
privacy of the user and of the subscriber are ptete Network security means that the network is no
harmed nor its resources are misused, therebyrgpasi unacceptable degradation of services.

There are three main classes concerning the stlleho(users, operators and service providers) and
what kind of security they want to find in the netl as stated next [Gehr06]:

Users expect that mobile terminal offers secureratidble communication; this way the mobile
terminal is trusted to handle sensitive tasks, fisch-commerce transactions or encrypted voice
calls. The main threats to this class of stakehisldee malicious software or malware, such as
viruses and worms, or weak or mishehaving secarégghanisms.

The concerns of the second stakeholder class, ti®lennetwork operators, rely on network
identification mechanisms (related with billing edndlity) and network-related software. Opera-
tors thus require that the integrity of software ¢ guaranteed when the terminal is in opera-
tion. They also want to be certain that users cabneak SIM lock mechanisms (used in 2G
networks) and IMEI protection.

The content providers want to be paid for the caintteat users consume (music, pictures, videos
and software). They also aim to ensure that usaraat (mis)use their phones to illegally copy
or re-distribute content. This is where digitalhtigy management (DRM) functions play an im-
portant role. To provide a DRM solution that mestsitent provider requirements, the mobile
phone platform must contain security functions tpadérantee secure execution and code integ-
rity.

The security mechanisms should exhibit the follgharacteristics [Gehr06]:

3.5.1

“Intelligent”, transparent to users and easy ta U$ey must be usable without difficulties to us-
ers, otherwise security may be compromised beazsess may be reluctant in using them.

Security mechanisms should not interfere with anpmmise QoS (at least apparently).

Giving the responsibility to users to setup theusiég of their mobile terminal is, at principle, a
bad idea, because inappropriate configurations Ineagxploited by attackers, leading into seri-
ous issues.

Security/Privacy Recommendations

Some of the following recommendations can alscob@d in [Dut04]:

A mobile terminal can only be activated and usedibyauthorised user (apart from emergency
calls, a valid SIM or USIM is required to access #G and 3G networks).

Stolen terminals should be blocked to access taarks. Network operators can blacklist to
prevent them from being used in their networks: TWEI value can be used to bar a terminal.
However, for this mechanism to be effective, useust not be able to modify IMEI value.
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< ldentity and integrity validation, using certifiest or cryptography mechanisms, should be used
not only for common tasks for human beings (e geywata) but also for software (e.g., software
updates) [Gehr06].

e Prevention or mitigation of Denial of Service (Da@)d Distributed Denial of Service (DDoS)
attacks [SwaO06].

¢ E-commerce should be secure.

« During a handover, once the device moves from @teark to another, maintaining the service
level agreement may be of high importance, becthese is also an agreement in security level
and while the negotiation is made, an intruder otange the level.

« In general, the operator should implement secunfsastructures to prevent tampering of the
network and its elements. This can be done usiggtegraphic hash functions and electronic
signatures. If possible, the network should be ablielentify the tampering, give an alarm and
heal automatically.

* Reconfiguration of the network should always beelimna secure way.

* Rogue BSs are a threat. To prevent this, the maigtesork operator should have mechanisms
that will identify such base stations and protbetusers.

e Extension of network should not lead to weaknesseiturity. Security should not compromise
network extensibility. Security solutions are niotited to a place or a number of people. The
security solutions should be scalable. Scalabdisp means that the security solution should be
flexible enough to modify and fulfil the securitgeds as the network changes.

« If possible, the WINNER RAN shall provide securlty its own. Providing security at lower
layers implies security at higher layers, howetandard secure communication protocols (e.g.,
TLS/SSL, IPsec) may also be used.

* Countermeasures against eavesdropping technigat$stimplied.

In general, the WINNER system should at least gl@uyMT-2000 functionality regarding security and
privacy protection.

3.5.2 Other Security Aspects

Attaching/detaching securely to/from the networla igery important issue. When one first tries tacit

to a network, important information is exchangetiveen the network and device. Normally information
like username and password are communicated biddsessues to such well known items one of the
major security issues for IP network is DHCP (Dyi@mhiost Configuration Protocol).

DHCP is used to make life of administrator easigploviding dynamic addresses to users. This obvi-
ously is the easiest way of providing IP addresSeseral security threats may arise from the use of
DHCP, like man-in-the middle attacks through faks#dCP servers, incorrect configuration information
or theft-of-service attack. Providing security@awér layers may reduce threats to DHCP.

For optimum performance of a security concept itdsessary that each protocol layer has the same un
derstanding of the service and there should alsofessibility of the protocol layers to distribtiesks. It
is therefore essential that the involved protoagets communicate with each other.

Most protocols available for security and mobiligguire a lot of message exchange which uses Valuab
capacity and battery life, especially if the usevery mobile. This must not compromise QoS.

Infrastructure security means security of netwaotworks’ elements like router, server etc. and iany
formation available in the network. Attacking orfetltese elements can lead to outage of the whdle ne
work. Secure management of network elements, sodtd@ployment and timely upgrades are key issues
for the infrastructure security.

However, even if dedicated security mechanisms Heeen implemented, security leaks can arise from
factors such as careless human behaviour or seftinays.

3.6 Location-based Services Support

The WINNER system shall be able to provide physamaitext information for both location based user
services and emergency services. Physical coméxniation such as location, velocity and directidn
movement can be obtained through external netwrks GPS, Galileo) or by exploiting the available
WINNER radio resources and location measuremehiiques. The accuracy for location determination
of the UT will depend upon the service requirememd radio environments. For the emergency situa-
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tions the system shall be able to fulfil the minfmaccuracy requirements for emergency situatioriseo
public safety organisations (fire brigades, redeaens, etc).

For this reason, the European Commission is cuyrennsidering recommendations for the implementa-
tion of an EU-wide emergency services system foergency calls made from mobile phones, in which
the location of the caller would be provided auttozdly by the system under the directive “Univérsa
Service Directive 2002/22/EC”. Currently there & ecommon consensus on the precise value of location
accuracy for E-112 emergency service. However Edd@iracy guidelines state the location accuracy
should be 50 meters or less in urban corridorsfesrgnd this one decreases as the distance froor-the
ban increases (i.e., not so stringent for rurasye

The E-112 accuracy guidelines range from 50-100mdiiferent radio environments (Urban, Suburban,
Rural, Indoor and Crossroads).

The United States Federal Communications Commig$tQtT) has defined the accuracy guidelines that
wireless operators must comply with. These guidslidid not recognize a difference in accuracy re-
quirements between urban, suburban, etc. locatsndefined between 100m and 300m for network
based systems and 50 to 150m for UT location based.

R26: Regarding LD accuracy, WINNER shall at least reet the requirements for the unified E-112
system agreed by the EU.

3.7 Power Minimisation

The transmit power at all RAPs (and certainly & thr's, see Section 4.2) should be minimized through
different mechanisms such as power control (upsind downlink), DTX (discontinuous transmission),
load control and load sharing between cells.

This is beneficial not only for the general targéenergy minimisation and consequently a reduatibn
associated costs, but also for a reduction of égeteinterference and a corresponding increaséenct-
pacity of neighbouring cells. The traffic load beem cells should be dynamically balanced trough the
coordination across BSs, by adjusting dynamicdily pilot cell coverage area (service area) andradi
resource sharing among the neighbouring cells.

In unloaded traffic scenarios, the maximum radigieder by the RAPs should be reduced to the mini-
mum required level provided by the link budget adtions according the service type and the maximum
allowed transmit power at terminal side. This walNWER aims to minimise the overall required power
at RAPs, save energy with reduced operational @gtincrease terminal battery life.

R27: WINNER shall aim at minimising transmit power at all RAPs in low cell load situations.
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4 Terminal Requirements

Today, many different kinds of terminals for mobdemmunication systems are available. In the next
generation networks, many more will exist with eiffint sizes, shapes and functionalities. Howeher, t
mobile phone as we know it, is the most used temhdevice; maybe because of its size, multimedia in
terface (MMI), functionalities, simplicity, etc. Buo these characteristics, in the upcoming wiseteg-
works will be user centric enabling communicatiahgays on, anytime and anywhere. It is expectetl tha
users will pay more attention to dedicated conli&stnews, event notifications, pop-up advertisetagn
etc. received on their mobile phones than on ahgralevice. Thus next generation terminals will-sup
port multi-mode and multi-service transmission witifferent QoS requirements, mobility and recon-
figurability.

A wide range of different applications and servig@plies terminal heterogeneity meaning support of
different terminals in terms of display size, waigind dimensions, energy consumption, complexity,
according the service area scenario etc. In cdrtivdsiture wireless networks, current wirelessameks

are characterised mostly by non configurable homeges terminals. Thus, the advantage for the cos-
tumer is to buy a device on which he has the piatieiot get the right presentation format for eaetvie.

The communication interface between human usedanites, if required, should be as natural as possi
ble — like human talking or conversation, supp@rtudiovisual and other natural means of infornmatio
exchange.

Furthermore high definition and quality video apptions provided by broadcast/multicast (e.g. uairt
sightseeing) will require at terminal side highfpemance on video processing (i.e. codecs) andajisp
capabilities accompanied by extended autonomy atterly life.

In general, many system functionalities requireghpport from terminal side, including in partiautae
provision of the associated control measurements.

4.1 Reconfigurability and Scalability

Multi-mode user terminals are essential as theyackapt to different wireless networks by reconfiggr
themselves. This way, users can access differeptass networks without the need of multiple teratsn
or multiple hardware in a terminal.

Furthermore, a large range of different terminalsudd suit the needs of different applications, cages,
and to generate manifold business opportunitieshferstakeholders. Terminal classes should exadt th
are capable to dynamically reconfigure their sofewia order to use different spectrum bands oed:ffit
communication schemes, i.e., download the softw@nese; adaptively switch the transmission; multi-
mode operation, etc.

For example, the number of antennas will vary fiffecent terminal types, i.e., a wide range of tarabs
ranging from low-cost single-antenna terminalsigghfend multi-antenna terminals need to be supgorte
Since two physical layer modes of WINNER exist, eAnTDD and FDD, apart from some specialised
terminal classes, terminals should support bothesaahd for the evaluations it can be assumed that
multi-mode terminals dominate in the field.

=

R28: WINNER shall support different terminal classes, in order to accommodate a wide range g
terminals with different complexity, cost, capabilties and form factors.

4.2 Maximum Transmit Power

The peak transmit power is limited by technologynstoaints and radiation exposure aspects. In WIN-
NER, the current reference design assumptionsetramsmit power of the user terminal are 24 dBm fo
“base coverage urban” and “microcellular’ scenavibereas 21 dBm is assumed for “indoor” scenarios,
[WIN2D6137].

The regulatory bodies provide regulations conceymadiation exposure limits and calculation methods
for the corresponding frequency range. EIRP (effedsotropic radiated power) values have to be-con
sidered in the energy absorption calculations @ompgarison with the limits of SAR values presented i
Section 9.1.2. Depending on the terminal type (hatj laptop or mobile phone), service type (voice
call or data session implies different typical méeniding times) and position in respect to the hmma
body, the maximum transmit power can vary signiftta The peak transmit power is also limited bg th
maximum output of the PA (power amplifier) depemdiof the amplifier operating class, modulation
scheme for the specific frequency range and lirdgleti aspects to ensure the path balance in batb-dir
tions (UL and DL). According to the EMC directivéfise maximum transmit power has to be limited
when the systems are used close to the head dpémidong time exposure periods.

R29: Maximum and average transmit power in the ternmals must comply with the EMF regula-
tions of the corresponding frequency range.
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4.3 Battery and Power Consumption

Power consumption of the terminal is categoriséd transmission or RF power and transceiver signal
processing power. Power consumption has directtediie battery life and thus on talk and standbyetm
of the terminal. Talk and standby times should tleast as long as with current available terminaly-

ing with different terminal types. This is a chaligng requirement, considering that the use of éigh
data rates, as well as rich multimedia serviced\iing audio, and higher resolution video) wilsud in
considerably higher power consumption.

Nowadays, talk and standby times for cellular plscer@ in the range of several hundreds of minutds a
several days, respectively. Furthermore, power wopsion must be kept at the level that the surface
temperature of the terminal does not feel too fioday, most batteries are based on NiMH and Li-ion
technologies while in the future, solar batteryelfoells and other power generating batteries cbeld
come available to the mass market which can inersaseral times the capacity of current batteties.
case of handheld type terminals, 400 hours or rffwsreontinuous standby time and 140 minutes or more
for continuous talk time. In case of PDA type tamais, 60 hours or more for standby time and 50 min-
utes or more for continuous talk time.

The 2G terminals were shipped with one battery. MéS8G terminals were already shipped with 2 bat-
teries. Therefore, if this rule is followed the pmvweonsumption will increase proportionally to there
advanced services. However the next mobile wireteta/orks are expected to break this rule, by im-
proving the power consumption.

For example, using multi-hop networks can permét ¢bverage extension to many areas, increasing the
spectral efficiency of the system while minimisihg power consumption [Frat].

R30: Talk and standby times shall be at least compable to 2G and 3G systems and preferably
better. Power consumption shall be minimized in ordr to improve battery life.

4.4 Antenna System Diversity

Antenna diversity and associated processing algostat terminal improve the network coverage, data
rate and system capacity by increasing the receédid values and intercell interference mitigatibut-
thermore, improved data performance decrease&timéntal power consumption for high data rate appli-
cations.

Antenna diversity schemes and/or multi antennagssiog techniques are envisaged at terminal sitthe wi
at least two receive and transmit antennas depgradithe terminal type and antenna (array) sizadha
held, PDA, etc.), correlation properties and prai@g scenarios. Low complexity antenna system is
assumed at terminal for cheap mass market devices.

However, certain terminal types may still only empbne transmit antenna due to cost and size con-
straints. Basic system operation, with reducedgperdnce, shall be possible for such terminals.

R31: The WINNER system shall be able to make use ahtenna diversity or multi antenna process-|
ing techniques at the terminal to improve SNR, dataiates and system capacity.

R32: The WINNER system shall be able operate withdsic functionality if only one transmit an-
tenna is used at the terminal to save transmit powgcomplexity and cost.
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5 Performance Requirements

From end-user’s point of view, performance requiata can be derived based on the supported services
Measuring the system performance has many aspecithe measurement criteria have to be selected in
a way that the “real” user experience will be retibel. The user experience may be, e.g., the tinrans-

fer a file of a certain size, the time to downl@adhole web-page, the minimum response time for-gam
ing applications, streaming services and also tpiaie assessments and feelings, e.g., about tice vo
quality. Note that this end-users experience iandigss of the underlying transport protocol, etlgg,
user doesn't take care if itis FTP or HTTP or athyer protocol.

On the other hand, the measures should not onlgctehe end-user’s experience, but also measere th
system performance, e.g., from operators’ pointiev. For the operator, the commercial operatio@ of
mobile radio network and the usage of spectrum d@ndoupled to significant costs, thus the opeiato
target is to exploit the frequency spectrum effitie by providing a full range of services to agamum-
ber of users per radio cell, with appropriate duadif service. The resulting technical performanee
quirements complement the requirements motivateithdgnd-users experience.

This chapter focuses on the technical performaageirements of the WINNER radio access network,
covering all protocol layers below IP level. Therfpemance of higher layers elements and functions
(which also influence the end-user’'s experienceuisof scope of the technical work within WINNER.
However, the WINNER RAN should be designed in a whleast not to prevent the fulfilment of service
requirements (see Chapter 2). Therefore, certaghéenilayer requirements have an influence on the
lower-laver performance requirements addressed here

5.1 Coverage

Coverage is of major concern for WINNER. Therefoorerage aspects are inherently included in vari-
ous other performance figures. A simple way toudel coverage aspects in performance targets irdbad
network conditions that is viable for simulatiolsstd define the target values for a definite painthe
cumulative distribution function of the respectperformance measure. Within WINNER the 95%-ile is
used. Although no strict one-to-one mapping of @&b-ile to coverage area is possible, it can be re-
garded as the target that will be exceeded in thm mervice area of a site, whereas the remairfiag 5
represent unfavourable situations, such as usdrsany shadowing at the cell edge.

In order to ensure coverage and user satisfaci@o-called satisfied user criterion has to be tbm
the definition of certain performance requiremelik® the spectral efficiency in typical, loadedndd
tions. The target spectral efficiency has thenggioven in an operational point that guarantegsrege
and user satisfaction at the same time.

However it is necessary to keep in mind that thisfead user criteria, and therefore the coveragpend
on the type of application. As examples, the thigug and delay figures given for the service classe
Table 2.2 might serve as individual satisfied wus#eria.

5.2 Data Rates

5.2.1 Definition of User Throughput

User throughput is defined as the throughput ofemily received information bits at IP packet lagler-
ing packet calls (so-called active session throughgor a specific link direction (uplink or downk).
The user throughput shall be measured considelimgfects of packet loss and retransmissions, takel
ing the overhead due to guard bands, guard timreambles, pilots, headers, and control signallitig i
account. Only the information bits in correctly @a@d packets shall be counted. Packets are coadide
not correctly received if in error (e.g., failurE@RC check or equivalent measures) or if theyarviith
excess delay compared to a service specific thigshmopact of functions related to header compessi
encryption, ciphering, and transport delays betwegse station and gateway shall not be considared,
these do not characterise the performance of tlie excess technology itself.

5.2.2 Peak Data Rate

Peak data rate is the user throughput accorditigetdefinition in Section 5.2.1, measured in ideahs-
mission conditions in an otherwise unloaded sys#&esingle user per cell is assumed, so as to descri
the fundamental performance limits due to systesige
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R33: A downlink Peak Data Rate of 100 Mbit/s shalbe achievable in macro cell deployments du
to the WINNER system design. This requirement assues a 100 MHz system bandwidth allocation
where half of the radio resources are assigned faplink and downlink, respectively.

1)

R34: A downlink Peak Data Rate of 1 Gbit/s shall bechievable in local area deployments due tp
the WINNER system design. This requirement assumes 100 MHz system bandwidth allocation
where half of the radio resources are assigned faplink and downlink, respectively.

5.2.3 Sustainable Data Rates

Sustainable data rate offered by a system is tijpidefined as the average user throughput achieved
over the typical period of activity of a servicedrcellular environment. For that, the number ofidta-
neous users has to be defined which can be offeitadhe respective data rate under a service diggn
satisfied user criterion. These figures are higldpendent on the deployment scenario, service @atileo
distribution of users. Assumptions include reatistiad in neighbouring cells (i.e., inter-cell ifarence)
and the distribution of resources between usetisarserving cell. Instead of defining the sustdimalate
rate, the spectral efficiency is measured for antlagimum number of users that can be provided with
certain service fulfilling a specific satisfied useiterion (see Section 5.5).

5.3 Allowed Error Rates

As with most of the system requirements, the guaemin terms of allowed residual error rates atiap
cation layer will also stem from the service clastable. The list of most demanding applications in
terms of permissible error rates encompasses afipls related to critical functions and secungns-
actions, such as Remote Control, authenticationRémote Payment and financial transactions, etc.

In many packet-based transmissions, virtually efmee communication will be realized by means ¢if re
able error detection and HARQ techniques, trangfogriransmission errors into additional delay. Baer
fore, no formal requirements regarding error raresdefined.

5.4 Delay
5.4.1 Definition of User Plane Packet Delay

The user plane (U-plane) packet delay is definettims of the one-way transit time between a packet
being available at the IP layer in either the usaminal or base station and the availability a$ fhacket

at IP layer in the base station / user terminaériggane packet delay includes delay introduceddsp-
ciated protocols and control signalling assuming tker terminal is in the active state. Impactusicf
tions related to header compression, encryptigghering, and transport delays between base statidn
gateway shall not be considered.

5.4.2 Achievable User Plane Packet Delay

The achievable user plane packet delay is theplare packet delay as defined in Section 5.4.1 meas
ured in ideal transmission condition in an unloaggstem. Performance is to be evaluated for aesingl
user per cell, so as to describe the performantitsidue to system design. The achievable deldg-s
fined for a single hop transmission of a minimumedP packet.

R35: The WINNER system shall enable an achievablesar plane packet delay of less than 1 ms in
the downlink and 2 ms in the uplink of a single-hofransmission in unloaded conditions.

R36: The WINNER system shall enable an achievablesar plane packet delay of less than 5 ms inja
two-hop transmission in unloaded conditions.

These delay targets enable two more additionalifeatthat give the WINNER system unique properties:

1. Link retransmission (hybrid ARQ) can then be usksd or flows from traffic classes with them
most stringent delay requirements and delay ji#gguirements. This results in an improved link
quality, as seen from higher layers.

2. It enables channel-aware link adaptation and sdmegwith respect to frequency selective fad-
ing channels, using channel quality informationdicgon and also feedback, at vehicular ve-
locities. This improves performance by adaptatiamg and multi-user scheduling gains and
provides a unique feature of the WINNER system.

R37: The QoS framework will provide guarantees forservices that require high interactivity (delay
in the network level <20ms).
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5.5 Spectral Efficiency

Spectral efficiency is a performance measure useslidely different contexts throughout literatued,
though being sensitive to a number of assumptions @arameters, including cell range, bandwidth,
transmit power, sectorisation, antenna configumatie-use factor, terminal capabilities, user niphil
number of users, and cell load. Furthermore, cboerhead and real-world effects, like imperfegts
chronisation, channel estimation, control signglliamd link adaptation need to be considered.

Peak spectral efficiencies can be easily calculbiedividing the peak data rate that can be campied
cell (cf. Section 5.2.2) by the system bandwidtbwdver, these figures are purely the result of step
code rate, modulation, and spatial multiplexinge3édn are therefore simply upper limits supportedh-wit
out any indication whether and how frequently iaqtical deployments these values are reached. Corre
sponding figures can be found in [WIN1D71].

For realistic comparison of air interface perform@mnd for support of realistic economical projatsi

spectral efficiency has to be measured in an opeedtpoint of the system that ensures sufficiesgru
satisfaction. Therefore the so-called satisfied asiéerion plays a crucial role for determinatiohspec-

tral efficiency. In this document, the term spelotfficiency is used only with the definition inding the

satisfied user criterion. In other texts this iscateferred to as "achievable spectral efficienoy”,aver-

age spectral efficiency". These definitions of sp@aefficiency should not be confused with peakcsp
tral efficiency.

The spectral efficiency is defined as the sum of eisthroughputs for all user terminals served by a
certain radio cell, divided by the overall system andwidth per link direction (uplink or downlink),
calculated for the maximum load (number of users)hat still allows fulfilling the satisfied user cri-
terion of a selected service in terms of data ratend delay. Furthermore a sufficient statistic (aver
aging effect) is needed in order to avoid singulaies and misinterpretation.

The satisfied user criterion for WINNER phase |k Hmeen motivated in [WIN2D6111]. It is defined as
95% of the users having an average active sedsionghput greater or equal than 2 Mbit/s.

It was decided to formulate the required spectifadiency per cell and not per site as in [WIN2D@].1
The main motivation for this change is the fact thamost deployments, the spectral efficiency gigs
can be easily increased by installing more indepenhdadio sectors per base station. Furthermoee, th
definition per cell is in line with most standami®on and requirement definition activities. Congzhto a
definition per site, the efficiency figures givealtw should be multiplied by the number of sectues
site, because in most deployments, each sectagepts an independent radio cell.

Similarly to 3GPP [3GPP07], a cell is defined by unique identification that is broadcast over a-ge
graphical area by a WINNER RAP. However, it is @ssd that a relay note does not constitute an inde-
pendent cell but adds to the capacity of its sgrdase station cell (this concept is also refleatethe
widely used term ‘relay-enhanced cell’).

R38: WINNER shall provide spectral efficiency in conected sites of 2 bit/s/Hz/cell for the downlink
and 1/2 thereof for the uplink in wide area deployrents in an operation point that fulfils the satis-
fied-user criteria.

R39: WINNER shall provide a spectral efficiency inconnected sites of 3 bit/s/Hz/cell for the
downlink and 1/2 thereof for the uplink in metropolitan area deployments in an operation point
that fulfils the satisfied-user criteria.

R40: WINNER shall provide a spectral efficiency of10 bit/s/Hz/cell for the downlink and 1/2
thereof for the uplink in isolated (non-contiguous)sites (i.e., local area) in an operation point thta
fulfils the satisfied-user criteria.

The above spectral efficiency figures are validtigsical WINNER deployments, i.e., a cellular dgplo
ment with a site-to-site distance of approximatklym and some moderate multi-antenna technology in
wide area, a deployment covering the Manhattaretstged with the help of relay nodes in metropaiita
area, and advanced MIMO deployment using remotie teehds in local area [WIN2D6137].

It is important to understand that a direct comguariof spectral efficiency values (e.g., betweeMNwI
NER and other systems) is only possible if the saatisfied user criterion has been used. In paaticu
many results in research and standardisation wsecleallenging satisfied user criteria (or evenenan
all), which is the main reason for high spectréicafncy values.

Page 30 (42)



WINNER II D6.11.4v1.0

5.6 Maximum Terminal Speed

The maximum user terminal speed is limited by tlaeiability of the radio channel due to Doppler
spread/shift related to the deployment scenarias sEmvice type considered. Taking into account the
wide area deployment scenarios and assumptionshtilkenging speed limit is to allow reliable lints
high-speed trains at velocities up to 350 km/hvameup to 500 km/h, depending on the carrier fraque
band and deployment environment.

R41: WINNER shall support at least low-rate service with reduced cell capacity for terminal
speeds of up to 350 km/h, or even up to 500 km/heplending on Doppler shift related with carrier
frequency band and deployment environment.
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6 Spectrum Requirements
6.1 WINNER Spectrum Range

R42: The WINNER System shall be able to operate amhere in range between 2.7-5.0 GHz, takin
into account that WINNER target characteristics hawe to be met.

6.2 Utilisation of Bands already Available for Mobile Services

There may be situations where current mobile systenturrent mobile bands need to be migrated into
WINNER. Therefore the WINNER system concept needbé able to utilise also currently available

bands for cellular use (i.e., 800/900MHz, 1800/1@b2, 2GHz and 2.6GHz frequency ranges or other
frequency bands that may become available below2Z]. Such a situation may arise from technical,
commercial or regulatory reasons.

In this case, due to the limited bandwidth size, filreseen highest bit rate services will not bssjiide
and the performance of the networks might be lichite

R43: The WINNER system shall be able to utilise cuent bands for cellular communication. \

6.3 Spectrum Fragmentation

From an implementation point of view, a channeldvaidth of 100 MHz is the currently agreed upper
limit. This relatively broad channel bandwidth deszses the likelihood to achieve a sufficient speactr
assignment for a WINNER network or a number of WEBRInetworks in one single chunk. Available
spectrum bandwidth may be fragmented due to pedajieographical spectrum allocation. Indeed some
of the bands are expected to be available on aablmdsis while some others might be available amly
certain region or countries. In this case the WINN&y/stem concept should be able to support frag-
mented spectrum.

R44: The WINNER system shall be able to handle fragented spectrum assignments efficiently.

6.4 Coexistence with Other Systems

R45: The WINNER system shall be able to coexist witnon-WINNER systems and to share re-
sources with minimized mutual interference.

R46: Operation in unlicensed bands shall be poss#l Performance requirements shall be met if the
interference caused by other systems operating ifé¢ same band does not prevent this.

6.5 Spectrum Sharing between WINNER RANs

Significant advantages are expected, especiallingluhe network deployment phase or if there i®a s
vere lack of spectrum, when the spectrum can beedHzetween multiple parallel radio access networks
(RAN) using the same WINNER RAT and providing semiervices. Most of the advantages result from
the enhanced spectral scalability of the systewesinshould allow:

« the deployment of multiple RANs at the launch & #ystem, even when the spectrum can be
made available gradually according to increasiaffitrdemands,

« system flexibility towards geographical differendesegulatory spectrum assignments,
« more versatile operation of the networks, and

e adaptation of the spectrum available to a networkeflect the changes on the number of sub-
scribers as well as on daily traffic patterns.

R47: The WINNER system shall be able to use spectrushared between parallel network deploy-
ments (Flexible Spectrum Utilization).

6.6 Spectrum Sharing between Cell Layers of a WINNER Sgtem

Further advantages are expected, especially dtimgetwork deployment phase or if there is a sever
lack of spectrum, when the spectrum can be shatdlen different cell types of a WINNER network.

R48: The WINNER system shall be able to use spectrushared between different cell types, e.g
between macro cells and micro cells, or between miccells and hotspots.
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6.7 System Bandwidth

The maximum required physical data rate and otleefopmance requirements determine the necessary
system bandwidth. Due to implementation compleaitgl power consumption reasons, an upper bound
for the maximum continuous bandwidth of one radhé is assumed. A radio link is here defined to in-
clude all physical connections in a continuous detpy range between a terminal and the radio access
network. This is meant for both FDD and TDD cases.

R49: Maximum required bandwidth for one radio link is 100 MHz.

The upper bandwidth limit can be further explaitidwo aspects: the receiver channel selectioerfilt
AGC integration, and ADC implementation. Regardthg filter, implementation issues arise for very
high bandwidths with basic operational amplifierthogls, and the power consumption of this filtertsta
to increase. In the ADC, the bit count (number it$)b bandwidth, and required maximum modulation
order (depth) are dependent on each other: Théreelggsampling rate is at least two times the badtiwi

R50: The total system bandwidth needed to fulfil th requirements should be minimised.

Migration from 2G and 3G cellular systems to WINNRRrldwide requires the ability to operate in the
spectrum bands made available to these. Derived fhis, a minimum required bandwidth is assumed
for one duplex radio link. This applies to both F@Bd TDD, which means that in the FDD case, this
bandwidth is needed for uplink and downlink eacld @m total twice. Performance in the minimum

bandwidth may not be the same as that possiblghehbandwidths.

R51: A minimum bandwidth of 1.25 MHz for TDD and 125 MHz per duplex FDD link, i.e., 1.25
MHz for uplink and 1.25 MHz for downlink, is requir ed.

Page 33 (42)



WINNER II D6.11.4v1.0

7 Overview of Requirements

7.1 List of Requirements

R1. The WINNER system shall provide the appropriate Qu&antees to sustain the real-time
applications listed in Table 2.(Section 2.1.2)

R2. WINNER shall support the QoS requirements for imtéve ultra high data rate, low delay
multimedia servicegSection 2.1.3)

R3. A WINNER site shall support a large number of patalolP users(Section 2.1.4)
R4. WINNER shall support efficient and reliable mulstand broadcastingSection 2.1.5)

R5. It shall be possible for a terminal to receive aonently multicast / broadcast services and
other servicegSection 2.1.5)

R6. WINNER shall handle background services in an &fficway, exploiting the burstiness of
transmitted data to accommodate a large numbeseykiSection 2.1.6)

R7. WINNER System shall aim at achieving user emergeatyrequirementgSection 2.1.7)

R8. The WINNER System will provide stand-alone locatinformation that can be used as
input for user and system-side applications, emergency servicefSection 2.2.3)

R9. The WINNER System will maintain compatibility withisting location information
mechanisms (GPS, Galile@¥ection 2.2.3)

R10. The WINNER system shall be self-contained, allowimgarget the chosen requirements
without the need for inter-working with other syste (Section 3.1)

R11. The handover process shall respect and take imouat the user’s service requirements
especially in terms of delay, so the handover méll be noticeable from the user’s point of
view on the application leve(Section 3.2)

R12. WINNER shall be able to provide the user terminkteof neighbouring cells to which the
terminal should perform measurements in order tprave the handover process. These
cells could be from each mode or from another netw@ection 3.2)

R13. WINNER shall be able to support not only radio &lso IP handover for the users. Both
radio and IP handovers shall be seamless and tioeable by the end usgBection 3.2)

R14. WINNER shall be able to support seamless intra@gpént handover of user’'s sessions
(or flows) inside the same Radio Access Point (RAPbetween different Radio Access
Points of one deployment mode (either LA or MA oAY(Section 3.2.1)

R15. WINNER shall be able to route each flow individyatrough the available deployments.
This must be done taking into account the flows Qaftiirements, the user’s preferences,
together with the capabilities and advantages/deatdhges of each deploymef8ection
3.2.2)

R16. WINNER shall support seamless handover of any iddis flow between cells of differ-
ent deploymentgSection 3.2.2)

R17. WINNER shall support resource management amondf&reint deployments, including
handover, load balancing between base stationgfefeht deployments that controls the
load of the cells and supports handover of indialdlows from one cell to anothe{Sec-
tion 3.2.2)

R18. The WINNER system shall provide an interface thgtports the cooperation with legacy
systems in order to support an efficient interwogkbetween WINNER RAT and legacy
RATs. These RATs could belong to the same or diffeoperators. This interface shall
also support the seamless handover between WINN&RIegacy networks(Section
331

R19. The WINNER system shall provide at least to the R@NW/or cooperative RRM) entity a
set of measurements for handover and other RRMitinadities.(Section 3.3.2)

R20. The WINNER system concept shall provide an interfeiclegacy RATSs that supports
seamless handover to minimise degradation of cormation quality and enables further
cooperation mechanisms, e.g., RR&ection 3.3.2.3)

R21. A signalling channel to report measurements ofroft®Ns shall be included in the WIN-
NER concept(Section 3.3.2.3)
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R22.

R23.

R24.

R25.

R26.

R27.

R28.

R29.

R30.

R31.

R32.

R33.

R34.

R35.

R36.

R37.

R38.

R39.

R40.

R41.

In order to enable measurements of other systerasWiNNER transceiver, the WIN-
NER MAC frame design shall allow reserving timeguency resources which are deliber-
ately not used for transmission, but left freerfasurementg¢Section 3.3.2.3)

A signalling channel to notify user terminals abotlter available RANs shall be included
in the WINENR concep{Section 3.3.2.3)

Packet flows are classified by QoS requirements Qeach flow shall be controlled in-
dividually. QoS related to the delivery of a reqeésapplication shall be negotiable, in-
cluding renegotiation during an active sess{@action 3.4)

WINNER shall support prioritisation of flows to féitate QoS support. Prioritisation
mechanisms shall be implemented at all necessatgqni layers(Section 3.4)

Regarding LD accuracy, WINNER shall at least mketrequirements for the unified E-
112 system agreed by the ES3ection 3.6)

WINNER shall aim at minimising transmit power dtRAPs in low cell load situations.
(Section 3.7)

WINNER shall support different terminal classespider to support a wide range of ter-
minals with different complexity, cost, capabilgiand form factorgSection 4.1)

Maximum and average transmit power in the terminalst comply with the EMC regula-
tions of the corresponding frequency ran@ection 4.2)

Talk and standby times shall be at least compatal®2& and 3G systems and preferably
better. Power consumption shall be minimized ireotd improve battery lifgSection
4.3)

The WINNER system shall be able to make use ofrenateliversity or multi antenna proc-
essing techniques at the terminal to improve SN#® dates and system capac{Bection
4.4)

The WINNER system shall be able operate with bfasictionality if only one transmit
antenna is used at the terminal to save transmiepaomplexity and cos{Section 4.4)

A downlink Peak Data Rate of 100 Mbit/s shall bhiegable in macro cell deployments
due to the WINNER system design. This requiremsstimes a 100 MHz system band-
width allocation where half of the radio resouraes assigned for uplink and downlink,
respectively(Section 5.2.2)

A downlink Peak Data Rate of 1 Gbit/s shall be aechble in local area deployments due
to the WINNER system design. This requirement agsuan100 MHz system bandwidth

allocation where half of the radio resources asigagd for uplink and downlink, respec-
tively. (Section 5.2.2)

The WINNER system shall enable an achievable useedatency of less than 1 ms in the
downlink and 2 ms in the uplink of a single-homsmission in unloaded conditior{Sec-
tion 5.4.2)

The WINNER system shall enable an achievable us@egdatency of less than 5 msin a
two-hop transmission in unloaded conditiof®ction 5.4.2)

The QoS framework will provide guarantees for sesithat require high interactivity (de-
lay in the network level < 20 mgsection 5.4.2)

WINNER shall provide spectral efficiency in conrextsites of 2-3 hit/s/Hz/cell for the
downlink and 1/2 thereof for the uplink in wide argeployments in an operation point that
fulfils the satisfied-user criterigSection 5.5)

WINNER shall provide a spectral efficiency in contesl sites of 2-5 bit/s/Hz/cell for the
downlink and 1/2 thereof for the uplink in metrojpexh area deployments in an operation
point that fulfils the satisfied-user criter{&ection 5.5)

WINNER shall provide a spectral efficiency of 1&®Hz/cell for the downlink and 1/2
thereof for the uplink in isolated (non-contiguosigs (i.e., local area) in an operation
point that fulfils the satisfied-user criter{&ection 5.5)

WINNER shall support at least low-rate serviceshwéduced cell capacity for terminal
speeds of up to 350 km/h, or even up to 500 kn¥pedding on Doppler shift related with
carrier frequency band and deployment environn(&attion 5.6)
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R42.

R43.

R44.

R45.

R46.

R47.

R48.

R49.

R50.

R51.

The WINNER System shall be able to operate anywimerange between 2.7-5.0 GHz,
taking into account that WINNER target charactarsshave to be mefSection 6.1)

The WINNER system shall be able to utilise curtesntds for cellular communication.
(Section 6.2)

The WINNER system shall be able to handle fragmespectrum assignments efficiently.
(Section 6.3)

The WINNER system shall be able to coexist with-NMdINNER systems and to share re-
sources with minimized mutual interferen¢gection 6.4)

Operation in unlicensed bands shall be possibldofeance requirements shall be met if
the interference caused by other systems operititg same band does not prevent this.
(Section 6.4)

The WINNER system shall be able to use spectrumedhaetween parallel network de-
ployments (Flexible Spectrum Ultilizatior{(section 6.5)

The WINNER system shall be able to use spectrumedhaetween different cell types,
e.g., between macro cells and micro cells, or betwaicro cells and hotspo{&ection
6.6)

Maximum required bandwidth for one radio link iSOIHz. (Section 6.7)

The total system bandwidth needed to fulfil theursgments should be minimise@ec-
tion 6.7)

A minimum bandwidth of 1.25 MHz for TDD and 1.25 Mtder duplex FDD link, i.e.,
1.25 MHz for uplink and 1.25 MHz for downlink, isquired.(Section 6.7)

Page 36 (42)



WINNER II

D6.11.4v1.0

7.2 Mapping of Requirements

In Figure 7-1, an example of a mapping of highgetfato lower-layer requirements is illustrated. The

service-level requirements characterize some ok#efunctionalities of the WINNER system that are

immediately visible to the user. All of these regunents rely on the RAN system capabilities and per

formance, which are in turn characterized by rezmaugnts on the RLC MAC and PHY layers. Most of

these lower-layer requirements are expressed intijative figures and sometimes serve as targets fo
system-level or link-level simulations. The depeamdes indicated in the figure should be regarded as
examples and are not exhaustive.

Figure 7-1: lllustration of the inter-dependency ofrequirements
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8 Conclusion

This document provides the final set of the WINNE¥Stem requirements, based on earlier work in
WINNER phase | [WIN1D71], and subsequent refinermeoft the system requirements in phase Il
[WIN2D6111]. In the elaboration of the final systerquirements, the latest status and assumptions
about the WINNER system concept as well as thetlaterk results within WINNER, were considered
along with recent developments in research, reigulastandardisation, wireless market, and industry

The higher-layer requirements addressing suppaséedice classes and services form the basis of all
other requirements. Here, especially the supportltoé-high data rates and low delays for the wairtu
reality service constitutes a challenge to the WHRNRAN.

Mobility support via handover within WINNER and Wwitegacy systems constitutes an integral part of
the system capabilities requirements. Measurenfantifitating these and other network functions were
addressed. Requirements regarding the terminalisadigde the support for a wide range of user termi

nals, e.g., with respect to different antenna camfitions.

The performance requirements characterize botHuthedamental system limits (peak data rate) and the
system performance under realistic conditions, eeipg the WINNER |l satisfied user criterion. The
spectral efficiency requirement was deliberatelgsein not to describe the theoretical optimum but to
characterise the ‘real-world’ system performanteah only be compared to the corresponding figafes
other systems if a similar satisfied user criteipemployed.

The spectrum requirements address the efficientofighe scarce spectrum resource by introducing a
large amount of flexibility in spectrum assignmént WINNER, as well as spectrum sharing and coexis-
tence with other systems.

The set of requirements defined in this documeke tdeir user-centric origin in the service require
ments. First, a set of service classes togethdr target performance figures is defined which stidod
supported by the WINNER system. Exemplary servioghe real-time domain (virtual reality and VolP)
which motivate specific requirements are furthearelsterised. Broadcast and multicast support, #is we
as emergency call services, are then covered.lfimatiuirements and recommendations for service pr
visioning (e.g., physical context information) aiigen.

The system capabilities requirements focus largalythe mobility support, i.e., handover within WIN-
NER, between different WINNER deployments, and Wéhacy systems. This is an essential feature of
the ubiquitous mobile communication system, andci@peration with legacy systems sets the path for
migration towards WINNER. The corresponding measangts which are necessary for these network
functions are described. Furthermore, requirement®oS mechanisms and prioritisation are addressed.
Regarding security and privacy protection, reconuiaéions are given. For location based services, the
requirements on location determination accuracydatermined by critical applications like emergency
calls.

Given the broad scope of the WINNER system, itléaicthat in the terminal requirements chapter, the
re-configurability and adaptability of the netwaik a wide range of terminals plays a prominent.role
Furthermore, requirements on maximum transmit ppwastuction of power consumption, and antenna
configuration are given.

The key requirements for the WINNER RAN addressldiveer-layer system performance. Here, a sepa-
ration is made between the theoretically achievaleldormance values (e.g., in the form of peak data
rates and achievable delay) which characterizéuth@amental performance limits due to system design
and the achievable performance under realisticiiond and following some satisfied user critefide
spectral efficiency requirements address the latise. The satisfied user criterion of WINNER phidse

is defined as 95% of the users having an averageaession throughput greater or equal than 2/bbi

Spectrum is a scarce resource and recent develaprmenegulation make it even more important for
WINNER to provide solutions for different spectrusoenarios, including limited bandwidth and frag-
mented spectrum. Therefore the corresponding spactequirements have been further elaborated re-
garding, e.g., spectrum sharing between WINNER legkrs, WINNER RANS and with other systems.
Also requirements considering the cooperation Watiacy RATS, between WINNER RATS, and WIN-
NER modes have been reviewed accordingly.
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9 Appendix

9.1 EMF Recommendations

The widespread use of Electromagnetic Field (EMiYrees has been accompanied by public concern
about possible adverse effects on human healtipaftsof its charter to protect public health, theld
Health Organisation (WHO) established the Inteoreti EMF Project to assess the scientific eviderice
possible health effects of EMF in the frequencygeafrom 0 to 300 GHz (in WINNER scope, the rele-
vant bandwidths are 900 MHz to 2.6 GHz and 3.4 &Hz GHz). The EMF Project encourages focused
research to fill important gaps in knowledge andatulitate the development of internationally goice
able standards limiting the EMF exposure. The h#tonal Commission on Non-lonising Radio Protec-
tion (ICNIRP) and the Institute of Electrical ante&ronics Engineers, Inc. (IEEE) work with WHO in
order to establish guidelines for Specific Enerdysérption Rate (SAR) and Maximum Permissible Ex-
posure (MPE) limits and reference levels to preveatrisk of diseases.

The SAR is the unit that measures the amount ofdRBequency (RF) energy absorbed by the body
when using a mobile terminal. The closer the useo ithe base station (BS) the lower is the SARejal
because the terminal needs less power to reacB$heThe Sl unit for SAR is Watts per Kilogram
(Wikg).

Regarding WINNER deployments, the aforementiondivities should be closely monitored and taken
into account.

9.1.1 User Safety and Methods for Exposure Reduction

At RF, defined as 100 KHz to 300 GHz [Ahlbom], fiedds only penetrate a short distance into theybod
At 2.5 GHz the penetration depth in muscle tissarepfane model is about 1.7 cm. The energy of these
fields is absorbed and transformed into the moveémémolecules. Friction between rapidly moving
molecules results in temperature rise. In the dctiade of research, heating is the main knowncefié

the RF exposure. In addition to the absolute irs@eia temperature, duration of heating and thermo-
regulatory capacity of the body is important. Sal/studies found no convincing relation between anm
exposure to RF fields, such as those emitted byilemtdrminal and BS, and the increase of some tgpes
cancer and leukaemia. Additionally, there is nedidink between RF exposure and genotoxic effects,
like DNA mutations, DNA strand breaks, or other gmlesions.The actual exposure of user to REdiel
depends on a large number of factors, such asrtatsicharacteristics: the type and location okang;

the way the terminal is handled; and most importdrg adaptive power control, which may reduce the
emitted power by orders of magnitude. The adagtiveer control includes distance from the BS, fre-
quency of handovers, and RF traffic conditions.

The RF absorption is maximal on the side of thedheawhich the phone is held, greatest close to the
antenna and decreases to less than one-tenth opbsite side of the head [Ahlbom].

Science-based simulation models of human physicédgesponses have predicted that after a body ex-
posure of 5 W/kg SAR for indefinite time, a magoetsonance imaging (MRI) scan of a 70 kg patient
would not be sufficient to overcome the availabdathloss mechanisms or raise core body temperature
[SCC39].

Another study reported reduced fertility of sperBARs greater or equal to 50 W/kg. These are expo-
sures that are much higher than the establishegrseleffects threshold of 4 W/kg [SCC39].

Regarding children’s safety there is no recommeaddbr limiting the use of mobile phones, because
scientific evidence and knowledge does not showrager in use of wireless devices, including chitdre
and teenagers.

9.1.2 EMF Regulation and Standards

There were no relevant changes in ICNIRP guidelfoeshe restrictions in RF exposure. Biologicatian
health effects in WINNER’s frequency range are singat to a body temperature rise of more than.1 °C
This level of temperature increase results fromosype of individuals under moderate environmental
conditions to a whole-body SAR of approximately 4k@/for about 30 minutes. To derive the basic re-
strictions for workers a safety factor of 10 isdisehich gives a SAR of 0.4 W/kg. For general publi
0.08 W/kg was chosen [ICNIRP98][Gabr].

In Table 9.1, the values proposed by ICNIRP for SAR presented. All the SAR values are to be aver-
aged over any period of 6 minutes and in a ma4€ @f of contiguous tissue.
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Table 9.1: Basic restrictions in 10 MHz — 10 GHz mage

General public Workers
Whole body average SAR 0.08 Wikg 0.4 Wikg
Localised SAR (human trunk,
head, and most parts of body) — 2 W/kg 10 W/kg

average over 10g tissue

Localised SAR (human body ex-
tremities and pinnae) — average 4 W/kg 20 W/kg
over 10g tissue

The principal similarities between ICNIRP and IEG&delines are 2 W/kg SAR averaged over 10 g of
tissues in head and trunk; however the IEEE vadwnedo be averaged over periods of 2.5 to 30 ménute

In the case of localised exposures, such as a enphibne handset in use, different consideratione ha
been used to develop partial body exposure limits.

For general public, in the frequency rage of 10 MH®0 GHz, different regions adopt different values
for SAR, based on the actual standards. In the tadate, these regions are summarised: Europe, Japan
and Korea adopted the ICNIRP standard, expressédhfe 9.1; USA, Australia and Canada adopted the
ICNIRP standard, but they limited the SAR valuéirman head and trunk to 1.6 W/kg (averaged over a
period of 30 minutes in 1 g of tissue).

The EU/ICNIRP recommendation for RFs exposure gessed in [ICNIRP98].

Table 9.2: Reference values for general public angorkers in terms of E-field, H-field strength and
Power Density (2 MHz to 300 GHz) [ICNIRP98]

E-field H-field Power Density
General public 61 V/m 0.16 A/m 10 W
Workers 137 V/Im 0.36 A/m 50 Win

Any system emitting less than 20 mW average powearompliant with the limits since the maximum
absorbed power in 10 g in any condition is lesa th&V/kg, which is the EU recommended limits.

Dealing with BS the reference level for E-field dpgble to general public is 1.37(f in MHz) up to 2
GHz and 61 V/m above, which corresponds to a pdever in the order of 1-10 W with typical antennas
and mast heights. This is the situation in the waagbrity of public cellular networks.

According to ICNIRP guidelines and IEEE standaidghe range of WINNER’s frequencies, the MPE
was defined to be 10 Whfor general public. In IEEE standards the maximspatial power density is
18.56f°°Wm? (f in GHz) (for frequencies between 3 — 30 GHz).

9.2 Operational and Maintenance Requirements
9.2.1 System Resources Monitoring and Network Elements Fedt Detection

The requirements for operation and management MNER are not significantly different from the leg-
acy networks. System monitoring addresses the dapatf surveying the current state of the system
operation in terms of resources (e.g., spectrurmgeystraffic load and forecasts). Network monitgrin
data collected from the network elements comprisesul information for the sytem scalability mainta
ing the network resources optimised. In other waylt elements detection via an OMC (operation &
maintenance centre) allows minimising the systemrdimes (outage) and recover from system faults.

O&M (Operations and Maintenance) functions are ireguto have a consistent set of monitoring func-
tions, disasters recovery, resources monitoringl, ¢@ections, linked from the OMC to the different
networks elements through standardised interfaces.

1 Note:

1. Power densities are to be averaged over any 23@texposed area and any 68/F-min period (where fis
in GHz) to compensate for progressively shorterepration depth as the frequency increases.
2. Spatial maximum power densities, averaged over? simould not exceed 20 times the values above.
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Recommendations to be considered:

9.2.2

Perform monitoring in terms of resources avail&piio support and control the load network in-
crease.

Provide flexible and friendly network configuratiand management of network elements.

Provide consistent and fully integrated failure exggment mechanisms in order to recover from
accidental or systematic failures.

Provide and support account, billing facilitiescagnt management to handle billing procedures
across different radio networks aiming at to introel the concept of mobile virtual network op-
erator (MVNO).

Network Management and Performance Metrics

Network management interface at the OMC allow therator to have an overall status and control about
the system performance. Different counters asstiat terms of events will be collect from network
elements and thus processed in terms of statigimdibrmance indicators. This way the operatorsehav
the network under control. Configuration and sedfiphe network elements is provided through O&M
links to the BS/RNs.

WINNER should provide relevant performance KPI @adors through the collection of O&M data
counters from the network elements for network grenfitnce monitoring and analysis.

9.3 Charging and Billing Platform

Service providers and network operators shouldeagrea unified charging and billing platform.
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