ETSI TS 102 721-4 vi.1.1 o112

Technical Spgcification

Satellite Earth Stations and Systems;
Air Interface for S-band Mobile Interactive Multimedia (S-MIM);,
Part 4: Physical Layer Specification,
Return Link Synchronous Access



2 ETSITS 102 721-4 V1.1.1 (2011-12)

Reference
DTS/SES-00318-4

Keywords
MSS, satellite

ETSI

650 Route des Lucioles
F-06921 Sophia Antipolis Cedex - FRANCE

Tel.: +334 9294 42 00 Fax: +33 4 93 65 47 16

Siret N° 348 623 562 00017 - NAF 742 C
Association a but non lucratif enregistrée a la
Sous-Préfecture de Grasse (06) N° 7803/88

Important notice

Individual copies of the present document can be downloaded from:
http://www.etsi.org

The present document may be made available in more than one electronic version or in print. In any case of existing or
perceived difference in contents between such versions, the reference version is the Portable Document Format (PDF).
In case of dispute, the reference shall be the printing on ETSI printers of the PDF version kept on a specific network drive
within ETSI Secretariat.

Users of the present document should be aware that the document may be subject to revision or change of status.
Information on the current status of this and other ETSI documents is available at
http://portal.etsi.org/tb/status/status.asp

If you find errors in the present document, please send your comment to one of the following services:
http://portal.etsi.org/chaircor/ETSI_support.asp

Copyright Notification

No part may be reproduced except as authorized by written permission.
The copyright and the foregoing restriction extend to reproduction in all media.

© European Telecommunications Standards Institute 2011.
All rights reserved.

DECT™, PLUGTESTS™, UMTS™ and the ETSI logo are Trade Marks of ETSI registered for the benefit of its Members.
3GPP™and LTE™ are Trade Marks of ETSI registered for the benefit of its Members and
of the 3GPP Organizational Partners.
GSM® and the GSM logo are Trade Marks registered and owned by the GSM Association.

ETSI


http://www.etsi.org/
http://portal.etsi.org/tb/status/status.asp
http://portal.etsi.org/chaircor/ETSI_support.asp

3 ETSITS 102 721-4 V1.1.1 (2011-12)

Contents

INtellectual Property RIGNES.... ..ottt bbb nenn e 5
0 L= V1Y) (o S 5
100 [WTox 1 o o I USRS 5
1 o010 PR 6
2 S = (= (0= S 6
21 NOFMBLIVE FEFEIEINCES .....cutieeteite ettt ettt sttt a ettt s e s bt s bt bt b e e st e s e e se e b e s bt sheeb e e Rt eheeae e s eeese e besneebenneeneennens 6
2.2 INFOrMELIVE FEFEIEINCES. ... ettt ettt e e bbb bt e st e se et e b s b e ae e s e eese e besbeebenneennennen 6
3 Definitions, symbols and abbreviations ............coeeiiiiiie i 7
31 DEfINITIONS. ...ttt et e e e be e e be e teeateeaeesbe e beesbeeabesaeesaeesaeesaeeseenseeaseenseereesteebeentenn 7
3.2 SYIMDOIS. ...ttt e b et h bt e bt b e s e b b e se bt b e e e ek e b e S AR R e R e e Rt nR e e bt R et b e e e e ebe e e ere s 7
3.3 ADDIEVIBLIONS ..ottt ettt ettt e et e et e et e e aeesaeesteesbeeabeeaseeaeeaaeeebeenbeeaba e beenbeensesaeesaeesreenneereenrean 7
4 (€11 e I DL o ] o 1[0 o ISR 8
4.1 R 10t aTT o N 1 1= g = = S 8
411 General ProtOCOl AFCNITECIUIE ..........eiueiieieeeiee ettt b e bbb s e e sn et e b e e e e e nes 8
4.1.2 Services provided t0 NigNEr QYENS..........ccieeie et eenaesreesreennen 9
4.2 Transmitter fuNCLioNal @rCHITECTUNE ........coi i bbbt 10
4.3 (0177001 B0 =S o o1 o) o SRS 10
43.1 TraNSPOI CHANMNEIS........eeiieee et e e st esteete et e eseesbe e te e teentessaeenseenseenteensensennnansnens 10
4311 Transport-to-Physical Channel Mapping ..o e 10
4.3.2 PhYSICEI CRENNEIS.......etec bbb et b bbbt b e e et b e bbb 11
4321 RaNAOM ACCESS ChanMEIS.......cuiciieie ettt ettt s s sae e s re e eaeebeeaeeeaeeeaeesaeesreesanas 11
4322 Dedicated phySiCal ChANNEIS .........ooiiiiie et b et b e eb e sre e ene 11
433 RAOIO CRANMEIS. ... ..ottt ettt e et e s e e sae e sheesaeebeeaseeaeeeaeesbeesbeesbeesbeenseennesnrenans 11
5 Physical ChannEl SETUCLUPE ..........ooiveieeece ettt ettt st e ae s b e e et e s aa e e e sreennenbenreas 11
51 Random AcCCESS ChanNel SEIUCIUIE ..........oiuiiiiieeeeieeeie sttt et b et sr e b st ne e 11
511 PDRACH SITUCIUIE ...ttt r e sae e e eae e e n e e e r e e b e e b e e reeneennesnnesnes 12
51.2 PCRACH SIIUCLUIE ...ttt sttt sse e s b e sh e e sae e e e e e e ae e ereeereenb e e b e e reeanesnnesnnenns 13
513 Preamble fOIMEL..........ocv it s e e sae e be e e e easeeteeebeeebeesbe e beebeenreenreeans 13
52 Dedicated ChanNEl SETUCLUNE........ooei ettt ettt et s sae e s be e b e et e sae e et easbeesbeesbeereensesnnesans 14
521 D] DO IR W o (U = S 14
5.2.2 DMPDCH and DMPCCH SLIUCLUIE.......cueeiuieiiciectie ettt et ee e s saeeete e teebeeabessaesbaesbeesreensesnnesnnesans 15
6 Channel Coding and INEEIMTEAVING.........eeeeriieee ettt e et sne e e seeenes 17
6.1 (0107101 01 I O0 o |1 o SRS 17
6.1.1 [ D] AN @ o a1 I oo [ oo PP 17
6.1.2 DPDCH and DMPDCH chann€l COQING.......cccuviiiiiiiieicece ettt 18
6.1.2.1 LU oL a0 o 7= (= S 18
6.2 ChannEl INEEITEAVING .....ueiiieeieitere ettt b e e bt b s et e b et e bt e b et b e s b et b et et eb e b 18
7 o gz [ aTo JF=10 1 1Y/ oo LU K= 1 o o IO 20
7.1 S o == o [0 Te IO USSP TSP PROR 20
711 PDRACH and PCRACH SPrEa0iNG .....c.eiueieiirieieti ettt st st sttt st sttt se et saene s 20
7.1.2 ] T I = (] oo 20
7.13 DMPDCH and DMPCCH SPrEA0ING ......ccoviveiriirieeeie et st e et sttt te st et sessestenestesseneens 21
7131 Channelisation COOE gENEIGLION ..........cccueiieiieie e cee st e e e e st ste e s e e saeesae e teensessaessaesseesnens 22
7.1.32 Scrambling COUES gENEIALION ..........eceeiierieese e ee et e e st e e e e e s e sreesreeste e e e eneeereesseeneesseesneesseesnens 23
7.2 Modulation and PUISE SNEPING.........cciiiiieie sttt esre e reesre e teesreenreeeenneennes 25
8 o TO T I = S TS ST o] o TR 26
8.1 Frequency bands and channel @rrangemMENT............cocirieeerei ettt sn e ens 26
8.2 Stability and aCCUraCY FEOUITEMENTS. ... .c.eitirieeite ettt sttt sttt sttt sttt sb e bt b e et b e ettt e e eb e e 26
821 Freguency and symbol timing stability and aCCUFaCY .........ccccveeveeiieii e 26
8.2.2 TIME Al gNMENT BCCUIBCY ....veeuveeeteeeieetiesteesteesteesteesteseesseesseeseeteassesseesseesseesseansesnessseesseasseanseenseansessenssenssens 26
8.2.3 Power Stability @nN0 @CCUIBCY .......cueieeieeieeieeite e etestee st e teete e ee e e saeesteeaeeneesseessaesteeseeseenseensesneesnes 26

ETSI



4 ETSITS 102 721-4 V1.1.1 (2011-12)

8.3 T ANSMITEEY CAIACTEITSHICS. .. vttt ettt bbbttt e bbbt et e e e b e s b e s besneeae e e e e ee 26
831 Power output charaCteristics and POWES CIESS........ccuiiieiieiie ettt ee e s 26
8.3.2 LIS 8 o0 = T 2= (o) TS 26
8.33 UNWENTEH EMISSIONS.....c.eiitieiieiieiteteste sttt et see bttt se et sae bt s ae e st e e e se e besbeeb e s heese e e e e e besaeebesneennennen 26
8.4 POWEE CONIO ...ttt bbb ae et e e b e bt b e he e s e e e et se e e bt s Rt e h e e e e e e besheebeemeene e e eneees 27
84.1 Open-loop Power Control FOr RACH ........ooio ettt sttt ne e 28
84.2 Closed-100p Power Control fFOr RACH .........ooiii ettt eene 29
9 SYNCNIONISALION ...ttt bt e e e st eb e bbb e b et e e e s e e s e nb e enenbennenn e e 29
9.1 General description of SyNchroniSation SYSIEIM ..o e 29
9.2 TermMiNal FEQUITEIMENES ....ec.veiieieeiee st esteete et e st e s e e teestesseeseesseesseesseenseessesseesseesseenseensesseesaeesseenseenteaneesnsensenssens 29
9.3 SYNCHrONISALION PrOCEUUIES........ccueeieeieeie et se st st e ste et e et e st e te e te e teestesseesseesseesseeseenseenseenseeneesneesseessens 30
931 Overall EVENES SEQUENCITIT ...cuveeeveereerteesieesiesteseesreesseesteeseassesseesseesseessessaesseesseesseansssseessesssenssesssenssesnsesnsesnes 30
9.3.2 FWD link synchroniSation PrOCEAUNE ...........cccuieeieeeseeseeseesesteseesee e e steesaeeae e e sseesse e teente e seenseeneesneesnes 31
9.3.3 [0 (oI o] {0 0= (1= TR 32
9.34 CapaCity reQUESE PrOCEAUIE. ........ecveevieieeiesee st st e rte et et e st et e e e e s seesaeesaeesaeenseenseesaenseessaesseenseensesneesnes 33
9.35 Synchronisation MaiNtENANCE PrOCEAUIE .........oc.cueitirieeirieriete ettt et b et er e et ebe e e b e e eebeseeneenens 34
9.3.6 LOGOFT PrOCEOUIE ...ttt bbbt bbb bt bbb se et b e st et e b e sb et eb e s 34
9.3.7 TranSMISSION GISADIE........oeee ettt ae et et ete e et e s aeereene e e e tesbesaesneeneeneeneees 34
10 PhySiCal |@Yer MEBSUMEIMENES.......cciiiiiiieiit ettt b bbb s e st b b s ne e 35
[ TS (SRR 36

ETSI



5 ETSITS 102 721-4 V1.1.1 (2011-12)

Intellectual Property Rights

IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly available for ETSI member s and non-member s, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards', which is available from the ETS| Secretariat. Latest updates are available on the ETSI Web

server (http://ipr.etsi.org).

Pursuant to the ETSI IPR Palicy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee
can be given asto the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Foreword

This Technical Specification (TS) has been produced by ETSI Technical Committee Satellite Earth Stations and
Systems (SES).

The present document is part 4 of a multi-part deliverable. Full details of the entire series can be found in part 1 [5].

Introduction

The present document concerns the S-MIM (S-band Mobile Interactive Multimedia) system in which a standardised
S-band satellite mobile broadcast system is complemented by the addition of a return channel.

The technology applied has been devel oped in the framework of the publicly funded project "DENISE"
(ESTEC/Contract Number 22439/09/NL/US).

The S-MIM system specified herein is designed to provide:
. interactive mobile broadcast services enhancing DVB-SH services,

. messaging services for handhelds and vehicular terminals, capable of serving millions of terminals due to a
novel optimised air-interface in the RTN link;

e  rea-time emergency services such as voice and file transfer, mainly addressing institutional users on-the-move
such as fire brigades, civil protection, etc.

Inside the S-band, the 2 GHz M SS band is of particular interest for interactive multimedia, since it allows two-way
transmission. Typically, the DVB-SH standard [i.4] is applied for broadcast transmission; ESDR [i.2] is an aternative.
Essential requirements under the R& TTE directive are covered by the harmonized standard EN 302 574 [i.3], [1] and

[2].

ETSI
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1 Scope

The present document is part 4 of a multipart deliverable and concerns aspects of the air interface for the S-band Mobile
Interactive Multimedia (S-MIM) system, and in particular it specifies the Physical Layer REturn Link for Synchronous
Access.

The other parts are listed in the foreword of part 1 [5].

2 References

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

Referenced documents which are not found to be publicly available in the expected location might be found at
http://docbox.etsi.org/Reference.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication ETSI cannot guarantee
their long term validity.

2.1 Normative references

The following referenced documents are necessary for the application of the present document.

[1] ETSI EN 302 574-2: " Satellite Earth Stations and Systems (SES); Harmonized standard for
satellite earth stations for MSS operating in the 1 980 MHz to 2 010 MHz (earth-to-space) and
2170 MHz to 2 200 MHz (space-to-earth) frequency bands; Part 2: User Equipment (UE) for
wideband systems: Harmonized EN covering the essential requirements of article 3.2 of the
R&TTE Directive".

[2] ETSI EN 302 574-3: " Satellite Earth Stations and Systems (SES); Harmonized standard for
satellite earth stations for MSS operating in the 1 980 MHz to 2 010 MHz (earth-to-space) and
2170 MHz to 2 200 MHz (space-to-earth) frequency bands; Part 3: User Equipment (UE) for
narrowband systems. Harmonized EN covering the essential requirements of article 3.2 of the
R&TTE Directive".

[3] ETSI TS 125 212: "Universal Mobile Telecommunications System (UMTS); Multiplexing and
channel coding (FDD) (3GPP TS 25.212)".

[4] ETSI TS 125 213: "Universal Mobile Telecommunications System (UMTS); Spreading and
modulation (FDD) (3GPP TS 25.213)".

[5] ETSI TS 102 721-1: "Satellite Earth Stations and Systems; Air Interface for S-band Mobile
Interactive Multimedia (S-MIM); Part 1: General System Architecture and Configurations"”.

[6] ETSI TS 102 721-6: "Satellite Earth Stations and Systems; Air Interface for S-band Mobile
Interactive Multimedia (S-MIM); Part 6: Protocol Specifications, System Signalling”.

2.2 Informative references

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

[i.1] "Bandlimited Quasi-Synchronous CDMA: A Novel Satellite Access Technique for Mobile and
Personal Communications Systems®. R. De Gaudenzi, C. Elia, R. Viola, 1992. IEEE Journal on
Selected Areas in Communications.
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[i.2] ETSI EN 302 550 (all parts): "Satellite Earth Stations and Systems (SES); Satellite Digital Radio
(SDR) Systems; Part 1: Physical Layer of the Radio Interface”.

[1.3] ETSI EN 302 574-1: "Satellite Earth Stations and Systems (SES); Harmonized standard for
satellite earth stations for MSS operating in the 1 980 MHz to 2 010 MHz (earth-to-space) and
2170 MHz to 2 200 MHz (space-to-earth) frequency bands; Part 1: Complementary Ground
Component (CGC) for wideband systems. Harmonized EN covering the essential requirements of
article 3.2 of the R& TTE Directive".

[i.4] ETSI TS 102 585: "Digital Video Broadcasting (DVB); System Specifications for Satellite
services to Handheld devices (SH) below 3 GHz".

3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the following terms and definitions apply:

2 GHz M SSband: 1980 to 2 010 MHz (earth-to-space) and 2 170 to 2 200 MHz (space-to-earth) frequency bands
NOTE: These paired bands are assigned to MSS.

architecture: abstract representation of a communications system
NOTE: Three complementary types of architecture are defined:

L] Functional Architecture: the discrete functional elements of the system and the associated logical
interfaces.

" Network Architecture: the discrete physical (network) elements of the system and the associated
physical interfaces.

L] Protocol Architecture: the protocol stacks involved in the operation of the system and the
associated peering relationships.

S-band: equivalent to 2 GHz MSS band

user plane: planethat has alayered structure and provides user information transfer, along with associated controls

3.2 Symbols

For the purposes of the present document, the following symbols apply:

E, Received energy per information (payload) bit
Es Received energy per (channel) symbol

lo Single-sided interference power spectral density
No Single-sided noise power spectral density

3.3 Abbreviations

For the purposes of the present document, the following abbreviations apply:

C number of Columns

CDMA Code Division Multiple Access

CGC Complementary Ground Component

CMF Control and Monitoring Functions

Cw CodeWord

DCH Dedicated Channel

DMPCCH Dedicated Mobile Physical Control Channel
DMPDCH Dedicated Mobile Physical Data CHannel

ETSI
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DPDCH Dedicated Physical Data CHannel

DW Dataword

EIRP Effective I sotropic Radiated Power

EIRP Equivalent Isotropically Radiated Power

ESDR ETS! Satellite Digital Radio

FWD Forward

LHCP Left-Hand Circular Polarization

MAC Medium Access Control

ML Maxima Length

MSS Mobile Satellite Services

OVSF Orthogonal Variable Spreading Factor

PCCC Parallel Concatenated Convolutional Code

PCRACH Physical Control Random Access Channel

PDRACH Physical Data Random Access CHannel

QPSK Quadrature Phase Shift Keying

QS-CDMA Quasi-Synchronous CDMA

QSCM QS-CDMA Configuration Messages

QSCT QS-CDMA Configuration Table

QSDT QS-CDMA Dynamic Table

QSPCT QS-CDMA Power Correction Table

RACH Random Access CHannel

RF Radio Frequency

RHCP Right-Hand Circular Polarization

RL Return-Link

RMS Root Mean Square

RTN Return

Rx Receive

SAP Service Access Point

SF Spreading Factor

SMIM S-band Mobile Interactive Multimedia

SNIR Signal to Noise plus Interference Ratio

SSA Spread Spectrum Aloha

TX Transmit

UE User Equipment

ULB Up-Link Burst

ULB Up-Link Burst

WCDMA Wideband Code Division Multiple Access
4 General Description

The present document specifies the physical layer for the Synchronous Access option of the Return Link using the
Quasi-Synchronous CDMA (QS-CDMA) technique [i.1].

The present document covers the Return-Link (RL) satellite transmission.

S-MIM quasi-synchronous accessis intended for real-time emergency services since:

. it maximises the number of simultaneous connections without the need for complex interference cancellation
techniques; and

. it provides a good solution to return link band-sharing with S-MIM Asynchronous access (SSA for interactive
messaging) due to the spread spectrum characteristic of both transmission schemes.

4.1 Relationship to other layers

41.1 General Protocol Architecture

The overall protocol architecture for the return link of S-MIM synchronous access is shown in Figure 4.1.

ETSI
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USER PLANE CONTROL PLANE MANAGEMENT PLANE
c
o9
E § Subscriber Service
o S Management | | Protection
<
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g Management
r Header
; NCC BCC Heager l Compression Signalling
L Compression 7 Control Management
1]
T
= F RIE Encapsulation & Mokbility = | “%AC/DAMAt
5 o Addressing Management anagemen
i |
- LL Encryption
t EC NEC Encryption (LL) ¥ Control
D)
> RACH DCH Modulation & l Sync & Power
s W o W o S W g WLl ™
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Figure 4.1: Protocol Architecture for the Synchronous Return Link

The circles between different layer/sub-layers indicate Service Access Points (SAPS).

The MAC offers different Logical channels to the higher layer. A logical channel is characterized by the type of
information transferred. The physical layer has an interface to, and offers Transport channels to, the Medium Access
Control (MAC) sub-layer. A transport channel is characterized by how, and with which characteristics, the information
istransferred over the radio interface. Physical channels are defined in the physical layer and are characterized by the
physical resources (time, frequency, code, and space) that are used to transport data/control/signalling to/from a single
user or a multitude of users.

The present document is concerned with the Physical Layer.

4.1.2 Services provided to higher layers

The physical layer offers data transport services to higher layers. The access to these servicesis through the use of
transport channels viathe MAC sub-layer. The physical layer is expected to perform the following functionsin order to
provide the data transport service:

- Error detection on transport channels and indication to higher layers.

- FEC encoding/decoding of transport channels.

- Multiplexing of transport channels and demultiplexing of coded composite transport channels
- Mapping of coded transport channels on physical data channels.

- Power weighting and combining of physical channels.

- M odulation and spreading/demodulation and de-spreading of physical channels.

- Freguency and time (chip, bit, burst) synchronisation.

ETSI
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Radio characteristics measurements and indication to higher layers (for further study).

RF processing.

Transmitter functional architecture

In the transmission direction Physical Layer functional block diagram is shown in Figure 4.2.

RACH
PDRACH Turbo . Channel BPSK - |
""" Framing [~™ Encoder [~™| Framing ¥ Interleaving Mapping Chhizmssltzilier —lPDRACH
1+jQ
. Preamble Pulse 3
EEEDLIE Insertion Shaping
Pilot Symbols . TFI_ BPS_K crae PCRACH
Generator Insertion Mapping Q Preamble
Generator
|
Channelisation DPDCH
DCH i
DPDCH Turbo ) BPSK 1+jQ : Pulse
""" Framing |~™] Encoder [~™| F@MING r® | yapoing [ ¥ S/P T—Dscramb“ﬂg | Shaping —>
Channelisation DPDCH
Q
DCH DMPDCH Turbo Channel BPSK |
""" > Framing =P Encoder [™| Framing - Interleaving P Mapping Gl —lDMPDCH
14jQ
Scrambling F—> Sl;:;ig —
----- P Binary Values
—® Antipodal Symbols
—1> Complex Values Pilot Symbols | TFI BPSK A DMPCCH
— BB Signal Generator Insertion Mapping Channelisation 3
Figure 4.2: Transmitter Functional Block Diagram

43.1

Two transport channels are defined, namely:

Transport channels

A Random Access Channel (RACH), characterized by limited size datafield, a collision risk and by the use of
open loop power control, used to convey system specific signalling whenever no dedicated channel is
available, e.g. at terminal logon. The RACH has a fixed burst length of 416 bits.

A Dedicated Channel (DCH). DCHSs are assigned to the different terminal s through a DAMA protocol and are
used to convey both data traffic and system specific signalling. The DCH has variable packet length of
952 bits, 1 976 bits or 4 024 bits for fixed terminals and of 968 bits, 1 992 bits, 4 040 bits or 8 128 bits for

mobile terminals.

43.1.1
The RACH is channel is mapped onto the PDRACH (see clause 5.1.1).

Transport-to-Physical Channel Mapping

The DCH is mapped onto the DPDCH for stationary terminals (see clause 5.2.1) and onto the DMPDCH for mobile

terminals (see clause 5.2.2).

ETSI
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4.3.2 Physical channels
Up to five physical channels are defined, namely:
1) aPhysical Data Random Access Channel (PDRACH), mapped to the RACH;
2) aPhysical Control Random Access Channel (PCRACH), carrying pilot symbols;
3) aDedicated Physical Data Channel (DPDCH), mapped to DCH for stationary terminals;
4) aDedicated Mobile Physical Data Channel (DMPDCH), mapped to DCH for mobile terminals;
5) aDedicated Mobile Physical Control Channel (DMPCCH), carrying pilot symbols.

4321 Random Access Channels

The PDRACH and the PCRACH are 1/Q code multiplexed to form an Up-Link Burst (ULB), composed of three parts
(Figure 4.3):

. apreamble;
. a Physical Data Random Access Channel (PDRACH);
. aPhysical Control Random Access Channel (PCRACH)
The preamble is transmitted before the start of the PDRACH and PCRACH.

PDRACH
PCRACH

Preamble

Figure 4.3: The Up-Link Burst and its constituent parts

4.3.2.2 Dedicated physical channels

Dedicated physical channels (DPDCH, DMPDCH, DMPCCH), assigned to different users and sharing the same radio
channels are kept orthogonal to each other by use of orthogonal spreading codes. The DMPDCH and DMPCCH are
1/Q code multiplexed together.

4.3.3 Radio channels

The following channelisations shall be supported by all terminals:
. 5 MHz bandwidth channels (baseline);
e 625 kHz bandwidth channels;

° 312,5 kHz bandwidth channels.

5 Physical Channel Structure

5.1 Random Access Channel Structure

The PDRACH and the PCRACH are 1/Q code multiplexed to form an Up-Link Burst (ULB), to which is added the
preamble (see Figure 4.3).

ETSI
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51.1 PDRACH structure

The PDRACH is composed of one or more frames, where each frame of 1 536 bits is composed (asillustrated in

Figure 5.1) asfollows:

. UW: 36-bits uncoded Unique Word. The word is 0OXBDC686ECB (1011-1101-1100-0110-1000-0110-1110-

1100-1011). The leftmost bit is transmitted first.

e  Coded data: 1 500-bit codeword (CW) built from channel encoding the 496-bit dataword (DW) (as detailed in

clause 6.1).

Frame: 96 ms (1536 bits)

A

A

DATA PART | UW CODED DATA (CW = 1500 bits, DW = 496 bits)

36 bits 1500 bits

Figure 5.1: PDRACH frame structure

The content of the PDRACH dataword is shown in Figure 5.2.

Dataword: 496 bits

lg
“

v

RDRACH PDRACH Payload CRC
Header
64 bits 416 bits 16 bits

Figure 5.2: PDRACH dataword

The 496-bit dataword consists of three parts:
. PDRACH Header: 64-bit header:
- MAC_addr: 48-bit MAC address.

- Frame_counter: 4-bit frame counter starting from O.

- Total_frames: 4-hit field indicating the total number of frames. The total number of framesis

Total_frames + 1.
- RFU: 8-hit field reserved for future use.

. PDRACH Payload: 416-bit field carrying the RACH data.

. CRC: 16-hit CRC computed on the PDRACH Header and PDRACH Payload bits. The following polynomial

isused: gere(X) = X2+ X® + X2+ 1.

The set of allowed parameters of the PDRACH isreported in Table 5.1. The configuration is uniquely determined by

the chip rate, i.e. by the RF channel width.

ETSI
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PDRACH Chip rate SE Symbol rate Coding
Configuration ID (kchip/s) (kbauds) scheme
CRa4006-PDRACH |4 096 256 16 TC 1/3
CRs1- PDRACH  |512 32 16 TC 1/3
CR2s6- PDRACH 256 16 16 TC 1/3

PCRACH structure

The PCRACH is composed of a sequence of pilot symbols, which is a segment of aMaximal Length (ML) sequence.
The polynomial for the pseudo-random binary sequence generator is:

G(X)=XP+Xx"+1

The shift register generating the sequence is loaded with a given value PFq. The shift register shall be reset to PF ey at
the start of each PDRACH frame. Thus, the first bit at the output of the generator corresponds to the first pilot symbol
inaframe.

The value PF ¢ shall be broadcast by the Hub within the QSCT table defined in TS 102 721-6 [6].

The pilot symbol generator is shown in Figure 5.3.

Y
-
o
o
o
N
o
o
o
-
o
o
o
N
o

XOR

L »Output

Figure 5.3: Pilot symbols generator

51.3 Preamble format

The preamble is composed of a sequence of N, symbols, which is repeated in both in-phase and quadrature components.

The sequence of symbolsis a segment of aMaximal Length (ML) sequence. The polynomia for the pseudo-random
binary sequence generator is:

G(X)= X0+ X" +1

The shift register generating the sequenceis loaded with an initial value Peoy. The first bit at the output of the generator
corresponds to the first symbol in the preamble.

The value Py and the number of symbols N, of the preamble shall be broadcast by the Hub within the QSCT tablein
TS 102 721-6 [6].

The preamble generator is shown in Figure 5.4.
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-——» Output

Figure 5.4: Up-Link Burst Preamble generator

5.2 Dedicated Channel Structure

521 DPDCH structure

The DPDCH is structured in frames asit isillustrated in Figure 5.5.

Frame N-1 Frame N Frame N+1

uw CODED DATA.4

uw CODED DATAy

uw CODED DATA\

1024, 2048 or 4096 symbols 34 symbols

Figure 5.5: DPDCH frame structure

Three different frame lengths (1 024 bits, 2 048 bits and 4 096 bits) are defined. Each frame is composed of two fields:

o UW: 34-bits uncoded Unique Word. The word is 0x3DE8B6230 (11-1101-1110-1000-1011-0110-0010-0011-
0000). The leftmost bit is transmitted first.

. Coded data: variable size codeword (CW) built from channel encoding a DPDCH dataword (as detailed in
clause 6.1) according to Table 5-2.

The content of the DPDCH dataword is shown in Figure 5.6.

Dataword: 984, 2008 or 4056 bits

v

“
<

Ll DPDCH Payload CRC
Header

.
16 bits 952, 1976 or 4024 bits 16 bits

Figure 5.6: DPDCH dataword

The DPDCH dataword consists of three parts:
. DPDCH Header: 16-bit header.
- Frame_counter: 8-bit frame counter.
- RFU: 8-bit field reserved for future use.

. DPDCH Payload: field carrying the DCH data.
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. CRC: 16-bit CRC computed on the PHY Header and PHY Payload fields. The following polynomial is used:
gere(X) = X+ X2+ X2+ 1.

DPDCH frames specification is shown in Table 5.2. The frame configuration is uniquely determined by its symbol rate.

Table 5.2: DPDCH frame specification

Symbol rate |Frame length [Frame period Codgword Datqword DPDCH.paonad DPDC;I;tht bit
(kbauds) (symbols) (ms) (bits) (bits) (bits) (kbit/s)
16 1024 64 1980 984 952 14,875
32 1024 32 1980 984 952 29,75
64 2048 32 4028 2 008 1976 61,75
128 2 048 16 4028 2 008 1976 123,5
256 4 096 16 8124 4 056 4024 251,5
512 4096 8 8124 4 056 4024 503

The set of allowed parameters of the DPDCH isreported in Table 5.3. The configuration is uniquely determined by the

chip rate, i.e. by the RF channel width, and by the selected spreading factor.

Table 5.3: DPDCH channel definition

DPDCH Chip rate SE Symbol rate Coding
Configuration ID (kchip/s) (kbauds) scheme
CRa4096-SF256-
DPDCH 4 096 256 16 TC 1/2
CRu4096-SF128-
DPDCH 4 096 128 32 TC 1/2
CR4096-SFe4-DPDCH 4 096 64 64 TC1/2
CRu4096-SF32-DPDCH 4 096 32 128 TC 1/2
CR4096-SF16-DPDCH 4 096 16 256 TC 1/2
CR4096-SFe-DPDCH 4 096 8 512 TC1/2
CRs12-SF3,-DPDCH 512 32 16 TC 1/2
CRs12-SF16-DPDCH 512 16 32 TC1/2
CRs512-SFs-DPDCH 512 8 64 TC 1/2
CRs512-SF4-DPDCH 512 4 128 TC 1/2
CR256-SF16-DPDCH 256 16 16 TC 1/2
CR256-SFs-DPDCH 256 8 32 TC 1/2
CR256-SF4-DPDCH 256 4 64 TC1/2

5.2.2 DMPDCH and DMPCCH structure
The DMPDCH and DMPCCH are I/Q code multiplexed to form frames with afixed period of 128 ms, asillustrated in
Figure5.7.
Frame N-1 Frame N Frame N+1 ‘
DMPDCHy DMPDCHy DMPDCHy.
DMPCCHy 4 DMPCCHy DMPCCHy.
T=128 ms

Figure 5.7: DMPDCH and DMPCCH frame structure

Each frame is thus composed of two parts:

e A Dedicated Mobile Physical Data Channel (DMPDCH), uniquely determined by its chip rate and spreading

factor asdetailed in Table 5.5.
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. The Dedicated Mobile Physical Control Channel (DMPCCH), determined by the chip rate of the DMPDCH,
carrying pilot symbols generated in the same way described in clause 5.1.2. The spreading factor shall be 256,
32 and 16 for the three channelisations available (5 MHz, 625 kHz and 312,5 kHz).

The DMPDCH frame is composed of two fields asillustrated in Figure 5.8.

Frame N-1 Frame N (T=128 ms) Frame N+1 ‘
uw CODED DATAy.4 uw CODED DATAy uw CODED DATAN.1
2048, 4096, 8192 36 or 40
or 16384 bits bits

Figure 5.8: DMPDCH frame structure
The DMPDCH frame consists of:
. UW: 36- or 40-bits uncoded Unigue Word:

- The 36-bits word is 0xBDC686ECB (1011-1101-1100-0110-1000-0110-1110-1100-1011). The leftmost
bit istransmitted first.

- The 40-bits word is 0x8FA2ED7BC9 (1000-1111-1010-0010-1110-1101-0111-1011-1100-1001). The
leftmost bit is transmitted first.

. Coded data: variable size codeword (CW) built from channel encoding a DMPDCH datawords (as detailed in
clause 6.1) according to Table 5.4.

The content of the DMPDCH dataword is shown in Figure 5.9.

Dataword: 1000, 2024, 4072 or 2 x 4080 bits

“
“

v

LAl bl DMPDCH Payload CRC
Header
-~

16 bits 968, 1992, 4040 or 8128 bits 16 bits

Figure 5.9: DMPDCH dataword
The DMPDCH dataword consists of three parts:
. DMPDCH Header: 16-bit header.
- Frame_counter: 8-bit frame counter.
- RFU: 8-bit field reserved for future use.
. DMPDCH Payload: field carrying the DCH data.

e  CRC: 16-bit CRC computed on the DMPDCH Header and DMPDCH Payload fields. The following
polynomial is used: gere(X) = X+ X2 + X2 + 1.

The DMPDCH frame specification is shown in Table 5.4. The frame configuration is uniquely determined by its symbol
rate.
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Table 5.4: DMPDCH frame specification

Symbol Frame Fra_me UW length | Codeword | Dataword DMPDCH DMP_DCH
rate length period (symbols) (bits) (bits) payload net bit rate
auds symbols ms its it/s

(kbauds) | (symbols) (ms) Y (bits) (kbit/s)
16 2048 128 36 2012 1000 968 7,5625
32 4 096 128 36 4 060 2024 1992 15,5625
64 8192 128 36 8 156 4072 4 040 31,5625
128 16 384 128 40 2x8172 2 x4 080 8128 63,5

The set of allowed parameters of the DPDCH isreported in Table 5.5. The configuration is uniquely determined by the
chip rate, i.e. by the RF channel width, and by the selected spreading factor.

Table 5.5: DMPDCH channel definition

DMPDCH Chip rate SE Symbol rate Coding
Configuration ID (kchip/s) (kbauds) scheme
CR4096-SF256-DMPDCH 4 096 256 16 TC 1/2
CR4096-SF128-DMPDCH 4 096 128 32 TC 1/2
CR4096-SFs4-DMPDCH 4096 64 64 TC 1/2
CRu4096-SF32-DMPDCH 4 096 32 128 TC 1/2
CRs12-SF32-DMPDCH 512 32 16 TC1/2
CRs12-SF16-DMPDCH 512 16 32 TC 1/2
CRs12-SFs-DMPDCH 512 8 64 TC ¥
CRs12-SF4,-DMPDCH 512 4 128 TC Y%
CR256-SF16-DMPDCH 256 16 16 TC %
CR2s6-SFg-DMPDCH 256 8 32 TC %
CR256-SF4-DMPDCH 256 4 64 TC Y%
6 Channel Coding and Interleaving

6.1 Channel Coding
Channel coding is performed differently for:
1) PDRACH.
2) DPDCH and DMPDCH.

6.1.1 PDRACH channel coding

The PDRACH employs the same turbo-coding scheme as the 3GPP WCDMA standard [3], of coding rate 1/3.

Asillustrated in Figure 6.1, the Turbo-coder is a Parallel Concatenated Convolutional Code (PCCC) with two 8-state
constituent encoders and one Turbo code internal interleaver.
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Xk

\]

1st constituent encoder

Zx

T e

Input QOutput

Turbo code
internal interleaver
Qutput

2nd constituent encoder

Figure 6.1: Structure of rate 1/3 Turbo-coder (dotted lines apply for trellis termination only)

6.1.2 DPDCH and DMPDCH channel coding

The coding scheme for DPDCH and DMPDCH is based on the coding scheme used by the PDRACH defined above,
but afinal puncturing stage is added in order to reduce the coding rate from 1/3 to 1/2.

6.1.2.1  Puncturing pattern

The code used is systematic, which means that only parity bits (z or Z\) are punctured, whereas the input bits x, are
kept. The puncturing pattern is defined in Table 6.1, where '1' means that the bit is transmitted and '0' meansthat it is
punctured.

Table 6.1: Puncturing pattern for coding rate 1/2

Kk k+1
Systematic bit xx 1 1
Parity bit zx 1 0
Parity bit z'x 0 1

Puncturing is only applied on information bits, preserving tail bits.

6.2 Channel Interleaving
Coded bits are interleaved before spreading and modulation. The interleaving is only applied to:

. PDRACH (al terminals)

o DMPDCH (mobile terminals only)
The interleaver acts over the coded bits of each individual frame, not including the UW. Thus, the resulting interleaving
depths are 93,75 ms for the PDRACH and dightly less than 128 ms for the DMPDCH, depending on the frame and UW
lengths specified in Table 5.4.

The following channel interleaver specification is based on the 2™ interleaving stage defined for 3GPP [3].
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The channel interleaver is ablock interleaver and consists of bits input to a matrix with padding, the inter-column
permutation for the matrix and bits output from the matrix with pruning. The bits input to the block interleaver are

denoted by uy, U,, Us, ..., Uy, Where U isthe number of bitsin one radio frame. The output bit sequence from the block
interleaver is derived as follows:

1)

2)

3)

4)

5)

Select the number of columns of the matrix C from Table 6.2. The columns of the matrix are numbered
0,12, ...,C-1fromlefttoright.

Determine the number of rows of the matrix, R, by finding minimum integer R such that:
U<RxC.
The rows of rectangular matrix are numbered 0, 1, 2, ..., R- 1 from top to bottom.

Write the input bit sequence uy, U, Uz, ..., Uy into the R x C matrix row by row starting with bit y; in column 0
of row O:

Y1 Y, Y3 - Ye
Yicny Yic+2) Yice3) - Yoc
| Y(rncry  Y(rnc+2)  Y(rc+3) - Yre |

wherey,=ucfork=1,2, ..., U and if Rx C> U, the dummy bits are padded such that y, = 0 or 1 for
k=U+1,U+2, ..., Rx C. These dummy bits are pruned away from the output of the rectangular matrix after
the inter-column permutation.

Perform the inter-column permutation for the matrix based on the pattern <P(J )> efod,..c1} that is shown in

Table 6.2, where P(j) isthe original column position of the j-th permuted column. After permutation of the
columns, the bits are denoted by y'.

Yi Ywra Yery - Ycoray

Yo Ywr Yer2 -Y(cre

YR Yor Y -+ Yer

The output of the block interleaver is the bit sequence read out column by column from the inter-column
permuted R x C matrix. The output is pruned by deleting dummy bits that were padded to the input of the
matrix before inter-column permutation, i.e. bitsy' that correspond to bits y, with k > U are removed from the
output. The bits after interleaving are denoted by vy, vs, ..., vy, Where v; corresponds to the bit y', with the
smallest index k after pruning, v to the bit y', with the second smallest index k after pruning, and so on.

Table 6.2: Inter-column permutation patterns for channel interleaving

Turbo-coder Number of Inter-column permutation pattern
coding rate columns C < P(0), P(1), ..., P(C-1) >
13 30 <0, 20, 10, 5, 15, 25, 3, 13, 23, 8, 18, 28, 1, 11, 21,
6, 16, 26, 4, 14, 24,19, 9, 29,12, 2,7, 22, 27, 17>
1/2 16 <0,8,4,12,2,10,6,14,1,9,5,13,3,11, 7, 15>
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7 Spreading and Modulation

7.1 Spreading
The adopted spreading scheme is based on 3GPP [4]; any differences are described.

Spreading is applied to all physical channels. It consists of two operations. The first is the channelisation operation,
which transforms every data symbol into a number of chips, thusincreasing the bandwidth of the signal. The number of
chips per data symbol is called the Spreading Factor (SF). The second operation is the scrambling operation, where a
scrambling code is applied to the spread signal.

With the channelisation, data symbol on so-called |- and Q-branches are independently multiplied with an OV SF code.
With the scrambling operation, the resultant signals on the | and Q-branches are further multiplied by a complex-val ued
scrambling code.

7.1.1 PDRACH and PCRACH spreading

Figure 7.1 illustrates the principle of the spreading and scrambling of the PDRACH and PCRACH, or data and pilot
parts respectively. The binary data and pilot partsto be spread are represented by real-valued sequences, i.e. the binary
value"0" is mapped to the real value +1, while the binary value "1" is mapped to the real value-1. PDRACH and
PCRACH are spread to the chip rate by the channelisation codes Cy; and Cy, g, respectively.

Channelization code
(OVSF) ‘

Cehii

PDRACH ®
(BPSK mapping)

Cscramb

IR

Channelization code
(OVSF)

|
Cehg

PCRACH . *
(BPSK mapping) J

Figure 7.1: PDRACH and PCRACH spreading scheme

After channelisation, the stream of real-valued chips on the | and Q-branches are treated as a complex-valued stream of
chips. This complex-valued signal isthen scrambled by the complex-valued scrambling code Cyamp. The scrambling
code is applied aligned with the PDRACH and PCRACH frames.

Channelisation and scrambling codes are broadcast in the QS-CDMA Configuration Table (QSCT), see
TS 102 721-6 [6].

7.1.2 DPDCH spreading

Figure 7.2 illustrates the principle of the spreading and scrambling for the DPDCH. The binary datato be spread are
represented by real-valued sequences, i.e. the binary value "0" is mapped to the real value +1, while the binary value "1"
is mapped to the real value -1.
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A seria to parallel multiplexing of the incoming DPDCH frames s performed as shown in Figure 7.2. Note that the
UW present in each DPDCH frame according to clause 5.2.1 is not multiplexed, but repeated entirely on both I and Q
branches instead. Data is spread to the chip rate by the channelisation codes Cy,; and Cg, o respectively.

After channelisation, the stream of real-valued chips on the | and Q-branches are treated as a complex-valued stream of
chips. This complex-valued signal is then scrambled by the complex-valued scrambling code Cyyamp. The scrambling
code is applied aligned with the DPDCH frames.

Channelisation and scrambling codes are given in the QS-CDMA Terminal Information Message (QSTIM), see
TS 102 721-6 [6].

The same channelisation code could be used for the | and Q-branchesin order to improve system capacity. All
DPDCHs transmitted within the same radio frequency channel use the same scrambling sequence.

Channelization code

(OVSF) ‘
Cen,
Cscramb
DPDCH
(BPSK mapping) E +jQ S
S/P
Channelization code
(OVSF)
|
Cen g

Figure 7.2: DPDCH spreading scheme

7.1.3 DMPDCH and DMPCCH spreading

Figure 7.3 illustrates the principle of the spreading and scrambling for the DMPDCH and DMPCCH. The binary data
and pilot parts to be spread are represented by real-val ued sequences, i.e. the binary value "0" is mapped to the real
value +1, while the binary value "1" is mapped to the real value -1. Data and pilot parts are spread to the chip rate by the
channelisation codes Cyj and Cy, g, respectively.
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Channelization code
(OVSF) ‘

Cch,i

DMPDCH ®
(BPSK mapping)

Cscramb
+jQ S
Channelization code Control Channel
(OVSF) Gain Factor
Cch,q B
DMPCCH @ *
(BPSK mapping) J

Figure 7.3: DMPDCH and DMPCCH spreading scheme

After channelisation, the DMPCCH symbols are weighted by a gain factor . The B -values are quantised into 4 bit
words. The quantisation steps are given in Table 7.1.

Table 7.1: Quantisation of the gain parameter

Signalling values for B Quantised amplitude ratios
15 1,0
14 14/15 = 0,9333
13 13/15 = 0,8667
12 12/15 = 0,8000
11 11/15 = 0,7333
10 10/15 = 0,6667
9 9/15 = 0,6000
8 8/15 = 0,5333
7 7/15 = 0,4667
6 6/15 = 0,4000
5 5/15 = 0,3333
4 4/15 = 0,2667
3 3/15 = 0,2000
2 2/15 =0,1333
1 1/15 = 0,0667
0 Switch off

After the weighting, the stream of real-valued chips on the | and Q-branches are treated as a complex-valued stream of
chips. This complex-valued signa is then scrambled by the complex-valued scrambling code Cyyamp. The scrambling
code is applied aligned with the DMPDCH and DMPCCH frames.

All DMPDCHs and DMPCCH transmitted within the same radio frequency channel use the same scrambling sequence.

7.1.3.1  Channelisation code generation
The channelisation codes are Orthogonal Variable Spreading Factor (OV SF) codes that preserve the orthogonality

between different physical channels (dedicated physical channels only). The OV SF codes can be defined using the code
tree of the Figure 7.4.
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C-.-Il.-l.u ={ | 2 | 2 | "] }

Conoo=(1,1)

Copag=(1,1,-1,-1)
Copqn=(24 L
Consm(1-11-1) [
Copoy=(1,-1)
Conam (lloll) [
SF =1 SF = 2 SF = 4

Figure 7.4: Code-tree for generation of Orthogonal Variable Spreading Factor (OVSF) codes

Channelisation codes are uniquely described as C., 5=k, Where SF is the spreading factor of the code and k is the code
number, O<k<SF-1.

Each level in the code tree defines channelisation codes of the length SF, corresponding to a spreading factor of SF in
Figure 7.4.

The generation method for the channelisation code is defined as:

Cch,l,O =1

Cch,z,o _ Cch,l,O Cch,l,O _ {1 1 }

Cch,2,1 Cch,l,o - Cch,l,O 1 -1

Cch,2<”+1),o Cch,2”,0 Cch,2”,0

Cch,z("+1>,1 Cch,2”,0 - Cch,2”,0

Cch,z("+l>,2 Cch,2”,1 Cch,2” 1

Cch,z("+1>,3 = Cch,2”,1 - Cch,2” 1
Cch,z("”),z("*”—z Cch,2”,2”—1 Cch,2”,2”—l

ch,2(mD) 2(n+1) g | _Cch,Z” 21 Cch,z” 271 |

The leftmost value in each channelisation code word corresponds to the chip transmitted first in time.

7.1.3.2  Scrambling codes generation

All physical channels are subjected to scrambling with a complex-valued scrambling code. All physical channels use
scrambling codes of length 256 chips. The approach adopted corresponds to one of the solutions foreseen in the 3GPP
WCDMA for the uplink (short scrambling).

The scrambling sequences ¢, (i) and ¢, (i) are defined from a sequence from the family of periodically extended S(2)
codes.

Let ny3ny,...Ng be the 24 bit binary representation of the code number n.
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The n-th quaternary S(2) sequence z,(i), 0<n<2%-1, is obtained by modulo 4 addition of three sequences, a quaternary
sequence a(i) and two binary sequences b(i) and d(i), where the initial loading of the three sequencesis determined
from the code number n. The sequence z,(i) of length 255 is generated according to the following relation:

z,(i) = a(i) + 2b(i) + 2d(i) modulo 4,i =0, 1, ..., 254;

where the quaternary sequence a(i) is generated recursively by the polynomial go(x) = X2+ x* + 3 + X2 + 2x + 1 &s:
a(0) = 2ny + 1 modulo 4;
a(i)=2n,modulo 4,i=1,2,...,7,
a(i) = 3a(i-3) + a(i-5) + 3a(i-6) + 2a(i-7) + 3a(i-8) modulo 4,i = 8§, 9, ..., 254,

and the binary sequence b(i) is generated recursively by the polynomial g;(x) = X2+ X + x° + x + 1 as:
b(i) = ngsj modulo 2,i =0, 1, ..., 7,
b(i) = b(i-1) + b(i-3) + b(i-7) + b(i-8) modulo 2,i = 8,9, ... 254;

and the binary sequence d(i) is generated recursively by the polynomial g,(x) = X2+ X" + x° + x* + 1 as:
d(i) = ngjmodulo 2,i=0,1, ..., 7,
d(i) = d(i-1) + d(i-3) + d(i-4) + d(i-8) modulo 2,i = 8, 9, ... 254;

The sequence z(i) is extended to length 256 chips by setting z,(255) = z,(0).

The mapping from zy(i) to the real-valued binary sequences ¢, (i) and ¢ (i), i =0, 1, ..., 255 isdefined in Table 7.2.

Table 7.2: Mapping from z,(i) to ¢y 4(i) and con(i),i =0, 1, ..., 255

Zn(i) Can(i) Can(i)
0 +1 +1
1 -1 +1
2 -1 -1
3 +1 -1

Finally, the complex-valued scrambling sequence c,(i) is defined as:
c,(i)=c,,(imod256)(1+ j(~1) c,, (2] (i mod256)/ 2))
Wherei =0, 1,2, ... and |_ J denotes rounding to nearest lower integer.

An implementation of the scrambling sequence generator for the 255 chip sequence to be extended by one chipis
shown in Figure 7.5.
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Figure 7.5: Scrambling sequence generator

7.2 Modulation and Pulse Shaping

The complex-valued chip sequence S generated by the spreading process (described in clause 7.1) is QPSK modulated
as shown in Figure 7.6. For the PDRACH and PCRACH the preamble generated according to clause 5.1.3 shall be
added.

cos(uwk)
Re{S} | Pulse-
Complex-valued Split " | shaping
chip sequence 5 | real &
from spreading imag. Imis
operations parts | 'M{S} | Pulse-
shaping
-sin{ut)

Figure 7.6: Modulation and pulse shaping

Pulse shaping is performed through square root raised cosine filters with roll-off ¢=0,22 as shown in the figure.

The impulse response of the pulse shaping is thus equal to

[ C C

2
EL 1- 40(l
T T

C C

S n(ﬂ_;(l— a)j + 4a_;cos(ﬂ_;(1+ a)j
p(t) =
where Tc is the chip period.
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8 Radio Transmission

8.1 Frequency bands and channel arrangement
The following channelisations shall be supported by the terminals:

. 5 MHz bandwidth channels (baseline);

e 625 kHz bandwidth channels;

e  312,5kHz bandwidth channels.

Terminals shall be able to use any radio frequency channel available in the return link frequency band:
1980 MHz to 2 010 MHz.

8.2 Stability and accuracy requirements

Stability and accuracy are partially dependent on synchronisation as described in clause 9.

8.2.1 Frequency and symbol timing stability and accuracy

The RMS carrier frequency error (measured at the satellite receiver input) for all QS-CDMA carriers shall be better than
5Hz.

NOTE: QS-CDMA carriers are used for dedicated physical channels (not the RACH).

The RMS chip frequency error (measured at the satellite receiver input) for all QS-CDMA carriers shall be better than
0,01 chip/s.

Terminals shall be able to apply carrier and chip frequency corrections with accuracy better than or equal to 1 Hz and
1/16 = 0,0625 chip/s, respectively.

8.2.2 Time alignment accuracy

Terminals shall be able to apply time alignment corrections with accuracy better than or equal to 1/16 = 0,0625 chips.

8.2.3 Power stability and accuracy

Terminals shall be able to apply power corrections with accuracy better than or equal to 0,2 dB.

8.3 Transmitter characteristics

8.3.1 Power output characteristics and power class

NOTE: Typical EIRP values and power classes are defined in Part 1 [5].

8.3.2 Transmit polarization

Polarization in the return services may be either left-hand circular (LHCP) or right-hand circular (RHCP) fixed
polarization.

8.3.3 Unwanted Emissions
ETSI MSS standards ([1] for wideband and [2] for narrowband systems) provide extensive regulation for the unwanted

emissions. Since each document applies for different bandwidths, the requirements that would apply for each
channelisation would be;
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. 5 MHz (baseline): wideband systems requirements.
e 625 and 312,5 kHz: narrowband systems requirements.

Hereisasummary of the requirements for the transmitters unwanted emissions defined in EN 302 574-2 [1] and
EN 302 574-2[2]:

Table 8.1: ETSI MSS unwanted emissions requirements

Wideband Narrowband
Spectrum emission mask Unwanted emissions outside the band 1 980 MHz to
Adjacent Channel Leakage Power Ratio 2 010 MHz (carrier on state)
Transmitter spurious emissions Unwanted emissions within the band 1 980 MHz to
Maximum output power 2 010 MHz (carrier on state)
Minimum output power Unwanted emissions in carrier off state
UE Control and Monitoring Functions (CMF)

The detailed formulation of these requirements can be found in EN 302 574-2 [1] and EN 302 574-2 [2], along with the
testing procedures associated to each requirement.

8.4 Power Control

The following power-control parameters need to be broadcast by the Hub periodically to all terminalsin the system
(statically configured unless otherwise noted):

. Expected FWD link SNIR for aterminal located at the edge of coverage with the worst case G/T in clear sky
conditions: SNIRZE% (dB).

e RACH reference EIRP: EIRP, 4 «.

e RACH AEIRP: AEIRP, [dynamic]

. ULB retransmission parameters.

. Estimated difference between the pattern advantages of the satellite transmitter and receiver antenna over the
coverage area (PAyias)-

e  Thisparameter isonly used by terminals without the knowledge of their position.
e Smal (A,;)andlarge(A,) closed-loop power control steps.

The static information is broadcast within the QSCT whereas dynamic information is distributed through the QSDT.
These tables are defined in [6].

The selected power control policy maximises the power balance at the satellite level and adjusts the transmitted power
to the minimum required to comply with PER requirements. The proposed power control mechanism consists of two
main procedures:

. Open-loop power control: open loop estimation of the channel characteristics for the first terminal
transmission (RACH).

. Closed-loop power control: subsequent periodic closed-loop adjustments of the terminal transmitter power by
the Hub (DCH).

Figure 8.1 shows an overview of the power control mechanisms at the Hub and terminal sides. The power control
mechani sms on the terminal side are described in the following clauses.
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Figure 8.1: Overview of power control mechanisms

Open-loop Power

Control for RACH

The terminal estimates the combined terminal loss, Lqonm,, defined as the difference between the fading loss and the
satellite transmission Pattern Advantage at its location. The calculation of the combined terminal lossis based on FWD
link measurements, and is used to calculate the ULB power. The procedureis as follows:

1)

2)

Measure the received forward link SNIR: SNIRTS: (dB).

Assuming that the overall forward link budget is governed by the user link, the combined terminal lossis

caculated as:

Lcomb (dB) = S\”

expected

ETSI
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It must be noticed that SNIRSE 2 (dB) has been computed by the Hub for the worst-case terminal G/T. If
the actual terminal G/T is different, the difference must be taken into account in the previous calcul ation.

3) TheULB power level is calculated asfollows:

EIRP, = EIRP, o + AEIRP, + Loory + PA

where PAy, ;s is the difference between PAtx and PArx (i.e. transmission and reception pattern advantage) and
can be either known (if the terminal location is known) or replaced by an approximation (broadcast by the
Hub). The transmitted ULB power is calculated based on this EIRP and the antenna and RF chain gains.

4) If the ULB is not detected by the hub, the terminal will attempt retransmissions up to N times.

8.4.2 Closed-loop Power Control for RACH

In order to adjust the terminal transmitter power for theinitial DCH transmission, the Hub sends the terminal a
correction based on the received ULB E4(Nqg+10). The procedureis as follows:

1)  Upon receipt of an ULB with a Channel Request, the hub send an initial power correction ARyg cpya-
2) Theinitial DCH carrier EIRP transmitted by the terminal is calculated as:

EIRP.s_comn = EIRPs + APos con +10-10910(SF ./ SFos_conn)

where SFqscpma iS the spreading factor of the QS-CDMA carrier and SF the maximum spreading factor
supported by the system.

3)  After thisfirst transmission, the power transmitted by the terminal is adjusted remotely by the Hub through
periodic corrections asillustrated in Figure 8.1.

9 Synchronisation

9.1 General description of synchronisation system

The S-MIM synchronous access is a connection-oriented system where all QS-CDMA carriers must be
guasi-synchronous in time and frequency. Synchronisation involves two major tasks:

. Timing (chip phase and frequency) synchronisation.
. Carrier frequency synchronisation.

The RACH provides the ability for aterminal not only to log-on to the network or request capacity for a new
connection, but also for it to pre-synchronise its transmitter before initiating QS-CDMA carrier transmission.

A closed-loop between the Hub and the terminals ensures proper synchronisation of QS-CDMA carriers when an
end-to-end link is established.

9.2 Terminal requirements
The following terminals requirements shall be fulfilled:
e  Terminasshal use the same reference clock for the RF up-converter and base-band modul ator.
e  TheFWD link receiver tuner and base-band modules shall use the same reference clock as above.

. Terminals shall never transmit if they are not locked to the satellite FWD link signal.
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. Terminals transmitter shall comply with the stability and accuracy requirements defined in clause 8.2.

. RACH bursts transmission shall comply with the following requirements:

- Chip frequency errors at the Hub lower than £3 chip/s.

- Carrier frequency errors at the Hub lower than £3 kHz.

- Received E,/N; at the Hub above the target one. It must be noticed that specific information is broadcast
by the system within the QSCT and QSDT tablesin TS 102 721-6 [6] to allow terminals to calculate the

required transmitted power level.

. During DCH transmission, terminals shall apply synchronisation (carrier frequency and chip phase and

frequency) and power corrections computed by the Hub and distributed through the satellite FWD link within

QSCM messages and QSPCT tablesin TS 102 721-6 [6].

9.3

Synchronisation procedures

This clause defines the procedures to allow aterminal to logon on and initiate a data transmission.

9.3.1

Overall events sequencing

Terminal synchronisation states are defined in Table 9.1 and the terminal state flow diagram is shown in Figure 9-1,

STATE Procedure
giving an overview of the overall events sequencing. In the figure, represents terminal states,

represents procedures.

Table 9.1: Terminal synchronisation states definition

Terminal state

Description

Transmission capabilities

allowed to transmit a QS-CDMA carrier yet. Itis
allowed to request capacity though.

STAND-BY The terminal automatically starts the FWD link Transmission is not allowed.
synchronisation procedure.

LOGGED_OFF The terminal is receiving the FWD link signal and  [Transmission of RACH burst is
has all the information required to access the QS- |allowed.
CDMA sub-system but must be logged on to the Transmission of QS-CDMA carriers
system for operation. is not allowed.

LOGGED_ON Terminal is logged on to the network but is not Transmission of RACH burst is

allowed.
Transmission of QS-CDMA carriers
is not allowed.

TX_ON_DATA_OFF

The terminal transmits a QS-CDMA carrier without
valid data in it (the terminal is not allowed to send
signalling / traffic data).

Note: In this state, the terminal transmission is
aimed at allowing the Hub to properly estimate the
synchronisation errors and check them against the
corresponding synchronisation requirements.

Transmission of RACH burst is not
allowed.
Transmission of QS-CDMA carriers
is done.

TX_ON_DATA_ON

The terminal transmits a QS-CDMA carrier with
signalling / traffic data.

Transmission of RACH burst is not
allowed.
Transmission of QS-CDMA carriers
is done.

TX_OFF

While in TX_OFF state, the terminal is not allowed
to transmit. The terminal cannot access to the QS-
CDMA sub-system until it is allowed to do so by
the Hub.

Note: A terminal that is in TX_OFF state will
remain in this state after a power off or reset.

Transmission is not allowed.
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Figure 9.1: Terminal synchronisation state diagram

9.3.2 FWD link synchronisation procedure
Following the power-up, the terminal shall proceed as detailed below:
e  Thetermina shal first synchronise the satellite FWD link carrier and extract the FWD link data.

. Control information (System tables) related to the operation of the S-MIM synchronous access shall be
extracted and processed.

o FWD link carrier and timing frequency offsets and SNIR shall be continuously estimated.
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If the previous procedure fails, the terminal shall remainin STAND-BY state and repeat the procedure again.

Previous steps must be done while the terminal is on. Upon a FWD link synchronisation loss event, the terminal shall
go back to STAND-BY state and the previous procedure shall be initiated again.

A FWD link synchronisation loss event occurs when the satellite FWD link synchronisation islost for a period of time
longer than FLSL_timeout, where FLSL_timeout is a parameter broadcast by the Hub within the QSCT table.

9.3.3 Logon procedure

After the terminal hasreceived all System tables related to the SSMIM synchronous access, it isready to initiate a
logon, in order to be admitted to the SSMIM synchronous access and be ready to request capacity to handle traffic.

The terminal shall proceed asfollows:

e  Theterminal shall transmit alogon request by means of a RACH burst. In the absence of reply from the Hub
in LR _timeout seconds, the terminal shall assume that the request islost and the terminal shall retry after a
randomly selected time interval between 0 and LR_max_time_before retry. Up to LR _max_retriestries are
allowed. LR timeout, LR _max_time before retry and LR_max_retries are parameters distributed within the
QSCT table. Terminals must comply with the RACH bursts synchronisation requirements defined in clause 9.2
in order to allow the proper RACH burst detection, demodulation and decoding at the Hub.

e  TheHub receivesthe terminal logon request and checksif the administrative aspects are satisfied.

. The Hub shall send a specific message (confirming or denying the logon request) to the terminal through the
satellite FWD link.

Upon success of the logon procedure, the terminal is ready to request capacity and shall go to LOGGED_ON state. If
the logon procedure fails, the terminal shall remainin LOGGED_OFF state.

If the terminal isinactive (no transmission is done) for a period of time longer than T1 (T1 being determined by the Hub
and sent to the terminal in the logon confirmation), the terminal shall go back to LOGGED_OFF state and the logon
procedure must be repeated before requesting capacity.

»{ LOGGED_OFF

Stimulus

Transmit RACH burst
(LR: Logon Request)

i NOK

Logon Ack.
before LR_timeout?

Wait random period between
[0..LR_max_time_before_retry]

A

Ack =7?

OK

N Tries >
LR_max_retries?

v

LOGGED_ON

Figure 9.2: Logon procedure
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9.3.4 Capacity request procedure
Oncein LOGGED_ON state, the terminal is alowed to request capacity.

The capacity request procedure is either triggered by higher layers of the terminal or by the Hub, e.g. upon notification
of anincoming call.

The terminal shall proceed as detailed below:

. The terminal shall transmit a capacity request by means of a RACH burst. In the absence of reply from the
Hub in CAR_timeout seconds, the terminal shall assume that the request islost and the terminal shall retry
after arandomly selected time interval between 0 and CAR_max_time_before retry. Up to CAR_max_retries
tries are allowed. CAR _timeout, CAR_max_time_before retry and CAR_max_retries are parameters
distributed within the QSCT table.

. The Hub receives the terminal capacity request and checks if the administrative aspects are satisfied. RACH
bursts synchronisation errors (carrier frequency and chip phase and frequency) and EJ(Ng+1o).are aso
estimated by the Hub.

. The Hub shall send a specific message (confirming or denying the capacity request) to the terminal through the
satellite FWD link. If capacity is allocated to the terminal, along with the resources parameters, the Hub shall
send synchronisation (carrier frequency and chip phase and frequency) and power correctionsto the terminal.

e  Theterminal shall apply the received synchronisation and power corrections.

Upon success of the capacity request procedure, the terminal shall go to the TX_ON_DATA_OFF state and start
immediately the transmission of a QS-CDMA carrier with the resources allocated. If the capacity request procedure
fails, the terminal shall remain inthe LOGGED_ON state.

The parameter T2 (see clause 9.3.5) is computed by the Hub and sent to the terminal in the capacity allocation
confirmation.

»( LOGGED_ON

Stimulus

Transmit RACH burst
(CAR: Capacity Allocation Request)

|

NOK
Wait random period between CA Acknowledge Ack = ?
[0..CAR_max_time_before_retry] before CAR_timeout? '
4
OK

\ J

Apply synchronisation
and power corrections

Tries >
CAR_max_retries?

h J

TX_ON_DATA_OFF

Figure 9.3: Capacity request procedure
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9.3.5 Synchronisation maintenance procedure

Whiletheterminal isin TX_ON_DATA_OFF or TX_ON_DATA_ON states, the terminal shall transmit a QS-CDMA
carrier and execute the synchronisation maintenance procedure, which is detailed below:

. The Hub continuously estimates synchronisation errors and EJ/(Ng+1o).and sends synchronisation (carrier
frequency and chip phase and frequency) and power corrections to the terminal.

e  Theterminal shall apply all synchronisation and power corrections sent by the Hub through the satellite FWD
link.

e  Two different levels of synchronisation requirements (referred as coarse and fine requirements) are used by the
Hub to determine the terminal synchronisation status throughout a connection.

If the Hub detects that coarse synchronisation requirements are not met or the QS-CDMA signal islost, it signals the
terminal to stop transmitting and go back to LOGGED_ON state. Otherwise, the Hub checksiif fine synchronisation
requirements are met. If they are not, the terminal remainsin/ goesto TX_ON_DATA_OFF dtate. If fine
synchronisation requirements are met, the terminal remainsin/ goesto TX_ON_DATA_ON state.

The Hub isin charge of signalling the previous terminal states transitions through the synchronisation status (Synch
Satus = { Fine synch, Coarse synch, Synch lost}), which is sent to the terminals along with the synchronisation and
power corrections within QSCM messages.

o If no synchronisation and/or power corrections are received in a period of time longer than
max_time_without_corrections, the terminal shall go to the LOGGED_ON state. The previous timeout is
broadcast by the Hub within the QSCT table.

. If theterminal isin TX_ON_DATA_OFF state for a period of time longer than T2, the Hub shall signal the
terminal to go to LOGGED_ON state.

Upon a FWD link synchronisation loss event, the terminal shall stop transmitting, release the resources assigned for the
connection, go back to STAND-BY state and initiate the FWD link synchronisation procedure again.

Upon a connection release, initiated either by the terminal or the Hub, the terminal shall go to LOGGED_ON state.

9.3.6 Logoff procedure

Although it has not been represented in Figure 9.1 in order to make the diagram clearer, alogoff procedure is
conceived. This procedure can beinitiated by the Hub or by the terminal.

When initiated by the Hub, the procedure goes as follows:

. The procedure can be initiated anytime by the Hub. In this case, the Hub shall send a specific message to the
terminal through the satellite FWD link. Upon reception of such message, the terminal shall go to the
LOGGED_OFF state.

The logoff procedure, when initiated by the terminal, is detailed below:

e  Theterminal shall transmit alogoff request by means of a RACH burst. In the absence of reply from the Hub,
the terminal shall go to the LOGGED_OFF state anyway.

. When the Hub receives the terminal logoff request, it sends a confirmation to the terminal through the satellite
FWD link.

. Upon reception of the previous confirmation, the terminal shall go to the LOGGED_OFF state.

9.3.7 Transmission disable
The Hub can disable aterminal transmission by setting the Transmission disable flag to 1. The Transmission disable

flag is a parameter sent to the terminal through the satellite FWD link. Along with the Transmission disable
notification, atimeout TD_timeout is sent.

ETSI



35 ETSITS 102 721-4 V1.1.1 (2011-12)

Upon reception of a Transmission disable = 1, the termina shall go to TX_OFF state and remain in this state until
transmission is enabled again (reception of a Transmission disable = 0) or the timeout expires. In both cases the
terminal shall go to LOGGED_OFF state.

10 Physical layer measurements

Radio characteristics are measured and reported to higher layers and the network. Such measurements are for further
study.
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