5 Air Interface
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* be able to understand the difference between pliyaic transpoit
channels.
* be able to understand the frame structure in UMFLCH).
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Radio transmission and reception (FDD)

Frequency bands and channel arrangement
UTRA/FDD is designed to operate in the followingrpd band:

1920 — 1980 MHz 2110 -2170 MHz
Mobile station transmit Mobile station receive
Base station receive Base station transmit

Proposed frequency band for UTRA/FDD

Carrier spacing

The nominal channel spacing is 5 MHz, but this ¢en adjusted to
optimise performance in particular deployment sdesa The channel
raster is 200kHz, which means that the carrier frequency mustabe
multiple of 200 kHz.

TX — RX frequency separation

The minimum transmit to receive separation is 138zMvhen operating
in the paired band

Terminal service classes

A number of different service classes will be usediefine the data rate
and code allocation for a UTRA/FDD terminal. Poksitypes of service
class profiles are 144 kbps, 384 kbps and 2048.kbps

Output power dynamics
The transmitter uses fast closed-loop Carrier/fatence based power
control and slow quality-based power control onhbtiie uplink and

downlink.
Uplink (UL) Downlink (DL)
Power control steps Variable 0.25-1.5 dB Variabs601.5 dB
Minimum transmit power -50 dBm [ ]dBm
Power control cycles per second 1.5 kHz 1.6 kHz
Power control dynamic 80 dB 30dB

Output power dynamics for UL and DL

Receiver characteristics

A Rake receiver or any other suitable receivercstme using coherent
reception in both channel impulse response estmatind code tracking
procedures is assumed.
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Diversity characteristics
Three forms of diversity are available in UTRA /BD

Time diversity

Channel coding and interleaving @thbup link and down link.

Multi-path diversity

Rake receiver or other suiwblkeceiver structure witl

maximum combining. Additional processing elementn c
increase the delay-spread performance due to isetdeeapturg
of signal energy.

D

Space diversity Antenna diversity with maximum eatiombing in the bas
station and optionally in the mobile stations. Fubt/ for
downlink transmit diversity in the base station.

Diversity characteristics for UTRA/FDD

5.2 Logical, physical and transport channels

Logical Channel:

A logical channel is a radio bearer, or part oflédicated for exclusive use
of a specific communication process. Different tymd logical channel

are defined according to the type of informatiansferred on the radio
interface.

Physical Channel:

In FDD mode, a physical channel is defined by céeguency and, in the
uplink, relative phase (1/Q)n TDD mode, code, frequency, and time-slot
define a physical channel.

Physical channel data stream:

In the uplink, a data stream that is transmittedwephysical channel

In the downlink, a data stream that is transmitiecbnephysical channel
in each cell of thactive set.

Active Set:
Set of radio links simultaneously involved in a@fie communication
service between an MS and a UTRAN.

Transport channel:

The channels that are offered by the physical |dperdata transport
between peer L1 entities are denoted as Transpuahiels. Different
types of transport channels are defined by how avith which
characteristics data is transferred on the physayar, e.g. whether using
dedicated or common physical channels are employed.

Transport Format:
A combination of encoding, interleaving, bit ratedamapping onto
physical channels

Transport Format Combination Indicator (TECI):
A label for a specifidransport Formawithin aTransport Format Set
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Transport Format Set:

A set of Transport~ormats For example, a variable rate DCH has a
Transport Format Set (one Transport Format for eath), whereas a
fixed rate DCH has a single Transport Format.

5.3 Transport channels and physical channels (FDD)
Transport channels:

Dedicated transport channel

DCH - Dedicated Channel

The Dedicated Channel (DCH) is a downlink or upltr&nsport channel
that is used to carry user or control informatieteen the network and a
mobile station. The DCH is transmitted over thdrentell or over only a
part of the cell using lobe-forming antennas.

Common transport channels

BCH - Broadcast Channel

The Broadcast Channel (BCH) is a downlink transpbénnel that is used
to broadcast system- and cell-specific informatidbhe BCH is always
transmitted over the entire cell.

FACH - Forward Access Channel

The Forward Access Channel (FACH) is a downlinksport channel that
is used to carry control information to a mobilat&in when the system
knows the location cell of the mobile station. TRRCH may also carry
short user packets. The FACH is transmitted overehtire cell or over
only a part of the cell using lobe-forming antennas

PCH - Paging Channel

The Paging Channel (PCH) is a downlink transpoanciel that is used to
carry control information to a mobile station whne system does not
know the location cell of the mobile station. Th&HP is always
transmitted over the entire cell.

RACH - Random Access Channel

The Random Access Channel (RACH) is an uplink partschannel that
is used to carry control information from a motstation.

The RACH may also carry short user packets. The RAE always
received from the entire cell.

DSCH — Downlink Shared Channel
The downlink shared channel (DSCH) is a downlirdkngport channel
shared by several UEs carrying dedicated controiadiic data.
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Physical channels:

A physical channel corresponds to a specific cafregjuency, code, and,
on the uplink, relative phase (0R).

Dedicated uplink physical channels

There are two types of uplink dedicated physicanttels, the uplink
Dedicated Physical Data Channel (uplink DPDCH) ahe uplink
Dedicated Physical Control Channel (uplink DPCCH).

The uplink DPDCH is used to carry dedicated dataegged for the
dedicated transport channel (DCH). There may be, zeme, or several
uplink DPDCHSs on each connection. The uplink DPC€Hsed to carry
control information. The control information cortsi®f known pilot bits
to support channel estimation for coherent detectibansmit power-
control (TPC) commands, and an optional transporizét indicator (TFI).
The transport-format indicator informs the receigbout the instantaneous
parameters of the different transport channels ipieked on the uplink
DPDCH. There is one and only one uplink DPCCH arhezonnection.

Frame structure

Each frame of length 10 ms is split into 16 sl&ach of length Jo: =
0.625 ms, corresponding to one power-control periddsuper frame
corresponds to 72 consecutive frames, i.e. therdug@e length is

720ms.
DPDCH Data
Pilot TPC TFCI
DPCCH
0,666 ms, 10*%bits (k=0..6) f
Slot #1 | Slot #2 Slot #i Slot #15
Tr=10 ms
Frame #1] Frame #2 Frame #i Frame #72

<

»
* »

Tsuper =720 ms

Frame structure for uplink DPDCH/DPCCH
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The parameter k determines the number of bits petinku
DPDCH/DPCCH slot. It is related to the spreadingtda SF of the
physical channel as SF = 256/Zhe spreading factor may thus range
from 256 down to 4. Note that an uplink DPDCH amdink DPCCH on
the same connection generally are of differentstai®. have different
spreading factors and different values of k.

The exact number of bits of the different uplink ©PH is yet to be
determined

Common uplink physical channels

Physical Random Access Channel

The Physical Random Access Channel (PRACH) is ueedarry the
RACH. It is based on a Slotted ALOHA approach, aenobile station can
start the transmission of the PRACH at a numbeweli-defined time-
offsets, relative to the frame boundary of the nes BCCH of the current
cell. The different time offsets are denotamtess slotand are spaced 1.5
ms. Information on what access slots are availablihe current cell is
broadcast on the BCCH.

1.5ms

* il | | | | | | | | |

[ [ I I I I I I I [ |
Access slot #1 | Random-access burst |
Access slot #2 \ Random-access burst |
Access slot #i |, Random-access burst

»

2‘ Offset of access slot #i
¥

Access slot #8 ! Random-access burst

¥

—

Frame boundary

Access slot.

The random access burst consists of two papseamblepart of length 1
ms and anessagart of length 10 ms. Between the preamble pattthe
message part there is an idle time period of ledgshms (preliminary
value). The idle time period allows for detectidnttoe preamble part and
subsequent on-line processing of the message part.

Preamble part
The preamble part of the random-access burst densfsa signature

There are a total of 16 different signatures.

Message part
The message part of the random-access burst haarhe structure as the

uplink dedicated physical channel. It consists dhata part, corresponding
to the uplink DPDCH, and a control part, correspogdo the uplink
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DPCCH. The data and control parts are transmitteparallel. The data
part carries the random access request or smalpaskets. The spreading
factor of the data part is limited to Sf256, 128, 64, 32} corresponding
to channel bit rates of 16, 32, 64, and 128 kbppeetively. The control
part carries pilot bits and rate information, usingpreading factor of 256.
The rate information indicates which channelisatcmae (or rather the
spreading factor of the channelisation code) isl wsethe data part.

The random-access burst consists of the followieffl$ (the values in

brackets are preliminary values):

* Mobile station identification. The MS ID is chosatrandom by the
mobile station at the time of each random-accdssat.

* Required Service. This field informs the base gtatvhat type of
service is required (short packet transmissionjca¢eld-channel set-
up, etc.)

» An optional user packet

* A CRC to detect errors in the data part of the cam@ccess burst.

Structure of random-access burst data part

Downlink physical channels

Dedicated physical channels
There is only one type of downlink dedicated phgkichannel, the
Downlink Dedicated Physical Channel (downlink DPCH)

Within one downlink DPCH, dedicated data for thelidated transport
channel (DCH), is transmitted with control infornoat (known pilot bits,
TPC commands, and an optional TFCI).

Frame structure
The figure shows the frame structure of the dovniPCH. Each frame

of length 10 ms is split into 15 slots, each ofgi#n T = 0.666 ms,
corresponding to one power-control period. A sup@me corresponds to
72 consecutive frames, i.e. the super-frame leisgf20 ms.
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« DPCCH re DPDCH
Piot | TPC | TFCI Data

\4

M
W

0,666 ms, 20*3 bits (k=0..6)

Slot #1 | Slot #2 Slot #i Slot #15

& - — =
Tr =10 ms

Frame #1] Frame #2 Frame #i Frame #73

N Tswper= 720 ms >

Frame structure for downlink DPCH

The parameter k determines the total number ofg@tsdownlink DPCH
slot. It is related to the spreading factor SFhef physical channel as SF =
256/Z. The spreading factor may thus range from 256 dimwh

The exact number of bits of the different downllDRCH fields is yet to
be determined.

Note that connection-dedicated pilot bits are tmaitted also for the
downlink in order to support the use of downlinlaptive antennas.

When the total bit rate to be transmitted on ongrdimk connection
exceeds the maximum bit rate for a downlink physstannel, multi-code
transmission is employed, i.e. several parallel mlowk DPCHs are
transmitted for one connection using the same dprgdactor.

In this case, the control information is put onyotihe first downlink
DPCH. The additional downlink DPCHs belonging te #tonnection do
not transmit any data during the corresponding fe¢od.

Common physical channels

Primary Common Control Physical Channel (CCPCH)
The Primary CCPCH is a fixed rate (32 kbps, SF=2&8ynlink physical
channels used to carry the BCCH.

The figure shows the frame structure of the Prin2GPCH. The frame
structure differs from the downlink DPCH in that M&C commands or
TFCI is transmitted. The control information is teemmon pilot bits
needed for coherent detection.
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Pilot Data

0.666 ms
Slot #1 | Slot #2 Slot #i Slot #15
= e e =
Tr=10ms
Frame #]" Frame #2| Frame #i Frame #72

< »
< >

Tsuper= 720 ms

Frame structure for Primary Common Control Physi€4lannel

Secondary Common Control Physical Channel

The secondary CCPCH is used to carry the FACH a@Hl.RAt is of
constant rate. However, in contrast to the Prin@&€yPCH, the rate may be
different for different secondary CCPCH within ogell and between
cells, in order to be able to allocate differentoamt of FACH and PCH
capacity to a cell. The rate and spreading fadteach secondary CCPCH
is broadcast on the BCCH. The set of possible riatése same as for the
downlink DPCH.

Pilot Data
< >
0.666 ms, 20*2bits (k=0..6)
Slot #1 | Slot #2 Slot #i Slot #15
= S =
T¢r=10ms
Frame #1] Frame #2 Frame #i Frame #72

< »
< -

Tsuper= 720 ms

Frame structure for Secondary Common Control Plalsthannel

The FACH and PCH are mapped to separate SecondaBCHs. The
main difference between a CCPCH and a downlink cdd¢dd physical
channel is that a CCPCH is not power controllede Tiain difference
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between the Primary and Secondary CCPCH is thaPtimary CCPCH
has a fixed predefined rate while the Secondary @€Ras a constant
rate that may be different for different cells, deding on the capacity
needed for FACH and PCH. Furthermore, a Primary CIEPis
continuously transmitted over the entire cell wkil&econdary CCPCH is
only transmitted when there is data available aag tre transmitted in a
narrow lobe in the same way as a dedicated physiwainel (only valid
for a Secondary CCPCH carrying the FACH).

Synchronisation Channel

The Synchronisation Channel (SCH) is a downlinknaigused for cell
search. The SCH consists of two sub channels,rineaB and Secondary
SCH.

Tsiot = 2560 chips
o chips

2%6 chips
[ —

Primary SCt Co II zl
Secondary SC c?

Thame= 16*Tsiot
C, : Primary Synchronization Code
cs’*: One of 17 possible Secondary Synchronization €ode

(¢, &% ..., ") encode cell specific long scrambling code group

Structure of Synchronisation Channel (SCH)

The Primary SCH consists of ammodulatedorthogonal code of length
256 chips, the Primary Synchronisation Code, traracionce every slot.
The Primary Synchronisation Code is the same feryebase station in
the system.

The Secondary SCH consists of repeatedly transmit length 16
sequence ofunmodulatedorthogonal codes of length 256 chips, the
Secondary Synchronisation Codes, transmitted iallgawith the Primary
Synchronisation channel.

The sequence on the Secondary SCH indicates wiliitied32 different

code groups the base station downlink scramblingecbelongs. 32
sequences are used to encode the 32 differentgrodps each containing
16 scrambling codes. It is used to uniquely deteentioth the long code
group and the frame timing.

Mapping of Transport Channels to Physical Channels

The figure summarises the mapping of transport eéisrto physical
channels.

Transport Channels Physical Channels
BCCH Primary Common Control Physical Channel (Primt@CPCH)
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FACH Secondary Common Control Physical Channel¢B8aary CCPCH)
PCH

RACH Physical Random Access Channel (PRACH)

CPCH Physical Common Packet Channel (PCPCH)

DCH Dedicated Physical Data Channel (DPDCH)
Synchronisation Channel (SCH)

DSCH Physical Downlink Shared Channel (PDSCH)

Transport-channel to physical-channel mapping

5.4 Spreading and Modulation
Spreading and modulation (FDD)

Uplink spreading and modulation

Spreading
Uplink Dedicated Physical Channels (uplink DPDCH(IIFH)

The uplink DPDCH and DPCCH are mapped to the | @nhdranch
respectively. The | and Q branch are then spredheahip rate with two
different channelisation codes/cc andsubsequently complex scrambled
by a mobile-station specific complex scramblingeod

For multi-code transmission, each additional uplibPDCH may be
transmitted on either the | or the Q branch. Fochearanch, each
additional uplink DPDCH should be assigned its amannelisation code.
Uplink DPDCHs on different branches may share a room
channelisation code.

PRACH

The spreading and modulation of the message patieofandom-access
burst is basically the same as for the uplink detéid physical channels.
The uplink DPDCH and uplink DPCCH are replaced hy data part and
the control part respectively. The scrambling ctmtethe message part is
chosen based on the base-station-specific preaodue, the randomly
chosen preamble sequence, and the randomly chosessaslot (random-
access time-offset). This guarantees that two $amabus random-access
attempts that use different preamble codes andifberent preamble
sequences will not collide during the data pathefrandom-access bursts.

Code generation and allocation

Channelisation codes

The channelisation codes are the same type of cxlésr the downlink.
For the uplink, the restrictions on the allocatafrchannelisation codes are
only valid within one mobile station.
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Each connection is allocated at least one uplirdnoklisation code, to be
used for the uplink DPCCH. In most cases, at least additional uplink

channelisation code is allocated for a uplink DPDCHirther uplink

channelisation codes may be allocated if more gmenuplink DPDCH are
required.

As different mobile stations use different uplingrambling codes, the
uplink channelisation codes may be allocated with ao-ordination
between different connections. The uplink chanaéti® codes are
therefore always allocated in a pre-defined ordée mobile-station and
network only need to agree on the number and lefsgiteading factor) of
the uplink channelisation codes. The exact codebetoused are then
implicitly given.

Scrambling codes
Either short or long scrambling codes should bel wseuplink.

Short scrambling code
The short scrambling code is a complex codgagb= G+jCo, Where ¢and
coare two different codes of length 256.

The network decides the uplink short scramblingecdthe mobile station
is informed about what short scrambling code to uséhe downlink
Access Grant message that is the base-station n&spim an uplink
Random Access Request.

The short scrambling code may, in rare cases, lamgdd during the
duration of a connection.

Long scrambling code

The long uplink scrambling code is typically usedcells without multi-
user detection in the base station. The mobiléostas informed if a long
scrambling code should be used in the Access Gassage following a
random-access request and in the handover message.

Random access codes

Preamble spreading code

The spreading code for the preamble part is celtifp and is broadcast
by the base station. More than one preamble codebeaused in a base
station if the traffic load is high. The preambledes must be code
planned, since two neighbouring cells should net e same preamble
code. The code used is a 256 chip code. All 25@€ate used in the
system.

Preamble signature

The preamble part carries one of 16 different dignes of length 16, <P
P1, ..., Rs>. The base station broadcasts which signaturesllarged to be
used in a cell.

Channelisation codes for the message part
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The signature in the preamble specifies one ofléhehannelisation.

Since the control part is always spread with a kmaWwannelisation code
of length 256, it can be detected by the baseostaiihe rate information
field of the control part informs the base stataiout the spreading factor
used on the data part. With the help of preamldeature and the rate
information, the base station knows which chanagbs code is used for
the data part.

This structure allows for simultaneous detectiomaodtiple random access
messages arriving in the same access slot, asa®mifferent signatures
are used.

Scrambling code for the message part

In addition to spreading, the message part is slggect to scrambling

with a 10 ms complex code. The scrambling codelisspecific and has a
one-to-one correspondence to the spreading cod® foseghe preamble

part. Note that although the scrambling code isstmme for every access
slot, there is no scrambling-code collision proldelretween different

access slots due to the 1.25 ms time shifts betiveeaccess slots.

Modulation

Modulating chip rate
The modulating chip rate is 3.84 Mcps. This badnipcrate can be
extended to 7.68 or 15.36 Mcps.

Downlink spreading and modulation

Spreading
Data modulation is QPSK where each pair of two &itsserial-to-parallel

converted and mapped to the | and Q branch respéctiThe | and Q

branch are then spread to the chip rate with theeszhannelisation code
Cch (real spreading) and subsequently scrambled bgahee cell specific
scrambling codesgamb(real scrambling).

For multi-code transmission, each additional dominIDPCH should also
be spread/modulated. Each additional downlink DRGbuId be assigned
its own channelisation code.

Code generation and allocation

Channelisation codes
The number of available channelisation codes isfiret but depends on
the rate and spreading factor of each physicalraian

The channelisation code for the BCCH is a prededfioede which is the
same for all cells within the system.
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The channelisation code(s) used for the Secondamn@n Control
Physical Channel is broadcast on the BCCH.

The channelisation codes for the downlink dedicaiegsical channels are
decided by the network. The mobile station is infed about what

downlink channelisation codes to receive in the mlowk Access Grant

message that is the base-station response to ark uphndom Access
request. The set of channelisation codes may bageladuring the

duration of a connection, typically as a resulaafhange of service or an
inter-cell handover. A change of downlink chanradlen codes is

negotiated over a DCH.

Scrambling code

The total number of available scrambling codes 12, Hivided into 32
code groups with 16 codes in each group. The gngupf the downlink
codes is done in order to facilitate a fast celirsk. The downlink
scrambling code is assigned to the cell (sectothatinitial deployment.
The mobile station learns about the downlink sciargbcode during the
cell search process.

The scrambling codes are repeated for every 1Cadie frame.
Synchronisation codes

The Primary and Secondary code wordsa {G,...,Ci7} respectively,
consist of pair wise mutually orthogonal codeseofgth 256.

5.5 Up and downlink rate
Uplink Variable Rate (No DTX)

1-
rate

1/2-
rate

1/4-
rate

0-
rate

Variable

rate

10

>,

|
—

R= : R= : R=0 | R= : R=112
1 102 0

: DPCCH (Pilot+TPC+RI)

: DPDCH (Data)
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Downlink Variable Rate (DTX based)

0666ms , , , : :
e B
Al e = e
w O O O o O 0
O-rate I . I I l I
I :DPCCH-part
(Pilot+TPC+RI)
:DPDCH-part (Data)
Downlink Variable Rate (DTX based)
: 10 ms : : : :

wasste LT TEEEPEEEEE TR EEPEL T PEEET T
e PR EEP ey e eyl

Variabl

e JINNNNN NENERERRIRI
| R=1 | R=0 | |

rate R=1/2 R=1

I :DPCCH-part
(Pilot+TPC+RI)
:DPDCH-part (Data)

5.6 Multiplexing and coding

Multiplexing, channel coding and interleaving (FDD)
Transport-channel coding/multiplexing
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The figure illustrates the overall concept of tygors-channel coding and
multiplexing. The following steps can be identified

» Channel coding, including optional transport-chdmneltiplexing

Static rate matching

* Inter-frame interleaving

» Transport-channel multiplexing
» Dynamic rate matching

* Intra-frame interleaving

The different steps are described in detail below

TC TC v TC TC
I’"l """" b, st l """" v _
Channel coding + i Coding+| Coding + [;
optional TC multiplex :| interleaving interleaving|:
Static rate matching Rate | Rate :
i| matching matching [:
Inner interleaving i nterleaving| Interleaving
(inter-frame) :| (optional) (optional)
Transport-channel Multiplex
multiplexing
Dynamic rate matching Rate
(uplink only) matching
Inner interleaving Interleaving
(intra-frame)

l

Coding and multiplexing of transport channels

The output after the inner interleaving is typigathapped to one DPDCH. Only
for the very highest bit rates the output is spilito several DPDCHs, i.e. multi-
code transmission.

Primarily, transport channels are coded and meltigdl as described above, i.e.
into one data stream mapped on one or severalqatysiannels.

Channel coding

Channel coding is done on a per-transport-chanasishi.e. before transport-
channel multiplexing.

UMTS — Michael Quek 16



Convolutiona
coding

v

Reed-Solomop Outer Convolutiona]
—” coding interleaving coding [

Turbo
coding

v

Service-specifi
coding

v

Channel coding in UTRA/FDD

Convolutional coding

Convolutional coding is typically applied for sexgs that require a BER
in the order of 18. Convolutional coding is also, in concatenatiothvRS
coding + outer interleaving, applied to servidest require a BER in the
order of 10.

Typically, rate-1/3 convolutional coding is applieal dedicated transport
channels (DCHs) in normal (non-slotted) mode wtlalie %2 convolutional
coding is applied to DCHs in slotted mode.

Outer Reed-Solomon coding and outer interleaving

Reed-Solomon coding + outer interleaving, is, inaaenation with inner
convolutional coding, typically applied to transpohannels that require a
BER in the order of 18 The RS-coding is of approximate rate 4/5.

Turbo coding
The use of Turbo coding for high data rate (aba®e&i3ps), high quality

services, is currently being investigated withindETTurbo codes of rate
1/3 and ¥ (for the highest data rates), have beamoped to replace the
concatenation of convolutional and Reed-SolomoresoBTSI is awaiting
further results of simulations illustrating the feemance of Turbo Codes.

Info -
bits )
Parity
Constituent Bits . p
F—————— —— -
Encoder #1 = :unCture
Parity
Constituent Bits
Interleaver — e
Encoder #2

Block diagram of a Turbo code encoder
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If Turbo codes are shown to give an improved FEC€ High quality
services, compared with the existing proposal, thenbasic FEC coding
for the UTRA/FDD will be as shown in

BER = 10 Convolutional Channel
coding inter leaving
BER = 10 Turbo Channel
. > . . >
coding inter leaving

Service—specific coding

FEC coding for UTRA/FDD when turbo codes are used

Service specific coding

The service-specific-coding option allows for aduitl flexibility of the
UTRA Layer 1 by allowing for additional coding sches, in addition to
the standard coding schemes listed above. One dsaimpghe use of
unequal-error-protection coding schemes for cespaech-codecs.

Inner inter-frame interleaving

Inner inter-frame bit interleaving is carried out a per-transport-channel
basis on those transport-channels that can allow dod require
interleaving over more than one radio frame (10. Mg span of the inner
inter-frame interleaving can vary in the range 20tm150 ms.

Rate matching
Two types of rate matching is carried out:

» Static rate matching carried out on a slow bagEcally every time a
transport channel is added or removed from the ection.

» Dynamic rate matching carried out on a frame-byafeg 10 ms) basis

Static rate matching

Static rate matching is used for two different caes

 to adjust the coded transport channel bit ratelevel where minimum
transmission quality requirements of each transploainnel is fulfilled
with the smallest differences in channel bit energy

 to adjust the coded transport channel bit ratdhabthe maximum total
bit rate after transport channel multiplexing istoh&d to the channel
bit rate of the uplink and downlink dedicated plgsichannel

The static rate matching is based on code puncgtuend unequal
repetition.
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Note that, although static rate matching is caroeed prior to transport-
channel multiplexing, the rate matching must beoatinated between the
different transport channels.

Dynamic rate matching

Dynamic rate matching is carried out after the ipldking of the parallel
coded transport channels and is used to matctotakinstantaneous rate
of the multiplexed transport channels to the chhbiterate of the uplink
DPDCH. Dynamic rate matching uses unequal repsetiaod is only
applied to the uplink. On the downlink, discontimgdransmission (DTX)
is used when the total instantaneous rate of th#ipiexed transport
channels does not match the channel bit rate.

Transport-channel multiplexing

The coded transport channels are serially multgdewithin one radio
frame. The output after the multiplexer (before itheer interleaving) will
thus be according to

10 ms (one radio frame)

v

P
<

| TC-1 | TC-2 | TC-M

Transport channel multiplexing

As an option, transport channels may be multiplex@tiin the channel-
coding unit, typically after outer RS coding bufdye outer interleaving.

Inner intra-frame interleaving
Inner intra-frame interleaving over one radio fra(@® ms) is applied to
the multiplexed set of transport channels.

Service multiplexing

In a same connection, multiple services could leatéd with separate
channel coding/interleaving and mapping to différdrasic physical
channels (slot/code). In this way QoS can be séggrand independently

controlled.
Coding/ Service !
> interleaving >
Coding/ Service 2 -
Parallel » interleaving >
services
Coding/ Service P
> interleaving >

Service multiplexing (a)
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A second alternative is time multiplexing at di#fat points of the channel
coding scheme.

—» Time R Outer R
Mux ”|] coding/interl. > i
> 9 L'Ime Inner
> ux coding/interl.
Time
Parallel Mux ,
services )
—> Time Outer Service 1
Mux > coding/interl. > i
— 9/ I/llme . \nrer Serv!ce 2
| VuX coding/interl. Service n

Service multiplexing (b)

After service multiplexing and channel coding, thmulti-service data
stream is mapped to one or, if the total rate edsdhe upper limit for
single-code transmission, several resource units.

5.7 Traffic cases

Cell search

Initial cell search

During the initial cell search, the mobile statisaarches for the base
station to which it has the lowest path loss. dintldletermines the downlink
scrambling code and frame synchronisation of thatlstation. The initial

cell search uses the synchronisation channel (SCH).

Tsiot = 2560 chips

chips 556 chips
+—r

Primary SCH | G Co
Secondary SC- ¢ ot

¢

Trame= 16*Tgiot
cp Primary Synchronization Code

co One of 17 possible Secondary Synchronization €ode
(e, &% ..., 6% encode cell specific long scrambling code group

Structure of synchronisation channel (SCH)

This initial cell search is carried out in threeps:

Step 1: Slot synchronisation
During the first step of the initial cell searctopedure the mobile station

uses the primary SCH to acquire slot synchroniaatiathe strongest base
station.
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This is done with a single matched filter (or anyitar device) matched to
the primary synchronisation codgwhich is common to all base stations.
The output of the matched filter will have peakséach ray of each base
station within range of the mobile station. Detegtthe position of the
strongest peak gives the timing of the strongesk lsation modulo the
slot length. For better reliability, the matcheltefi output should be non-
coherently accumulated over a number of slots.

Matched Slot-wise Find Timing modulo Tt
—>

filter (cp) accumulation maximum
» Tsiot N

Two rays fromB$  One ray from BS

Matched-filter search for primary synchronisationde to slot synchronisation (timing
modulo the slot length).

Step 2: Frame synchronisation and code-group ifiation

During the second step of the initial cell searchcpdure, the mobile
station uses the secondary SCH to find frame symitation and identify
the code group of the base station found in thet &itep. This is done by
correlating the received signal at the positions tbé Secondary
Synchronisation Code with all possible (16) Secopdaynchronisation
Codes. Note that the position of the Secondary &ymisation Code is
known after the first step. The outputs of all the correlators for 16
consecutive secondary SCH locations are used tm fibre decision
variables.

The decision variables are obtained bgn-coherentlysumming the
correlator outputs corresponding to each 16 lesgtjuence out of the 32
possible sequences and its 16 cyclic shifts gidngtal of 512 decision
variables. Note that the cyclic shifts of the sewas are unique. Thus, by
identifying the sequence/shift pair that gives thaximum correlation
value, the code group as well as the frame syn@datan is determined.

Step 3: Scrambling-code identification

During the third and last step of the initial ce#larch procedure, the
mobile station determines the exact scrambling asskd by the found
base station. The scrambling code is identifiedugh symbol-by-symbol
correlation over the Primary CCPCH with all scrammdplcodes within the
code group identified in the second step. Note, finain step 2, the frame
boundary and consequently the start of the scragbtode is known.
Correlation must be carried out symbol-wise, du¢htounknown data of
the primary CCPCH. Also, in order to reduce the bphmlity of
wrong/false acquisition, due to combat backgroumisafinterference,
averaging the correlator outputs over a sequencgymibols (diversity)
might be required before using the outputs to deter the exact
scrambling code.
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After the scrambling code has been identified,Rhienary CCPCH can be
detected, super-frame synchronisation can be ajaimd the system- and
cell specific BCCH information can be read.

Idle mode cell search

When in idle mode, the mobile station continuowssarches for new base
stations on the current and other carrier frequencrhe cell search is
done in basically the same way as the initial cgarch. The main
difference compared to the initial cell searchhigttan idle mobile station
has received a priority list from the network. Thigority list describes in
which order the downlink scrambling codes shouldskarched for and
does thus significantly reduce the time and effogeded for the
scrambling-code search (step 3). Also the compleritthe second step
may be reduced if the priority list only includesrambling codes
belonging to a subset of the total set of code mggoThe priority list is
continuously updated to reflect the changing neiginbood of a moving
mobile station.

Active mode cell search
When in active mode, the mobile station continupisdarches for new
base stations on the current carrier frequencys €hll search is carried
out in basically the same way as the idle mode sdirch. The mobile
station may also search for new base stations lver @arrier frequencies
using the slotted mode.

Packet Access

The requirements for packet access is fast accebsm@ efficient use of
the radio resources. This would mean that the adioreset-up should be
fast and closed loop power control for large pasletd a small overhead
for small packets. The packets should also betalide scheduled.

Small frequently sent packets sent on the commaoanmds. While
frequently or large packets should use the dedicztteannels.

Common Channel Packet Access

Arbitrary time

Access User < » A User
request packet request packet

Common Channel (RACH/FACH)
Common Channel Packet Access

For small packets and medium data rates the commioannel
RACH/FACH would be used. During the time there are packets to
transmit there will be no link maintenance. Opespl@ower control.
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Dedicated Channel Single Packet Transmission

Arbitrary time [ Access

request

Access «

request
\ Common Channel (RACH/FACH) x

User
packet

User
packet

Dedicated Channel (DTCH)
Dedicated channel Single Packet transmission

For single, scheduled packet transmission each pemket is preceded
with a random access request. During the packesrmession closed-loop

power control is used.

Dedicated Channel Multi-Packet Transmission
Scheduled packets

Non-scheduled
packet

Access User User Access User
4 request U packet request U packet L
Dedicated Channel (DTCH)
= | ink maintenance (pilot, TPC)

For scheduled and non-scheduled packet accesskhsill be maintained
and closed-loop power control is used during tlmdmission. After a
defined time-out period has been reached the éimkleased.
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