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Foreword
This Technical Specification (TS) has been produced by the 3 Generation Partnership Project (3GPP).

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

Version x.y.z
where;
x thefirst digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

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

z thethird digit isincremented when editorial only changes have been incorporated in the document.
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1 Scope

The present document describes the characteristics of the physicals channels and the mapping of the transport channels
to physical channelsin the TDD mode of UTRA.

2 References

The following documents contain provisions which, through reference in thistext, constitute provisions of the present
document.

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

non-specific.

e For a specific reference, subsequent revisions do not apply.

« For anon-specific reference, the latest version applies. In the case of areference to a 3GPP document (including
aGSM document), a non-specific reference implicitly refersto the latest version of that document in the same
Release as the present document.

[1]

3GPP TS 25.201:

"Physical layer - general description”.

[2] 3GPP TS 25.211: "Physical channels and mapping of transport channels onto physical channels
(FDD)".

[3] 3GPP TS 25.212: "Multiplexing and channel coding (FDD)".

[4] 3GPP TS 25.213: " Spreading and modulation (FDD)".

[5] 3GPP TS 25.214: "Physical layer procedures (FDD)".

[6] 3GPP TS 25.215: "Physical layer — Measurements (FDD)".

[7] 3GPP TS 25.222: "Multiplexing and channel coding (TDD)".

[8] 3GPP TS 25.223: " Spreading and modulation (TDD)".

[9] 3GPP TS 25.224: "Physical layer procedures (TDD)".

[10] 3GPP TS 25.225: "Physical layer — Measurements (TDD)".

[11] 3GPP TS 25.301: "Radio Interface Protocol Architecture”.

[12] 3GPP TS 25.302: " Services Provided by the Physical Layer".

[13] 3GPP TS 25.401: "UTRAN Overall Description".

[14] 3GPP TS 25.402: "Synchronisation in UTRAN, Stage 2".

[15] 3GPP TS 25.304: " UE Procedures in Idle Mode and Procedures for Cell Reselection in Connected
Mode".

[16] 3GPP TS 25.427: "UTRAN lur and lub interface user plane protocols for DCH data streams”.

[17] 3GPP TS 25.435: "UTRAN I, Interface User Plane Protocols for Common Transport Channel
Data Streams".
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3 Abbreviations
For the purposes of the present document, the following abbreviations apply:
BCH Broadcast Channel
CCPCH Common Control Physical Channel
CCTrCH Coded Composite Transport Channel
CDMA Code Division Multiple Access
DCH Dedicated Channel
DL Downlink
DPCH Dedicated Physical Channel
DRX Discontinuous Reception
DSCH Downlink Shared Channel
DTX Discontinuous Transmission
FACH Forward Access Channel
FDD Freguency Division Duplex
FEC Forward Error Correction
GP Guard Period
GSM Global System for Mobile Communication
NRT Non-Real Time
OVSF Orthogonal Variable Spreading Factor
P-CCPCH Primary CCPCH
PCH Paging Channel
PDSCH Physical Downlink Shared Channel
Pl Paging Indicator (value calculated by higher layers)
PICH Page Indicator Channel
Py Paging Indicator (indicator set by physical layer)
PRACH Physical Random Access Channel
PUSCH Physical Uplink Shared Channel
RACH Random Access Channel
RF Radio Frame
RT Real Time
S-CCPCH Secondary CCPCH
SCH Synchronisation Channel
SCTD Space Code Transmit Diversity
SF Spreading Factor
SFN Cell System Frame Number
TCH Traffic Channel
TDD Time Division Duplex
TDMA Time Division Multiple Access
TFC Transport Format Combination
TFCI Transport Format Combination Indicator
TFI Transport Format Indicator
TPC Transmitter Power Control
TrCH Transport Channel
TSTD Time Switched Transmit Diversity
TTI Transmission Time Interval
UE User Equipment
UL Uplink
UMTS Universal Mobil Telecommunications System
USCH Uplink Shared Channel
UTRAN UMTS Terrestrial Radio Access Network
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4 Services offered to higher layers

4.1 Transport channels

Transport channels are the services offered by layer 1 to the higher layers. A transport channel is defined by how and
with what characteristics datais transferred over the air interface. A general classification of transport channelsisinto
two groups:

- Dedicated Channels, using inherent addressing of UE
- Common Channels, using explicit addressing of UE if addressing is needed

General concepts about transport channels are described in [12].

4.1.1 Dedicated transport channels

The Dedicated Channel (DCH) is an up- or downlink transport channel that is used to carry user or control information
between the UTRAN and a UE.

4.1.2 Common transport channels

There are six types of transport channels: BCH, FACH, PCH, RACH, USCH, DSCH

4121 BCH - Broadcast Channel

The Broadcast Channel (BCH) is a downlink transport channel that is used to broadcast system- and cell-specific
information.

41.2.2 FACH — Forward Access Channel
The Forward Access Channel (FACH) isadownlink transport channel that is used to carry control information to a

mobile station when the system knows the location cell of the mobile station. The FACH may also carry short user
packets.

4.1.2.3 PCH — Paging Channel

The Paging Channel (PCH) isadownlink transport channel that is used to carry control information to a mobile station
when the system does not know the location cell of the mobile station.

4124 RACH — Random Access Channel

The Random Access Channel (RACH) isan up link transport channel that is used to carry control information from
mobile station. The RACH may also carry short user packets.

4.1.25 USCH - Uplink Shared Channel

The uplink shared channel (USCH) is an uplink transport channel shared by several UEs carrying dedicated control or
traffic data.

4.1.2.6 DSCH — Downlink Shared Channel

The downlink shared channel (DSCH) is a downlink transport channel shared by several UES carrying dedicated control
or traffic data.

ETSI
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4.2 Indicators

Indicators are means of fast low-level signalling entities which are transmitted without using information blocks sent
over transport channels. The meaning of indicatorsisimplicit to the receiver.

The indicator(s) defined in the current version of the specifications are: Paging Indicator.

5 Physical channels

All physical channelstake three-layer structure with respect to timeslots, radio frames and system frame numbering
(SFN), see [14]. Depending on the resource allocation, the configuration of radio frames or timeslots becomes different.
All physical channels need a guard period in every timeslot. The time slots are used in the sense of a TDMA component
to separate different user signalsin the time domain. The physical channel signal format is presented in figure 1.

A physical channel in TDD is a burst, which is transmitted in a particular timeslot within allocated Radio Frames. The
allocation can be continuous, i.e. the time dot in every frame is allocated to the physical channel or discontinuous, i.e.
thetime dot in asubset of all framesisalocated only. A burst is the combination of two data parts, a midamble part
and a guard period. The duration of aburst is one time slot. Several bursts can be transmitted at the same time from one
transmitter. In this case, the data parts must use different OV SF channelisation codes, but the same scrambling code.
The midamble parts are either identicaly or differently shifted versions of a cell-specific basic midamble code, see
section 5.2.3.

‘Radio Frame (10ms) -~

frame #i frame #i+1
| Time Slot (2560°T,) T Te———
- T TTm——
timeslot #0 timedot #1 timeslot #2 timeslot #13 | timeslot #14

Figure 1: Physical channel signal format

The data part of the burst is spread with a combination of channelisation code and scrambling code. The channelisation
code is a OV SF code, that can have a spreading factor of 1, 2, 4, 8, or 16. The data rate of the physical channel is
depending on the used spreading factor of the used OV SF code.

The midamble part of the burst can contain two different types of midambles: a short one of length 256 chips, or along
one of 512 chips. The datarate of the physical channel is depending on the used midamble length.

So aphysical channel is defined by frequency, timedot, channelisation code, burst type and Radio Frame allocation.
The scrambling code and the basic midamble code are broadcast and may be constant within a cell. When a physical
channel is established, a start frame is given. The physical channels can either be of infinite duration, or a duration for
the alocation can be defined.

5.1 Frame structure

The TDMA frame has a duration of 10 msand is subdivided into 15 time slots (TS) of 2560* T, duration each. A time
dlot corresponds to 2560 chips. The physical content of the time dlots are the bursts of corresponding length as
described in subclause 5.2.2.

Each 10 ms frame consists of 15 time slots, each allocated to either the uplink or the downlink (figure 2). With such a
flexibility, the TDD mode can be adapted to different environments and deployment scenarios. In any configuration at
least one time slot has to be allocated for the downlink and at least one time slot has to be allocated for the uplink.
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frequency ) 10ms ‘
b DRt e 8] Jo=
chip/s
> ime 2560* T,

Figure 2: The TDD frame structure

Examples for multiple and single switching point configurations as well as for symmetric and asymmetric UL/DL
alocations are givenin figure 3.

P 10 ms
vV A Y v Y Y

Multiple-switching-point configuration (symmetric DL/UL allocation)

»
L

10 ms

T v [ A Te e e A T4 [+ ] 4]

Multiple-switching-point configuration (asymmetric DL/UL allocation)

10 ms

EEERPREBREEEEER

Single-switching-point configuration (symmetric DL/UL allocation)

10 ms

V[V VA

Single-switching-point configuration (asymmetric DL/UL allocation)

Figure 3: TDD frame structure examples

5.2 Dedicated physical channel (DPCH)

The DCH as described in subclause 4.1.1 is mapped onto the dedicated physical channel.

5.2.1 Spreading

Spreading is applied to the data part of the physical channels and consists of two operations. Thefirst is the
channelisation operation, which transforms every data symbol into a number of chips, thus increasing the bandwidth of
the signal. The number of chips per data symbol is called the Spreading Factor (SF). The second operation isthe
scrambling operation, where a scrambling code is applied to the spread signal. Details on channelisation and scrambling
operation can be found in [8].

5.21.1 Spreading for Downlink Physical Channels

Downlink physical channels shall use SF =16. Multiple parallel physical channels can be used to support higher data
rates. These parallel physical channels shall be transmitted using different channelisation codes, see [8]. These codes
with SF =16 are generated as described in [8].

Operation with a single code with spreading factor 1 is possible for the downlink physical channels.
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The range of spreading factor that may be used for uplink physical channels shall range from 16 down to 1. For each
physical channel an individual minimum spreading factor Sk, is transmitted by means of the higher layers. There are
two options that are indicated by UTRAN:

1. The UE shall use the spreading factor SF.,i,, independent of the current TFC.

2. The UE shall autonomously increase the spreading factor depending on the current TFC.

If the UE autonomously changes the SF, it shall always vary the channelisation code along the branch with the higher
code numbering of the allowed OV SF sub tree, as depicted in [8].

For multicode transmission a UE shall use a maximum of two physical channels per timeslot simultaneously. These two
parallel physical channels shall be transmitted using different channelisation codes, see [8§].

5.2.2 Burst Types

Three types of bursts for dedicated physical channels are defined. All of them consist of two data symbol fields, a
midamble and a guard period, the lengths of which are different for the individual burst types. Thus, the number of data
symbolsin aburst depends on the SF and the burst type, as depicted in table 1.

Table 1: Number of data symbols (N) for burst type 1, 2, and 3

Spreading factor (SF) Burst Type 1 Burst Type 2 Burst Type 3
1 1952 2208 1856
2 976 1104 928
4 488 552 464
8 244 276 232
16 122 138 116

The support of al three burst types is mandatory for the UE. The three different bursts defined here are well suited for
different applications, as described in the following sections.

5.221 Burst Type 1

The burst type 1 can be used for uplink and downlink. Due to its longer midamble field this burst type supports the
construction of alarger number of training sequences, see 5.2.3. The maximum number of training sequences depend on
the cell configuration, see annex A. For the burst type 1 this number may be 4, 8, or 16.

The data fields of the burst type 1 are 976 chips long. The corresponding number of symbols depends on the spreading
factor, asindicated in table 1 above. The midamble of burst type 1 has alength of 512 chips. The guard period for the
burst type 1 is 96 chip periods long. The burst type 1 is shown in Figure 4. The contents of the burst fields are described

intable 2.

Table 2: The contents of the burst type 1 fields

Chip number (CN)

Length of field in chips

Length of field in symbols

Contents of field

0-975 976 Cftable 1 Data symbols
976-1487 512 - Midamble

1488-2463 976 Cftable 1 Data symbols
2464-2559 96 - Guard period

Data symbols Midamble Data symbols S‘GP

976 chips 512 chips 976 chips cP

2560*T,
< >

Figure 4: Burst structure of the burst type 1. GP denotes the guard period and CP the chip periods
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5.2.2.2 Burst Type 2

The burst type 2 can be used for uplink and downlink. It offers alonger datafield than burst type 1 on the cost of a
shorter midamble. Due to the shorter midamble field the burst type 2 supports a maximum number of training sequences
of 3 or 6 only, depending on the cell configuration, see annex A.

The data fields of the burst type 2 are 1104 chips long. The corresponding number of symbols depends on the spreading
factor, asindicated in table 1 above. The guard period for the burst type 2 is 96 chip periods long.The burst type 2 is
shown in Figure 5. The contents of the burst fields are described in table 3.

Table 3: The contents of the burst type 2 fields

Chip number (CN) Length of field in Length of field in Contents of
chips symbols field
0-1103 1104 cf table 1 Data symbols
1104-1359 256 - Midamble

1360-2463 1104 cf table 1 Data symbols
2464-2559 96 - Guard period

Data symbols Midamble Data symbols SGP

1104 chips 256 chips 1104 chips cP

2560*T,
< 4

Figure 5: Burst structure of the burst type 2. GP denotes the guard period and CP the chip periods

5.2.2.3 Burst Type 3

The burst type 3 is used for uplink only. Due to the longer guard period it is suitable for initial access or accessto a new
cell after handover. It offers the same number of training sequences as burst type 1.

The data fields of the burst type 3 have alength of 976 chips and 880 chips, respectively. The corresponding number of
symbols depends on the spreading factor, asindicated in table 1 above. The midamble of burst type 3 has a length of
512 chips. The guard period for the burst type 3 is 192 chip periods long. The burst type 3 is shown in Figure 6. The
contents of the burst fields are described in table 4.

Table 4: The contents of the burst type 3 fields

Chip number (CN) | Length of field in chips | Length of field in symbols Contents of field
0-975 976 Cf table 1 Data symbols
976-1487 512 - Midamble
1488-2367 880 Cftable 1 Data symbols
2368-2559 192 - Guard period
Data symbols Midamble Data symbols GP
976 chips 512 chips 880 chips 192
CP
2560%T,
< >

Figure 6: Burst structure of the burst type 3. GP denotes the guard period and CP the chip periods

5224 Transmission of TFCI
All burst types 1, 2 and 3 provide the possihility for transmission of TFCI.

The transmission of TFCI is negotiated at call setup and can be re-negotiated during the call. For each CCTrCH it is
indicated by higher layer signalling, which TFCI format is applied. Additionally for each allocated timedlot it is
signaled individually whether that timeslot carries the TFCI or not. The TFCI is always present in the first timeslot in a
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radio frame for each CCTrCH. If atime slot contains the TFCI, then it is always transmitted using the physical channel
with the lowest physical channel sequence number (p) in that timeslot. Physical channel sequence numberingis
determined by the rate matching function and is described in [7].

The transmission of TFCI is done in the data parts of the respective physical channel. In DL the TFCI code word bits
and data bits are subject to the same spreading procedure as depicted in [8]. In UL, independent of the SF that is applied
to the data symbolsin the burst, the datain the TFCI field are always spread with SF=16 using the channelisation code
in the branch with the highest code numbering of the allowed OV SF sub tree, as depicted in [8]. Hence the midamble
structure and length is not changed. The TFCI code word isto be transmitted directly adjacent to the midamble,
possibly after the TPC. Figure 7 shows the position of the TFCI code word in atraffic burst in downlink. Figure 8
shows the position of the TFCI code word in atraffic burst in uplink.

1% part of TFCI codeword 2™ part of TFCI code word
\ /
\ / o

Data symbols Midamble Data symbols

< Ny,
\ ,

512/256 chips

A
\4

2560* T,

Figure 7: Position of the TFCI code word in the traffic burst in case of downlink

1% part of TFCI code word 2" part of TFCI code word
\ 7
Data symbols Midamble Data symbols P
< > \Mpc
512/256 chips
< >
2560* T,

Figure 8: Position of the TFCI code word in the traffic burst in case of uplink

Two examples of TFCI transmission in the case of multiple DPCHs used for a connection are given in the Figure 9 and
Figure 10 below. Combinations of the two schemes shown are a so applicable.

2560* T,

A
Y

Code

7

AT
L=

[ ] Daa
M ™idamble

TFCI

Y

Figure 9: Example of TFCI transmission with physical channels multiplexed in code domain
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2560* T,

I 11111117 |

T -] T

[] pata
MM Midamble
TFCI

Figure 10: Example of TFCI transmission with physical channels multiplexed in time domain

In case the Node B receives an invalid TFlI combination on the DCHs mapped to one CCTrCH the procedure described
in [16] shall be applied. According to this procedure DTX shall be applied to all DPCHs to which the CCTrCH is
mapped to.

5.2.25 Transmission of TPC
All burst types 1, 2 and 3 for dedicated channels provide the possibility for transmission of TPC in uplink.

The transmission of TPC is done in the data parts of the traffic burst. Independent of the SF that is applied to the data
symbolsin the burst, the datain the TPC field are always spread 