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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 membersand non-members, and can be found
in SR 000 314 "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in respect
of ETS standards', which is available free of charge from the ETS| Secretariat. Latest updates are available on the
ETSI Web server (http://www.etsi.org/ipr).

Pursuant to the ETSI IPR Policy, no investigation, including I PR searches, has been carried out by ETSI. No guarantee
can be given as to the existence of other IPRs not referenced in 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 Report (TR) has been produced by ETSI Technical Committee Special Mobile Group (SMG).

The present document has been elaborated by the Layer 1 expert group of SMG2 "Radio aspects’, as a part of the work
in defining and describing Layer 1 of the Universal Mobile Telecommunications System (UMTS) Terrestrial Radio
Access (UTRA).

The present document describes the spreading and modulation in UTRA/TDD.

ETSI
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1 Scope

This Technical Report establishes the characteristics of the spreading and modulation in the TDD mode of UTRA. The
main objectives of the document are to be a part of the full description of the UTRA Layer 1, and to serve as abasis for
the drafting of the actual technical specification (TS).

2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.
« References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.
» For aspecific reference, subsequent revisions do not apply.
» For anon-specific reference, the latest version applies.
* A non-specific reference to an ETS shall also be taken to refer to later versions published as an EN with the same
number.
[1] Reference 1.

3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the following terms and definitions apply:
<defined term>: <definition>.

3.2 Symbols

For the purposes of the present document, the following symbols apply:
<symbol> <Explanation>

3.3 Abbreviations

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

CDMA Code Division Multiple Access
PN Pseudo Noise
QPSK Quadrature Phase Shift Keying
RACH Random A ccess Channel

4 General

< Documentation status: A chip rate equal to the FDD mode, 4.096 Mcps, is to be considered as working assumption.>
In the following, a separation between the data modulation and the spreading modulation has been made. The data
modulation is defined in clause 5 and the spreading modulation in clause 6.

Table 1: Basic modulation parameters

Chip rate same as FDD basic chiprate,
4.096 Mchip/s
Carrier spacing 5.0 MHz
Data modulation QPSK
Chip modulation same as FDD chip modulation,
root-raised cosine
roll-off a = 0.22
Spreading characteristics Orthogonal
Q chips/symbol,
where Q = 2°, 0 <=p <=4

ETSI
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5 Data modulation

< Documentation status: Everything in this clauseis to be considered as working assumption, except otherwise
explicitly stated. >

5.1 Symbol rate

The symbol rate and duration areindicated below:

Ts=Qx T, where T, = W = 0.24414 ys, reflecting the dependence of the symbol time T upon the spreading

factor Q.

5.2 Mapping of bits onto signal point constellation

A certain number K of CDMA codes can be assigned to either asingle user or to different users who are simultaneously
transmitting bursts in the same time slot and the same frequency. The maximum possible number of CDMA codes,
which is smaller or equal to 16, depends on the individual spreading factors, the actual interference situation and the
service requirements. In UMTS X X.09 examples of bodies of such spread bursts associated with a particular user are
shown. Each user burst has two data carrying parts, termed data blocks:

(ki) = (g ki) (ki) (KiNNT 29 o0 p =

d (d;™",d5 ,...,gNk) i=1,2,k=1,.,K 6
N is the number of symbols per datafield for the user k. This number is linked to the spreading factor Qy as described
intable 1 of XX.09.

Datablock d®? istransmitted before the midamble and datablock d®? after the midamble. Each of the Ny data

symbols gﬂ"‘); i=1, 2; k=1,...,K; n=1,...,N,; of equation 1 has the symbol duration Ts(k) =Q.T; asalready given.

The data modulation is QPSK, thus the data symbols d E]k'i) are generated from two interleaved and encoded data bits
Koo}  1=12k=1..K; n=1.,Ngi=12 @)

Re{_(k |)} (Zbl(k i 1)

Im{_(k')} (2b§k') -1 k=1..K;n=1..,Ny; i=12

using the equation

(©)

Equation 3 corresponds to a QPSK modulation of the interleaved and encoded data bits b(k D of equation 2.

5.3 Pulse shape filtering

< Documentation status: The use of root-raised cosine pulse shaping is the working assumption. Another proposal exist
in Tdoc SMG2 UMTSL1 17/98. >
The pulse shape filtering is applied to each chip at the transmitter. In this context the term chip represents asingle

element gg‘) with k=1,...,K; g=1,...,Qx; of aspreading code g(k) ; see also subclause 6.2.

The impul se response of the above mentioned chip impulse filter Cry(t) shall be aroot-raised cosine. The corresponding
raised cosine impulse Cy(t) is defined as

smT[T— COSO(T[T—
Col)=— & B——5 @
s 1-40?
c Tc2

The roll-off factor shall be o =0.22. T, isthe chip duration:

c

- =0.24414us
chiprate

The impulse response Cy(t) according to equation 4 and the energy density spectrum ®cq(f) of Cy(t) are depicted in
figure 1 below:

ETSI
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“0 | Grafikname: iczcdog Grafikname:
Erstellt in: Erstellt in:
Erstellt am: Erstellt am:
Figure 1: Basic impulse Cy(t) and the corresponding energy density spectrum ®co(f) of Co(t)
6 Spreading modulation

< Documentation status: Everything in this clauseis to be considered as working assumption, except otherwise
explicitly stated. >

6.1 Basic spreading parameters

Each datasymbol d®") of equation 1 is spread with a spreading code ¢ of length Q, [{1,2,4,8,16} . The resulting
sequence is then scrambled by a sequence v of length 16.

6.2 Spreading codes

The elements (_:gk); k=1....K; g=1,...,Qy; of the spreading codes g(k)z((_:ﬁk),(_:(zk),...,gg‘:) ; k=1,...,K; shall be taken from
the complex set
Ve={Lj,-1-j} ©)

In equation 5 the letter j denotes the imaginary unit. A spreading code g(k) is generated from the binary codes

k) — k k k . . H
a(Qk) —(ai( Val .., a-((g )) of length Q, shown in Figure 2 allocated to the k™ user. The relation between the elements

k
(k) )

(k
q and 84

C isgiven by:
K) _ ¢ k =
="l a9 ofL-%a=1..Q« (6)
Hence, the elements ggk) of the CDMA codes (_:(k) are alternating real and imaginary.
The ag‘k ) are Orthogonal Variable Spreading Factor (OV SF) codes, alowing to mix in the same timeslot channels with

different spreading factors while preserving the orthogonality. The OV SF codes can be defined using the code tree of
Figure 2.

ETSI
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alh =11y [
agz =y [ 1

alr? = (11,-1-1)

al? = (1 _
alry = (1-11-))
ags =(1-1)

altd =(L-1-1) |
oot oes e

Figure 2: Code-tree for generation of Orthogonal Variable Spreading Factor (OVSF) codes

Each level in the code tree defines a spreading factors indicated by the value of Q in the figure. All codes within the
code tree cannot be used simultaneously in agiven timesiot. A code can be used in atimeslot if and only if no other code
on the path from the specific code to the root of the tree or in the sub-tree below the specific codeis used in this
timeslot. This means that the number of available codesin adot is not fixed but depends on the rate and spreading

factor of each physical channel.

The spreading factor goes up to Quax=16.

6.3 Scrambling codes
The spreading of data by a code c® of length Qy isfollowed by a cell specific scrambling sequencev=(v1, v2, ...

Voumax). The length matching is obtained by concatenating Quax/Qk spread words before the scrambling. The schemeis
illustrated in Figure 3 below and is described in more detail in subclause 6.4

ETSI
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k,i Kk, K,i .
dl( ) dé ) d&e) data bits

Quax
|

k
Spreading of each data bit by the code word c

v

(k,i) (ki) (ki) (k,i) (ki) (ki) (ki) (ki) (k,i) (ki) (ki) (ki)
di (e, ey ) A (e e ) | L (g (e e ey )
Q«

Chip by chip multiplication by scrambling sequence v
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Spread and scrambled data

Figure 3: Spreading and subsequent scrambling of data bits

6.4 Spread and scrambled signal of data symbols and data
blocks

The combination of the spreading and cell specific scrambling codes can be seen as a user and cell specific spreading

(k) —[ (k) . (k) — A(K) = _ _
code S —(S ) with S,/ =C N | _ ck=1,... K, p=1,..., N Q.
P P 1[(p-1) mod, ] 1+{(p-1) mod Qua |

With the root raised cosine chip impulse filter Crq(t) the transmitted signal belonging to the data block d (kD) of
equation 1 transmitted before the midambleis:

Ny Q«
D) = Zg(ﬂk,n Zs((gzl)Qk+q Tro(t - (@-)Te - (1-DQTe) ™
n= q:
and for the data block d k:2) of equation 1 transmitted after the midamble

Ny Q«
2 (p) = Zggk,z) ZS((QDQHQ [Cro(t = (a4 -DTc — (N =DQcTe = NkQTe — LinTe)- 8
n= q:

where L, is the number of midamble chips.
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