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Optimized Cell ID Codes for SSDT Power Control in
W-CDMA System
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Abstract

The code division multiple access(CDMA) system capacity is limited by the amount of interference of the
system. To reduce the unnecessary interference, this paper proposes optimized cell identification codes for site
selection diversity transmission(SSDT) power control in wideband code division multiple access system of third
generation partnership project(3GPP). The main objective of SSDT power control is to transmit on the downlink
from the primary cell, and thus reducing the interference caused by the multiple transmission. In order to select
a primary cell, each cell is assigned a temporary identification(ID) and user equipment(UE) periodically informs
a primary cell ID to the connecting cells during soft handover. The non-primary cells selected by UE do not
transmit the dedicated physical data channel(DPDCH) to reduce the interference.

A major issue with the SSDT technology is the impact of uplink symbol errors on its performance. These errors
can corrupt the primary ID code and this may lead to wrong decoding in the base station receivers. The proposed
SSDT cell ID codes are designed to minimize the problem and to be easily decoded using simple fast Hadamard
transformation(FHT) decoder.
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Optimized Cell ID Codes for SSDT Power Control in W-CDMA System

1. Introduction

Site selection diversity transmission (SSDT) is a
macro diversity method to be used in soft handover
mode activated and deactivated by the network in
wideband code division multiple access (W-CDMA)
system of 3GPP'M?. The cells from active set of
user equipment (UE) are classified into two classes:
primary and non-primary cells. When UE is in a soft
handover, UE receives signals from several cells.
However, the signals from some cells may be poor
and then increase interference. In this situation,
SSDT allows only primary cells to transmit on the
downlink, thus reducing the interference caused by

multiple ~transmissions!'.

Another objective is to
achieve fast site selection without network inter-
vention, thus maintaining the advantage of the soft
handover'"". The base station compares its temporary
identification (ID) assigned by the network with
received ID which a UE sends periodically. A major
issue with the SSDT technology is the impact of
uplink symbol errors on its performance. These
errors can corrupt the primary ID code and this may
lead to wrong decoding in the base station receivers.
To minimize the problem, we propose optimum
SSDT cell ID codes which is currently accepted in
3GPP speciﬁcation[”’m. The proposed SSDT cell ID
codes can also be easily decoded using fast Hada-
mard transformation (FHT) decoder!l,

This paper is consisted as follows: dedicated
uplink physical channels and compressed mode
operation are explained in section [I, SSDT power
control and SSDT ID codes are described in section
[l and IV, respectively. In section V, we show
simulation results and finally conclude this paper in
section V.

II. Channel Structure and Compressed Mode

There are two types of DPCH channels. One is
dedicated physical data channel (DPDCH) which

carries the user data and the other is dedicated
physical control channel (DPCCH) which carries the
control information. Each DPCH frame is consisted
of 15 slots. We can transmit 10 to 960 bits in
DPDCH and 10 bits in DPCCH per each slot”.

SSDT ID codes are transmitted using FBI S-filed
of uplink DPCCH. In Fig. 1, uplink DPCCH channel
structure and FBI field structure are shown. The
length of FBI filed, Nfai, is 0 to 2 bits and the
length of FBI S-filed is also 0 to 2 bits. During
SSDT operation, in fact, the length of FBI S-field is
1 or 2 bits. Therefore, the sum of the length of FBI
S-field in one frame is 15 or 30"\

In W-CDMA system the compressed mode is
needed when making measurements from another
frequency without a full dual receiver terminal. The
compressed mode means that transmission and
reception are halted for a short time, in the order of
a few milliseconds, in order to perform measure-
ments on the other frequencies[(’]‘m. As illustrated in
Fig. 2, the instantaneous transmit power is increased
in the compressed frame in order to keep the quality
(bit error rate, frame error rate, etc.) unaffected by
the reduced processing gain'”’. In compressed mode,
maximum 7 slots per frame can be punctured to

measure communication systems (e.g. GSM: Global
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Fig. 1. (a) The structure of the uplink DPCH.
(b) The structure of the FBI field in up-
link DPCCH channel.
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One frame
{10 ms) Tranemission gap available for
inter-frequency measurements

Fig. 2. Compressed mode transmission.

System for Mobile Communications) with different
frequency'®. Since SSDT ID code can be also pun-
ctured in compressed mode, we have to design the
SSDT ID code to minimize the performance degra-

dation in compressed mode.

. SSDT Power Control

SSDT is a macro diversity method to be used in
soft handover mode activated and deactivated by the
network in W-CDMA™. The UE selects one of the
cells from its active set to be 'primary', all other cells
are classed as 'non primary'. The main objective is to
transmit on the downlink from the primary cell, thus
reducing the interference caused by multiple
transmissions in a soft handover mode"’. In order to
select a primary cell, each cell is assigned a
temporary identification (ID) and the UE periodically
sends the ID code of the primary cell via portion of
the uplink FBI S-field assigned for SSDT use!™*. At
the UE, the primary ID code to be sent to the cells
is segmented into a number of portions. These
portions are distributed in the uplink FBI S-field.
During SSDT power control, cells collect the
distributed portions of the primary ID code and
detect the transmitted ID. The update period of the
primary cell depends on the settings of the code
length and the number of FBI bits assigned for
SSDT use. The primary cell is updated from 1 to 5
times per frame according to the operation modes.

A cell recognizes its state as non-primary if the
following conditions are fulfilled simultaneously:
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— the received primary ID code does not match
with the own ID code;

— the received uplink signal quality satisfies a
quality threshold, Qu, a parameter defined by
the network;

— when the use of uplink compressed mode does
not result in excessive levels of puncturing on
the coded ID. The acceptable level of
puncturing on the coded ID is less than (int)
Np/3 symbols in the coded ID, where Ny is
the length of the coded ID.

Otherwise the cell recognizes its state as primary.

The non-primary cells selected by UE switch off

the transmission power[”. However, to maintain the
benefit of soft handover, the non-primary cells
continue to transmit the DPCCH. SSDT activation,
SSDT termination, and ID assignment are all carried

out by higher layer signalling ",

IV. SSDT ID Codes

There are three types of SSDT ID codes: long,
medium, and short SSDT ID codes which are shown
in Table 1 and 2. When transmitting each type of
SSDT ID codes, we use 1 or 2 bits per slot of FBI
S-field in uptink DPCCH channel of Fig. 1. SSDT
ID codes of Table 1 and 2 are used for the case of
1 bit and 2 bits per slot of FBI S-field, respectively.
For medium SSDT ID code with 1 bit FBI S-field

Table 1. Settings of SSDT ID codes for 1 bit
S-field in FBI.

ID code
1D label "long" "medium" "short"
A 000000000000000 | (0)0000000 00000
101010101010101 | (0)1010101 01001
011001100110011 | (0)0110011 11011
110011001100110 | (0)1100110 10010
000111100001111 | (0)0001111 00111
101101001011010 | (0)1011010 | 01110
011110000111100 | (0)0111100 11100
110100101101001 | (0)1101001 | 10101
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Table 2. Settings of ID codes for 2 bits S-field

in FBL
ID code
(Column and Row denote slot position and
FBI-bit position.)
ID label "long" "medium"” "short"
A (0)0000000 (0)000 000
(0)0000000 (0)000 000
B (0)0000000 (0)000 000
(D111 (O 1
C (0)1010101 (0101 101
(0)1010101 (MH101 101
D (0)101010t (0)101 101
(10101010 (1)010 010
E (0)0110011 (0)011 o1
(0)0110011 (0)011 01
F (0)0110011 (0)011 011
(1)1001100 (1)100 100
G (01100110 0110 110
(NO1100110 0110 110
H (0)1100110 (0110 110
(1)0011001 (1001 001

of Table 1, the length of SSDT ID code is 7 or 8
bits. Therefore, a medium SSDT ID code with 1 bit
FBI S-field is transmitted in such a way that the first
8 bits are transmitted over 8 slots and then the next
7 bits are transmitted over 7 slots since a frame is
consists of 15 slots. In the case of 2 btis FBI S-filed
of Table 2, 30 bits should be transmitted through
S-field during one frame. Thus in the case of
medium SSDT ID code of Table 2, 8 bits and 6 bits
codes are transmitted 3 times and once per frame,
respectively.

Symbol errors can corrupt the primary ID code
and this may lead to wrong decoding at the base
station receivers. As a result, a wrong cell or even
no cell can be assigned as primary cell. In case of

compressed mode, the wrong decoding problem may

Table 3. Minimum Hamming distance of the designed SSDT 1D code(dmn :

be more serious due to the puncturing of symbols of
ID codes" M,

To optimize the SSDT performance considering
compressed mode, we design the SSDT ID codes so
as to minimize the loss of minimum Hamming
distance due to puncturing. We also considered the
simplicity for decoding of the SSDT ID codes.
Therefore, we design the SSDT ID code based on
the simplex code®. That is, SSDT ID codes are
designed by puncturing some bits of Hadamard code.
Note that the first bit of Hadamard code is '0'. When
puncturing the first bit of Hadamard code, we get no
loss in minimum Hamming distance caused by
puncturing. The punctured Hadamard code in the
first bit position is called simplex code and by using
this code we can obtain the benefit in terms of SNR
(Signal to Noise Ratio)®™. The bit in parenthesis of
Table 1 and 2 means to be punctured when punc-
turing is required.

The short SSDT ID codes are designed by
puncturing the Hadamard code of length 8. For the
short SSDT ID code with 1 bit FBI S-field, 3 bits
are punctured, and for the short ID code with 2 bits
FBI S-field 2 bits are punctured. When we puncture
the original Hadamard code, we design the ID code
considering the distance property. For the medium
and long SSDT ID code, we design the ID code by
puncturing the Hadamard code of length 8 and 16,
respectively. The same rule of puncturing is adopted
for the medium and long SSDT ID code, too. SSDT
ID codes can have code length 5, 8, 7, 15 for 1 bit
S-field and 6, 8, 14, and 16 bits for 2 bits S-field
as shown in Table 1 and 2. Table 3 shows the
minimum Hamming distance of the proposed SSDT
ID codes. From', we see that the proposed SSDT

minimum Hamming distance).

I bit S-field of FBI i 2 bits S-field of FBI |
Type Long Medium Short Long Medium Short
Codeword length 15 bits 7 bits 8 bits 5 bits 14 bits | 16 bits 8 bits 6 bits 6 bits
Arin 8 4 4 2 7 8 4 3 3
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ID codes except the ID code of length 14 meet the
maximum possible minimum distance of a binary
linear code. Because of such optimum distance
property and simplicity of implementation, the
proposed SSDT ID codes are accepted in W-CDMA

system of 3GPP speciﬁcation“]‘m.

V. Simulation Results and Discussions

In this section, we show the performance of the
designed SSDT ID codes. The performance of the
SSDT ID codes of 1 bit FBI S-field and 2 bits FBI
S-filed over additive white Gaussain noise (AWGN)
channel is shown in Fig. 3 and Fig. 4, respectively.
The long ID code shows the best performance due to
the best minimum distance property. For 2 bits FBI
S-field, the medium and the short ID code show the

10 e B ey
- ; 11“;7Loﬁglbmds !

- | - Medium ID code |

"l 4o ShotiDcode |

Fig. 3. Performance of SSDT ID code with 1 bit
FBI S-field over AWGN.
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Fig. 4. Performance of SSDT ID code with 2 bits
FBI S-field over AWGN.
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similar performance. That results from little diffe-
-rence in the minimum distance.

The performance of the SSDT ID codes over a
fading channel is shown in Fig 5 and 6, respectively.
The simulation environments are as follows:

- Frequency non-selective fading channel (flat

fading channel)

Carrier frequency: 2 GHz
Vehicle speed: 30 km/h and 120 km/h
Jakes' Doppler spectrum

Perfect channel estimation

-~ No power control

From the Fig. 5 and Fig. 6, we can see the
performance is better when the vehicle speed is high
since more time diversity gain can be obtained. We
also see that the larger the SSDT ID code gets, the
better performance it has because the long ID code
has better distance property than those of the
medium and the short ID codes. In Fig. 6, the
performance of the medium and the short ID code is
almost same when the vehicle speed is 30 km/h. The
difference in minimum distance between them is
zero or one. From this result, we can see that the
performance of the SSDT ID code with a slow
vehicle speed has little difference although there
exists small difference in the minimum distance. On
the other hand, a little degradation in the minimum

distance property shows relatively large performance

-, = LongID code{v=120 km/h}
z £ Medium ID code(v=120 km/h]
A Short 1D code(v=120 k)
T Long 1D code(v=30 kmh)
R Medun 1D code(v=30 km/h)
L. %__Shot 1D coda{v=30 kmvh) ]

0t e

Fig. 5. Performance of SSDT ID code with 1 bit
FBI S-field over flat fading channel (v :
vehicle speed).
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Fig. 6. Performance of SSDT ID code with 2 bits
FBI S-field over flat fading channel (v :
vehicle speed).

degradation over a fast vehicle speed.

V1. Conclusions

In this paper, we designed the SSDT cell ID
codes, which are adopted in W-CDMA system of
3GPP. We designed the codes by the criterion of
minimizing the loss in minimum Hamming distance
due to puncturing to consider compressed mode.
Furthermore, at the side of base station, the codes
can be easily decoded with simple FHT decoder. By
using the property of the Hadamard code, we could
optimize the SSDT ID code performance in W-
CDMA system.
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