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The asserted claims of U.S. Patent No. 9,768,842 (“the ’842 patent”) are obvious over Motorola StarTAC 7868 (including StarTAC 
7868w) (“StarTAC”) in view of the knowledge of the person of ordinary skill in the art and one or more of the following references: 
“Multi-Carrier CDMA Mobile Radio Systems - Analysis and Optimization of Detection, Decoding, and Channel Estimation” (“Kaiser-
1998”) “Multicarrier Joint Detection CDMA Mobile Communications” (“Berens-1997”), “On the Duality of Multi-Carrier Spread 
Spectrum and Single-Carrier Transmission” to Brüninghaus et al. (“Brüninghaus-1997”), “A New Spread-Spectrum Multiple-Access 
Scheme” (“Sorger-1997”), “Multi-Carrier Spread Spectrum and Its Relationship to Single-Carrier Transmission” to Brüninghaus et al. 
(“Brüninghaus-1998”), “Interleaved FDMA-A New Spread-Spectrum Multiple-Access Scheme” (“Sorger-1998”), “An Improved 
MMSE Based Block Decision Feedback Equalizer” (“Bury-1999”), “Comparison of Amplitude Distributions for Hadamard Spreading 
and Fourier Spreading in Multi-Carrier Code Division Multiplexing” (“Bury-2000”), European Patent Appl. No. 1 037 407 A2 to Song 
et al. (“Song-407”), U.S. Patent No. 6,188,717 to Kaiser et al. (“Kaiser-717”), “Broadband OFDM-FDMA System for the Uplink of a 
Wireless LAN” (“Galda-2001”), and “A Low Complexity Transmitter Structure for OFDM-FDMA Uplink Systems” (“Galda-2002”). 
Motorola StarTAC 7868 was released in or before 2000 and thus qualifies as prior art under pre-AIA § 102(b) or post-AIA § 102(a)(1). 
Kaiser-1998 published in Jan. 1998. Therefore, Kaiser-1998 qualifies as prior art under pre-AIA 35 U.S.C. § 102(b) or post-AIA § 
102(a)(1).  
Berens-1997 published on May 04, 1997. Therefore, Berens-1997 qualifies as prior art under pre-AIA 35 U.S.C. § 102(b) or post-AIA 
§ 102(a)(1).
Brüninghaus-1997 published on Aug. 31, 1997. Therefore, Brüninghaus-1997 qualifies as prior art under pre-AIA 35 U.S.C. § 102(b) 
or post-AIA § 102(a)(1). 
Sorger-1997 published on Aug. 31, 1997. Therefore, Sorger-1997 qualifies as prior art under pre-AIA 35 U.S.C. § 102(b) or post-AIA 
§ 102(a)(1).
Brüninghaus-1998 published on May 18, 1998. Therefore, Brüninghaus-1998 qualifies as prior art under pre-AIA 35 U.S.C. § 102(b) 
or post-AIA § 102(a)(1).   
Sorger-1998 published in June 1998. Therefore, Sorger-1998 qualifies as prior art under pre-AIA 35 U.S.C. § 102(b) or post-AIA § 
102(a)(1). 
Bury-1999 published on Dec. 31, 1999. Therefore, Bury-1999 qualifies as prior art under pre-AIA 35 U.S.C. § 102(b) or post-AIA § 
102(a)(1). 
Bury-2000 published in 2000. Therefore, Bury-2000 qualifies as prior art under pre-AIA 35 U.S.C. § 102(b) or post-AIA § 102(a)(1). 
Song-407 published on Aug 20, 2000. Therefore, Song-407 qualifies as prior art under pre-AIA 35 U.S.C. § 102(b) or post-AIA § 
102(a)(1). 
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Kaiser-717 issued/published on Feb. 13, 2001. Therefore, Kaiser-717 qualifies as prior art under pre-AIA 35 U.S.C. § 102(b) or post-
AIA § 102(a)(1). 
Galda-2001 published on Sept. 27, 2001. Therefore, Galda-2001 qualifies as prior art under pre-AIA 35 U.S.C. § 102(a) or post-AIA § 
102(a)(1). 
Galda-2002 was published on May 06, 2002. Therefore, Galda-2002 qualifies as prior art under pre-AIA 35 U.S.C. § 102(a) or post-
AIA § 102(a)(1). 
The asserted claims and the alleged priority date of the ’842 patent are identified below: 

’842 Patent Asserted Claims Alleged Priority Date 

1, 2, 3, 4, 7, 8, 9 “May 14, 2002” (ACICS at 8) 

The Court has not yet construed the claims and therefore the meaning of the terms in the claims has yet to be resolved by the Court. The 
support identified herein may be responsive at least in part to Plaintiff’s infringement contentions, with which Defendant does not 
necessarily agree. As such, nothing in Defendant’s claim charts should be construed as an admission regarding infringement, or as an 
admission regarding Defendant’s understanding of the proper scope of the asserted claims. Defendant reserves the right to rely on 
additional citations or sources of evidence that also may be applicable, or that may become applicable in light of claim construction, 
changes in Plaintiff’s infringement contentions, and/or information obtained during discovery. 
Where Defendant cites a particular figure, such citation should be understood to encompass the caption and description of the figure, in 
addition to the figure itself. Conversely, where a cited portion of text refers to a figure, the citation should be understood to include the 
figure as well.  
Defendant reserves the right to amend or supplement this claim chart at a later date as more fully set forth in the Cover Pleading based 
on, for example and without limitation, any amendments to the pleadings, or applicable rulings from the Court. 

Claim Language StarTAC and Other References 
 

[1PRE] An OFDM transmitter, comprising: To the extent that the preamble is a limitation, StarTAC had a DS-CDMA 
transmitter. See, e.g., Motorola CDMA ST7868W Dual Band/Tri Mode, Service 
Manual Level III, pp. 15-17 (describing the “Transmitter Circuitry” used in the 
StarTAC).  
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Id., p.19. 
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Id., p.21; see also id., pp.80-84 (schematics showing transmitter and other RF 
communications components for CDMA communications). But, StarTAC is not an 
OFDM product, and thus does not have an OFDM transmitter. A POSA would have 
been aware of developments seeking to add data and higher transmission rates and 
overall network throughput in cellular and other wireless communications 
technologies. Such technologies were designed to improve on the technology 
underlying the transmitter used in, for example, StarTAC. A POSA thus would have 
found it obvious to modify StarTAC using the technologies described in one or 
more of the following references and arrive at the claimed subject matter:  
For example, Kaiser-1998 discloses:  

 
Kaiser-1998 at Fig. B.1. 
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Kaiser-1998 at Fig. B.2. 

 
Kaiser-1998 at Fig. 3.8. 
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Kaiser-1998 at Fig. 3.2. 

 
Kaiser-1998 at Fig. 3.6. 
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Kaiser-1998 at Fig. 3.7. 

 
Kaiser-1998 at Fig. 3.8. 
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Kaiser-1998 at 6.1. 

 

[1A] an OFDM spreader configured to spread 
a plurality of data symbols with Fourier 
coefficients to generate a discrete Fourier 
Transform (DFT)-spread data signal; 

StarTAC included a CDMA transmitter that used an earlier generation of wireless 
communication technology. As such it did not include an OFDM spreader 
configured to spread a plurality of data symbols with Fourier coefficients to 
generate a discrete Fourier Transform (DFT)-spread data signal.  
A POSA would have been aware of developments seeking to add data and higher 
transmission rates and overall network throughput in cellular and other wireless 
communications technologies. Such technologies were designed to improve on the 
technology underlying the transmitter used in, for example, StarTAC. A POSA thus 
would have found it obvious to modify StarTAC using the technologies described in 
one or more of the following references and arrive at the claimed subject matter: 
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For example, Kaiser-1998 discloses:  

 
Kaiser-1998 at Fig. B.1. 

This section presents a novel multiple access scheme which is referred to 
as spread spectrum multi-carrier multiple access (SS-MC-MA). Similar to 
MC-CDMA, SS-MC-MA exploits the advantages given by the 
combination of the spread spectrum technique with MC modulation 
[KaF96, KaF97a]. An SS-MC-MA system is superior compared to an MC-
CDMA system in the uplink of a mobile radio system due to a simple 
channel estimation and a low-complex data detection. Whereas, an MC-
CDMA system outperforms an SS-MC-MA system in the downlink, as it 
will be shown at the end of this section. Before presenting the SS-MC-MA 
signal structure and its uplink performance, the basic similarities and 
differences between SS-MC-MA and MC-CDMA systems are pointed out. 
This can preferably be done by comparing the SS-MC-MA and the MC-
CDMA transmitter for the downlink. Fig. B.1 shows the SS-MC-MA 
transmitter for the downlink. The counterpart is the MC-CDMA transmitter 
with 𝑀𝑀-Modification shown in Fig. 3.8. For convenience, the case with 𝑀𝑀 
equal to 𝐿𝐿 and 𝐾𝐾𝑚𝑚𝑚𝑚𝑚𝑚 equal to 𝐿𝐿 is considered in this comparison. It can be 
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observed that both transmitters are identical except for the mapping of the 
user data to the subsystems. In SS-MC-MA systems, one user maps 𝐿𝐿 data 
symbols to one subsystem which this user exclusively uses for 
transmission. Consequently, different users use different subsystems in SS-
MC-MA systems. In MC-CDMA systems, 𝑀𝑀 data symbols per user are 
mapped to 𝑀𝑀 different subsystems where each subsystem is shared by 
different users. 

Kaiser-1998 at 130-131. 

Between SS-MC-MA and MC-CDMA systems exist the following 
similarities: 

• SS-MC-MA and MC-CDMA systems exploit frequency diversity 
by spreading each data symbol over 𝐿𝐿 subcarriers. 

• Per subsystem, the same data detection techniques can be applied 
with both SS-MC-MA and MC-CDMA systems. 
• ISI and ICI can be avoided in SS-MC-MA and MC-CDMA 
systems, resulting in simple data detection techniques. 

Kaiser-1998 at 131. 

Between SS-MC-MA and MC-CDMA systems exist the following 
differences: 

• In SS-MC-MA systems, the code division is used for the 
simultaneous transmission of the data of one user on the same 
subcarriers, whereas in the case of MC-CDMA systems, the code 
division is used for the transmission of the data of different users 
on the same subcarriers. Therefore, SS-MC-MA is an FDMA 
scheme on subcarrier level, whereas MC-CDMA is a CDMA 
scheme. 
• MC-CDMA systems have to cope with MAI, which is not present 
in SS-MC-MA systems. Instead of MAI, the SS-MC-MA system 
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has to cope with self interference caused by the superposition of 
signals from the same user. 
• In SS-MC-MA systems, each subcarrier is exclusively used by 
one user, enabling low complex channel estimation especially for 
the uplink. In MC-CDMA systems, the channel estimation in the 
uplink has to cope with the superposition of signals from different 
users which are faded independently on the same subcarriers, 
increasing significantly the complexity of the uplink channel 
estimation. 

• In an MC-CDMA system, 𝑀𝑀 data symbols are spread over 𝑀𝑀 · 𝐿𝐿 
subcarriers, whereas in an SS-MC-MA system, 𝐿𝐿 data symbols are 
spread over the same 𝐿𝐿 subcarriers. Hence, MC-CDMA is able to 
exploit more frequency diversity. 

Kaiser-1998 at 131. 

 
Kaiser-1998 at Fig. B.2. 

SS-MC-MA Transmitter: Fig. B.2 shows an SS-MC-MA transmitter with 
channel coding for the data of the 𝑘𝑘th user, 𝑘𝑘 =  1 …  𝐾𝐾, for the uplink. 
The components channel encoding, interleaving, and symbol mapping are 
identical to those described in Chapter 4 for MC-CDMA systems. In SS-
MC-MA systems, 𝐿𝐿 subsequent complex-valued data symbols 𝑑𝑑𝑙𝑙

(𝑘𝑘), 𝑙𝑙 =
1 … 𝐿𝐿, of user 𝑘𝑘 are serial-to-parallel converted. The vector 
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𝑑𝑑(𝑘𝑘) = �𝑑𝑑1
(𝑘𝑘),𝑑𝑑2

(𝑘𝑘), … ,𝑑𝑑𝐿𝐿
(𝑘𝑘)�

𝑇𝑇
(𝐵𝐵. 1) 

represents one block of 𝐿𝐿 parallel converted data symbols of the 𝑘𝑘th user. 
Each of the 𝐿𝐿 data symbols is multiplied with another orthogonal spreading 
code of length 𝐿𝐿. The 𝐿𝐿 ×  𝐿𝐿 matrix 

𝐶𝐶 = �𝑐𝑐1 𝑐𝑐2 …  𝑐𝑐𝐿𝐿� = �

𝐶𝐶 1,1 𝐶𝐶 2,1 ⋯ 𝐶𝐶 𝐿𝐿,1
𝐶𝐶 1,2 𝐶𝐶 2,2 ⋯ 𝐶𝐶 𝐿𝐿,2
⋮ ⋱ ⋯ ⋮

𝐶𝐶 1,𝐿𝐿 𝐶𝐶 2,𝐿𝐿 ⋯ 𝐶𝐶 𝐿𝐿,𝐿𝐿

� (𝐵𝐵. 2) 

represents the 𝐿𝐿 different spreading codes 𝑐𝑐𝑙𝑙 , 𝑙𝑙 = 1, … , 𝐿𝐿, used by user 𝑘𝑘. 
The matrix 𝐶𝐶 is the same for all users. The modulated spreading codes are 
data symbol and, thus, chip synchronously added, resulting in the 
transmission vector 

𝑠𝑠(𝑘𝑘) = 𝐶𝐶 𝑑𝑑(𝑘𝑘) = �𝑆𝑆1
(𝑘𝑘), 𝑆𝑆2

(𝑘𝑘), … , 𝑆𝑆𝐿𝐿
(𝑘𝑘)�

𝑇𝑇
(𝐵𝐵. 3) 

consisting of 𝐿𝐿 components. To increase the robustness of SS-MC-MA 
systems e.g. against inter cell interference, less than 𝐿𝐿 data modulated 
spreading codes can be added to one transmission vector 𝑠𝑠(𝑘𝑘). 

Kaiser-1998 at 131-132. 

In the following, the performance of an SS-MC-MA mobile radio system 
in the uplink is presented. Table B.1 shows the SS-MC-MA system 
parameters used in the uplink. These parameters are chosen such that they 
correspond as far as possible with the MC-CDMA system parameters for 
the downlink presented in Table 6.1. The SS-MC-MA system parameters 
described in the following differ from those of the MC-CDMA system 
presented in Chapter 6. The SS-MC-MA system transmits only on 256 
subcarriers. Since the channel estimation in the considered SS-MC-MA 
system is based on a 1-D filtering in time direction which should fulfill 
two-times oversampling of the time-variant fading process, the overhead 
due to pilot symbols can be reduced with decreasing OFDM symbol 
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durations. However, it has to be taken into account that with decreasing 
OFDM symbol duration the loss in bandwidth efficiency due to the guard 
interval increases. The used TDMA frame structure consisting of 4 time 
slots. A time slot corresponds to an OFDM frame consisting of 31 OFDM 
symbols as illustrated in Fig. B.4. Each user exclusively transmits on 8 
subcarriers, where 3 of the 8 subcarriers used by the 𝑘𝑘th user are depicted. 
Hence, per user, a block of 8 serial data symbols is parallel converted and 
spread with orthogonal Walsh Hadamard codes of length 𝐿𝐿 equal to 8, 
resulting after superposition in the transmission sequence 𝑠𝑠(𝑘𝑘), cf. (B.3). 
Note that in contrast to Fig. B.2, an additional interleaver is applied which 
scrambles 192 components of 24 transmission sequences 𝑠𝑠(𝑘𝑘) with the 
intention to increase the diversity potential of the system. Per OFDM 
symbol, 8 randomly interleaved components are mapped on 8 subcarriers 
exclusively used by the 𝑘𝑘th user. The 8 user specific subcarriers are 
distributed over the whole bandwidth. The receiver applies an MLSSE for 
data detection. The channel coding part is identical to that of the MC-
CDMA system presented in Chapter 6. 

Kaiser-1998 at 133-135. 

 
Kaiser-1998 at Fig. 1.4. 

Concept I: MC-CDMA is based on a serial concatenation of DS spreading, 
cf. Fig. 1.2, and MC modulation, cf. Fig. 1.3, [FaP93, YLF93, CBJ93]. The 
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high rate DS spread data stream is MC modulated in such a way, that the 𝐿𝐿 
chips of a spread data symbol are transmitted in parallel on different 
subcarriers. Thus, the assigned data symbol is simultaneously transmitted 
on 𝐿𝐿 subcarriers. If the number of subcarriers 𝑁𝑁𝑐𝑐 is equal to the spreading 
code length 𝐿𝐿, MC-CDMA requires the total bandwidth for the 
transmission of a single data symbol comparable to DS-CDMA. When 
choosing 𝐿𝐿 smaller than 𝑁𝑁𝑐𝑐 and introducing an appropriate frequency 
interleaving, the flexibility of an MC-CDMA system can be increased and 
the complexity of the data detector can be reduced [FaP93, Faz93]. Fig. 1.4 
shows the principle of an equivalent realization of the serial concatenation 
of DS spreading, cf. Fig. 1.2, and MC modulation, cf. Fig. 1.3. Each data 
symbol is copied onto 𝐿𝐿 substreams before multiplication with one chip of 
the spreading code per substream. A chip of the MC-CDMA spreading 
code grouped in the frequency domain has the duration 𝑇𝑇𝑐𝑐′, cf. Fig. 1.1, 
which is by a factor of 𝑁𝑁𝑐𝑐 greater than the duration 𝑇𝑇𝑐𝑐 of a chip of the DS-
CDMA spreading code. The case of 𝑁𝑁𝑐𝑐 equal to 𝐿𝐿 is illustrated in Fig. 1.4, 
yielding that the data symbol duration 𝑇𝑇𝑑𝑑, the chip duration 𝑇𝑇𝑐𝑐′, and the 
OFDM symbol duration 𝑇𝑇𝑠𝑠 are identical. Fig. 1.4 reflects the fact that MC-
CDMA has a spreading code grouped in the frequency domain. Comparing 
the spread data symbols of DS-CDMA, cf. Fig. 1.2, with those of MC-
CDMA, cf. Fig. 1.4, it can be seen that MC-CDMA offers an additional 
flexibility in the frequency domain, which results in simple methods for 
signal reconstruction in the frequency domain. MC-CDMA was introduced 
with OFDM for optimum use of the available bandwidth [FaP93, YLF93, 
CBJ93]. Most MC-CDMA systems were proposed for the downlink from 
a base station (BS) to a mobile station (MS) where powerful mobile 
receivers with low complexity are required [FaP93, YLF93, CBJ93]. The 
time/frequency synchronism between the users in the downlink allows a 
simple realization of an efficient channel estimation required for coherent 
detection. 

Kaiser-1998 at 6-7. 

 
 

Samsung v. GenghisComm 
IPR2025-00780, 9,768,842 

GC EX2015



Exhibit A-10 
Invalidity of U.S. Patent No. 9,768,842 in View of Motorola StarTAC 7868 (“StarTAC”) 

PAGE 15 OF 175 
ACTIVE 703178168v1 

 
Kaiser-1998 at Fig. 3.6. 

The generation of an MC spread spectrum signal is illustrated in Fig. 3.6 
and is applicable on the transmitter side in both the up- and the down-link. 
The serial concatenation of DS spreading, cf. Fig. 1.2, and MC modulation, 
cf. Fig. 1.3, is shown, however, the equivalent realization illustrated in Fig. 
1.4 is also applicable. The transmission of a complex-valued data symbol 
𝑑𝑑(𝑘𝑘) of the 𝑘𝑘th user is shown in Fig. 3.6. The data symbol 𝑑𝑑(𝑘𝑘) to be 
transmitted over the radio channel is taken from the complex data symbol 
alphabet 

𝑉𝑉𝑑𝑑 = {𝑣𝑣𝑑𝑑,1, 𝑣𝑣𝑑𝑑,2, … , 𝑣𝑣𝑑𝑑,𝑀𝑀𝑑𝑑} (3.24) 

of size 𝑀𝑀𝑑𝑑. The data symbol 𝑑𝑑(𝑘𝑘) is obtained after symbol mapping, where 
𝑙𝑙𝑙𝑙𝑔𝑔2(𝑀𝑀𝑑𝑑) data bits are mapped into a complex-valued data symbol 𝑑𝑑(𝑘𝑘) 
[Pro95]. The data symbol rate is 1/𝑇𝑇𝑑𝑑. For brevity, but without loss of 
generality, the MC-CDMA signal generation is described for a single data 
symbol per user as far as possible, by omitting an otherwise necessary data 
symbol index. In the transmitter, the data symbol 𝑑𝑑(𝑘𝑘) is multiplied and, 
thus, marked with the user-specific spreading code 

𝑐𝑐(𝑘𝑘) = �𝐶𝐶1
(𝑘𝑘),𝐶𝐶2

(𝑘𝑘), … ,𝐶𝐶𝐿𝐿
(𝑘𝑘)�

T
(3.25) 
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of the 𝑘𝑘th user. The chips 𝐶𝐶𝑙𝑙
(𝑘𝑘), 𝑙𝑙 = 1, … , 𝐿𝐿, are taken from the complex 

chip alphabet 
𝑉𝑉𝑐𝑐 = {𝑣𝑣𝑐𝑐,1, 𝑣𝑣𝑐𝑐,2, … , 𝑣𝑣𝑐𝑐,𝑀𝑀𝑠𝑠} (3.26) 

of size 𝑀𝑀𝑠𝑠, where 𝑀𝑀𝑠𝑠 is not necessarily equal to 𝑀𝑀𝑑𝑑. The chip rate of the 
serial spreading code 𝑐𝑐(𝑘𝑘) before serial-to-parallel conversion is 

1
𝑇𝑇𝑐𝑐

=
𝐿𝐿
𝑇𝑇𝑑𝑑

(3.27) 

and is 𝐿𝐿 times higher than the data symbol rate 1/𝑇𝑇𝑑𝑑. The complex-valued 
sequence obtained from the multiplication of a data symbol 𝑑𝑑(𝑘𝑘) ∈ 𝑉𝑉𝑑𝑑, cf. 
(3.24), with the assigned spreading code 𝑐𝑐(𝑘𝑘) is given by the vector 

𝑠𝑠(𝑘𝑘) = 𝑑𝑑(𝑘𝑘)𝑐𝑐(𝑘𝑘) = �𝑆𝑆1
(𝑘𝑘), 𝑆𝑆2

(𝑘𝑘), … , 𝑆𝑆𝐿𝐿
(𝑘𝑘)�

T
. (3.28) 

The rate of the components 𝑆𝑆𝑙𝑙
(𝑘𝑘),  𝑙𝑙 = 1, … , 𝐿𝐿, before serial-to-parallel 

conversion is 1/𝑇𝑇𝑐𝑐. It should be noted that the transmission of 𝑠𝑠(𝑘𝑘) with 
single-carrier modulation conforms with the principle of DS spread 
spectrum according to Fig. 1.2. An MC-CDMA signal is obtained after 
modulating the components 𝑆𝑆𝑙𝑙

(𝑘𝑘),  𝑙𝑙 = 1, … , 𝐿𝐿, in parallel onto 𝐿𝐿 subcarriers 
according to (3.10) [FaP93, YLF93, CBJ93]. Thus, each data symbol 𝑑𝑑(𝑘𝑘) 
is spread over 𝐿𝐿 subcarriers. The duration of an MC modulated component 
𝑆𝑆𝑙𝑙

(𝑘𝑘),  𝑙𝑙 = 1, … , 𝐿𝐿, is equal to the OFDM symbol duration, which, including 
the guard interval, is 

𝑇𝑇𝑠𝑠′ = 𝑇𝑇𝑔𝑔 + 𝑁𝑁𝑐𝑐𝑇𝑇𝑐𝑐 . (3.29) 

The transmission of one data symbol per user per OFDM symbol requires 
𝑁𝑁𝑐𝑐 = 𝐿𝐿 (3.30) 

subcarriers. In this case, the OFDM symbol duration including the guard 
interval is 
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𝑇𝑇𝑠𝑠′ = 𝑇𝑇𝑔𝑔 + 𝑇𝑇𝑑𝑑. (3.31) 

Kaiser-1998 at 39-40. 

An MC-CDMA system designed for the transmission of one data symbol 
per user per OFDM symbol is referred to as a basic MC-CDMA system in 
the following. When applying orthogonal spreading codes 𝑐𝑐(𝑘𝑘) like Walsh-
Hadamard codes, the maximum number of active users 𝐾𝐾max in the basic 
MC-CDMA system corresponds to the spreading code length L, i.e., 

𝐾𝐾max = 𝐿𝐿. (3.32) 

Kaiser-1998 at 40. 

• Frequency/time domain spreading code: Each MC-CDMA spreading 
code with a mapping on frequency slots can be transferred in a DS-CDMA 
spreading code with a mapping on time slots and vice versa by applying 
the Fourier transform [FBA94]. The key feature of the Fourier transform is 
that it preserves the correlation properties of the spreading code [Ach85]. 
Hence, an MC-CDMA system with a spreading code {𝐶𝐶𝑙𝑙

(𝑘𝑘)}, 𝑙𝑙 = 1, … , 𝐿𝐿, 
performs identically to a DS-CDMA system with a spreading 
code{𝑐𝑐𝑖𝑖

(𝑘𝑘)}, 𝑖𝑖 = 1, … , 𝐿𝐿, when both spreading codes are related by the 
Fourier transform, i.e., 

 

In (3.84), the symbol denotes the discrete Fourier transformation. 
When, for instance, applying binary, real-valued, orthogonal MC-CDMA 
spreading codes, the equivalent DS-CDMA spreading codes are non-binary 
and complex-valued, but still orthogonal. 

Kaiser-1998 at 62-63. 
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Kaiser-1998 at 65. 

Performance and flexibility of mobile radio systems essentially depend on 
the choice of the multiple access scheme. The novel MC-CDMA scheme 
which is the topic of this thesis is a promising alternative to conventional 
FDMA, TDMA, and CDMA schemes. With MC-CDMA, each data 
modulated chip of the user specific spreading code is mapped onto a 
separate subcarrier, so that the chips of the spreading code and, hence, the 
data symbol is transmitted in parallel on multiple subcarriers. The 
application of OFDM enables one to avoid ISI and ICI in the detection 
process, resulting in simple SD and MD techniques. In MC-CDMA mobile 
radio systems, SD can be realized by equalizing each subcarrier 
individually, yielding only one complex-valued multiplication per 
subcarrier and OFDM symbol. Due to the M-, Q-, and M&Q-Modification 
of the MC-CDMA scheme, even the optimum JD techniques MLSSE and 
MLSE can be applied with reasonable complexity. 
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Kaiser-1998 at 119. 

Brüninghaus-1997, which discloses:  
In this paper we will focus on Multi-Carrier CDMA (MC-CDMA). In 
contrast to a conventional OFDM system where every bit is assigned to a 
single subcarrier, the information is spread over several subcarriers using 
orthogonal codes. Since spreading is performed on information symbol 
level prior to subcarrier modulation, the resulting MC-CDMA signal is 
basically an OFDM signal. The advantage of this technique is a lower bit 
error rate in frequency-selective radio channels compared to a conventional 
OFDM system due to inherent frequency-diversity. The price to be paid is 
a higher computation complexity in the receiver since the frequency-
selective radio channel leads to a loss of orthogonality of the spreading 
codes and interuser-interferences occur. A lot of research has been done to 
develop suitable detection or joint detection methods [4, 5, 6, 7] without 
considering the spreading matrix in detail. 

Brüninghaus-1997 at 187. 

In this paper we will discuss this item focussing on the special case that the 
spreading matrix equals the Fourier matrix. The two operations performed 
in the transmitter, namely spreading and IFFT-processing, cancel each 
other resulting in a pure single-carrier system with blockwise processing. 
This special case was also mentioned in [8] but little was said about the 
consequences, which will be done in the following sections. 

Brüninghaus-1997 at 188. 
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Brüninghaus-1997 at 188. 

The general block diagram of a MC-CDMA transmitter (only the downlink 
is considered in this paper) is depicted in Fig. 1. In a first step the complex 
data symbols 𝑥𝑥𝑖𝑖 ,  1 ≤ 𝑖𝑖 ≤ 𝑀𝑀, which can be elements of any arbitrary 
symbol set e.g. PSK or QAM, are spread over several subcarriers using 
orthogonal codes. The spreading can be described analytically by a matrix 
operation 

𝑠𝑠 = [𝐻𝐻] ⋅ 𝑥𝑥 (1) 

where 𝑥𝑥 = (𝑥𝑥1, … , 𝑥𝑥𝑀𝑀)𝑇𝑇 is the vector of data symbols, 𝑠𝑠 = (𝑠𝑠1, … , 𝑠𝑠𝑁𝑁)𝑇𝑇 is 
the vector of modulation symbols and [𝐻𝐻] is the code matrix. The M 
columns of the code matrix contain different spreading codes for every data 
symbol. To avoid interuserinterferences in AWGN the spreading codes 
should be mutually orthogonal. If the OFDM system consists of N 
subcarriers there are a maximum number of N orthogonal codes and 1 ≤ 𝑀𝑀 
≤ 𝑁𝑁 users can be supported every OFDM symbol. Apart from the described 
spreading procedure, the transmitter is identical to a conventional OFDM 
transmitter, i.e. the resulting signal sequence is IFFT-processed, 
periodically extended (a guard-interval is added) and D/A converted. 

Brüninghaus-1997 at 188. 
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Brüninghaus-1997 at 190. 

Both demands, i.e. minimal mean square error in frequency-selective 
fading channels and low dynamic range of the signal envelope, can also be 
met for the downlink if an FFT matrix is used as spreading matrix. In this 
case spreading and IFFT-processing cancel each other, see Fig. 3, and the 
transmission system degenerates into a single-carrier system, as depicted 
in Fig. 4. The main advantage of this step is that at this stage all knowledge 
about dynamic reduction of single carrier systems with linear modulation 
can be applied to create a time signal with low dynamic range. 

Brüninghaus-1997 at 189. 

The special choice of a FFT matrix as spreading matrix for Multi-Carrier 
CDMA leads to a single-carrier system with guard-interval. This way, the 
multi-carrier specific problems as high dynamic of the signal envelope, 
sensivity to phase noise and frequency/ clock synchronization errors can 
be avoided without losing the performance capacity of MC-CDMA. In case 
of linear equalization the receiver consists of a frequency domain equalizer 
with blockwise processing. Due to the guard-interval, this frequency 
domain equalizer outperforms the comparable time domain equalizer 
considerably and shows even in frequency-selective radio channels a 
relatively good performance. Besides, the compuation complexity of such 
a receiver structure with blockwise processing in the frequency domain is 
lower than with processing in the time domain in case of highly dispersive 
channels.  

Brüninghaus-1997 at 193. 
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Sorger-1997, which discloses: 

The first 𝐿𝐿Δ𝑄𝑄 chips 𝑐𝑐𝑙𝑙
(𝑖𝑖),  𝑙𝑙 = 0, … , 𝐿𝐿Δ𝑄𝑄 − 1, belong to the guard interval. 

Thus, the duration 𝑇𝑇Δ of the guard interval is given by 

𝑇𝑇Δ = 𝐿𝐿Δ ⋅ 𝑄𝑄 ⋅ 𝑇𝑇𝑐𝑐 , (7) 

where 𝐿𝐿Δ has to be chosen to meet the condition of Eq. (2). The 
transmission signal 𝑥𝑥(𝑖𝑖) is constructed out of the IFDMA-symbol 𝑐𝑐(𝑖𝑖) by 
elementwise multiplication with a user dependent phase vector 𝑠𝑠(𝑖𝑖) of 
dimension 𝐿𝐿𝑐𝑐 having components 

𝑠𝑠𝑙𝑙
(𝑖𝑖) = exp�−𝑗𝑗 ⋅ 𝑙𝑙 ⋅ Φ(𝑖𝑖)� ,  𝑙𝑙 = 0, … , 𝐿𝐿𝑐𝑐 − 1. (8) 

The user dependent phase Φ(𝑖𝑖) is chosen to be 

Φ(𝑖𝑖) = 𝑖𝑖 ⋅
2π
𝑄𝑄𝑄𝑄

. (9) 

The elementwise multiplication of the two vectors 𝑐𝑐(𝑖𝑖) and 𝑠𝑠(𝑖𝑖) assures the 
user discrimination by assigning to each user 𝑖𝑖 a different set of orthogonal 
frequencies. The resulting transmission signal vector 𝑥𝑥(𝑖𝑖) can be written as 

𝑥𝑥(𝑖𝑖) = �𝑐𝑐0
(𝑖𝑖),  𝑐𝑐1

(𝑖𝑖)𝑒𝑒−𝑗𝑗Φ(𝑖𝑖) ,  𝑐𝑐2
(𝑖𝑖)𝑒𝑒−𝑗𝑗2Φ(𝑖𝑖),  … ,  𝑐𝑐𝐿𝐿𝑐𝑐−1

(𝑖𝑖) 𝑒𝑒−𝑗𝑗(𝐿𝐿𝑐𝑐−1)Φ(𝑖𝑖)�
𝑇𝑇

. (10) 

Sorger-1997 at 113. 

 
Sorger-1997 at Fig. 1. 
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Brüninghaus-1998, which discloses:  
The combination of orthogonal frequency division multiplexing (OFDM) 
and code division multiplexing (CDM) has found great interest during the 
last few years. In contrast to a conventional OFDM system the information 
is spread over several subcarriers using orthogonal codes which leads to a 
diversity gain in frequency-selective channels. In this paper it is shown that 
such a system is technically equivalent to a single-carrier system with 
guard interval if the columns of a Fourier matrix are used as spreading 
codes. The pros and cons of such a system compared to an OFDM-CDM 
system with abritrary spreading matrix are described and discussed. 

Brüninghaus-1998 at 2329. 

In the last years, multi-carrier transmission and especially OFDM 
(orthogonal frequency division multiplexing) have received much attention 
due to its ability of transmitting high data rates even in highly time 
dispersive radio channels with reasonable equalization effort. These 
systems are characterized by parallel data transmission over a number of 
generally narrowband subchannels. Recently, a combination of multi-
carrier transmission and code division multiplexing (CDM) was proposed 
to improve the performance of multi-carrier systems [1], [2]. In this case 
every data symbol is spread over several subcarriers prior to subcarrier 
modulation and despread in the receiver, which is in fact a kind of 
frequency diversity. The same effect can be achieved with channel coding 
but it was shown in [3] that at least at code rates above 1/2 the combination 
of spreading and coding performs better than coding only. 

Brüninghaus-1998 at 2329. 

In the literature, Walsh-Hadamard codes are generally used as spreading 
codes but in principle every other orthogonal code matrix can be applied. 
In this paper we will focus on the special case that the Fourier matrix is 
used as orthogonal code matrix. Since the multi-carrier transmission signal 
is generated by an inverse Fourier-transform (IFFT), both operations - 
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spreading and IFFT - cancel each other resulting in a pure single-carrier 
system with blockwise processing. This fact was already mentioned in [4] 
but without noticing that this kind of processing combines the advantages 
of single-carrier transmission, like constant signal envelope, simple clock 
and frequency synchronization, with the advantages of OFDM-CDM like 
high performance in frequency-selective channels. In the following 
sections, a brief review of OFDM-CDM is given, followed by a detailed 
discussion of the resultant transmission technique and its advantages. 

Brüninghaus-1998 at 2329. 

With OFDM-CDM the complex data symbols 𝑥𝑥𝑖𝑖 ,  1, … ,𝑀𝑀, which can be 
elements of any arbitrary symbol set, e.g. PSK or QAM, are spread over N 
subcarriers using orthogonal codes. The spreading can be described 
analytically by a matrix operation  

𝑠𝑠 = [𝐻𝐻] ⋅ 𝑥𝑥 (1) 

where 𝑥𝑥 = (𝑥𝑥1, … , 𝑥𝑥𝑀𝑀)𝑇𝑇 is the vector of data symbols, 𝑠𝑠 = (𝑠𝑠1, … , 𝑠𝑠𝑁𝑁)𝑇𝑇 is 
the vector of modulation symbols and [𝐻𝐻] is the code matrix of 
dimension𝑁𝑁 × 𝑀𝑀 (𝑀𝑀 ≤ 𝑁𝑁). Apart from spreading, the transmitter is 
identical to a conventional OFDM transmitter, i.e. the resulting signal 
sequence is IFFT-processed, periodically extended (a guard interval is 
added) and D/A converted, see Fig. 1. In the receiver, the inverse 
processing is performed, see Fig. 2. 

Brüninghaus-1998 at 2329. 
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Brüninghaus-1998 at 2329. 

 
Brüninghaus-1998 at 2330. 

The performance of the overall transmission system does not depend on 
the specific type of the orthogonal spreading matrix as long as every 
element of the matrix has the same magnitude which means that the energy 
is uniformly spread over all subcarriers [10]. Considering the case that all 
available orthogonal codes are used, i.e. the spreading matrix is a square 
matrix of dimension N x N, the matrix of the Fast Fourier transform meets 
the above mentioned demands as well as the often proposed Walsh-
Hadamard matrix. If such an FFT-matrix is used spreading and OFDM 
processing cancel each and the transmission system degenerates into a 
linearly modulated single-carrier system with guard interval, i.e  

𝑠𝑠(𝑡𝑡) = �𝑥𝑥𝑛𝑛
𝑛𝑛

⋅ 𝑝𝑝(𝑡𝑡 − 𝑛𝑛𝑛𝑛) where 𝑥𝑥𝑛𝑛 = 𝑥𝑥𝑛𝑛−𝑁𝑁 if 𝑖𝑖(𝑁𝑁 + 𝑁𝑁𝐺𝐺) − 𝑁𝑁𝐺𝐺

≤ 𝑛𝑛 < 𝑖𝑖(𝑁𝑁 + 𝑁𝑁𝐺𝐺) 𝑖𝑖 ∈ 𝑍𝑍 (2) 

In Eq. (2), the parameter 𝑁𝑁𝐺𝐺  describes the length of the guard interval in 
number of data symbols spaced by the symbol duration T. 

Brüninghaus-1998 at 2330. 

A. Dynamic of the signal envelope  
It is well known that the envelope of an OFDM signal has a high dynamic 
which requires a linear power amplifier in the transmitter. A lot of studies 
have been performed with the aim to reduce the signal dynamic of multi-
carrier systems but all methods known from literature [11] - [13] have 
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certain drawbacks. These drawbacks are either high computation 
complexity, large memory requirements or signal distortions. At least in 
the case of absolute modulation (no differential encoding) these 
disadvantages can be overcome if the Fourier-matrix is used for spreading. 
Since the multi-carrier CDM system is thereby transformed into a single-
carrier system with linear modulation the amplitude dynamic only depends 
on the pulse shape p(t). In connection with second generation mobile 
systems this topic has been analyzed extensively and solutions are very 
well known: in case of binary transmission for example, MSK (minimum 
shift keying), which uses a sinusoidal pulse, can be applied leading to a 
constant envelope signal. Quaternary transmission can be realized with low 
amplitude dynamic using Offset-QPSK. 

Brüninghaus-1998 at 2330. 

Since the single-carrier system which results from an OFDM-CDM system 
with Fourier spreading matrix is a special case of an OFDM-CDM system, 
the same detection algorithms can be applied and the same performance 
can be expected. 

Brüninghaus-1998 at 2330. 

A general block diagram of an OFDM-CDM receiver with linear 
equalization [8] is depicted in Fig. 4. In case of a Fourier spreading matrix, 
despreading in the receiver is achieved by an inverse Fast-Fourier matrix, 
i.e. [𝐻𝐻]𝐻𝐻 = [𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼]. The overall processing corresponds to a frequency 
domain equalization (FDE) since the received signal vector is first Fourier-
transformed, multiplied by a diagonal equalization matrix and then 
transformed back into the time domain. Such an FDE was originally 
proposed in [17] to speed up the convergence of the equalizer coefficients 
in conjunction with the stochastic gradient method. In [18] the FDE was 
picked up again to compare single-carrier and multi-carrier (OFDM) 
transmission but without noticing that the considered single-carrier system 
is a special case of an OFDM-CDM system. Recently, the FDE was 
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discussed for use in future mobile communication systems in combination 
with antenna diversity [20].  

Brüninghaus-1998 at 2330. 

In contrast to a conventional single-carrier system, the single-carrier 
system resulting from OFDM-CDM with Fourier spreading matrix is 
characterized by a guard interval and the question arises why it should be 
advantageous to waste some part of the bandwidth. There are two reasons: 
the first one is the higher performance at the same number of equalizer 
coefficients in case of linear or decision feedback equalization. This results 
from the fact that the periodic extension of the data sequence in the 
transmitter in connection with the signal windowing the receiver leads to a 
cyclic convolution of the data sequence and the discrete-time channel 
impulse response. If the corresponding discrete-time channel transfer 
function contains no zeros, this cyclic convolution can be perfectly inverted 
in the receiver requiring not more than N(=length of data sequence) 
coefficients. To achieve the same effect with a conventional single-carrier 
system, generally an equalizer with an infinite number of taps is required, 
which cannot be implemented in a real system. Thus, an equalization error 
occurs, which limits the performance at high signal-to-noise-ratios. 

Brüninghaus-1998 at 2330-31. 
System parameters: 

• General 
- Bandwidth B = 2MHz 
- linear equalization based on MMSE criterion 

• OFDM-CDM with Fourier spreading matrix 

- blocklength: TN = 32μs 
- Guardlength: TG = 6.6μs 
- Number of symbols per block: N = 64 
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• Single-carrier system without guard interval 
- pulse with raised cosine spectral characteristic and rolloff' factor β= 0.2 
- Symbol length: Ts = 600ns 

• Channel parameters: 
- Exponentially decreasing power delay profile from 0 to 5μs 
- Rayleigh channel 
- time invariant 

Brüninghaus-1998 at 2331. 

The special choice of an FFT matrix as spreading matrix for OFDM-CDM 
leads to a single-carrier system with guard interval. Such a single-carrier 
system has the same performance as the OFDM-CDM system but is less 
sensitive to nonlinear effects due to the reduced dynamic of the signal 
amplitude. In case of linear equalization, a single-carrier system with 
guard-interval yields the same (low S/N) or even a better (high S/N) 
performance than the corresponding system without guard interval at the 
same number of equalizer coefficients and data rate. Besides, in highly time 
dispersive channels the computation complexity of such a receiver 
structure with blockwise processing is considerably lower than with 
continuous processing. 

Brüninghaus-1998 at 2332. 

Sorger-1998, which discloses: 

The dimension of the IFDMA-symbol 𝑐𝑐(𝑖𝑖) is 𝐿𝐿𝑐𝑐 = (𝐿𝐿 + 𝐿𝐿Δ)𝑄𝑄 and the 
components 𝑐𝑐𝑙𝑙

(𝑖𝑖) can be written as 

𝑐𝑐𝑙𝑙
(𝑖𝑖) =

1
𝐿𝐿 + 𝐿𝐿Δ

⋅ 𝑑𝑑𝑙𝑙 𝑚𝑚𝑚𝑚𝑚𝑚 𝑄𝑄
(𝑖𝑖) ,  𝑙𝑙 = 0, … , 𝐿𝐿𝑐𝑐 − 1. (6) 
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The first 𝐿𝐿Δ𝑄𝑄 chips 𝑐𝑐𝑙𝑙
(𝑖𝑖), 𝑙𝑙 = 0, … , 𝐿𝐿Δ𝑄𝑄 − 1, belong to the guard interval. 

Thus, the duration 𝑇𝑇Δ of the guard interval is given by 
𝑇𝑇Δ = 𝐿𝐿Δ ⋅ 𝑄𝑄 ⋅ 𝑇𝑇𝑐𝑐 . (7) 

where 𝐿𝐿Δ has to be chosen to meet the condition of Equation (2). Finally, 
the transmission signal 𝑥𝑥(𝑖𝑖) is constructed out of the IFDMA-symbol 𝑐𝑐(𝑖𝑖) 
by elementwise multiplication with a user-dependent phase vector 𝑠𝑠(𝑖𝑖) of 
dimension 𝐿𝐿𝑐𝑐 having components 

𝑠𝑠𝑙𝑙
(𝑖𝑖) = exp�−𝑗𝑗 ⋅ 𝑙𝑙 ⋅ Φ(𝑖𝑖)� ,  𝑙𝑙 = 0, … , 𝐿𝐿𝑐𝑐 − 1. (8) 

The user-dependent phase Φ(𝑖𝑖) is chosen to be 

Φ(𝑖𝑖) = 𝑖𝑖 ⋅
2π
𝑄𝑄𝑄𝑄

. (9) 

The elementwise multiplication of the two vectors 𝑐𝑐(𝑖𝑖) and 𝑠𝑠(𝑖𝑖) assures an 
orthogonal user discrimination by assigning to each user i a different set of 
orthogonal frequencies. The resulting transmission signal vector 𝑥𝑥(𝑖𝑖) can 
be written as 

𝑥𝑥(𝑖𝑖) = �𝑐𝑐0
(𝑖𝑖),  𝑐𝑐1

(𝑖𝑖)𝑒𝑒−𝑗𝑗Φ(𝑖𝑖) ,  𝑐𝑐2
(𝑖𝑖)𝑒𝑒−𝑗𝑗2Φ(𝑖𝑖),  … ,  𝑐𝑐𝐿𝐿𝑐𝑐−1

(𝑖𝑖) 𝑒𝑒−𝑗𝑗(𝐿𝐿𝑐𝑐−1)Φ(𝑖𝑖)�
𝑇𝑇

. (10) 

Sorger-1998 at 1014. 
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Sorger-1998 at Fig. 2. 

Bury-1999, which discloses:  
We present a generalization and an extension of the block decision 
feedback equalizer described by Reinhardt in [1]. The original equalizer 
was derived for a class of transmission which is described by an orthogonal 
spreading over a group of non-interfering fading channels. We generalize 
this concept for block transmissions with arbitrary interference; the 
generalized description also includes reception with multiple antennas 
using joint diversity combining and equalization. In extension, we 
introduce soft feedback for all individual symbols, in contrast to the single 
soft value used in [1], offering an improved performance. We describe the 
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proposed equalization method, provide examples for application, and 
illustrate the performance by simulation results. 

Bury-1999 at 345.  

In many practical cases it is convenient to transmit data in blocks which 
can be processed independently. Examples for block transmission methods 
are MC-CDM(A) on the basis of OFDM [3], Interleaved FDMA as 
described in [2], or serial transmission with termination to assure that there 
is no interference between blocks [4]. If there is interference within a block, 
the optimum detector performs a highly complex search of the most 
probable combination of transmit symbols. A less complex method is to 
employ equalization together with single symbol detection. Linear 
equalization allows simple implementation. The proposed decision 
feedback equalizer offers an improvement over linear equalization - 
however, at the cost of some complexity increase. 

Bury-1999 at 345-346. 

6. SPREAD TRANSMISSION 
We now consider the special case of transmission over a set of interference 
free fading channels, where orthogonal symbol spreading is used to achieve a 
diversity gain. Figure 4 shows a model for this type of transmission. 

 
In this figure, 𝑈𝑈 is an orthogonal matrix for spreading, 𝐷𝐷α is a diagonal 
matrix with the channel amplitudes on the main diagonal and zeros 
elsewhere, and we assume white noise with Φ𝑛𝑛𝑛𝑛 = σ𝑛𝑛2 ⋅ 𝐼𝐼. The orthogonal 
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spreading matrix has the property 𝑈𝑈𝐻𝐻 = 𝑈𝑈−1 = 𝑈𝑈. For the cases of a 
Hadamard transform or a Fourier transform, multiplication with 𝑈𝑈 may be 
implemented as a fast algorithm (Fast Fourier Transform, FFT; Fast 
Hadamard Transform, FHT). By inserting 𝐻𝐻 = 𝐷𝐷α ⋅ 𝑈𝑈 into equations (3), 
(4) and (5), we find 

 

 
For the special case where for arbitrary i and fixed r the feedback values 
ϱ𝑖𝑖

(𝑟𝑟) are all identical, computation of the filter coefficients can be further 
simplified, such that no matrix inversion is required; this has been derived 
in [1]. 

Bury-1999 at 350-51. 

This model of spread transmission is applicable to, e.g., the following 
transmission schemes:  
MC-SSMA (Multi-Carrier Spread Spectrum Multiple Access) as described 

in [3] uses a Hadamard transform to spread a vector of transmit symbols 
over a set of OFDM subchannels; each OFDM subchannel may be 
considered as a single Rayleigh fading channel. OFDM-CDMA is 
another name for essentially the same method.  
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IFDMA (Interleaved Frequency Division Multiple Access) as introduced in 
[2] can be described as an OFDM transmission where Fourier spreading 
is used to transmit over sets of equally spaced OFDM subchannels.  

Serial block transmission over a multipath channel, using cyclic extension 
of transmitted blocks and corresponding extraction at the receiver, may 
be considered as an OFDM transmission with Fourier spreading over all 
subchannels. The equalizer can be implemented in the frequency domain 
by assuming a Fourier matrix for spreading. A linear equalizer for 
frequency domain equalization (FDE) has been presented in [4].  

Bury-1999 at 351. 
Bury-2000, which discloses:  

Abstract - In this paper we investigate amplitude distributions of transmit 
signals for multi-carrier spread spectrum (MC-SS) transmission methods 
based on orthogonal frequency division multiplexing (OFDM), also called 
multi-carrier code division multiplexing (MC-CDM). In particular we 
compare Fourier spreading with the commonly used Walsh-Hadamard 
spreading. As a basis for the comparison we describe a general model. Both 
up- and downlink of multiple access transmission schemes employing 
either multi-carrier code division multiple access (MC-CDMA) or multi-
carrier frequency division multiple access (MC-FDMA) are compared.  

Bury-2000 at 857. 

Multi-carrier code division multiplexing (MC-CDM) [1] is an interesting 
candidate for the physical layer in wireless high data rate local area 
networks.  When compared to orthogonal frequency division multiplexing 
(OFDM), the additional spreading of MC-CDM produces a signal space 
diversity which improves power efficiency especially for high code rates 
[2]. A Hadamard transform is used for spreading in most MC-CDM system 
descriptions, e.g. [1]. However, further choices for orthogonal spreading 
are possible. With Fourier spreading [3], which can be implemented by a 
discrete Fourier transform (DFT) operation, it is clear that it can cancel the 
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inverse discrete Fourier transform (IDFT) of an OFDM transmitter when 
spreading is done over all subcarriers, such that the result is a simple serial 
block transmission with cyclic extension [4]. This serial transmission can 
be regarded as a spread spectrum transmission, since the entire 
transmission bandwidth is covered by each transmitted symbol. The 
peakto-average power ratio (PAPR) of a serial transmission is much lower 
than that of an OFDM transmission. The question that arises is: how is the 
situation when spreading is done not over all OFDM subcarriers but only 
over groups of carriers? 

Bury-2000 at 857. 

In [5] Golay complementary sequences have been used instead of 
Hadamard sequences for reducing the PAPR in MC-CDMA transmission, 
and a scrambling scheme was employed to further improve the amplitude 
distribution of the transmit signal. In this paper we suggest to employ a 
DFT for spreading, which can be implemented efficiently as a fast Fourier 
transform (FFT). Furthermore we extend our considerations to MC-
FDMA, as introduced in [6] (named MC-SS-MA there). 

Bury-2000 at 857. 

Subsequently we describe a model of a MC-CDM transmitter. In a multiple 
access context, this model is valid for both, MC-CDMA and MC-FDMA. 
We describe the methods used for computation of the amplitude 
distribution and the PAPR of the transmit signal. It is shown that, given the 
transmit symbol alphabet and the corresponding symbol probabilities, both 
amplitude distribution and PAPR are uniquely determined by a single 
matrix which describes the transmitters linear mapping from transmitted 
symbols to the transmit signal. Based on simulation results, we discuss the 
suitability of Hadamard and Fourier spreading for MC-CDM transmission 
methods. 

Bury-2000 at 857. 
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Bury-2000 at 858. 

The model in Fig. 1 depicts a transmitter for MC-CDM based on OFDM. 
An OFDM transmitter is extended by an additional spreading, described by 
the transform matrices 𝑇𝑇, and by an interleaver. The OFDM transmitter 
consists of an IDFT, a cyclic prefix insertion CP, a parallel-to-serial 
conversion, and the conversion to continuous-time using an ideal Dirac 
sampler and a basic waveform 𝑒𝑒(𝑡𝑡), which is a Nyquist impulse. The 
delivered baseband transmit signal is 𝑠𝑠(𝑡𝑡). The number of OFDM 
subcarriers is 𝑁𝑁, the cyclic prefix has length 𝐿𝐿, transmit signal samples are 
indexed by 𝑐𝑐, and the Dirac sampler generates an impulse every 𝑇𝑇𝑐𝑐 seconds. 

Bury-2000 at 857. 

Spreading is done by transforming a vector of M symbols through a matrix 
𝑇𝑇. This square matrix is orthogonal, such that the condition 

𝑇𝑇𝐻𝐻𝑇𝑇 = 𝐼𝐼 (1) 
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is fulfilled. Furthermore, to assure equal energy distribution, we consider 
only spreading matrices with the property that the absolute value of all 
matrix elements is constant 
 

�𝑡𝑡𝑖𝑖,𝑘𝑘� =
1

�𝑁𝑁
 ∀ 𝑖𝑖,𝑘𝑘.  (2) 

In literature usually a Hadamard transform is selected for 𝑇𝑇; however, 
further choices are possible, e.g. a DFT. 

Bury-2000 at 857-58. 

III. AMPLITUDE DISTRIBUTION OF THE TRANSMIT SIGNAL 

For a certain time instant 𝑡𝑡0 the complex baseband transmit signal 𝑠𝑠(𝑡𝑡0) is 
a random variable which is in general a linear combination of all random 
transmit symbols 

𝑠𝑠(𝑡𝑡0) = � � � α𝑚𝑚,𝑘𝑘,𝑖𝑖(𝑡𝑡0)𝑥𝑥𝑚𝑚
(𝑘𝑘)(𝑖𝑖)

𝑀𝑀

𝑚𝑚=1

𝐾𝐾

𝑘𝑘=1

∞

𝑖𝑖=−∞

. (3) 

The coefficients α𝑚𝑚,𝑘𝑘,𝑖𝑖(𝑡𝑡0) are derived from 𝑇𝑇, 𝑒𝑒(𝑡𝑡), 𝑁𝑁, 𝐿𝐿, 𝐾𝐾, and 𝑀𝑀, as 
described subsequently. When the duration of the basic waveform 𝑒𝑒(𝑡𝑡) is 
finite, the infinite sum over 𝑖𝑖 in this equation can be replaced by a finite 
sum. Then the probability density function (PDF) of the transmit signal at 
time 𝑡𝑡0,𝑓𝑓𝑠𝑠(𝑡𝑡0)(𝑥𝑥), is obtained from the PDFs of all contributing transmit 
symbols. 

Bury-2000 at 858. 
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Bury-2000 at 859. 

Discrete-time computation 

At discrete time we consider the signal 𝑠𝑠(𝑐𝑐) instead of 𝑠𝑠(𝑡𝑡). To obtain a 
simple description we join the spreading, interleaving, IDFT and cyclic 
extension of the transmitter in Fig. 1 into a single matrix 𝑈𝑈, see Fig. 2. 

. . . 

The discrete-time transmit signal of a single OFDM block (𝑖𝑖 =  0) then 
represents the cyclo-stationary statistics of the transmit signal. We omit the 
block index 𝑖𝑖 and write 

𝑠𝑠 = 𝑈𝑈 ⋅ 𝑥𝑥, (6) 

with vector elements 𝑥𝑥�𝑚𝑚+𝑀𝑀(𝑘𝑘−1)� = 𝑥𝑥𝑚𝑚
(𝑘𝑘)(0) and 𝑠𝑠𝑐𝑐 = 𝑠𝑠(𝑐𝑐). In 

equivalence to equation (3) we write 

𝑠𝑠𝑐𝑐 = �𝑢𝑢𝑐𝑐,𝑛𝑛𝑥𝑥𝑛𝑛

𝑁𝑁

𝑛𝑛=1

. (7) 

Hence, the PDF at a particular time instant 𝑐𝑐 is related with a certain row 
in 𝑈𝑈. 
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Bury-2000 at 859. 

From above equations we see that, given the transmit symbol alphabet and 
corresponding occurrence probabilities, the PDF of the discrete-time 
transmit signal, 𝑓𝑓𝑠𝑠(𝑐𝑐)(𝑥𝑥), is determined by the transform matrix 𝑈𝑈. 

For the case of Fourier spreading, the matrix 𝑈𝑈 contains in most cases more 
zero elements than for Hadamard spreading. This already indicates a better 
amplitude distribution for Fourier spreading, because fewer random 
variables are summed. 

Bury-2000 at 859. 
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Bury-2000 at 859. 

Downlink 
In the downlink, the PAPR is the same for both MC-CDMA and MC-
FDMA. This is obvious because both systems are identical except for the 
assignment of transmitted symbols to users. For the trivial case of 
spreading over a single carrier and for the case of spreading over two 
carriers, both Hadamard and Fourier spreading deliver the same PAPR. In 
the latter case this happens because Hadamard and Fourier matrices are 
identical for spreading over two symbols. In the case of Hadamard 
spreading, when spreading is done over an increasing number of 
subcarriers, the PAPR remains nearly constant (with a slight decrease); for 
Fourier spreading, however, it decreases rapidly and reaches the PAPR of 
a single carrier transmission when spreading is done over all subcarriers. 
This means that for the downlink Fourier spreading clearly outperforms 
Hadamard spreading. The larger the spreading factor, the better the PAPR. 
Furthermore, assuming that a large number of users is desired, we consider 
the following: Since MC-FDMA requires (at least) one spreading block per 
user, the spreading blocks must be small in case of many users, resulting 
in a relatively large PAPR. For MC-CDMA, however, the larger the 
spreading block, the larger the possible number of users. Here the best 
choice with respect to PAPR is to use Fourier spreading over all carriers 
while assigning groups of input symbols for each user, resulting in the 
lowest possible PAPR. 

Bury-2000 at 859-60. 

Uplink 
In the uplink we distinguish between MC-CDMA and MC-FDMA. For 
MC-CDMA the PAPR of both Fourier and Hadamard spreading shows a 
strong increase for increasing spreading factors, reaching a maximum when 
the spreading factor equals the square root of the number of subcarriers. 
When the spreading factor is increased further, Hadamard spreading shows 
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a slight decrease in PAPR while Fourier spreading shows a rapid decrease, 
reaching the PAPR of a serial transmission when spreading is done over all 
carriers. In contrast to MC-CDMA, MC-FDMA shows a much better 
behavior, with the PAPR being lower for the entire range of spreading 
factors, for the respective spreading methods. For Hadamard spreading, the 
PAPR increases for increasing spreading factors. For Fourier spreading, 
however, the PAPR remains nearly constant at a low level for all spreading 
factors. This shows that also in the uplink Fourier spreading outperforms 
Hadamard spreading in most cases. For the case of Fourier spreading in a 
MC-FDMA uplink, the spreading factor may be selected arbitrarily, nearly 
without affecting the PAPR. 

Bury-2000 at 860. 
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Bury-2000 at 860. 

The graph shows that, in case of the downlink, Fourier spreading offers a 
more sharply limited amplitude distribution while Hadamard spreading 
produces continuously growing amplitudes at decreasing probabilities. Not 
only from the PAPR point of view, but also from the PDF of the amplitude 
it is clear that Fourier spreading is a better choice than Hadamard 
spreading. 

Bury-2000 at 860. 
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Amplitude distributions of Hadamard spreading and Fourier spreading 
have been compared for OFDM based MC-CDM transmission methods, 
using a general matrix model. Comparison has been done for both up- and 
downlink in MC-CDMA and MC-FDMA multiple access scenarios, and 
for various spreading factors. For both up- and downlink Fourier spreading 
delivers a lower or equal PAPR. This superiority increases significantly for 
larger spreading factors. In the uplink, MC-FDMA delivers lower PAPRs 
than MC-CDMA. From the amplitude distribution point of view, the best 
choice is to employ Fourier spreading with MC-CDMA in the downlink 
and with MC-FDMA in the uplink.  

Bury-2000 at 860. 

Galda-2001, which discloses:  
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Galda-2001 at 2.  

 
Galda-2001 at 5.  
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Galda-2001 at 6. 
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Galda-2001 at 7. 
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Galda-2001 at 11. 
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Galda-2001 at 12. 
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Galda-2001 at 13. 
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Galda-2001 at 14. 
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Galda-2001 at 15. 
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Galda-2001 at 16. 
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Galda-2001 at 18. 

Galda-2002, which discloses:  
Abstract- The orthogonal frequency division multiplex (OFDM) 
transmission technique can efficiently deal with the effects of multi-path 
propagation in the broadband radio channel. It also has a high system 
inherent flexibility for designing a multiple access scheme by combining 
the conventional TDMA, FDMA and CDMA approaches with the OFDM 
modulation scheme. The FDMA multiple access scheme is especially 
interesting for an uplink of a communication system since it can completely 
avoid any multiple access interferences (MAI). Moreover, the peak-to-
average ratio (PAR) of the uplink OFDM transmit signal can be greatly 
reduced if this OFDM-FDMA multiple access scheme is additionally 
combined with a data spreading technique based on a Discrete Fourier 
Transform (DFT) spreading matrix using only the user specific subcarriers. 
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Since the DFT spreading operation and the IDFT operation used as a part 
of the OFDM modulation scheme cancel out each other the complexity of 
the transmitter structure for an OFDM-FDMA uplink can be greatly 
reduced. 

Galda-2002 at 1737. 

The subdivision of the transmission bandwidth into a set of orthogonal 
subcarriers can additionally be exploited by an OFDM-FDMA multiple 
access scheme. By allocating distinct sets of subcarriers to different users 
the available bandwidth can be flexibly shared between different mobile 
terminals while avoiding any multiple access interferences (MAI) between 
different users. The FDMA multiple access scheme offers not only a high 
flexibility for the radio resource management (RRM) but can also increase 
the bandwidth efficiency of the complete system by avoiding the use of 
highly attenuated subcarriers for specific users based on the knowledge of 
the channel transfer function [2]. Moreover, the OFDM-FDMA multiple 
access scheme can be adapted to the measured radio channel knowledge at 
the transmitter site using bit-loading techniques. If channel state 
information is not available the performance can be increased using an 
additional spreading over the subcarriers assigned to one user. The 
resulting computation complexity of the total system can by this means be 
adopted to the given system requirements which is especially of importance 
for the mobile terminal and in the uplink case. The alternative OFDM-
FDMA multiple access scheme is therefore of importance for the uplink 
case and can be advantageous over OFDM-CDMA schemes because of its 
ability to avoid MAI if ideal carrier synchronization is assumed for all 
mobile terminals and the base station. 

Galda-2002 at 1737. 
Since the OFDM transmit signal results from the superposition of a large 
number of independent data symbols the envelope of the complex baseband 
time signal has in general a large peak-to-average ratio (PAR). The largest 
output power value of the amplifier will limit the maximum amplitude of 

 
 

Samsung v. GenghisComm 
IPR2025-00780, 9,768,842 

GC EX2015



Exhibit A-10 
Invalidity of U.S. Patent No. 9,768,842 in View of Motorola StarTAC 7868 (“StarTAC”) 

PAGE 54 OF 175 
ACTIVE 703178168v1 

the signal in the transmitter. Therefore, non-linear distortions due to 
clipping and amplification effects in the transmit signal will lead to both 
in-band and out-of-band emissions. In the past different techniques for 
reducing the PAR by changing the transmit signal independently from 
knowledge of other parts of the OFDM transmitter have been developed. 
But the PAR of the transmit signal envelope which employs an OFDM-
FDMA multiple access scheme can significantly be reduced if additional 
spreading techniques are applied which spread the user data over the 
allocated subcarrier only. In this case an appropriate spreading technique 
must be designed reducing the PAR to a minimum value. It will be shown 
in this paper that using the Discrete Fourier Transform (DFT) matrix as an 
orthogonal spreading technique will reduce the PAR significantely [3]. 
Furthermore, the DFT based spreading operation and the IDFT based 
OFDM modulation technique cancel out each other which means that the 
transmitter structure can be simplified to a single carrier transmitter with 
an additional guard interval in this specific case which helps to reduce the 
computational complexity of the transmitter of the mobile terminal. 

Galda-2002 at 1737-38. 

This paper shows how an OFDM-FDMA uplink system can be combined 
with a user data spreading technique based on the DFT spreading matrix to 
reduce the PAR of the uplink signal without increasing the computational 
complexity of the transmitter. In Section II the structure of the analyzed 
OFDM-FDMA system combined with a DFT spreading matrix is described 
for the uplink application. In Section III the influence of a DFT matrix 
applied for data spreading is analyzed for an OFDM-TDMA multiple 
access scheme and is extended to an OFDM-FDMA system in a separate 
subsection. The general topic of non-linearities in an OFDM system is 
reviewed in Section IV. Quantitative results are given in Section V and 
Section VI summarizes the papers content. 

Galda-2002 at 1738. 
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Galda-2002 at Fig. 1. 

The baseband system model of an OFDM-FDMA uplink with individual 
spreading of user data is shown in Fig. 1. In this case 𝑀𝑀 different users are 
considered and each user allocates 𝐿𝐿 different subcarrier exclusively. The 
total number of subcarrier in the considered transmission system is 𝑁𝑁𝐶𝐶 =
𝐿𝐿 ⋅ 𝑀𝑀. The input data stream for each mobile user 𝑚𝑚,𝑚𝑚 =  0, … ,𝑀𝑀 −  1, 
is convolutionally encoded in a first step. The bit sequence is then mapped 
onto 𝐿𝐿 complex modulation symbols 𝐷𝐷𝑙𝑙

(𝑚𝑚), 𝑙𝑙 = 0, … , 𝐿𝐿 − 1, of a coherent, 
higher-level modulation scheme. The 𝐿𝐿 modulation symbols are spread 
over the 𝐿𝐿 user specifically allocated subcarrier with an unitary spreading 
matrix [𝐶𝐶] resulting in L complex transmit symbols 𝑆𝑆𝑙𝑙

(𝑚𝑚). The spreading 
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operation can be denoted mathematically by the following simple matrix 
multiplication 

𝑆𝑆(𝑚𝑚) = [𝐶𝐶]𝐷𝐷��⃗ (𝑚𝑚) (1)      

where each complex transmit symbol 𝑆𝑆𝑙𝑙
(𝑚𝑚) is calculated by the sum of 𝐿𝐿 

user modulation symbols 𝐷𝐷𝑙𝑙
(𝑚𝑚) weighted by 𝐿𝐿 orthogonal code vectors 𝐶𝐶𝑙𝑙� =

�𝐶𝐶𝑙𝑙,0,𝐶𝐶𝑙𝑙,1, … ,𝐶𝐶𝑙𝑙,𝑙𝑙� with 𝑙𝑙 =  0, … , 𝐿𝐿 − 1 

𝑆𝑆𝑙𝑙
(𝑚𝑚) = �𝐶𝐶𝑙𝑙,ν𝐷𝐷ν

(𝑚𝑚)
𝐿𝐿−1

ν=0

 for 𝑙𝑙 = 0, … , 𝐿𝐿 − 1 (2)      

The transmit symbols 𝑆𝑆𝑙𝑙(𝑚𝑚) are then mapped onto 𝐿𝐿 of the available 𝑁𝑁𝐶𝐶 
subcarrier which are exclusively allocated to user 𝑚𝑚. In principle, the set 
of subcarrier assigned to each user can be composed of any 𝐿𝐿 out of 𝑁𝑁𝐶𝐶 
subcarrier that have not been assigned to another user. 

Galda-2002 at 1738. 

Independent of the considered spreading matrix 𝐶𝐶 but assuming the 
equidistant allocation of subcarrier over the entire bandwidth the resulting 
OFDM time signal of user 𝑚𝑚 can analytically be described as 

𝑠𝑠𝑖𝑖
(𝑚𝑚) = 𝑒𝑒𝑗𝑗2π𝑖𝑖𝑖𝑖/𝑁𝑁𝐶𝐶

1
√𝐿𝐿

�𝑆𝑆𝑙𝑙
(𝑚𝑚)𝑒𝑒−𝑗𝑗2π𝑖𝑖𝑖𝑖/𝐿𝐿

𝐿𝐿−1

𝑙𝑙=0

 for 𝑖𝑖 = −𝑁𝑁𝐺𝐺 , … ,0, … ,𝑁𝑁𝐶𝐶 (3)      

where 𝑁𝑁𝐺𝐺  denotes the length of the guard interval which is inserted into the 
transmit time signal. 

Galda-2002 at 1738. 
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Galda-2002 at Fig. 3. 

A. OFDM-TDMA with DFT Spreading 
In [3] the Discrete Fourier Transformation (DFT) matrix has been used for 
spreading the vector 𝐷𝐷��⃗  of length 𝐿𝐿 = 𝑁𝑁𝐶𝐶 over all subcarriers of an OFDM 
system. If a single user is assumed in this OFDM system the spreading 
operation includes all subcarrier within the entire bandwidth. In this case 
the DFT spreading matrix and the IDFT operation in the OFDM 
modulation process cancel out each other. The OFDM transmitter structure 
with DFT spreading matrix is therefore technically reduced to the serial 
sequence of complex transmit data symbols 𝐷𝐷𝑖𝑖 to which a guard interval is 
added in the time domain as a cyclic prefix 

𝑠𝑠𝑖𝑖
(1) = 𝐷𝐷𝑖𝑖 𝑚𝑚𝑚𝑚𝑚𝑚 𝑁𝑁𝐶𝐶  for 𝑖𝑖 = −𝑁𝑁𝐺𝐺 , … ,0, … ,𝑁𝑁𝐶𝐶 (5) 

where 𝑚𝑚𝑚𝑚𝑚𝑚 denotes the modulo operation, as shown in Fig. 3. 

Galda-2002 at 1739. 

 
 

Samsung v. GenghisComm 
IPR2025-00780, 9,768,842 

GC EX2015



Exhibit A-10 
Invalidity of U.S. Patent No. 9,768,842 in View of Motorola StarTAC 7868 (“StarTAC”) 

PAGE 58 OF 175 
ACTIVE 703178168v1 

 
Galda-2002 at Fig. 4. 

After calculating the FFT in the receiver which splits the received time 
signal into the orthogonal sub-channel the same single- or multi-code 
detection techniques can be applied which are well known from OFDM-
CDMA receiver structures. The same bit error rate (BER) performance 
compared to a system using a Walsh-Hadamard spreading matrix can 
therefore be achieved if a DFT spreading matrix is considered instead. But 
in case of a DFT spreading matrix the resulting PAR is significantly 
reduced. The general structure of an OFDM transmitter including DFT 
spreading is shown in Fig. 4. 

Galda-2002 at 1739. 
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Galda-2002 at Fig. 5. 

B. OFDM-FDMA with DFT Spreading 
The advantage of a DFT spreading matrix can also be exploited in the 
uplink of an OFDM-FDMA system. If the user data is spread only over 
𝐿𝐿 < 𝑁𝑁𝐶𝐶  subcarriers then the DFT of length 𝐿𝐿 used for spreading does not 
directly cancel out with the length 𝑁𝑁𝐶𝐶 IDFT of the OFDM modulator in 
general. Only when the spreaded symbols 𝑆𝑆𝑙𝑙

(𝑚𝑚) are mapped onto 
equidistant located subcarriers with a spacing of 𝑁𝑁𝐶𝐶/𝐿𝐿 = 𝑀𝑀 the DFT 
spreading and the OFDM modulation can be removed in the transmitter 
structure. This can be seen by inserting Equation (2) into Equation (3) using 
the elements of the discrete Fourier matrix 

𝐶𝐶𝑖𝑖,𝑗𝑗 =
1
√𝐿𝐿

⋅ 𝑒𝑒𝑗𝑗2π𝑖𝑖𝑖𝑖/𝐿𝐿 (6)      

the transmit signal of user 𝑚𝑚 can be written as 
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for 𝑖𝑖 = −𝑁𝑁𝐺𝐺 , … ,0, … ,𝑁𝑁𝐶𝐶 and the periodic dirac pulse sequence δ𝐿𝐿( ). The 
transmit time signal 𝑠𝑠𝑖𝑖

(𝑚𝑚) of user m in an OFDM-FDMA uplink using DFT 
spreading matrix and an equidistant subcarrier allocation results therefore 
in a periodic repetition of the complex user data symbol 𝐷𝐷𝑙𝑙

(𝑚𝑚) sequence 
including an added guard interval as cyclic prefix, shown in Fig. 5. This 
periodic data sequence is multiplied by a user specific complex signal 
𝑒𝑒𝑗𝑗2π𝑖𝑖𝑖𝑖/𝑁𝑁𝐶𝐶 due to the user individual frequency shift by 𝑚𝑚 subcarriers of 
the complete allocated subcarrier set. The number of periods inside a single 
OFDM symbol is equal to the spacing 𝑀𝑀 of the subcarriers allocated to user 
𝑚𝑚. 

Galda-2002 at 1739-40. 
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Galda-2002 at Fig. 6. 

The structure of the OFDM transmitter can be simplified by this approach 
since both the DFT spreading operation and the IFFT calculation of the 
conventional OFDM transmitter cancel out and can be removed in the 
technical realization completely and will be replaced by a simple repetition 
process of the considered user data 𝐷𝐷𝑙𝑙

(𝑚𝑚). The simplified transmitter 
structure is depicted in Fig. 6. Any equidistant subcarrier allocation can be 
used with the proposed FDMA scheme since it only influences the number 
of periods of the transmit signal. Therefore the user data rate can be flexibly 
adjusted by assigning the required number of subcarriers to each user. 

Galda-2002 at 1740. 
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In order to avoid non-linear distortions even in the case of a highly linear 
power amplifier a sufficient input-backoff (IBO) of the transmit signal to 
the amplifier has to be used. Even though the clipping probability of the 
OFDM signal can be reduced or even be avoided for an IBO larger than the 
PAR a system with large energy efficiency loss results. Alternatively, the 
effects which a non-linear device can have on the transmit power spectrum 
can be influenced by a reduction of the OFDM transmit signal PAR 
Different techniques have been developed which reduce the PAR of the 
OFDM signal by the means of a modified channel coding [5], an additive 
[6] or multiplicative [7] correction function or a selective mapping of 
modulation symbols to subcarriers [8]. A majority of these techniques has 
a high computational complexity due to the fact that they analyze the 
generated transmit signal and modify it either in the frequency or time 
domain to reduce its peak amplitudes. For a system employing coherent 
subcarrier modulation the PAR can also be reduced if the data symbols are 
spread by a Fourier matrix in frequency direction [3]. 

Galda-2002 at 1740. 

In this paper an OFDM-FDMA system concept for the uplink of a multi 
user communication system has been studied. It had be shown that if an 
OFDM-FDMA system with equidistant subcarrier allocation is combined 
with a user specific spreading using an discrete Fourier transform as a 
spreading matrix the transmitter structure can be greatly simplified without 
any performance degradation. Moreover, the peak-to-average ratio of the 
transmit signal is reduced to the PAR of the subcarrier modulation scheme 
which can limit the out-of-band and in-band emissions when the transmit 
signal is passed through a non-linear device. With the opportunity to 
independently adjust the user data rates the proposed technique offers an 
interesting alternative for reducing the complexity of the mobile terminal 
in the broadband radio uplink. 

Galda-2002 at 1741. 
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[1B] a mapper configured to map the DFT-
spread data signal to a plurality of OFDM 
subcarriers; and 

StarTAC included a CDMA transmitter that used an earlier generation of wireless 
communication technology. As such it did not include an OFDM spreader 
configured to spread a plurality of data symbols with Fourier coefficients to 
generate a discrete Fourier Transform (DFT)-spread data signal.  
A POSA would have been aware of developments seeking to add data and higher 
transmission rates and overall network throughput in cellular and other wireless 
communications technologies. Such technologies were designed to improve on the 
technology underlying the transmitter used in, for example, StarTAC. A POSA thus 
would have found it obvious to modify StarTAC using the technologies described in 
one or more of the following references and arrive at the claimed subject matter: 
For example, Kaiser-1998 discloses:  

 
Kaiser-1998 at Fig. B.1. 

This section presents a novel multiple access scheme which is referred to 
as spread spectrum multi-carrier multiple access (SS-MC-MA). Similar to 
MC-CDMA, SS-MC-MA exploits the advantages given by the 
combination of the spread spectrum technique with MC modulation 
[KaF96, KaF97a]. An SS-MC-MA system is superior compared to an MC-
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CDMA system in the uplink of a mobile radio system due to a simple 
channel estimation and a low-complex data detection. Whereas, an MC-
CDMA system outperforms an SS-MC-MA system in the downlink, as it 
will be shown at the end of this section. Before presenting the SS-MC-MA 
signal structure and its uplink performance, the basic similarities and 
differences between SS-MC-MA and MC-CDMA systems are pointed out. 
This can preferably be done by comparing the SS-MC-MA and the MC-
CDMA transmitter for the downlink. Fig. B.1 shows the SS-MC-MA 
transmitter for the downlink. The counterpart is the MC-CDMA transmitter 
with 𝑀𝑀-Modification shown in Fig. 3.8. For convenience, the case with 𝑀𝑀 
equal to 𝐿𝐿 and 𝐾𝐾𝑚𝑚𝑚𝑚𝑚𝑚 equal to 𝐿𝐿 is considered in this comparison. It can be 
observed that both transmitters are identical except for the mapping of the 
user data to the subsystems. In SS-MC-MA systems, one user maps 𝐿𝐿 data 
symbols to one subsystem which this user exclusively uses for 
transmission. Consequently, different users use different subsystems in SS-
MC-MA systems. In MC-CDMA systems, 𝑀𝑀 data symbols per user are 
mapped to 𝑀𝑀 different subsystems where each subsystem is shared by 
different users. 

Kaiser-1998 at 130-131. 

Between SS-MC-MA and MC-CDMA systems exist the following 
similarities: 

• SS-MC-MA and MC-CDMA systems exploit frequency diversity 
by spreading each data symbol over 𝐿𝐿 subcarriers. 

• Per subsystem, the same data detection techniques can be applied 
with both SS-MC-MA and MC-CDMA systems. 
• ISI and ICI can be avoided in SS-MC-MA and MC-CDMA 
systems, resulting in simple data detection techniques. 

Kaiser-1998 at 131. 
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Between SS-MC-MA and MC-CDMA systems exist the following 
differences: 

• In SS-MC-MA systems, the code division is used for the 
simultaneous transmission of the data of one user on the same 
subcarriers, whereas in the case of MC-CDMA systems, the code 
division is used for the transmission of the data of different users 
on the same subcarriers. Therefore, SS-MC-MA is an FDMA 
scheme on subcarrier level, whereas MC-CDMA is a CDMA 
scheme. 
• MC-CDMA systems have to cope with MAI, which is not present 
in SS-MC-MA systems. Instead of MAI, the SS-MC-MA system 
has to cope with self interference caused by the superposition of 
signals from the same user. 
• In SS-MC-MA systems, each subcarrier is exclusively used by 
one user, enabling low complex channel estimation especially for 
the uplink. In MC-CDMA systems, the channel estimation in the 
uplink has to cope with the superposition of signals from different 
users which are faded independently on the same subcarriers, 
increasing significantly the complexity of the uplink channel 
estimation. 

• In an MC-CDMA system, 𝑀𝑀 data symbols are spread over 𝑀𝑀 · 𝐿𝐿 
subcarriers, whereas in an SS-MC-MA system, 𝐿𝐿 data symbols are 
spread over the same 𝐿𝐿 subcarriers. Hence, MC-CDMA is able to 
exploit more frequency diversity. 

Kaiser-1998 at 131. 
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Kaiser-1998 at Fig. B.2. 

SS-MC-MA Transmitter: Fig. B.2 shows an SS-MC-MA transmitter with 
channel coding for the data of the 𝑘𝑘th user, 𝑘𝑘 =  1 …  𝐾𝐾, for the uplink. 
The components channel encoding, interleaving, and symbol mapping are 
identical to those described in Chapter 4 for MC-CDMA systems. In SS-
MC-MA systems, 𝐿𝐿 subsequent complex-valued data symbols 𝑑𝑑𝑙𝑙

(𝑘𝑘), 𝑙𝑙 =
1 … 𝐿𝐿, of user 𝑘𝑘 are serial-to-parallel converted. The vector 

𝑑𝑑(𝑘𝑘) = �𝑑𝑑1
(𝑘𝑘),𝑑𝑑2

(𝑘𝑘), … ,𝑑𝑑𝐿𝐿
(𝑘𝑘)�

𝑇𝑇
(𝐵𝐵. 1) 

represents one block of 𝐿𝐿 parallel converted data symbols of the 𝑘𝑘th user. 
Each of the 𝐿𝐿 data symbols is multiplied with another orthogonal spreading 
code of length 𝐿𝐿. The 𝐿𝐿 ×  𝐿𝐿 matrix 

𝐶𝐶 = �𝑐𝑐1 𝑐𝑐2 …  𝑐𝑐𝐿𝐿� = �

𝐶𝐶 1,1 𝐶𝐶 2,1 ⋯ 𝐶𝐶 𝐿𝐿,1
𝐶𝐶 1,2 𝐶𝐶 2,2 ⋯ 𝐶𝐶 𝐿𝐿,2
⋮ ⋱ ⋯ ⋮

𝐶𝐶 1,𝐿𝐿 𝐶𝐶 2,𝐿𝐿 ⋯ 𝐶𝐶 𝐿𝐿,𝐿𝐿

� (𝐵𝐵. 2) 

represents the 𝐿𝐿 different spreading codes 𝑐𝑐𝑙𝑙 , 𝑙𝑙 = 1, … , 𝐿𝐿, used by user 𝑘𝑘. 
The matrix 𝐶𝐶 is the same for all users. The modulated spreading codes are 
data symbol and, thus, chip synchronously added, resulting in the 
transmission vector 
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𝑠𝑠(𝑘𝑘) = 𝐶𝐶 𝑑𝑑(𝑘𝑘) = �𝑆𝑆1
(𝑘𝑘), 𝑆𝑆2

(𝑘𝑘), … , 𝑆𝑆𝐿𝐿
(𝑘𝑘)�

𝑇𝑇
(𝐵𝐵. 3) 

consisting of 𝐿𝐿 components. To increase the robustness of SS-MC-MA 
systems e.g. against inter cell interference, less than 𝐿𝐿 data modulated 
spreading codes can be added to one transmission vector 𝑠𝑠(𝑘𝑘). 

Kaiser-1998 at 131-132. 

Comparable to the frequency interleaving in MC-CDMA systems, the SS-
MC-MA transmitter performs a user specific frequency mapping [KaF97b] 
such that subsequent components of 𝑠𝑠(𝑘𝑘) are interleaved and mapped to 
subcarriers with maximum distance. The subcarriers of the different 
subsystems are chosen such that each subsystem exploits the whole 
transmission bandwidth. The user specific frequency mapping assigns each 
subsystem and, hence, each user exclusively its 𝐿𝐿 subcarriers, avoiding 
MAI. The 𝑄𝑄-Modification introduced in Section 3.2 for MC-CDMA 
systems is inherent in SS-MC-MA systems. The 𝑀𝑀-Modification can 
similar as for MC-CDMA systems be applied to SS-MC-MA systems by 
assigning a user more than one subsystem. 

Kaiser-1998 at 132. 
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Kaiser-1998 at Fig. B.4. 

In the following, the performance of an SS-MC-MA mobile radio system 
in the uplink is presented. Table B.1 shows the SS-MC-MA system 
parameters used in the uplink. These parameters are chosen such that they 
correspond as far as possible with the MC-CDMA system parameters for 
the downlink presented in Table 6.1. The SS-MC-MA system parameters 
described in the following differ from those of the MC-CDMA system 
presented in Chapter 6. The SS-MC-MA system transmits only on 256 
subcarriers. Since the channel estimation in the considered SS-MC-MA 
system is based on a 1-D filtering in time direction which should fulfill 
two-times oversampling of the time-variant fading process, the overhead 
due to pilot symbols can be reduced with decreasing OFDM symbol 
durations. However, it has to be taken into account that with decreasing 
OFDM symbol duration the loss in bandwidth efficiency due to the guard 
interval increases. The used TDMA frame structure consisting of 4 time 
slots. A time slot corresponds to an OFDM frame consisting of 31 OFDM 
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symbols as illustrated in Fig. B.4. Each user exclusively transmits on 8 
subcarriers, where 3 of the 8 subcarriers used by the 𝑘𝑘th user are depicted. 
Hence, per user, a block of 8 serial data symbols is parallel converted and 
spread with orthogonal Walsh Hadamard codes of length 𝐿𝐿 equal to 8, 
resulting after superposition in the transmission sequence 𝑠𝑠(𝑘𝑘), cf. (B.3). 
Note that in contrast to Fig. B.2, an additional interleaver is applied which 
scrambles 192 components of 24 transmission sequences 𝑠𝑠(𝑘𝑘) with the 
intention to increase the diversity potential of the system. Per OFDM 
symbol, 8 randomly interleaved components are mapped on 8 subcarriers 
exclusively used by the 𝑘𝑘th user. The 8 user specific subcarriers are 
distributed over the whole bandwidth. The receiver applies an MLSSE for 
data detection. The channel coding part is identical to that of the MC-
CDMA system presented in Chapter 6. 

Kaiser-1998 at 133-135. 

 
Kaiser-1998 at Fig. 1.4. 

Concept I: MC-CDMA is based on a serial concatenation of DS spreading, 
cf. Fig. 1.2, and MC modulation, cf. Fig. 1.3, [FaP93, YLF93, CBJ93]. The 
high rate DS spread data stream is MC modulated in such a way, that the 𝐿𝐿 
chips of a spread data symbol are transmitted in parallel on different 
subcarriers. Thus, the assigned data symbol is simultaneously transmitted 
on 𝐿𝐿 subcarriers. If the number of subcarriers 𝑁𝑁𝑐𝑐 is equal to the spreading 
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code length 𝐿𝐿, MCCDMA requires the total bandwidth for the transmission 
of a single data symbol comparable to DS-CDMA. When choosing 𝐿𝐿 
smaller than 𝑁𝑁𝑐𝑐 and introducing an appropriate frequency interleaving, the 
flexibility of an MC-CDMA system can be increased and the complexity 
of the data detector can be reduced [FaP93, Faz93]. Fig. 1.4 shows the 
principle of an equivalent realization of the serial concatenation of DS 
spreading, cf. Fig. 1.2, and MC modulation, cf. Fig. 1.3. Each data symbol 
is copied onto 𝐿𝐿 substreams before multiplication with one chip of the 
spreading code per substream. A chip of the MC-CDMA spreading code 
grouped in the frequency domain has the duration 𝑇𝑇𝑐𝑐′, cf. Fig. 1.1, which is 
by a factor of 𝑁𝑁𝑐𝑐 greater than the duration 𝑇𝑇𝑐𝑐 of a chip of the DS-CDMA 
spreading code. The case of 𝑁𝑁𝑐𝑐 equal to 𝐿𝐿 is illustrated in Fig. 1.4, yielding 
that the data symbol duration 𝑇𝑇𝑑𝑑, the chip duration 𝑇𝑇𝑐𝑐′, and the OFDM 
symbol duration 𝑇𝑇𝑠𝑠 are identical. Fig. 1.4 reflects the fact that MC-CDMA 
has a spreading code grouped in the frequency domain. Comparing the 
spread data symbols of DS-CDMA, cf. Fig. 1.2, with those of MC-CDMA, 
cf. Fig. 1.4, it can be seen that MC-CDMA offers an additional flexibility 
in the frequency domain, which results in simple methods for signal 
reconstruction in the frequency domain. MC-CDMA was introduced with 
OFDM for optimum use of the available bandwidth [FaP93, YLF93, 
CBJ93]. Most MC-CDMA systems were proposed for the downlink from 
a base station (BS) to a mobile station (MS) where powerful mobile 
receivers with low complexity are required [FaP93, YLF93, CBJ93]. The 
time/frequency synchronism between the users in the downlink allows a 
simple realization of an efficient channel estimation required for coherent 
detection. 

Kaiser-1998 at 6-7. 

3.1.1 Orthogonal Frequency Division Multiplexing 
The principle of MC modulation is to map a serial high rate source stream 
onto multiple parallel low rate substreams and to modulate each substream 
on another subcarrier. Since the symbol rate on each subcarrier is much 
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less than the serial source symbol rate, the effects of delay spread 
significantly decrease, reducing the complexity of the equalizer. OFDM is 
a low-complex technique to bandwidth-efficiently modulate multiple 
subcarriers by using the digital signal processing as introduced in Section 
1.2.1. In the sequel, MC modulation based on OFDM is described and 
forms the basis for the introduction of the MC-CDMA signal structure in 
Section 3.2. One of the main design goals for an MC transmission scheme 
based on OFDM in a mobile radio channel is that the channel can be 
considered as time-invariant during one OFDM symbol and that the fading 
per subcarrier can be considered as flat. Thus, the OFDM symbol duration 
should be smaller than the coherence time (Δ𝑡𝑡)𝑐𝑐 of the channel, cf. (2.13), 
and the subcarrier spacing should be smaller than the coherence bandwidth 
(Δ𝑓𝑓)𝑐𝑐 of the channel, cf. (2.9). By fulfilling these conditions, the 
realization of low-complex receivers is possible. 

A communication system with MC modulation transmits a sequence {𝑆𝑆𝑛𝑛} 
consisting of 𝑁𝑁𝑐𝑐 complex-valued source symbols 𝑆𝑆𝑛𝑛,𝑛𝑛 = 1, … ,𝑁𝑁𝑐𝑐, in 
parallel on 𝑁𝑁𝑐𝑐 subcarriers. Throughout the thesis, variables which can be 
interpreted as values in the frequency domain like the source symbols 
𝑆𝑆𝑛𝑛,𝑛𝑛 = 1, … ,𝑁𝑁𝑐𝑐, each modulating another subcarrier frequency, are 
written with capital letters. The source symbols may, for instance, be 
obtained after source and channel coding, interleaving, and symbol 
mapping. For brevity, but without loss of generality, the transmission of a 
single but arbitrary sequence {𝑆𝑆𝑛𝑛} is considered in this chapter, so that no 
additional time index is required. The isolated consideration of {𝑆𝑆𝑛𝑛} is valid 
since ISI and ICI can be avoided with OFDM. 

The MC modulator maps a sequence {𝑆𝑆𝑛𝑛} of 𝑁𝑁𝑐𝑐 serial source symbols of 
rate 1/𝑇𝑇 onto 𝑁𝑁𝑐𝑐 parallel substreams, cf. Fig. 1.3. The source symbol rate 
per substream reduces to 

1
𝑇𝑇𝑠𝑠

=
1
𝑁𝑁𝑐𝑐𝑇𝑇

. (3.1) 
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According to OFDM, the 𝑁𝑁𝑐𝑐 substreams are modulated on subcarriers with 
a spacing of 

𝐹𝐹𝑠𝑠 =
1
𝑇𝑇𝑠𝑠

. (3.2) 

to achieve orthogonality between the signals on the 𝑁𝑁𝑐𝑐 subcarriers, 
presuming a rectangular pulse shaping. The 𝑁𝑁𝑐𝑐 parallel modulated source 
symbols 𝑆𝑆𝑛𝑛,𝑛𝑛 = 1, … ,𝑁𝑁𝑐𝑐, are referred to as an OFDM symbol of duration 
𝑇𝑇𝑠𝑠. The complex envelope of an OFDM symbol with rectangular pulse 
shaping has the form 

𝑥𝑥(𝑡𝑡) =
1

�𝑁𝑁𝑐𝑐
�𝑆𝑆𝑛𝑛

𝑁𝑁𝑐𝑐

𝑛𝑛=1

 rect �
𝑡𝑡
𝑇𝑇𝑠𝑠
−

1
2�
𝑒𝑒𝑗𝑗2π𝑓𝑓𝑛𝑛𝑡𝑡. (3.3). 

Kaiser-1998 at 31-32. 

 
Kaiser-1998 at Fig. 3.5. 

The advantages of combining the multiple access schemes FDMA, TDMA, 
and DS-CDMA with MC modulation were discussed in Section 1.2.2. The 
principle of the arising MC-FDMA, MC-TDMA, and MC-CDMA schemes 
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is depicted in Fig. 3.5 a), b), and c), respectively, for the case of two active 
users. In the case of MC-FDMA, one or several subcarriers are exclusively 
allocated to a user for transmission. In the case of MC-TDMA, the whole 
transmission bandwidth is exclusively allocated to a single user for a 
certain number of OFDM symbols. Thus, MC-FDMA and MC-TDMA can 
completely avoid MAI, ISI, and ICI. Assuming that adjacent source 
symbols are affected by fading independently to each other due to perfect 
interleaving, the performance of MC-FDMA and MC-TDMA systems or 
any hybrid combination of both is similar [Kai96]. With MC-CDMA 
different users share the same frequency band, i.e., the same subcarriers, at 
the same time. Hence, an MC-CDMA system has to cope with MAI and, 
thus, may perform quite differently from MC-FDMA and MC-TDMA 
systems. The performance of an uncoded and coded MC-FDMA and MC-
TDMA system, respectively, with perfect interleaving is chosen as 
reference for the evaluation of the presented MC-CDMA system. In the 
next section the signal structure of MC-CDMA is introduced in detail. 

Kaiser-1998 at 38. 

 
Kaiser-1998 at Fig. 3.6. 

The generation of an MC spread spectrum signal is illustrated in Fig. 3.6 
and is applicable on the transmitter side in both the up- and the down-link. 
The serial concatenation of DS spreading, cf. Fig. 1.2, and MC modulation, 
cf. Fig. 1.3, is shown, however, the equivalent realization illustrated in Fig. 
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1.4 is also applicable. The transmission of a complex-valued data symbol 
𝑑𝑑(𝑘𝑘) of the 𝑘𝑘th user is shown in Fig. 3.6. The data symbol 𝑑𝑑(𝑘𝑘) to be 
transmitted over the radio channel is taken from the complex data symbol 
alphabet 

𝑉𝑉𝑑𝑑 = {𝑣𝑣𝑑𝑑,1, 𝑣𝑣𝑑𝑑,2, … , 𝑣𝑣𝑑𝑑,𝑀𝑀𝑑𝑑} (3.24) 

of size 𝑀𝑀𝑑𝑑. The data symbol 𝑑𝑑(𝑘𝑘) is obtained after symbol mapping, where 
𝑙𝑙𝑙𝑙𝑔𝑔2(𝑀𝑀𝑑𝑑) data bits are mapped into a complex-valued data symbol 𝑑𝑑(𝑘𝑘) 
[Pro95]. The data symbol rate is 1/𝑇𝑇𝑑𝑑. For brevity, but without loss of 
generality, the MC-CDMA signal generation is described for a single data 
symbol per user as far as possible, by omitting an otherwise necessary data 
symbol index. In the transmitter, the data symbol 𝑑𝑑(𝑘𝑘) is multiplied and, 
thus, marked with the user-specific spreading code 

𝑐𝑐(𝑘𝑘) = �𝐶𝐶1
(𝑘𝑘),𝐶𝐶2

(𝑘𝑘), … ,𝐶𝐶𝐿𝐿
(𝑘𝑘)�

T
(3.25) 

of the 𝑘𝑘th user. The chips 𝐶𝐶𝑙𝑙
(𝑘𝑘), 𝑙𝑙 = 1, … , 𝐿𝐿, are taken from the complex 

chip alphabet 
𝑉𝑉𝑐𝑐 = {𝑣𝑣𝑐𝑐,1, 𝑣𝑣𝑐𝑐,2, … , 𝑣𝑣𝑐𝑐,𝑀𝑀𝑠𝑠} (3.26) 

of size 𝑀𝑀𝑠𝑠, where 𝑀𝑀𝑠𝑠 is not necessarily equal to 𝑀𝑀𝑑𝑑. The chip rate of the 
serial spreading code 𝑐𝑐(𝑘𝑘) before serial-to-parallel conversion is 

1
𝑇𝑇𝑐𝑐

=
𝐿𝐿
𝑇𝑇𝑑𝑑

(3.27) 

and is 𝐿𝐿 times higher than the data symbol rate 1/𝑇𝑇𝑑𝑑. The complex-valued 
sequence obtained from the multiplication of a data symbol 𝑑𝑑(𝑘𝑘) ∈ 𝑉𝑉𝑑𝑑, cf. 
(3.24), with the assigned spreading code 𝑐𝑐(𝑘𝑘) is given by the vector 

𝑠𝑠(𝑘𝑘) = 𝑑𝑑(𝑘𝑘)𝑐𝑐(𝑘𝑘) = �𝑆𝑆1
(𝑘𝑘), 𝑆𝑆2

(𝑘𝑘), … , 𝑆𝑆𝐿𝐿
(𝑘𝑘)�

T
. (3.28) 
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The rate of the components 𝑆𝑆𝑙𝑙
(𝑘𝑘),  𝑙𝑙 = 1, … , 𝐿𝐿, before serial-to-parallel 

conversion is 1/𝑇𝑇𝑐𝑐. It should be noted that the transmission of 𝑠𝑠(𝑘𝑘) with 
single-carrier modulation conforms with the principle of DS spread 
spectrum according to Fig. 1.2. An MC-CDMA signal is obtained after 
modulating the components 𝑆𝑆𝑙𝑙

(𝑘𝑘),  𝑙𝑙 = 1, … , 𝐿𝐿, in parallel onto 𝐿𝐿 subcarriers 
according to (3.10) [FaP93, YLF93, CBJ93]. Thus, each data symbol 𝑑𝑑(𝑘𝑘) 
is spread over 𝐿𝐿 subcarriers. The duration of an MC modulated component 
𝑆𝑆𝑙𝑙

(𝑘𝑘),  𝑙𝑙 = 1, … , 𝐿𝐿, is equal to the OFDM symbol duration, which, including 
the guard interval, is 

𝑇𝑇𝑠𝑠′ = 𝑇𝑇𝑔𝑔 + 𝑁𝑁𝑐𝑐𝑇𝑇𝑐𝑐 . (3.29) 

The transmission of one data symbol per user per OFDM symbol requires 
𝑁𝑁𝑐𝑐 = 𝐿𝐿 (3.30) 

subcarriers. In this case, the OFDM symbol duration including the guard 
interval is 

𝑇𝑇𝑠𝑠′ = 𝑇𝑇𝑔𝑔 + 𝑇𝑇𝑑𝑑. (3.31) 

Kaiser-1998 at 39-40. 

M-Modification: The intention of the M-Modification is to increase the 
number of subcarriers while maintaining constant the spreading code 
length and the maximum number of active users. Consequently, the OFDM 
symbol duration increases and the loss in bandwidth efficiency due to the 
guard interval decreases. Moreover, the tighter subcarrier spacing enables 
one to guarantee flat fading per subchannel in propagation scenarios with 
decreased coherence bandwidth. With the M-Modification, each user 
transmits simultaneously 𝑀𝑀 greater than 1 data symbols per OFDM 
symbol. The total number of subcarriers of the modified MC-CDMA 
system is 

𝑁𝑁𝑐𝑐 = 𝑀𝑀𝑀𝑀. (3.34) 
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Each user exploits the total of 𝑁𝑁𝑐𝑐 subcarriers for data transmission. The 
OFDM symbol duration including the guard interval increases to 

𝑇𝑇𝑠𝑠′ = 𝑇𝑇𝑔𝑔 + 𝑀𝑀𝑀𝑀𝑇𝑇𝑐𝑐, (3.35) 

where it can be observed that the loss in bandwidth efficiency due to the 
guard interval decreases with increasing 𝑀𝑀. The maximum number of 
active users is still defined according to (3.32). The assigned MC-CDMA 
transmitter is shown in Fig. 3.8. The data symbol index 𝑚𝑚,𝑚𝑚 =  1, … ,𝑀𝑀, 
is introduced in Fig. 3.8 to distinguish the 𝑀𝑀 simultaneously transmitted 
data symbols 𝑑𝑑𝑚𝑚

(𝑘𝑘),𝑚𝑚 = 1, … ,𝑀𝑀, of the 𝑘𝑘th user. The number 𝑀𝑀 is upper 
limited by the coherence time (Δ𝑡𝑡)𝑐𝑐 of the channel, cf. (2.13), since the 
symbol duration 𝑇𝑇𝑠𝑠′, which increases with increasing M, has to be smaller 
than (Δ𝑡𝑡)𝑐𝑐 to guarantee that the channel is time-invariant during one 
OFDM symbol duration. 
To optimally exploit frequency diversity, the components of the sequences 
𝑠𝑠𝑚𝑚,𝑚𝑚 = 1, … ,𝑀𝑀, transmitted in the same OFDM symbol are interleaved 
over the frequency. Subcarriers used for the transmission of 𝑠𝑠𝑚𝑚 should have 
a spacing greater than the coherence bandwidth of the channel. Thus, the 
components of one sequence 𝑠𝑠𝑚𝑚 are affected independently, reducing the 
probability that 𝑠𝑠𝑚𝑚 is completely located in a deep fade. The interleaving 
is carried out prior to OFDM. The frequency interleaver can be a block 
interleaver which guarantees the maximum frequency separation between 
the components of 𝑠𝑠𝑚𝑚. However, due to a possible periodicity of the fading 
process in frequency, the block interleaver can fail if the periodicity is 
similar to the frequency separation between adjacent components. This 
effect can be reduced if a pseudo-random frequency interleaver is used. 

Kaiser-1998 at 41-42. 

M&Q-Modification: The M&Q-Modification is a combination of the M- 
and the Q-Modification, resulting in an MC-CDMA system with adjustable 
number of subcarriers and receiver complexity, keeping constant the 
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maximum number of active users. The transmission of 𝑀𝑀 data symbols per 
user and, additionally, the splitting of the users in Q independent user 
groups according to the M&Q-Modification is illustrated in Fig. 3.10. The 
total number of subcarriers used by the MC-CDMA system with M&Q-
Modification is 

𝑁𝑁𝑐𝑐 = 𝑄𝑄𝑄𝑄𝑄𝑄, (3.41) 

where each user only exploits a subset of 𝑀𝑀 𝐿𝐿 subcarriers for data 
transmission due to the FDMA component introduced by the Q-
Modification. The maximum number of active users is given by (3.38). The 
total OFDM symbol duration including the guard interval results with the 
M&Q-Modification in 

𝑇𝑇𝑠𝑠′ = 𝑇𝑇𝑔𝑔 + 𝑄𝑄𝑄𝑄𝑄𝑄𝑇𝑇𝑐𝑐 . (3.42) 

Kaiser-1998 at 44. 

Performance and flexibility of mobile radio systems essentially depend on 
the choice of the multiple access scheme. The novel MC-CDMA scheme 
which is the topic of this thesis is a promising alternative to conventional 
FDMA, TDMA, and CDMA schemes. With MC-CDMA, each data 
modulated chip of the user specific spreading code is mapped onto a 
separate subcarrier, so that the chips of the spreading code and, hence, the 
data symbol is transmitted in parallel on multiple subcarriers. The 
application of OFDM enables one to avoid ISI and ICI in the detection 
process, resulting in simple SD and MD techniques. In MC-CDMA mobile 
radio systems, SD can be realized by equalizing each subcarrier 
individually, yielding only one complex-valued multiplication per 
subcarrier and OFDM symbol. Due to the M-, Q-, and M&Q-Modification 
of the MC-CDMA scheme, even the optimum JD techniques MLSSE and 
MLSE can be applied with reasonable complexity. 

Kaiser-1998 at 119. 
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[1C] an OFDM modulator configured to 
modulate the DFT-spread data signal onto the 
plurality of OFDM subcarriers to produce an 
OFDM transmission signal comprising a 
superposition of the OFDM subcarriers,  

StarTAC included a CDMA transmitter that used an earlier generation of wireless 
communication technology. As such it did not include an OFDM spreader 
configured to spread a plurality of data symbols with Fourier coefficients to 
generate a discrete Fourier Transform (DFT)-spread data signal.  
A POSA would have been aware of developments seeking to add data and higher 
transmission rates and overall network throughput in cellular and other wireless 
communications technologies. Such technologies were designed to improve on the 
technology underlying the transmitter used in, for example, StarTAC. A POSA thus 
would have found it obvious to modify StarTAC using the technologies described in 
one or more of the following references and arrive at the claimed subject matter: 
For example, Kaiser-1998 discloses:  

 
Kaiser-1998 at Fig. B.1. 

This section presents a novel multiple access scheme which is referred to 
as spread spectrum multi-carrier multiple access (SS-MC-MA). Similar to 
MC-CDMA, SS-MC-MA exploits the advantages given by the 
combination of the spread spectrum technique with MC modulation 
[KaF96, KaF97a]. An SS-MC-MA system is superior compared to an MC-
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CDMA system in the uplink of a mobile radio system due to a simple 
channel estimation and a low-complex data detection. Whereas, an MC-
CDMA system outperforms an SS-MC-MA system in the downlink, as it 
will be shown at the end of this section. Before presenting the SS-MC-MA 
signal structure and its uplink performance, the basic similarities and 
differences between SS-MC-MA and MC-CDMA systems are pointed out. 
This can preferably be done by comparing the SS-MC-MA and the MC-
CDMA transmitter for the downlink. Fig. B.1 shows the SS-MC-MA 
transmitter for the downlink. The counterpart is the MC-CDMA transmitter 
with 𝑀𝑀-Modification shown in Fig. 3.8. For convenience, the case with 𝑀𝑀 
equal to 𝐿𝐿 and 𝐾𝐾𝑚𝑚𝑚𝑚𝑚𝑚 equal to 𝐿𝐿 is considered in this comparison. It can be 
observed that both transmitters are identical except for the mapping of the 
user data to the subsystems. In SS-MC-MA systems, one user maps 𝐿𝐿 data 
symbols to one subsystem which this user exclusively uses for 
transmission. Consequently, different users use different subsystems in SS-
MC-MA systems. In MC-CDMA systems, 𝑀𝑀 data symbols per user are 
mapped to 𝑀𝑀 different subsystems where each subsystem is shared by 
different users. 

Kaiser-1998 at 130-131. 

Between SS-MC-MA and MC-CDMA systems exist the following 
differences: 

• In SS-MC-MA systems, the code division is used for the 
simultaneous transmission of the data of one user on the same 
subcarriers, whereas in the case of MC-CDMA systems, the code 
division is used for the transmission of the data of different users 
on the same subcarriers. Therefore, SS-MC-MA is an FDMA 
scheme on subcarrier level, whereas MC-CDMA is a CDMA 
scheme. 
• MC-CDMA systems have to cope with MAI, which is not present 
in SS-MC-MA systems. Instead of MAI, the SS-MC-MA system 
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has to cope with self interference caused by the superposition of 
signals from the same user. 
• In SS-MC-MA systems, each subcarrier is exclusively used by 
one user, enabling low complex channel estimation especially for 
the uplink. In MC-CDMA systems, the channel estimation in the 
uplink has to cope with the superposition of signals from different 
users which are faded independently on the same subcarriers, 
increasing significantly the complexity of the uplink channel 
estimation. 

• In an MC-CDMA system, 𝑀𝑀 data symbols are spread over 𝑀𝑀 · 𝐿𝐿 
subcarriers, whereas in an SS-MC-MA system, 𝐿𝐿 data symbols are 
spread over the same 𝐿𝐿 subcarriers. Hence, MC-CDMA is able to 
exploit more frequency diversity. 

Kaiser-1998 at 131. 

 
Kaiser-1998 at Fig. B.2. 

SS-MC-MA Transmitter: Fig. B.2 shows an SS-MC-MA transmitter with 
channel coding for the data of the 𝑘𝑘th user, 𝑘𝑘 =  1 …  𝐾𝐾, for the uplink. 
The components channel encoding, interleaving, and symbol mapping are 
identical to those described in Chapter 4 for MC-CDMA systems. In SS-
MC-MA systems, 𝐿𝐿 subsequent complex-valued data symbols 𝑑𝑑𝑙𝑙

(𝑘𝑘), 𝑙𝑙 =
1 … 𝐿𝐿, of user 𝑘𝑘 are serial-to-parallel converted. The vector 
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𝒅𝒅(𝒌𝒌) = �𝑑𝑑1
(𝑘𝑘),𝑑𝑑2

(𝑘𝑘), … ,𝑑𝑑𝐿𝐿
(𝑘𝑘)�

𝑇𝑇
(𝐵𝐵. 1) 

represents one block of 𝐿𝐿 parallel converted data symbols of the 𝑘𝑘th user. 
Each of the 𝐿𝐿 data symbols is multiplied with another orthogonal spreading 
code of length 𝐿𝐿. The 𝐿𝐿 ×  𝐿𝐿 matrix 

𝑪𝑪 = �𝒄𝒄𝟏𝟏 𝒄𝒄𝟐𝟐 …  𝒄𝒄𝑳𝑳� = �

𝐶𝐶 1,1 𝐶𝐶 2,1 ⋯ 𝐶𝐶 𝐿𝐿,1
𝐶𝐶 1,2 𝐶𝐶 2,2 ⋯ 𝐶𝐶 𝐿𝐿,2
⋮ ⋱ ⋯ ⋮

𝐶𝐶 1,𝐿𝐿 𝐶𝐶 2,𝐿𝐿 ⋯ 𝐶𝐶 𝐿𝐿,𝐿𝐿

� (𝐵𝐵. 2) 

represents the 𝐿𝐿 different spreading codes 𝑐𝑐𝑙𝑙 , 𝑙𝑙 = 1, … , 𝐿𝐿, used by user 𝑘𝑘. 
The matrix 𝐶𝐶 is the same for all users. The modulated spreading codes are 
data symbol and, thus, chip synchronously added, resulting in the 
transmission vector 

𝒔𝒔(𝒌𝒌) = 𝑪𝑪 𝒅𝒅(𝒌𝒌) = �𝑺𝑺𝟏𝟏
(𝒌𝒌),𝑺𝑺𝟐𝟐

(𝒌𝒌), … ,𝑺𝑺𝑳𝑳
(𝒌𝒌)�

𝑇𝑇
(𝐵𝐵. 3) 

consisting of 𝐿𝐿 components. To increase the robustness of SS-MC-MA 
systems e.g. against inter cell interference, less than 𝐿𝐿 data modulated 
spreading codes can be added to one transmission vector 𝑠𝑠(𝑘𝑘). 

Kaiser-1998 at 131-132. 

OFDM with guard interval is applied in SS-MC-MA systems in the same 
way as in MC-CDMA systems, cf. Section 3.1.1. In order to perform 
coherent data detection at the receiver and to guarantee robust time and 
frequency synchronization, pilot symbols are multiplexed in the 
transmitted data. 

Kaiser-1998 at 133. 
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Kaiser-1998 at Fig. B.4. 

In the following, the performance of an SS-MC-MA mobile radio system 
in the uplink is presented. Table B.1 shows the SS-MC-MA system 
parameters used in the uplink. These parameters are chosen such that they 
correspond as far as possible with the MC-CDMA system parameters for 
the downlink presented in Table 6.1. The SS-MC-MA system parameters 
described in the following differ from those of the MC-CDMA system 
presented in Chapter 6. The SS-MC-MA system transmits only on 256 
subcarriers. Since the channel estimation in the considered SS-MC-MA 
system is based on a 1-D filtering in time direction which should fulfill 
two-times oversampling of the time-variant fading process, the overhead 
due to pilot symbols can be reduced with decreasing OFDM symbol 
durations. However, it has to be taken into account that with decreasing 
OFDM symbol duration the loss in bandwidth efficiency due to the guard 
interval increases. The used TDMA frame structure consisting of 4 time 
slots. A time slot corresponds to an OFDM frame consisting of 31 OFDM 
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symbols as illustrated in Fig. B.4. Each user exclusively transmits on 8 
subcarriers, where 3 of the 8 subcarriers used by the 𝑘𝑘th user are depicted. 
Hence, per user, a block of 8 serial data symbols is parallel converted and 
spread with orthogonal Walsh Hadamard codes of length 𝐿𝐿 equal to 8, 
resulting after superposition in the transmission sequence 𝑠𝑠(𝑘𝑘), cf. (B.3). 
Note that in contrast to Fig. B.2, an additional interleaver is applied which 
scrambles 192 components of 24 transmission sequences 𝑠𝑠(𝑘𝑘) with the 
intention to increase the diversity potential of the system. Per OFDM 
symbol, 8 randomly interleaved components are mapped on 8 subcarriers 
exclusively used by the 𝑘𝑘th user. The 8 user specific subcarriers are 
distributed over the whole bandwidth. The receiver applies an MLSSE for 
data detection. The channel coding part is identical to that of the MC-
CDMA system presented in Chapter 6. 

Kaiser-1998 at 133-135. 

 
Kaiser-1998 at Fig. 1.3. 

The progress in wireless communications entails a demand for higher data 
rates and, thus, shorter symbol durations. However, if the duration of the 
transmitted symbol becomes smaller than the time dispersion of the 
multipath channel, the performance of the wireless communication system 
suffers from ISI. This is a crucial problem since the receiver complexity is 
related to the amount of ISI. An approach to prevent ISI is offered by 
parallel data transmission [Cha66, Sal67, WeE71], referred to as MC 
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communications. The principle of MC modulation, depicted in Fig. 1.3, is 
to convert a high rate data stream into 𝑁𝑁𝑐𝑐 low-rate substreams, where 𝑁𝑁𝑐𝑐 is 
the number of subcarriers used for data transmission. Each substream is 
modulated on its assigned subcarrier 𝑓𝑓𝑛𝑛,𝑛𝑛 = 1, … ,𝑁𝑁𝑐𝑐. Thus, the available 
channel bandwidth is subdivided into 𝑁𝑁𝑐𝑐 narrow subbands, which ideally 
appear frequency non-selective. The data symbol rate per subcarrier is 
reduced by a factor 𝑁𝑁𝑐𝑐 and with that, the ISI is reduced. A common 
realization of MC communications is conventional frequency division 
multiplexing where the subbands are completely separated in the frequency 
domain. However, due to finite steepness of the filter roll-offs, the 
subchannel spacing has to be greater than the Nyquist bandwidth to avoid 
inter-subchannel interference (ICI). This inefficient use of the available 
spectrum can be overcome by permitting spectral overlap between adjacent 
subchannels [Cha66, Sal67]. ICI can be avoided by guaranteeing 
orthogonality between the signals on the subcarriers. With rectangular 
pulse shaping, orthogonality between the signals is obtained by choosing a 
subcarrier spacing equal to the reciprocal of the symbol duration per 
subcarrier 𝑇𝑇𝑠𝑠, known as orthogonal frequency division multiplexing 
(OFDM) [WeE71, Hir81, Cim85]. The 𝑁𝑁𝑐𝑐 parallel modulated data 
symbolsof duration 𝑇𝑇𝑠𝑠 equal to 𝑁𝑁𝑐𝑐 · 𝑇𝑇𝑑𝑑 are referred to as an OFDM symbol 
with the assigned OFDM symbol rate 1/𝑇𝑇𝑠𝑠. By increasing the number of 
subcarriers, the OFDM spectrum approaches an ideal rectangular shaping 
within the bandwidth 𝐵𝐵. 

Kaiser-1998 at 5-6. 

The success of MC modulation in broadcast applications motivated many 
researchers to investigate the suitability of MC modulation for wireless 
mobile communications. First multiple access systems with MC 
modulation were published in 1993 and were based on DS-CDMA [FaP93, 
YLF93, Van93, KoM93, Faz93, DaS93, CBJ93]. Two different concepts 
of combining DS-CDMA with MC modulation were introduced. Concept 
I is referred to as MC-CDMA, also known as OFDM-CDMA or MC-
SSMA, and is the topic of this thesis. Concept II was proposed in two 
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variants, the first one is referred to as MC-DS-CDMA, the second one as 
multi-tone (MT) CDMA. For both Concept I and Concept II, all users 
simultaneously share the available bandwidth where the separation of the 
users signals is carried out in the code domain comparable to DS-CDMA. 

Kaiser-1998 at 6. 

 
Kaiser-1998 at Fig. 1.4. 

Concept I: MC-CDMA is based on a serial concatenation of DS spreading, 
cf. Fig. 1.2, and MC modulation, cf. Fig. 1.3, [FaP93, YLF93, CBJ93]. The 
high rate DS spread data stream is MC modulated in such a way, that the 𝐿𝐿 
chips of a spread data symbol are transmitted in parallel on different 
subcarriers. Thus, the assigned data symbol is simultaneously transmitted 
on 𝐿𝐿 subcarriers. If the number of subcarriers 𝑁𝑁𝑐𝑐 is equal to the spreading 
code length 𝐿𝐿, MCCDMA requires the total bandwidth for the transmission 
of a single data symbol comparable to DS-CDMA. When choosing 𝐿𝐿 
smaller than 𝑁𝑁𝑐𝑐 and introducing an appropriate frequency interleaving, the 
flexibility of an MC-CDMA system can be increased and the complexity 
of the data detector can be reduced [FaP93, Faz93]. Fig. 1.4 shows the 
principle of an equivalent realization of the serial concatenation of DS 
spreading, cf. Fig. 1.2, and MC modulation, cf. Fig. 1.3. Each data symbol 
is copied onto 𝐿𝐿 substreams before multiplication with one chip of the 
spreading code per substream. A chip of the MC-CDMA spreading code 
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grouped in the frequency domain has the duration 𝑇𝑇𝑐𝑐′, cf. Fig. 1.1, which is 
by a factor of 𝑁𝑁𝑐𝑐 greater than the duration 𝑇𝑇𝑐𝑐 of a chip of the DS-CDMA 
spreading code. The case of 𝑁𝑁𝑐𝑐 equal to 𝐿𝐿 is illustrated in Fig. 1.4, yielding 
that the data symbol duration 𝑇𝑇𝑑𝑑, the chip duration 𝑇𝑇𝑐𝑐′, and the OFDM 
symbol duration 𝑇𝑇𝑠𝑠 are identical. Fig. 1.4 reflects the fact that MC-CDMA 
has a spreading code grouped in the frequency domain. Comparing the 
spread data symbols of DS-CDMA, cf. Fig. 1.2, with those of MC-CDMA, 
cf. Fig. 1.4, it can be seen that MC-CDMA offers an additional flexibility 
in the frequency domain, which results in simple methods for signal 
reconstruction in the frequency domain. MC-CDMA was introduced with 
OFDM for optimum use of the available bandwidth [FaP93, YLF93, 
CBJ93]. Most MC-CDMA systems were proposed for the downlink from 
a base station (BS) to a mobile station (MS) where powerful mobile 
receivers with low complexity are required [FaP93, YLF93, CBJ93]. The 
time/frequency synchronism between the users in the downlink allows a 
simple realization of an efficient channel estimation required for coherent 
detection. 

Kaiser-1998 at 6-7. 

3.1.1 Orthogonal Frequency Division Multiplexing 
The principle of MC modulation is to map a serial high rate source stream 
onto multiple parallel low rate substreams and to modulate each substream 
on another subcarrier. Since the symbol rate on each subcarrier is much 
less than the serial source symbol rate, the effects of delay spread 
significantly decrease, reducing the complexity of the equalizer. OFDM is 
a low-complex technique to bandwidth-efficiently modulate multiple 
subcarriers by using the digital signal processing as introduced in Section 
1.2.1. In the sequel, MC modulation based on OFDM is described and 
forms the basis for the introduction of the MC-CDMA signal structure in 
Section 3.2. One of the main design goals for an MC transmission scheme 
based on OFDM in a mobile radio channel is that the channel can be 
considered as time-invariant during one OFDM symbol and that the fading 
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per subcarrier can be considered as flat. Thus, the OFDM symbol duration 
should be smaller than the coherence time (Δ𝑡𝑡)𝑐𝑐 of the channel, cf. (2.13), 
and the subcarrier spacing should be smaller than the coherence bandwidth 
(Δ𝑓𝑓)𝑐𝑐 of the channel, cf. (2.9). By fulfilling these conditions, the 
realization of low-complex receivers is possible. 

A communication system with MC modulation transmits a sequence {𝑆𝑆𝑛𝑛} 
consisting of 𝑁𝑁𝑐𝑐 complex-valued source symbols 𝑆𝑆𝑛𝑛,𝑛𝑛 = 1, … ,𝑁𝑁𝑐𝑐, in 
parallel on 𝑁𝑁𝑐𝑐 subcarriers. Throughout the thesis, variables which can be 
interpreted as values in the frequency domain like the source symbols 
𝑆𝑆𝑛𝑛,𝑛𝑛 = 1, … ,𝑁𝑁𝑐𝑐, each modulating another subcarrier frequency, are 
written with capital letters. The source symbols may, for instance, be 
obtained after source and channel coding, interleaving, and symbol 
mapping. For brevity, but without loss of generality, the transmission of a 
single but arbitrary sequence {𝑆𝑆𝑛𝑛} is considered in this chapter, so that no 
additional time index is required. The isolated consideration of {𝑆𝑆𝑛𝑛} is valid 
since ISI and ICI can be avoided with OFDM. 

The MC modulator maps a sequence {𝑆𝑆𝑛𝑛} of 𝑁𝑁𝑐𝑐 serial source symbols of 
rate 1/𝑇𝑇 onto 𝑁𝑁𝑐𝑐 parallel substreams, cf. Fig. 1.3. The source symbol rate 
per substream reduces to 

1
𝑇𝑇𝑠𝑠

=
1
𝑁𝑁𝑐𝑐𝑇𝑇

. (3.1) 

According to OFDM, the 𝑁𝑁𝑐𝑐 substreams are modulated on subcarriers with 
a spacing of 

𝐹𝐹𝑠𝑠 =
1
𝑇𝑇𝑠𝑠

. (3.2) 

to achieve orthogonality between the signals on the 𝑁𝑁𝑐𝑐 subcarriers, 
presuming a rectangular pulse shaping. The 𝑁𝑁𝑐𝑐 parallel modulated source 
symbols 𝑆𝑆𝑛𝑛,𝑛𝑛 = 1, … ,𝑁𝑁𝑐𝑐, are referred to as an OFDM symbol of duration 
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𝑇𝑇𝑠𝑠. The complex envelope of an OFDM symbol with rectangular pulse 
shaping has the form 

𝑥𝑥(𝑡𝑡) =
1

�𝑁𝑁𝑐𝑐
�𝑆𝑆𝑛𝑛

𝑁𝑁𝑐𝑐

𝑛𝑛=1

 rect �
𝑡𝑡
𝑇𝑇𝑠𝑠
−

1
2�
𝑒𝑒𝑗𝑗2𝜋𝜋𝑓𝑓𝑛𝑛𝑡𝑡 . (3.3). 

Kaiser-1998 at 31-32. 

The normalized energy density spectrum of an OFDM symbol with 𝑁𝑁𝑐𝑐 
equal to 16 subcarriers versus the normalized frequency 𝑓𝑓𝑓𝑓 is depicted as 
a solid curve in Fig. 3.1. The OFDM spectrum is shown for the case where 
the symbols 𝑆𝑆𝑛𝑛,𝑛𝑛 = 1, … ,𝑁𝑁𝑐𝑐, are transmitted with equal energy. The 
dotted curve illustrates the energy density spectrum of the first modulated 
subcarrier 𝑓𝑓1 and indicates the construction of the overall energy density 
spectrum as the sum of 𝑁𝑁𝑐𝑐, each by 1/𝑇𝑇𝑠𝑠 shifted, individual energy density 
spectra. For large values of 𝑁𝑁𝑐𝑐, the energy density spectrum becomes more 
flat in the normalized frequency range of 𝑓𝑓𝑓𝑓 ∈ [−0.5,0.5] containing the 
subcarriers. Only subcarriers near the band edges contribute to the out-of-
band power. Therefore, as 𝑁𝑁𝑐𝑐 becomes large, the energy density spectrum 
approaches that of single carrier modulation with ideal Nyquist filtering. 
As a reference, the normalized energy density spectrum of binary phase 
shift keying (BPSK) [Pro95] is plotted as a dashed curve. 

Kaiser-1998 at 32. 
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Kaiser-1998 at Fig. 3.2. 

A key advantage of using OFDM is that the MC modulation can be 
implemented in the discrete domain by using an IDFT, or a more 
computationally efficient IFFT [WeE71]. When sampling the complex 
envelope 𝑥𝑥(𝑡𝑡) of an OFDM symbol at time instances 𝑡𝑡 equal to 
(ν − 1)𝑇𝑇𝑠𝑠/𝑁𝑁𝑐𝑐 , ν = 1, … ,𝑁𝑁𝑐𝑐, the samples are 

𝑥𝑥ν =
1

�𝑁𝑁𝑐𝑐
�𝑆𝑆𝑛𝑛𝑒𝑒𝑗𝑗2π(𝑛𝑛−1)(ν−1)/𝑁𝑁𝑐𝑐

𝑁𝑁𝑐𝑐

𝑛𝑛=1

,  ν = 1, … ,𝑁𝑁𝑐𝑐 , (3.6) 

and the sampling rate is 𝑁𝑁𝑐𝑐/𝑇𝑇𝑠𝑠. The important result is that the sampled 
sequence {𝑥𝑥ν}, ν = 1, … ,𝑁𝑁𝑐𝑐, is the IDFT of the source symbol sequence 
{𝑆𝑆𝑛𝑛},𝑛𝑛 = 1, … ,𝑁𝑁𝑐𝑐. The block diagram of an MC modulator employing 
OFDM based on an IDFT and MC demodulator employing inverse OFDM 
based on a DFT is illustrated in Fig. 3.2. 

Kaiser-1998 at 32-33. 
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• An OFDM symbol 𝑥𝑥(𝑡𝑡) is the sum of many independently modulated 
sinewaves and its envelope has an almost Gaussian distribution. This yields 
high peak-to-average power ratios and high demands on linear amplifiers. 
Nonlinearities in the amplifiers may cause ICI and if the amplifiers are not 
adapted with proper output backoff, the clipping distortion may cause 
severe performance degradations [SSR95, BCF96]. Possible counter-
measures are predistortion of the transmitted signal with a complementary 
nonlinearity [Bin90] or, when considering MC-CDMA systems, an 
approach is to design spreading codes resulting in reduced dynamic ranges 
[AuF96]. Within this thesis, the amplifiers in the MC-CDMA mobile radio 
system are assumed to be linear and adapted with appropriate output 
backoff. 

Kaiser-1998 at 37. 

 
Kaiser-1998 at Fig. 3.6. 

The generation of an MC spread spectrum signal is illustrated in Fig. 3.6 
and is applicable on the transmitter side in both the up- and the down-link. 
The serial concatenation of DS spreading, cf. Fig. 1.2, and MC modulation, 
cf. Fig. 1.3, is shown, however, the equivalent realization illustrated in Fig. 
1.4 is also applicable. The transmission of a complex-valued data symbol 
𝑑𝑑(𝑘𝑘) of the 𝑘𝑘th user is shown in Fig. 3.6. The data symbol 𝑑𝑑(𝑘𝑘) to be 
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transmitted over the radio channel is taken from the complex data symbol 
alphabet 

𝑉𝑉𝑑𝑑 = {𝑣𝑣𝑑𝑑,1, 𝑣𝑣𝑑𝑑,2, … , 𝑣𝑣𝑑𝑑,𝑀𝑀𝑑𝑑} (3.24) 

of size 𝑀𝑀𝑑𝑑. The data symbol 𝑑𝑑(𝑘𝑘) is obtained after symbol mapping, where 
𝑙𝑙𝑙𝑙𝑔𝑔2(𝑀𝑀𝑑𝑑) data bits are mapped into a complex-valued data symbol 𝑑𝑑(𝑘𝑘) 
[Pro95]. The data symbol rate is 1/𝑇𝑇𝑑𝑑. For brevity, but without loss of 
generality, the MC-CDMA signal generation is described for a single data 
symbol per user as far as possible, by omitting an otherwise necessary data 
symbol index. In the transmitter, the data symbol 𝑑𝑑(𝑘𝑘) is multiplied and, 
thus, marked with the user-specific spreading code 

𝑐𝑐(𝑘𝑘) = �𝐶𝐶1
(𝑘𝑘),𝐶𝐶2

(𝑘𝑘), … ,𝐶𝐶𝐿𝐿
(𝑘𝑘)�

T
(3.25) 

of the 𝑘𝑘th user. The chips 𝐶𝐶𝑙𝑙
(𝑘𝑘), 𝑙𝑙 = 1, … , 𝐿𝐿, are taken from the complex 

chip alphabet 
𝑉𝑉𝑐𝑐 = {𝑣𝑣𝑐𝑐,1, 𝑣𝑣𝑐𝑐,2, … , 𝑣𝑣𝑐𝑐,𝑀𝑀𝑠𝑠} (3.26) 

of size 𝑀𝑀𝑠𝑠, where 𝑀𝑀𝑠𝑠 is not necessarily equal to 𝑀𝑀𝑑𝑑. The chip rate of the 
serial spreading code 𝑐𝑐(𝑘𝑘) before serial-to-parallel conversion is 

1
𝑇𝑇𝑐𝑐

=
𝐿𝐿
𝑇𝑇𝑑𝑑

(3.27) 

and is 𝐿𝐿 times higher than the data symbol rate 1/𝑇𝑇𝑑𝑑. The complex-valued 
sequence obtained from the multiplication of a data symbol 𝑑𝑑(𝑘𝑘) ∈ 𝑉𝑉𝑑𝑑, cf. 
(3.24), with the assigned spreading code 𝑐𝑐(𝑘𝑘) is given by the vector 

𝑠𝑠(𝑘𝑘) = 𝑑𝑑(𝑘𝑘)𝑐𝑐(𝑘𝑘) = �𝑆𝑆1
(𝑘𝑘), 𝑆𝑆2

(𝑘𝑘), … , 𝑆𝑆𝐿𝐿
(𝑘𝑘)�

T
. (3.28) 

The rate of the components 𝑆𝑆𝑙𝑙
(𝑘𝑘),  𝑙𝑙 = 1, … , 𝐿𝐿, before serial-to-parallel 

conversion is 1/𝑇𝑇𝑐𝑐. It should be noted that the transmission of 𝑠𝑠(𝑘𝑘) with 
single-carrier modulation conforms with the principle of DS spread 
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spectrum according to Fig. 1.2. An MC-CDMA signal is obtained after 
modulating the components 𝑆𝑆𝑙𝑙

(𝑘𝑘),  𝑙𝑙 = 1, … , 𝐿𝐿, in parallel onto 𝐿𝐿 subcarriers 
according to (3.10) [FaP93, YLF93, CBJ93]. Thus, each data symbol 𝑑𝑑(𝑘𝑘) 
is spread over 𝐿𝐿 subcarriers. The duration of an MC modulated component 
𝑆𝑆𝑙𝑙

(𝑘𝑘),  𝑙𝑙 = 1, … , 𝐿𝐿, is equal to the OFDM symbol duration, which, including 
the guard interval, is 

𝑇𝑇𝑠𝑠′ = 𝑇𝑇𝑔𝑔 + 𝑁𝑁𝑐𝑐𝑇𝑇𝑐𝑐 . (3.29) 

The transmission of one data symbol per user per OFDM symbol requires 
𝑁𝑁𝑐𝑐 = 𝐿𝐿 (3.30) 

subcarriers. In this case, the OFDM symbol duration including the guard 
interval is 

𝑇𝑇𝑠𝑠′ = 𝑇𝑇𝑔𝑔 + 𝑇𝑇𝑑𝑑. (3.31) 

Kaiser-1998 at 39-40. 

Performance and flexibility of mobile radio systems essentially depend on 
the choice of the multiple access scheme. The novel MC-CDMA scheme 
which is the topic of this thesis is a promising alternative to conventional 
FDMA, TDMA, and CDMA schemes. With MC-CDMA, each data 
modulated chip of the user specific spreading code is mapped onto a 
separate subcarrier, so that the chips of the spreading code and, hence, the 
data symbol is transmitted in parallel on multiple subcarriers. The 
application of OFDM enables one to avoid ISI and ICI in the detection 
process, resulting in simple SD and MD techniques. In MC-CDMA mobile 
radio systems, SD can be realized by equalizing each subcarrier 
individually, yielding only one complex-valued multiplication per 
subcarrier and OFDM symbol. Due to the M-, Q-, and M&Q-Modification 
of the MC-CDMA scheme, even the optimum JD techniques MLSSE and 
MLSE can be applied with reasonable complexity. 

Kaiser-1998 at 119. 
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[1D] wherein the OFDM spreader is 
configured to provide the superposition with a 
reduced peak-to-average power ratio. 

StarTAC included a CDMA transmitter that used an earlier generation of wireless 
communication technology. As such it did not include an OFDM spreader 
configured to spread a plurality of data symbols with Fourier coefficients to 
generate a discrete Fourier Transform (DFT)-spread data signal.  
A POSA would have been aware of developments seeking to add data and higher 
transmission rates and overall network throughput in cellular and other wireless 
communications technologies. Such technologies were designed to improve on the 
technology underlying the transmitter used in, for example, StarTAC. A POSA thus 
would have found it obvious to modify StarTAC using the technologies described in 
one or more of the following references and arrive at the claimed subject matter: 
For example, Kaiser-1998 discloses:  

SS-MC-MA Transmitter: Fig. B.2 shows an SS-MC-MA transmitter with 
channel coding for the data of the 𝑘𝑘th user, 𝑘𝑘 =  1 …  𝐾𝐾, for the uplink. 
The components channel encoding, interleaving, and symbol mapping are 
identical to those described in Chapter 4 for MC-CDMA systems. In SS-
MC-MA systems, 𝐿𝐿 subsequent complex-valued data symbols 𝑑𝑑𝑙𝑙

(𝑘𝑘), 𝑙𝑙 =
1 … 𝐿𝐿, of user 𝑘𝑘 are serial-to-parallel converted. The vector 

𝑑𝑑(𝑘𝑘) = �𝑑𝑑1
(𝑘𝑘),𝑑𝑑2

(𝑘𝑘), … ,𝑑𝑑𝐿𝐿
(𝑘𝑘)�

𝑇𝑇
(𝐵𝐵. 1) 

represents one block of 𝐿𝐿 parallel converted data symbols of the 𝑘𝑘th user. 
Each of the 𝐿𝐿 data symbols is multiplied with another orthogonal spreading 
code of length 𝐿𝐿. The 𝐿𝐿 ×  𝐿𝐿 matrix 

𝐶𝐶 = �𝑐𝑐1 𝑐𝑐2 …  𝑐𝑐𝐿𝐿� = �

𝐶𝐶 1,1 𝐶𝐶 2,1 ⋯ 𝐶𝐶 𝐿𝐿,1
𝐶𝐶 1,2 𝐶𝐶 2,2 ⋯ 𝐶𝐶 𝐿𝐿,2
⋮ ⋱ ⋯ ⋮

𝐶𝐶 1,𝐿𝐿 𝐶𝐶 2,𝐿𝐿 ⋯ 𝐶𝐶 𝐿𝐿,𝐿𝐿

� (𝐵𝐵. 2) 

represents the 𝐿𝐿 different spreading codes 𝑐𝑐𝑙𝑙 , 𝑙𝑙 = 1, … , 𝐿𝐿, used by user 𝑘𝑘. 
The matrix 𝐶𝐶 is the same for all users. The modulated spreading codes are 
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data symbol and, thus, chip synchronously added, resulting in the 
transmission vector 

𝑠𝑠(𝑘𝑘) = 𝐶𝐶 𝑑𝑑(𝑘𝑘) = �𝑆𝑆1
(𝑘𝑘), 𝑆𝑆2

(𝑘𝑘), … , 𝑆𝑆𝐿𝐿
(𝑘𝑘)�

𝑇𝑇
(𝐵𝐵. 3) 

consisting of 𝐿𝐿 components. To increase the robustness of SS-MC-MA 
systems e.g. against inter cell interference, less than 𝐿𝐿 data modulated 
spreading codes can be added to one transmission vector 𝑠𝑠(𝑘𝑘). 

Kaiser-1998 at 131-132. 

• An OFDM symbol 𝑥𝑥(𝑡𝑡) is the sum of many independently modulated 
sinewaves and its envelope has an almost Gaussian distribution. This yields 
high peak-to-average power ratios and high demands on linear amplifiers. 
Nonlinearities in the amplifiers may cause ICI and if the amplifiers are not 
adapted with proper output backoff, the clipping distortion may cause 
severe performance degradations [SSR95, BCF96]. Possible counter-
measures are predistortion of the transmitted signal with a complementary 
nonlinearity [Bin90] or, when considering MC-CDMA systems, an 
approach is to design spreading codes resulting in reduced dynamic ranges 
[AuF96]. Within this thesis, the amplifiers in the MC-CDMA mobile radio 
system are assumed to be linear and adapted with appropriate output 
backoff. 

Kaiser-1998 at 37. 

Brüninghaus-1997, which discloses:  
In most of the analytical work concerning MC-CDMA, orthogonal 
Hadamard codes were assumed. These codes are optimal in the sense that 
the energy of every information symbol is uniformly distributed on every 
subcarrier leading to a minimal mean square error after linear equalization 
in frequency-selective radio channels. In addition, it was discussed to 
influence the dynamic range of the time signal by properly selecting the 
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code matrix. For the uplink suitable codes have been found in [9] reducing 
the dynamic range of the time signal of every user to 6 dB. 
Both demands, i.e. minimal mean square error in frequency-selective 
fading channels and low dynamic range of the signal envelope, can also be 
met for the downlink if an FFT matrix is used as spreading matrix. In this 
case spreading and IFFT-processing cancel each other, see Fig. 3, and the 
transmission system degenerates into a single-carrier system, as depicted 
in Fig. 4. The main advantage of this step is that at this stage all knowledge 
about dynamic reduction of single carrier systems with linear modulation 
can be applied to create a time signal with low dynamic range. 
Fig. 5a shows as an example the signal envelope of a MC-CDMA system 
with Walsh-Hadamard codes and 4-PSK modulation. Using the FFT matrix 
as spreading matrix reduces the dynamic range of the envelope, see Fig. 
5b, but the signal is still far away from having a constant amplitude due to 
the sin(𝑥𝑥)/𝑥𝑥 pulse shape. A further reduction of the time signal dynamic 
can be achieved if a π/4-QPSK with square-root raised cosine puls 
spectrum is used as shown in Fig. 5c. Other methods like for example the 
use of offset QPSK or MSK (in case of binary signalling) modulation 
further reduce the signal dynamic considerably.  
Apart from solving the signal dynamic problem, the single-carrier system 
resulting from MC-CDMA with FFT spreading matrix shows some other 
advantages which are discussed in the following. 

Brüninghaus-1997 at 189-90. 

The special choice of a FFT matrix as spreading matrix for Multi-Carrier 
CDMA leads to a single-carrier system with guard-interval. This way, the 
multi-carrier specific problems as high dynamic of the signal envelope, 
sensivity to phase noise and frequency/ clock synchronization errors can 
be avoided without losing the performance capacity of MC-CDMA. In case 
of linear equalization the receiver consists of a frequency domain equalizer 
with blockwise processing. Due to the guard-interval, this frequency 
domain equalizer outperforms the comparable time domain equalizer 
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considerably and shows even in frequency-selective radio channels a 
relatively good performance. Besides, the compuation complexity of such 
a receiver structure with blockwise processing in the frequency domain is 
lower than with processing in the time domain in case of highly dispersive 
channels.  

Brüninghaus-1997 at 193. 

Sorger-1997, which discloses: 

The three classical multiple-access schemes are "Frequency-Division 
Multiple-Access" (FDMA), "Time-Division Multiple-Access" (TDMA), 
and "Code-Division Multiple-Access" (CDMA), each having its own 
characteristic advantages and disadvantages. The proposed multiple-access 
scheme "Interleaved Frequency-Division Multiple-Access" (IFDMA) is a 
new spreadspectrum multiple-access (SSMA) scheme which shows several 
advantages in comparison with the classical multiple-access schemes. 
Unlike TDMA a continuous transmission is used and compared to CDMA 
no spreading sequence is necessary for the discrimination of the different 
user signals. Moreover, no multiple-access interference (MAl) arises even 
in a time-dispersive channel, such as the mobile radio channel. However, 
the cost to avoid MAl is to allow for intersymbol interference (lSI). Thus, 
IFDMA requires an equalization at the receiver in the case of transmitting 
over a time-dispersive channel. In contrast to TDMA and CDMA, each 
user in an IFDMA system is assigned a different set of orthogonal 
frequencies. Thus, IFDMA can be viewed as a special kind of a multicarrier 
SSMA scheme. In comparison with multicarrier CDMA IFDMA offers the 
additional advantage of having a constant envelope. The paper is organized 
as follows. In Section 2, the new multiple-access scheme is proposed and 
described. The orthogonality between the received signals from different 
users is proved in Section 3, and the optimum receiver structure is given in 
Section 4. Finally, some conclusions are drawn.  

Sorger-1997 at Introduction. 
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Brüninghaus-1998, which discloses:  
In the literature, Walsh-Hadamard codes are generally used as spreading 
codes but in principle every other orthogonal code matrix can be applied. 
In this paper we will focus on the special case that the Fourier matrix is 
used as orthogonal code matrix. Since the multi-carrier transmission signal 
is generated by an inverse Fourier-transform (IFFT), both operations - 
spreading and IFFT - cancel each other resulting in a pure single-carrier 
system with blockwise processing. This fact was already mentioned in [4] 
but without noticing that this kind of processing combines the advantages 
of single-carrier transmission, like constant signal envelope, simple clock 
and frequency synchronization, with the advantages of OFDM-CDM like 
high performance in frequency-selective channels. In the following 
sections, a brief review of OFDM-CDM is given, followed by a detailed 
discussion of the resultant transmission technique and its advantages. 

Brüninghaus-1998 at 2329. 

The performance of the overall transmission system does not depend on 
the specific type of the orthogonal spreading matrix as long as every 
element of the matrix has the same magnitude which means that the energy 
is uniformly spread over all subcarriers [10]. Considering the case that all 
available orthogonal codes are used, i.e. the spreading matrix is a square 
matrix of dimension N x N, the matrix of the Fast Fourier transform meets 
the above mentioned demands as well as the often proposed Walsh-
Hadamard matrix. If such an FFT-matrix is used spreading and OFDM 
processing cancel each and the transmission system degenerates into a 
linearly modulated single-carrier system with guard interval, i.e  

𝑠𝑠(𝑡𝑡) = �𝑥𝑥𝑛𝑛
𝑛𝑛

⋅ 𝑝𝑝(𝑡𝑡 − 𝑛𝑛𝑛𝑛) where 𝑥𝑥𝑛𝑛 = 𝑥𝑥𝑛𝑛−𝑁𝑁 if 𝑖𝑖(𝑁𝑁 + 𝑁𝑁𝐺𝐺) − 𝑁𝑁𝐺𝐺

≤ 𝑛𝑛 < 𝑖𝑖(𝑁𝑁 + 𝑁𝑁𝐺𝐺) 𝑖𝑖 ∈ 𝑍𝑍 (2) 

In Eq. (2), the parameter 𝑁𝑁𝐺𝐺  describes the length of the guard interval in 
number of data symbols spaced by the symbol duration T. 
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Brüninghaus-1998 at 2330. 

A. Dynamic of the signal envelope  
It is well known that the envelope of an OFDM signal has a high dynamic 
which requires a linear power amplifier in the transmitter. A lot of studies 
have been performed with the aim to reduce the signal dynamic of multi-
carrier systems but all methods known from literature [11] - [13] have 
certain drawbacks. These drawbacks are either high computation 
complexity, large memory requirements or signal distortions. At least in 
the case of absolute modulation (no differential encoding) these 
disadvantages can be overcome if the Fourier-matrix is used for spreading. 
Since the multi-carrier CDM system is thereby transformed into a single-
carrier system with linear modulation the amplitude dynamic only depends 
on the pulse shape p(t). In connection with second generation mobile 
systems this topic has been analyzed extensively and solutions are very 
well known: in case of binary transmission for example, MSK (minimum 
shift keying), which uses a sinusoidal pulse, can be applied leading to a 
constant envelope signal. Quaternary transmission can be realized with low 
amplitude dynamic using Offset-QPSK. 

Brüninghaus-1998 at 2330. 

The special choice of an FFT matrix as spreading matrix for OFDM-CDM 
leads to a single-carrier system with guard interval. Such a single-carrier 
system has the same performance as the OFDM-CDM system but is less 
sensitive to nonlinear effects due to the reduced dynamic of the signal 
amplitude. In case of linear equalization, a single-carrier system with 
guard-interval yields the same (low S/N) or even a better (high S/N) 
performance than the corresponding system without guard interval at the 
same number of equalizer coefficients and data rate. Besides, in highly time 
dispersive channels the computation complexity of such a receiver 
structure with blockwise processing is considerably lower than with 
continuous processing. 
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Brüninghaus-1998 at 2332. 

Sorger-1998, which discloses: 

In contrast to TDMA and CDMA, each user in an IF DMA system is 
assigned a different set of orthogonal subcarriers. Thus, IF DMA can be 
viewed as a special kind of a multi- carrier spread-spectrum scheme where 
user discrimination is done using frequency-division multiple-access. In 
comparison with multicarrier CDMA [FaK95] IFDMA offers the 
additional advantage of having a constant envelope and therefore avoids 
the problems related tb transmission signals with high crest factors. 

Sorger-1998 at Introduction. 

Bury-2000, which discloses:  
Multi-carrier code division multiplexing (MC-CDM) [1] is an interesting 
candidate for the physical layer in wireless high data rate local area 
networks.  When compared to orthogonal frequency division multiplexing 
(OFDM), the additional spreading of MC-CDM produces a signal space 
diversity which improves power efficiency especially for high code rates 
[2]. A Hadamard transform is used for spreading in most MC-CDM system 
descriptions, e.g. [1]. However, further choices for orthogonal spreading 
are possible. With Fourier spreading [3], which can be implemented by a 
discrete Fourier transform (DFT) operation, it is clear that it can cancel the 
inverse discrete Fourier transform (IDFT) of an OFDM transmitter when 
spreading is done over all subcarriers, such that the result is a simple serial 
block transmission with cyclic extension [4]. This serial transmission can 
be regarded as a spread spectrum transmission, since the entire 
transmission bandwidth is covered by each transmitted symbol. The 
peakto-average power ratio (PAPR) of a serial transmission is much lower 
than that of an OFDM transmission. The question that arises is: how is the 
situation when spreading is done not over all OFDM subcarriers but only 
over groups of carriers? 
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Bury-2000 at 857. 

The aspect of comparison treated here is the amplitude distribution of the 
transmit signal when employing different spreading methods. This is an 
important topic when RF power amplifiers suffer from nonlinearity, which 
is in practice always the case to some extent. The nonlinear characteristic 
produces harmonics which result in out-of-band radiation. The best option 
to avoid out-of-band radiation is to guarantee a suitable amplitude 
distribution of the transmit signal, with a low PAPR.  

Bury-2000 at 857. 

In [5] Golay complementary sequences have been used instead of 
Hadamard sequences for reducing the PAPR in MC-CDMA transmission, 
and a scrambling scheme was employed to further improve the amplitude 
distribution of the transmit signal. In this paper we suggest to employ a 
DFT for spreading, which can be implemented efficiently as a fast Fourier 
transform (FFT). Furthermore we extend our considerations to MC-
FDMA, as introduced in [6] (named MC-SS-MA there). 

Bury-2000 at 857. 

For the case of Fourier spreading, the matrix 𝑈𝑈 contains in most cases more 
zero elements than for Hadamard spreading. This already indicates a better 
amplitude distribution for Fourier spreading, because fewer random 
variables are summed. 

Bury-2000 at 859. 

Uplink 
In the uplink we distinguish between MC-CDMA and MC-FDMA. For 
MC-CDMA the PAPR of both Fourier and Hadamard spreading shows a 
strong increase for increasing spreading factors, reaching a maximum when 
the spreading factor equals the square root of the number of subcarriers. 
When the spreading factor is increased further, Hadamard spreading shows 
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a slight decrease in PAPR while Fourier spreading shows a rapid decrease, 
reaching the PAPR of a serial transmission when spreading is done over all 
carriers. In contrast to MC-CDMA, MC-FDMA shows a much better 
behavior, with the PAPR being lower for the entire range of spreading 
factors, for the respective spreading methods. For Hadamard spreading, the 
PAPR increases for increasing spreading factors. For Fourier spreading, 
however, the PAPR remains nearly constant at a low level for all spreading 
factors. This shows that also in the uplink Fourier spreading outperforms 
Hadamard spreading in most cases. For the case of Fourier spreading in a 
MC-FDMA uplink, the spreading factor may be selected arbitrarily, nearly 
without affecting the PAPR. 

Bury-2000 at 860. 

Amplitude distributions of Hadamard spreading and Fourier spreading 
have been compared for OFDM based MC-CDM transmission methods, 
using a general matrix model. Comparison has been done for both up- and 
downlink in MC-CDMA and MC-FDMA multiple access scenarios, and 
for various spreading factors. For both up- and downlink Fourier spreading 
delivers a lower or equal PAPR. This superiority increases significantly for 
larger spreading factors. In the uplink, MC-FDMA delivers lower PAPRs 
than MC-CDMA. From the amplitude distribution point of view, the best 
choice is to employ Fourier spreading with MC-CDMA in the downlink 
and with MC-FDMA in the uplink.  

Bury-2000 at 860. 

III. AMPLITUDE DISTRIBUTION OF THE TRANSMIT SIGNAL 

For a certain time instant 𝑡𝑡0 the complex baseband transmit signal 𝑠𝑠(𝑡𝑡0) is 
a random variable which is in general a linear combination of all random 
transmit symbols 

𝑠𝑠(𝑡𝑡0) = � � � 𝛼𝛼𝑚𝑚,𝑘𝑘,𝑖𝑖(𝑡𝑡0)𝑥𝑥𝑚𝑚
(𝑘𝑘)(𝑖𝑖)

𝑀𝑀

𝑚𝑚=1

𝐾𝐾

𝑘𝑘=1

∞

𝑖𝑖=−∞

. (3) 
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The coefficients 𝛼𝛼𝑚𝑚,𝑘𝑘,𝑖𝑖(𝑡𝑡0) are derived from 𝑇𝑇, 𝑒𝑒(𝑡𝑡), 𝑁𝑁, 𝐿𝐿, 𝐾𝐾, and 𝑀𝑀, as 
described subsequently. When the duration of the basic waveform 𝑒𝑒(𝑡𝑡) is 
finite, the infinite sum over 𝑖𝑖 in this equation can be replaced by a finite 
sum. Then the probability density function (PDF) of the transmit signal at 
time 𝑡𝑡0,𝑓𝑓𝑠𝑠(𝑡𝑡0)(𝑥𝑥), is obtained from the PDFs of all contributing transmit 
symbols. 

Bury-2000 at 858. 

From above equations we see that, given the transmit symbol alphabet and 
corresponding occurrence probabilities, the PDF of the discrete-time 
transmit signal, 𝑓𝑓𝑠𝑠(𝑐𝑐)(𝑥𝑥), is determined by the transform matrix 𝑈𝑈. 

For the case of Fourier spreading, the matrix 𝑈𝑈 contains in most cases more 
zero elements than for Hadamard spreading. This already indicates a better 
amplitude distribution for Fourier spreading, because fewer random 
variables are summed. 

Bury-2000 at 859. 
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Bury-2000 at 859. 

Downlink 
In the downlink, the PAPR is the same for both MC-CDMA and MC-
FDMA. This is obvious because both systems are identical except for the 
assignment of transmitted symbols to users. For the trivial case of 
spreading over a single carrier and for the case of spreading over two 
carriers, both Hadamard and Fourier spreading deliver the same PAPR. In 
the latter case this happens because Hadamard and Fourier matrices are 
identical for spreading over two symbols. In the case of Hadamard 
spreading, when spreading is done over an increasing number of 
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subcarriers, the PAPR remains nearly constant (with a slight decrease); for 
Fourier spreading, however, it decreases rapidly and reaches the PAPR of 
a single carrier transmission when spreading is done over all subcarriers. 
This means that for the downlink Fourier spreading clearly outperforms 
Hadamard spreading. The larger the spreading factor, the better the PAPR. 
Furthermore, assuming that a large number of users is desired, we consider 
the following: Since MC-FDMA requires (at least) one spreading block per 
user, the spreading blocks must be small in case of many users, resulting 
in a relatively large PAPR. For MC-CDMA, however, the larger the 
spreading block, the larger the possible number of users. Here the best 
choice with respect to PAPR is to use Fourier spreading over all carriers 
while assigning groups of input symbols for each user, resulting in the 
lowest possible PAPR. 

Bury-2000 at 859-60. 
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Bury-2000 at 860. 

The graph shows that, in case of the downlink, Fourier spreading offers a 
more sharply limited amplitude distribution while Hadamard spreading 
produces continuously growing amplitudes at decreasing probabilities. Not 
only from the PAPR point of view, but also from the PDF of the amplitude 
it is clear that Fourier spreading is a better choice than Hadamard 
spreading. 

Bury-2000 at 860. 
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Amplitude distributions of Hadamard spreading and Fourier spreading 
have been compared for OFDM based MC-CDM transmission methods, 
using a general matrix model. Comparison has been done for both up- and 
downlink in MC-CDMA and MC-FDMA multiple access scenarios, and 
for various spreading factors. For both up- and downlink Fourier spreading 
delivers a lower or equal PAPR. This superiority increases significantly for 
larger spreading factors. In the uplink, MC-FDMA delivers lower PAPRs 
than MC-CDMA. From the amplitude distribution point of view, the best 
choice is to employ Fourier spreading with MC-CDMA in the downlink 
and with MC-FDMA in the uplink.  

Bury-2000 at 860. 

Galda-2001, which discloses:  
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Galda-2001 at 2.  

 
Galda-2001 at 7. 
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Galda-2001 at 9. 
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Galda-2001 at 11. 
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Galda-2001 at 14. 
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Galda-2001 at 15. 
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Galda-2001 at 18. 

Galda-2002, which discloses:  
Abstract- The orthogonal frequency division multiplex (OFDM) 
transmission technique can efficiently deal with the effects of multi-path 
propagation in the broadband radio channel. It also has a high system 
inherent flexibility for designing a multiple access scheme by combining 
the conventional TDMA, FDMA and CDMA approaches with the OFDM 
modulation scheme. The FDMA multiple access scheme is especially 
interesting for an uplink of a communication system since it can completely 
avoid any multiple access interferences (MAI). Moreover, the peak-to-
average ratio (PAR) of the uplink OFDM transmit signal can be greatly 
reduced if this OFDM-FDMA multiple access scheme is additionally 
combined with a data spreading technique based on a Discrete Fourier 
Transform (DFT) spreading matrix using only the user specific subcarriers. 
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Since the DFT spreading operation and the IDFT operation used as a part 
of the OFDM modulation scheme cancel out each other the complexity of 
the transmitter structure for an OFDM-FDMA uplink can be greatly 
reduced. 

Galda-2002 at 1737. 

Since the OFDM transmit signal results from the superposition of a large 
number of independent data symbols the envelope of the complex baseband 
time signal has in general a large peak-to-average ratio (PAR). The largest 
output power value of the amplifier will limit the maximum amplitude of 
the signal in the transmitter. Therefore, non-linear distortions due to 
clipping and amplification effects in the transmit signal will lead to both 
in-band and out-of-band emissions. In the past different techniques for 
reducing the PAR by changing the transmit signal independently from 
knowledge of other parts of the OFDM transmitter have been developed. 
But the PAR of the transmit signal envelope which employs an OFDM-
FDMA multiple access scheme can significantly be reduced if additional 
spreading techniques are applied which spread the user data over the 
allocated subcarrier only. In this case an appropriate spreading technique 
must be designed reducing the PAR to a minimum value. It will be shown 
in this paper that using the Discrete Fourier Transform (DFT) matrix as an 
orthogonal spreading technique will reduce the PAR significantely [3]. 
Furthermore, the DFT based spreading operation and the IDFT based 
OFDM modulation technique cancel out each other which means that the 
transmitter structure can be simplified to a single carrier transmitter with 
an additional guard interval in this specific case which helps to reduce the 
computational complexity of the transmitter of the mobile terminal. 

Galda-2002 at 1737-38. 

This paper shows how an OFDM-FDMA uplink system can be combined 
with a user data spreading technique based on the DFT spreading matrix to 
reduce the PAR of the uplink signal without increasing the computational 
complexity of the transmitter. In Section II the structure of the analyzed 
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OFDM-FDMA system combined with a DFT spreading matrix is described 
for the uplink application. In Section III the influence of a DFT matrix 
applied for data spreading is analyzed for an OFDM-TDMA multiple 
access scheme and is extended to an OFDM-FDMA system in a separate 
subsection. The general topic of non-linearities in an OFDM system is 
reviewed in Section IV. Quantitative results are given in Section V and 
Section VI summarizes the papers content. 

Galda-2002 at 1738. 

III. DFT SPREADING 

The spreading matrix [𝐶𝐶] of an OFDM-FDMA system is often only 
characterized by its frequency diversity properties. It therefore is chosen to 
be unitary in order to make the detection process easier, to distribute the 
signal energy of the superimposed code symbols uniformly over all 
subcarrier and not to change the distance of the code vectors. Thus, in many 
OFDM systems with additional spreading the Walsh-Hadamard (WH) 
matrix is employed since it has the additional advantage that it only consists 
of only “+1” and “-1” elements which can reduce the computational 
complexity. The discrete Fourier matrix is also unitary but additionally has 
an influence on the PAR of an OFDM transmit signal. In this Section the 
influence of such an Fourier sp[r]eading matrix on the resulting PAR will 
be discussed. 

Galda-2002 at 1739. 

Since the transmit signal of this OFDM system consist of a sequence of 
complex modulation symbols 𝐷𝐷𝑖𝑖, it has the same PAR as the modulation 
scheme employed for single carrier transmission techniques. 

Galda-2002 at 1739. 

After calculating the FFT in the receiver which splits the received time 
signal into the orthogonal sub-channel the same single- or multi-code 
detection techniques can be applied which are well known from OFDM-

 
 

Samsung v. GenghisComm 
IPR2025-00780, 9,768,842 

GC EX2015



Exhibit A-10 
Invalidity of U.S. Patent No. 9,768,842 in View of Motorola StarTAC 7868 (“StarTAC”) 

PAGE 115 OF 175 
ACTIVE 703178168v1 

CDMA receiver structures. The same bit error rate (BER) performance 
compared to a system using a Walsh-Hadamard spreading matrix can 
therefore be achieved if a DFT spreading matrix is considered instead. But 
in case of a DFT spreading matrix the resulting PAR is significantly 
reduced. The general structure of an OFDM transmitter including DFT 
spreading is shown in Fig. 4. 

Galda-2002 at 1739. 

With the same argumentation the PAR can also be reduced for the OFDM-
FDMA downlink even though not the same simple transmitter structure can 
be used. The PAR of the time signal is in this case determined by the 
number of users 𝑀𝑀 = 𝑁𝑁𝐶𝐶/𝐿𝐿 instead of the number of used subcarrier and 
will therefore in most cases be lower than for a conventional OFDM-
FDMA system without additional spreading. 

Galda-2002 at 1740. 

Since the time signal of the OFDM-FDMA uplink with DFT spreading is 
identical to a single carrier transmission additional techniques to reduce the 
PAR originally developed for single carrier systems like the π/4-QPSK can 
be employed. 

Galda-2002 at 1740. 

For a sufficiently large number 𝐿𝐿 of used subcarrier per user the time 
discrete OFDM signal 𝑠𝑠𝑖𝑖

(𝑚𝑚) of user m given in Equation (3) has an 
approximately Gaussian amplitude distribution due to the superposition of 
statistically independent modulation symbols 𝑆𝑆𝑙𝑙

(𝑚𝑚) on all used subcarriers. 
The maximum peak-to-average ratio (PAR), defined by 

𝑃𝑃𝑃𝑃𝑃𝑃 = 10 log10 �
max(|𝑠𝑠(𝑡𝑡)|2)

σ𝑠𝑠2
� [𝑑𝑑𝑑𝑑] (8) 
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where σ𝑠𝑠2 denotes the average transmit power, occurs only if the identical 
modulation symbol 𝑆𝑆𝑙𝑙 is transmitted on all used subcarriers. In this case the 
PAR is determined by the number of used subcarriers 𝐿𝐿. 

Galda-2002 at 1740. 

A non-linear device is often modelled by a soft-limiter described by its non-
linear amplitude modulation and phase modulation characteristic as 

𝑔𝑔(𝑎𝑎) = �𝑎𝑎   |𝑎𝑎| ≤ 𝐴𝐴0
 𝐴𝐴0         else (9) 

where 𝑎𝑎 is the magnitude of the time signal and 𝐴𝐴0 defines the maximum 
output amplitude of the device. 

Galda-2002 at 1740. 

In order to avoid non-linear distortions even in the case of a highly linear 
power amplifier a sufficient input-backoff (IBO) of the transmit signal to 
the amplifier has to be used. Even though the clipping probability of the 
OFDM signal can be reduced or even be avoided for an IBO larger than the 
PAR a system with large energy efficiency loss results. Alternatively, the 
effects which a non-linear device can have on the transmit power spectrum 
can be influenced by a reduction of the OFDM transmit signal PAR 
Different techniques have been developed which reduce the PAR of the 
OFDM signal by the means of a modified channel coding [5], an additive 
[6] or multiplicative [7] correction function or a selective mapping of 
modulation symbols to subcarriers [8]. A majority of these techniques has 
a high computational complexity due to the fact that they analyze the 
generated transmit signal and modify it either in the frequency or time 
domain to reduce its peak amplitudes. For a system employing coherent 
subcarrier modulation the PAR can also be reduced if the data symbols are 
spread by a Fourier matrix in frequency direction [3]. 

Galda-2002 at 1740. 
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Galda-2002 at Fig. 8 

B. Amplitude Distribution 

The probability that the instantaneous power |𝑠𝑠(𝑡𝑡)|2 exceeds the threshold 
𝐴𝐴02 is depicted in Fig. 8 versus the normalized threshold. As can be seen 
from this Figure the power efficiency can be increased by 3.6 dB for the 
OFDM-FDMA uplink with DFT spreading and a QPSK modulation and 
by an additional 0.3 dB for a π/4-QPSK for a probabilistic PAR of 10−5. 

Galda-2002 at 1741. 

In this paper an OFDM-FDMA system concept for the uplink of a multi 
user communication system has been studied. It had be shown that if an 
OFDM-FDMA system with equidistant subcarrier allocation is combined 
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with a user specific spreading using an discrete Fourier transform as a 
spreading matrix the transmitter structure can be greatly simplified without 
any performance degradation. Moreover, the peak-to-average ratio of the 
transmit signal is reduced to the PAR of the subcarrier modulation scheme 
which can limit the out-of-band and in-band emissions when the transmit 
signal is passed through a non-linear device. With the opportunity to 
independently adjust the user data rates the proposed technique offers an 
interesting alternative for reducing the complexity of the mobile terminal 
in the broadband radio uplink. 

Galda-2002 at 1741. 
 

[Claim 2] The OFDM transmitter recited in 
claim 1, wherein the OFDM spreader 
comprises an N-point DFT and the OFDM 
modulator comprises an M-point inverse 
discrete Fourier Transform, wherein M>N. 

StarTAC included a CDMA transmitter that used an earlier generation of wireless 
communication technology. As such it did not include an OFDM spreader 
configured to spread a plurality of data symbols with Fourier coefficients to 
generate a discrete Fourier Transform (DFT)-spread data signal.  
A POSA would have been aware of developments seeking to add data and higher 
transmission rates and overall network throughput in cellular and other wireless 
communications technologies. Such technologies were designed to improve on the 
technology underlying the transmitter used in, for example, StarTAC. A POSA thus 
would have found it obvious to modify StarTAC using the technologies described in 
one or more of the following references and arrive at the claimed subject matter: 
For example, Kaiser-1998 discloses:  
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Kaiser-1998 at Fig. B.1. 

This section presents a novel multiple access scheme which is referred to 
as spread spectrum multi-carrier multiple access (SS-MC-MA). Similar to 
MC-CDMA, SS-MC-MA exploits the advantages given by the 
combination of the spread spectrum technique with MC modulation 
[KaF96, KaF97a]. An SS-MC-MA system is superior compared to an MC-
CDMA system in the uplink of a mobile radio system due to a simple 
channel estimation and a low-complex data detection. Whereas, an MC-
CDMA system outperforms an SS-MC-MA system in the downlink, as it 
will be shown at the end of this section. Before presenting the SS-MC-MA 
signal structure and its uplink performance, the basic similarities and 
differences between SS-MC-MA and MC-CDMA systems are pointed out. 
This can preferably be done by comparing the SS-MC-MA and the MC-
CDMA transmitter for the downlink. Fig. B.1 shows the SS-MC-MA 
transmitter for the downlink. The counterpart is the MC-CDMA transmitter 
with 𝑀𝑀-Modification shown in Fig. 3.8. For convenience, the case with 𝑀𝑀 
equal to 𝐿𝐿 and 𝐾𝐾𝑚𝑚𝑚𝑚𝑚𝑚 equal to 𝐿𝐿 is considered in this comparison. It can be 
observed that both transmitters are identical except for the mapping of the 

 
 

Samsung v. GenghisComm 
IPR2025-00780, 9,768,842 

GC EX2015



Exhibit A-10 
Invalidity of U.S. Patent No. 9,768,842 in View of Motorola StarTAC 7868 (“StarTAC”) 

PAGE 120 OF 175 
ACTIVE 703178168v1 

user data to the subsystems. In SS-MC-MA systems, one user maps 𝐿𝐿 data 
symbols to one subsystem which this user exclusively uses for 
transmission. Consequently, different users use different subsystems in SS-
MC-MA systems. In MC-CDMA systems, 𝑀𝑀 data symbols per user are 
mapped to 𝑀𝑀 different subsystems where each subsystem is shared by 
different users. 

Kaiser-1998 at 130-131. 

 
Kaiser-1998 at Fig. 3.2. 

A key advantage of using OFDM is that the MC modulation can be 
implemented in the discrete domain by using an IDFT, or a more 
computationally efficient IFFT [WeE71]. When sampling the complex 
envelope 𝑥𝑥(𝑡𝑡) of an OFDM symbol at time instances 𝑡𝑡 equal to 
(𝜈𝜈 − 1)𝑇𝑇𝑠𝑠/𝑁𝑁𝑐𝑐 , 𝜈𝜈 = 1, … ,𝑁𝑁𝑐𝑐, the samples are 
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𝑥𝑥𝜈𝜈 =
1

�𝑁𝑁𝑐𝑐
�𝑆𝑆𝑛𝑛𝑒𝑒𝑗𝑗2𝜋𝜋(𝑛𝑛−1)(𝜈𝜈−1)/𝑁𝑁𝑐𝑐

𝑁𝑁𝑐𝑐

𝑛𝑛=1

,  𝜈𝜈 = 1, … ,𝑁𝑁𝑐𝑐 , (3.6) 

and the sampling rate is 𝑁𝑁𝑐𝑐/𝑇𝑇𝑠𝑠. The important result is that the sampled 
sequence {𝑥𝑥𝜈𝜈}, 𝜈𝜈 = 1, … ,𝑁𝑁𝑐𝑐, is the IDFT of the source symbol sequence 
{𝑆𝑆𝑛𝑛},𝑛𝑛 = 1, … ,𝑁𝑁𝑐𝑐. The block diagram of an MC modulator employing 
OFDM based on an IDFT and MC demodulator employing inverse OFDM 
based on a DFT is illustrated in Fig. 3.2. 

Kaiser-1998 at 32-33. 

As mentioned before, the Q-, the M-, and the M&Q-Modifications are also 
suitable for the uplink of an MC-CDMA mobile radio system. For the Q- 
and M&Q-Modification in the uplink only the inputs of the frequency 
interleaver of the user group of interest are connected in the transmitter, all 
other inputs are set to zero. 

Kaiser-1998 at 44. 

Brüninghaus-1997, which discloses:  
In this paper we will discuss this item focussing on the special case that the 
spreading matrix equals the Fourier matrix. The two operations performed 
in the transmitter, namely spreading and IFFT-processing, cancel each 
other resulting in a pure single-carrier system with blockwise processing. 
This special case was also mentioned in [8] but little was said about the 
consequences, which will be done in the following sections. 

Brüninghaus-1997 at 188. 
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Brüninghaus-1997 at 188. 

The general block diagram of a MC-CDMA transmitter (only the downlink 
is considered in this paper) is depicted in Fig. 1. In a first step the complex 
data symbols 𝑥𝑥𝑖𝑖 ,  1 ≤ 𝑖𝑖 ≤ 𝑀𝑀, which can be elements of any arbitrary 
symbol set e.g. PSK or QAM, are spread over several subcarriers using 
orthogonal codes. The spreading can be described analytically by a matrix 
operation 

𝑠𝑠 = [𝐻𝐻] ⋅ 𝑥𝑥 (1) 

where 𝑥𝑥 = (𝑥𝑥1, … , 𝑥𝑥𝑀𝑀)𝑇𝑇 is the vector of data symbols, 𝑠𝑠 = (𝑠𝑠1, … , 𝑠𝑠𝑁𝑁)𝑇𝑇 is 
the vector of modulation symbols and [𝐻𝐻] is the code matrix. The M 
columns of the code matrix contain different spreading codes for every data 
symbol. To avoid interuserinterferences in AWGN the spreading codes 
should be mutually orthogonal. If the OFDM system consists of N 
subcarriers there are a maximum number of N orthogonal codes and 1 ≤ 𝑀𝑀 
≤ 𝑁𝑁 users can be supported every OFDM symbol. Apart from the described 
spreading procedure, the transmitter is identical to a conventional OFDM 
transmitter, i.e. the resulting signal sequence is IFFT-processed, 
periodically extended (a guard-interval is added) and D/A converted. 

Brüninghaus-1997 at 188. 
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Brüninghaus-1997 at 190. 

Both demands, i.e. minimal mean square error in frequency-selective 
fading channels and low dynamic range of the signal envelope, can also be 
met for the downlink if an FFT matrix is used as spreading matrix. In this 
case spreading and IFFT-processing cancel each other, see Fig. 3, and the 
transmission system degenerates into a single-carrier system, as depicted 
in Fig. 4. The main advantage of this step is that at this stage all knowledge 
about dynamic reduction of single carrier systems with linear modulation 
can be applied to create a time signal with low dynamic range. 

Brüninghaus-1997 at 189. 

Brüninghaus-1998, which discloses:  
The combination of orthogonal frequency division multiplexing (OFDM) 
and code division multiplexing (CDM) has found great interest during the 
last few years. In contrast to a conventional OFDM system the information 
is spread over several subcarriers using orthogonal codes which leads to a 
diversity gain in frequency-selective channels. In this paper it is shown that 
such a system is technically equivalent to a single-carrier system with 
guard interval if the columns of a Fourier matrix are used as spreading 
codes. The pros and cons of such a system compared to an OFDM-CDM 
system with abritrary spreading matrix are described and discussed. 

Brüninghaus-1998 at 2329. 

In the literature, Walsh-Hadamard codes are generally used as spreading 
codes but in principle every other orthogonal code matrix can be applied. 
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In this paper we will focus on the special case that the Fourier matrix is 
used as orthogonal code matrix. Since the multi-carrier transmission signal 
is generated by an inverse Fourier-transform (IFFT), both operations - 
spreading and IFFT - cancel each other resulting in a pure single-carrier 
system with blockwise processing. This fact was already mentioned in [4] 
but without noticing that this kind of processing combines the advantages 
of single-carrier transmission, like constant signal envelope, simple clock 
and frequency synchronization, with the advantages of OFDM-CDM like 
high performance in frequency-selective channels. In the following 
sections, a brief review of OFDM-CDM is given, followed by a detailed 
discussion of the resultant transmission technique and its advantages. 

Brüninghaus-1998 at 2329. 

With OFDM-CDM the complex data symbols 𝑥𝑥𝑖𝑖 ,  1, … ,𝑀𝑀, which can be 
elements of any arbitrary symbol set, e.g. PSK or QAM, are spread over N 
subcarriers using orthogonal codes. The spreading can be described 
analytically by a matrix operation  

𝑠𝑠 = [𝐻𝐻] ⋅ 𝑥𝑥 (1) 

where 𝑥𝑥 = (𝑥𝑥1, … , 𝑥𝑥𝑀𝑀)𝑇𝑇 is the vector of data symbols, 𝑠𝑠 = (𝑠𝑠1, … , 𝑠𝑠𝑁𝑁)𝑇𝑇 is 
the vector of modulation symbols and [𝐻𝐻] is the code matrix of 
dimension𝑁𝑁 × 𝑀𝑀 (𝑀𝑀 ≤ 𝑁𝑁). Apart from spreading, the transmitter is 
identical to a conventional OFDM transmitter, i.e. the resulting signal 
sequence is IFFT-processed, periodically extended (a guard interval is 
added) and D/A converted, see Fig. 1. In the receiver, the inverse 
processing is performed, see Fig. 2. 

Brüninghaus-1998 at 2329. 
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Brüninghaus-1998 at 2329. 

 
Brüninghaus-1998 at 2330. 

The performance of the overall transmission system does not depend on 
the specific type of the orthogonal spreading matrix as long as every 
element of the matrix has the same magnitude which means that the energy 
is uniformly spread over all subcarriers [10]. Considering the case that all 
available orthogonal codes are used, i.e. the spreading matrix is a square 
matrix of dimension N x N, the matrix of the Fast Fourier transform meets 
the above mentioned demands as well as the often proposed Walsh-
Hadamard matrix. If such an FFT-matrix is used spreading and OFDM 
processing cancel each and the transmission system degenerates into a 
linearly modulated single-carrier system with guard interval, i.e  

𝑠𝑠(𝑡𝑡) = �𝑥𝑥𝑛𝑛
𝑛𝑛

⋅ 𝑝𝑝(𝑡𝑡 − 𝑛𝑛𝑛𝑛) where 𝑥𝑥𝑛𝑛 = 𝑥𝑥𝑛𝑛−𝑁𝑁 if 𝑖𝑖(𝑁𝑁 + 𝑁𝑁𝐺𝐺) − 𝑁𝑁𝐺𝐺

≤ 𝑛𝑛 < 𝑖𝑖(𝑁𝑁 + 𝑁𝑁𝐺𝐺) 𝑖𝑖 ∈ 𝑍𝑍 (2) 
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In Eq. (2), the parameter 𝑁𝑁𝐺𝐺  describes the length of the guard interval in 
number of data symbols spaced by the symbol duration T. 

Brüninghaus-1998 at 2330. 

A. Dynamic of the signal envelope  
It is well known that the envelope of an OFDM signal has a high dynamic 
which requires a linear power amplifier in the transmitter. A lot of studies 
have been performed with the aim to reduce the signal dynamic of multi-
carrier systems but all methods known from literature [11] - [13] have 
certain drawbacks. These drawbacks are either high computation 
complexity, large memory requirements or signal distortions. At least in 
the case of absolute modulation (no differential encoding) these 
disadvantages can be overcome if the Fourier-matrix is used for spreading. 
Since the multi-carrier CDM system is thereby transformed into a single-
carrier system with linear modulation the amplitude dynamic only depends 
on the pulse shape p(t). In connection with second generation mobile 
systems this topic has been analyzed extensively and solutions are very 
well known: in case of binary transmission for example, MSK (minimum 
shift keying), which uses a sinusoidal pulse, can be applied leading to a 
constant envelope signal. Quaternary transmission can be realized with low 
amplitude dynamic using Offset-QPSK. 

Brüninghaus-1998 at 2330. 

Since the single-carrier system which results from an OFDM-CDM system 
with Fourier spreading matrix is a special case of an OFDM-CDM system, 
the same detection algorithms can be applied and the same performance 
can be expected. 

Brüninghaus-1998 at 2330. 

System parameters: 

• General 
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- Bandwidth B = 2MHz 
- linear equalization based on MMSE criterion 

• OFDM-CDM with Fourier spreading matrix 

- blocklength: TN = 32μs 
- Guardlength: TG = 6.6μs 
- Number of symbols per block: N = 64 

• Single-carrier system without guard interval 
- pulse with raised cosine spectral characteristic and rolloff' factor β= 0.2 
- Symbol length: Ts = 600ns 

• Channel parameters: 
- Exponentially decreasing power delay profile from 0 to 5μs 
- Rayleigh channel 
- time invariant 

Brüninghaus-1998 at 2331. 

The special choice of an FFT matrix as spreading matrix for OFDM-CDM 
leads to a single-carrier system with guard interval. Such a single-carrier 
system has the same performance as the OFDM-CDM system but is less 
sensitive to nonlinear effects due to the reduced dynamic of the signal 
amplitude. In case of linear equalization, a single-carrier system with 
guard-interval yields the same (low S/N) or even a better (high S/N) 
performance than the corresponding system without guard interval at the 
same number of equalizer coefficients and data rate. Besides, in highly time 
dispersive channels the computation complexity of such a receiver 
structure with blockwise processing is considerably lower than with 
continuous processing. 
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Brüninghaus-1998 at 2332. 

Bury-1999, which discloses:  
6. SPREAD TRANSMISSION 
We now consider the special case of transmission over a set of interference 
free fading channels, where orthogonal symbol spreading is used to achieve a 
diversity gain. Figure 4 shows a model for this type of transmission. 

 
In this figure, 𝑈𝑈 is an orthogonal matrix for spreading, 𝐷𝐷α is a diagonal 
matrix with the channel amplitudes on the main diagonal and zeros 
elsewhere, and we assume white noise with Φ𝑛𝑛𝑛𝑛 = σ𝑛𝑛2 ⋅ 𝐼𝐼. The orthogonal 
spreading matrix has the property 𝑈𝑈𝐻𝐻 = 𝑈𝑈−1 = 𝑈𝑈. For the cases of a 
Hadamard transform or a Fourier transform, multiplication with 𝑈𝑈 may be 
implemented as a fast algorithm (Fast Fourier Transform, FFT; Fast 
Hadamard Transform, FHT). By inserting 𝐻𝐻 = 𝐷𝐷α ⋅ 𝑈𝑈 into equations (3), 
(4) and (5), we find 
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For the special case where for arbitrary i and fixed r the feedback values 
ϱ𝑖𝑖

(𝑟𝑟) are all identical, computation of the filter coefficients can be further 
simplified, such that no matrix inversion is required; this has been derived 
in [1]. 

Bury-1999 at 350-51. 

This model of spread transmission is applicable to, e.g., the following 
transmission schemes:  
MC-SSMA (Multi-Carrier Spread Spectrum Multiple Access) as described 

in [3] uses a Hadamard transform to spread a vector of transmit symbols 
over a set of OFDM subchannels; each OFDM subchannel may be 
considered as a single Rayleigh fading channel. OFDM-CDMA is 
another name for essentially the same method.  

IFDMA (Interleaved Frequency Division Multiple Access) as introduced in 
[2] can be described as an OFDM transmission where Fourier spreading 
is used to transmit over sets of equally spaced OFDM subchannels.  

Serial block transmission over a multipath channel, using cyclic extension 
of transmitted blocks and corresponding extraction at the receiver, may 
be considered as an OFDM transmission with Fourier spreading over all 
subchannels. The equalizer can be implemented in the frequency domain 
by assuming a Fourier matrix for spreading. A linear equalizer for 
frequency domain equalization (FDE) has been presented in [4].  

Bury-1999 at 351. 

Bury-2000, which discloses:  
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Multi-carrier code division multiplexing (MC-CDM) [1] is an interesting 
candidate for the physical layer in wireless high data rate local area 
networks.  When compared to orthogonal frequency division multiplexing 
(OFDM), the additional spreading of MC-CDM produces a signal space 
diversity which improves power efficiency especially for high code rates 
[2]. A Hadamard transform is used for spreading in most MC-CDM system 
descriptions, e.g. [1]. However, further choices for orthogonal spreading 
are possible. With Fourier spreading [3], which can be implemented by a 
discrete Fourier transform (DFT) operation, it is clear that it can cancel the 
inverse discrete Fourier transform (IDFT) of an OFDM transmitter when 
spreading is done over all subcarriers, such that the result is a simple serial 
block transmission with cyclic extension [4]. This serial transmission can 
be regarded as a spread spectrum transmission, since the entire 
transmission bandwidth is covered by each transmitted symbol. The 
peakto-average power ratio (PAPR) of a serial transmission is much lower 
than that of an OFDM transmission. The question that arises is: how is the 
situation when spreading is done not over all OFDM subcarriers but only 
over groups of carriers? 

Bury-2000 at 857. 

In [5] Golay complementary sequences have been used instead of 
Hadamard sequences for reducing the PAPR in MC-CDMA transmission, 
and a scrambling scheme was employed to further improve the amplitude 
distribution of the transmit signal. In this paper we suggest to employ a 
DFT for spreading, which can be implemented efficiently as a fast Fourier 
transform (FFT). Furthermore we extend our considerations to MC-
FDMA, as introduced in [6] (named MC-SS-MA there). 

Bury-2000 at 857. 
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Bury-2000 at 858. 

The model in Fig. 1 depicts a transmitter for MC-CDM based on OFDM. 
An OFDM transmitter is extended by an additional spreading, described by 
the transform matrices 𝑇𝑇, and by an interleaver. The OFDM transmitter 
consists of an IDFT, a cyclic prefix insertion CP, a parallel-to-serial 
conversion, and the conversion to continuous-time using an ideal Dirac 
sampler and a basic waveform 𝑒𝑒(𝑡𝑡), which is a Nyquist impulse. The 
delivered baseband transmit signal is 𝑠𝑠(𝑡𝑡). The number of OFDM 
subcarriers is 𝑁𝑁, the cyclic prefix has length 𝐿𝐿, transmit signal samples are 
indexed by 𝑐𝑐, and the Dirac sampler generates an impulse every 𝑇𝑇𝑐𝑐 seconds. 

Bury-2000 at 857. 

Spreading is done by transforming a vector of M symbols through a matrix 
𝑇𝑇. This square matrix is orthogonal, such that the condition 

𝑇𝑇𝐻𝐻𝑇𝑇 = 𝐼𝐼 (1) 
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is fulfilled. Furthermore, to assure equal energy distribution, we consider 
only spreading matrices with the property that the absolute value of all 
matrix elements is constant 
 

�𝑡𝑡𝑖𝑖,𝑘𝑘� =
1

�𝑁𝑁
 ∀ 𝑖𝑖,𝑘𝑘.  (2) 

In literature usually a Hadamard transform is selected for 𝑇𝑇; however, 
further choices are possible, e.g. a DFT. 

Bury-2000 at 857-58. 

The total number of 𝑁𝑁 transmit symbols is partitioned into 𝐾𝐾 spreading 
groups of size 𝑀𝑀 =  𝑁𝑁/𝐾𝐾. The interleaver assures that symbols are spread 
equidistantly over the entire frequency band in order to obtain a maximum 
diversity gain. Small spreading groups (small values of 𝑀𝑀) mean that there 
is little diversity gain, large groups (large values of 𝑀𝑀) offer a better 
diversity gain but may result in a higher receiver complexity. 

Bury-2000 at 858. 

III. AMPLITUDE DISTRIBUTION OF THE TRANSMIT SIGNAL 

For a certain time instant 𝑡𝑡0 the complex baseband transmit signal 𝑠𝑠(𝑡𝑡0) is 
a random variable which is in general a linear combination of all random 
transmit symbols 

𝑠𝑠(𝑡𝑡0) = � � � 𝛼𝛼𝑚𝑚,𝑘𝑘,𝑖𝑖(𝑡𝑡0)𝑥𝑥𝑚𝑚
(𝑘𝑘)(𝑖𝑖)

𝑀𝑀

𝑚𝑚=1

𝐾𝐾

𝑘𝑘=1

∞

𝑖𝑖=−∞

. (3) 

The coefficients 𝛼𝛼𝑚𝑚,𝑘𝑘,𝑖𝑖(𝑡𝑡0) are derived from 𝑇𝑇, 𝑒𝑒(𝑡𝑡), 𝑁𝑁, 𝐿𝐿, 𝐾𝐾, and 𝑀𝑀, as 
described subsequently. When the duration of the basic waveform 𝑒𝑒(𝑡𝑡) is 
finite, the infinite sum over 𝑖𝑖 in this equation can be replaced by a finite 
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sum. Then the probability density function (PDF) of the transmit signal at 
time 𝑡𝑡0,𝑓𝑓𝑠𝑠(𝑡𝑡0)(𝑥𝑥), is obtained from the PDFs of all contributing transmit 
symbols. 

Bury-2000 at 858. 

 
Bury-2000 at 859. 

Discrete-time computation 

At discrete time we consider the signal 𝑠𝑠(𝑐𝑐) instead of 𝑠𝑠(𝑡𝑡). To obtain a 
simple description we join the spreading, interleaving, IDFT and cyclic 
extension of the transmitter in Fig. 1 into a single matrix 𝑈𝑈, see Fig. 2. 

. . . 

The discrete-time transmit signal of a single OFDM block (𝑖𝑖 =  0) then 
represents the cyclo-stationary statistics of the transmit signal. We omit the 
block index 𝑖𝑖 and write 

𝑠𝑠 = 𝑈𝑈 ⋅ 𝑥𝑥, (6) 

with vector elements 𝒙𝒙�𝒎𝒎+𝑴𝑴(𝒌𝒌−𝟏𝟏)� = 𝒙𝒙𝒎𝒎
(𝒌𝒌)(0) and 𝑠𝑠𝑐𝑐 = 𝑠𝑠(𝑐𝑐). In 

equivalence to equation (3) we write 
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𝑠𝑠𝑐𝑐 = �𝑢𝑢𝑐𝑐,𝑛𝑛𝑥𝑥𝑛𝑛

𝑁𝑁

𝑛𝑛=1

. (7) 

Hence, the PDF at a particular time instant 𝑐𝑐 is related with a certain row 
in 𝑈𝑈. 

Bury-2000 at 859. 

Downlink 
In the downlink, the PAPR is the same for both MC-CDMA and MC-
FDMA. This is obvious because both systems are identical except for the 
assignment of transmitted symbols to users. For the trivial case of 
spreading over a single carrier and for the case of spreading over two 
carriers, both Hadamard and Fourier spreading deliver the same PAPR. In 
the latter case this happens because Hadamard and Fourier matrices are 
identical for spreading over two symbols. In the case of Hadamard 
spreading, when spreading is done over an increasing number of 
subcarriers, the PAPR remains nearly constant (with a slight decrease); for 
Fourier spreading, however, it decreases rapidly and reaches the PAPR of 
a single carrier transmission when spreading is done over all subcarriers. 
This means that for the downlink Fourier spreading clearly outperforms 
Hadamard spreading. The larger the spreading factor, the better the PAPR. 
Furthermore, assuming that a large number of users is desired, we consider 
the following: Since MC-FDMA requires (at least) one spreading block per 
user, the spreading blocks must be small in case of many users, resulting 
in a relatively large PAPR. For MC-CDMA, however, the larger the 
spreading block, the larger the possible number of users. Here the best 
choice with respect to PAPR is to use Fourier spreading over all carriers 
while assigning groups of input symbols for each user, resulting in the 
lowest possible PAPR. 

Bury-2000 at 859-60. 
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Amplitude distributions of Hadamard spreading and Fourier spreading 
have been compared for OFDM based MC-CDM transmission methods, 
using a general matrix model. Comparison has been done for both up- and 
downlink in MC-CDMA and MC-FDMA multiple access scenarios, and 
for various spreading factors. For both up- and downlink Fourier spreading 
delivers a lower or equal PAPR. This superiority increases significantly for 
larger spreading factors. In the uplink, MC-FDMA delivers lower PAPRs 
than MC-CDMA. From the amplitude distribution point of view, the best 
choice is to employ Fourier spreading with MC-CDMA in the downlink 
and with MC-FDMA in the uplink.  

Bury-2000 at 860. 

Galda-2001, which discloses:  
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Galda-2001 at 6. 

 
Galda-2001 at 11. 

 
 

Samsung v. GenghisComm 
IPR2025-00780, 9,768,842 

GC EX2015



Exhibit A-10 
Invalidity of U.S. Patent No. 9,768,842 in View of Motorola StarTAC 7868 (“StarTAC”) 

PAGE 137 OF 175 
ACTIVE 703178168v1 

 
Galda-2001 at 12. 
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Galda-2001 at 13. 
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Galda-2001 at 16. 
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Galda-2001 at 18. 

Galda-2002, which discloses:  
Abstract- The orthogonal frequency division multiplex (OFDM) 
transmission technique can efficiently deal with the effects of multi-path 
propagation in the broadband radio channel. It also has a high system 
inherent flexibility for designing a multiple access scheme by combining 
the conventional TDMA, FDMA and CDMA approaches with the OFDM 
modulation scheme. The FDMA multiple access scheme is especially 
interesting for an uplink of a communication system since it can completely 
avoid any multiple access interferences (MAI). Moreover, the peak-to-
average ratio (PAR) of the uplink OFDM transmit signal can be greatly 
reduced if this OFDM-FDMA multiple access scheme is additionally 
combined with a data spreading technique based on a Discrete Fourier 
Transform (DFT) spreading matrix using only the user specific subcarriers. 
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Since the DFT spreading operation and the IDFT operation used as a part 
of the OFDM modulation scheme cancel out each other the complexity of 
the transmitter structure for an OFDM-FDMA uplink can be greatly 
reduced. 

Galda-2002 at 1737. 

Since the OFDM transmit signal results from the superposition of a large 
number of independent data symbols the envelope of the complex baseband 
time signal has in general a large peak-to-average ratio (PAR). The largest 
output power value of the amplifier will limit the maximum amplitude of 
the signal in the transmitter. Therefore, non-linear distortions due to 
clipping and amplification effects in the transmit signal will lead to both 
in-band and out-of-band emissions. In the past different techniques for 
reducing the PAR by changing the transmit signal independently from 
knowledge of other parts of the OFDM transmitter have been developed. 
But the PAR of the transmit signal envelope which employs an OFDM-
FDMA multiple access scheme can significantly be reduced if additional 
spreading techniques are applied which spread the user data over the 
allocated subcarrier only. In this case an appropriate spreading technique 
must be designed reducing the PAR to a minimum value. It will be shown 
in this paper that using the Discrete Fourier Transform (DFT) matrix as an 
orthogonal spreading technique will reduce the PAR significantely [3]. 
Furthermore, the DFT based spreading operation and the IDFT based 
OFDM modulation technique cancel out each other which means that the 
transmitter structure can be simplified to a single carrier transmitter with 
an additional guard interval in this specific case which helps to reduce the 
computational complexity of the transmitter of the mobile terminal. 

Galda-2002 at 1737-38. 

This paper shows how an OFDM-FDMA uplink system can be combined 
with a user data spreading technique based on the DFT spreading matrix to 
reduce the PAR of the uplink signal without increasing the computational 
complexity of the transmitter. In Section II the structure of the analyzed 
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OFDM-FDMA system combined with a DFT spreading matrix is described 
for the uplink application. In Section III the influence of a DFT matrix 
applied for data spreading is analyzed for an OFDM-TDMA multiple 
access scheme and is extended to an OFDM-FDMA system in a separate 
subsection. The general topic of non-linearities in an OFDM system is 
reviewed in Section IV. Quantitative results are given in Section V and 
Section VI summarizes the papers content. 

Galda-2002 at 1738. 

 
Galda-2002 at Fig. 1. 

The baseband system model of an OFDM-FDMA uplink with individual 
spreading of user data is shown in Fig. 1. In this case 𝑀𝑀 different users are 
considered and each user allocates 𝐿𝐿 different subcarrier exclusively. The 
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total number of subcarrier in the considered transmission system is 𝑁𝑁𝐶𝐶 =
𝐿𝐿 ⋅ 𝑀𝑀. The input data stream for each mobile user 𝑚𝑚,𝑚𝑚 =  0, … ,𝑀𝑀 −  1, 
is convolutionally encoded in a first step. The bit sequence is then mapped 
onto 𝐿𝐿 complex modulation symbols 𝐷𝐷𝑙𝑙

(𝑚𝑚), 𝑙𝑙 = 0, … , 𝐿𝐿 − 1, of a coherent, 
higher-level modulation scheme. The 𝐿𝐿 modulation symbols are spread 
over the 𝐿𝐿 user specifically allocated subcarrier with an unitary spreading 
matrix [𝐶𝐶] resulting in L complex transmit symbols 𝑆𝑆𝑙𝑙

(𝑚𝑚). The spreading 
operation can be denoted mathematically by the following simple matrix 
multiplication 

𝑆𝑆(𝑚𝑚) = [𝐶𝐶]𝐷𝐷��⃗ (𝑚𝑚) (1)      

where each complex transmit symbol 𝑆𝑆𝑙𝑙
(𝑚𝑚) is calculated by the sum of 𝐿𝐿 

user modulation symbols 𝐷𝐷𝑙𝑙
(𝑚𝑚) weighted by 𝐿𝐿 orthogonal code vectors 𝐶𝐶𝑙𝑙� =

�𝐶𝐶𝑙𝑙,0,𝐶𝐶𝑙𝑙,1, … ,𝐶𝐶𝑙𝑙,𝑙𝑙� with 𝑙𝑙 =  0, … , 𝐿𝐿 − 1 

𝑆𝑆𝑙𝑙
(𝑚𝑚) = �𝐶𝐶𝑙𝑙,ν𝐷𝐷ν

(𝑚𝑚)
𝐿𝐿−1

ν=0

 for 𝑙𝑙 = 0, … , 𝐿𝐿 − 1 (2)      

The transmit symbols 𝑆𝑆𝑙𝑙(𝑚𝑚) are then mapped onto 𝐿𝐿 of the available 𝑁𝑁𝐶𝐶 
subcarrier which are exclusively allocated to user 𝑚𝑚. In principle, the set 
of subcarrier assigned to each user can be composed of any 𝐿𝐿 out of 𝑁𝑁𝐶𝐶 
subcarrier that have not been assigned to another user. 

Galda-2002 at 1738. 

Independent of the considered spreading matrix 𝐶𝐶 but assuming the 
equidistant allocation of subcarrier over the entire bandwidth the resulting 
OFDM time signal of user 𝑚𝑚 can analytically be described as 

𝑠𝑠𝑖𝑖
(𝑚𝑚) = 𝑒𝑒𝑗𝑗2π𝑖𝑖𝑖𝑖/𝑁𝑁𝐶𝐶

1
√𝐿𝐿

�𝑆𝑆𝑙𝑙
(𝑚𝑚)𝑒𝑒−𝑗𝑗2π𝑖𝑖𝑖𝑖/𝐿𝐿

𝐿𝐿−1

𝑙𝑙=0

 for 𝑖𝑖 = −𝑁𝑁𝐺𝐺 , … ,0, … ,𝑁𝑁𝐶𝐶 (3)      
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where 𝑁𝑁𝐺𝐺  denotes the length of the guard interval which is inserted into the 
transmit time signal. 

Galda-2002 at 1738. 

III. DFT SPREADING 

The spreading matrix [𝐶𝐶] of an OFDM-FDMA system is often only 
characterized by its frequency diversity properties. It therefore is chosen to 
be unitary in order to make the detection process easier, to distribute the 
signal energy of the superimposed code symbols uniformly over all 
subcarrier and not to change the distance of the code vectors. Thus, in many 
OFDM systems with additional spreading the Walsh-Hadamard (WH) 
matrix is employed since it has the additional advantage that it only consists 
of only “+1” and “-1” elements which can reduce the computational 
complexity. The discrete Fourier matrix is also unitary but additionally has 
an influence on the PAR of an OFDM transmit signal. In this Section the 
influence of such an Fourier sp[r]eading matrix on the resulting PAR will 
be discussed. 

Galda-2002 at 1739. 

 
Galda-2002 at Fig. 3. 

A. OFDM-TDMA with DFT Spreading 
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In [3] the Discrete Fourier Transformation (DFT) matrix has been used for 
spreading the vector 𝐷𝐷��⃗  of length 𝐿𝐿 = 𝑁𝑁𝐶𝐶 over all subcarriers of an OFDM 
system. If a single user is assumed in this OFDM system the spreading 
operation includes all subcarrier within the entire bandwidth. In this case 
the DFT spreading matrix and the IDFT operation in the OFDM 
modulation process cancel out each other. The OFDM transmitter structure 
with DFT spreading matrix is therefore technically reduced to the serial 
sequence of complex transmit data symbols 𝐷𝐷𝑖𝑖 to which a guard interval is 
added in the time domain as a cyclic prefix 

𝑠𝑠𝑖𝑖
(1) = 𝐷𝐷𝑖𝑖 𝑚𝑚𝑚𝑚𝑚𝑚 𝑁𝑁𝐶𝐶  for 𝑖𝑖 = −𝑁𝑁𝐺𝐺 , … ,0, … ,𝑁𝑁𝐶𝐶 (5) 

where 𝑚𝑚𝑚𝑚𝑚𝑚 denotes the modulo operation, as shown in Fig. 3. 

Galda-2002 at 1739. 

 
Galda-2002 at Fig. 5. 

B. OFDM-FDMA with DFT Spreading 
The advantage of a DFT spreading matrix can also be exploited in the 
uplink of an OFDM-FDMA system. If the user data is spread only over 
𝐿𝐿 < 𝑁𝑁𝐶𝐶  subcarriers then the DFT of length 𝐿𝐿 used for spreading does not 
directly cancel out with the length 𝑁𝑁𝐶𝐶 IDFT of the OFDM modulator in 
general. Only when the spreaded symbols 𝑆𝑆𝑙𝑙

(𝑚𝑚) are mapped onto 
equidistant located subcarriers with a spacing of 𝑁𝑁𝐶𝐶/𝐿𝐿 = 𝑀𝑀 the DFT 
spreading and the OFDM modulation can be removed in the transmitter 
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structure. This can be seen by inserting Equation (2) into Equation (3) using 
the elements of the discrete Fourier matrix 

𝐶𝐶𝑖𝑖,𝑗𝑗 =
1
√𝐿𝐿

⋅ 𝑒𝑒𝑗𝑗2π𝑖𝑖𝑖𝑖/𝐿𝐿 (6)      

the transmit signal of user 𝑚𝑚 can be written as 

 
for 𝑖𝑖 = −𝑁𝑁𝐺𝐺 , … ,0, … ,𝑁𝑁𝐶𝐶 and the periodic dirac pulse sequence δ𝐿𝐿( ). The 
transmit time signal 𝑠𝑠𝑖𝑖

(𝑚𝑚) of user m in an OFDM-FDMA uplink using DFT 
spreading matrix and an equidistant subcarrier allocation results therefore 
in a periodic repetition of the complex user data symbol 𝐷𝐷𝑙𝑙

(𝑚𝑚) sequence 
including an added guard interval as cyclic prefix, shown in Fig. 5. This 
periodic data sequence is multiplied by a user specific complex signal 
𝑒𝑒𝑗𝑗2π𝑖𝑖𝑖𝑖/𝑁𝑁𝐶𝐶 due to the user individual frequency shift by 𝑚𝑚 subcarriers of 
the complete allocated subcarrier set. The number of periods inside a single 
OFDM symbol is equal to the spacing 𝑀𝑀 of the subcarriers allocated to user 
𝑚𝑚. 
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Galda-2002 at 1739-40. 

 
Galda-2002 at Fig. 6. 

The structure of the OFDM transmitter can be simplified by this approach 
since both the DFT spreading operation and the IFFT calculation of the 
conventional OFDM transmitter cancel out and can be removed in the 
technical realization completely and will be replaced by a simple repetition 
process of the considered user data 𝐷𝐷𝑙𝑙

(𝑚𝑚). The simplified transmitter 
structure is depicted in Fig. 6. Any equidistant subcarrier allocation can be 
used with the proposed FDMA scheme since it only influences the number 
of periods of the transmit signal. Therefore the user data rate can be flexibly 
adjusted by assigning the required number of subcarriers to each user. 
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Galda-2002 at 1740. 
 

[Claim 3] The OFDM transmitter recited in 
claim 1, wherein the OFDM modulator 
comprises an inverse fast Fourier transform. 

StarTAC included a CDMA transmitter that used an earlier generation of wireless 
communication technology. As such it did not include an OFDM spreader 
configured to spread a plurality of data symbols with Fourier coefficients to 
generate a discrete Fourier Transform (DFT)-spread data signal.  
A POSA would have been aware of developments seeking to add data and higher 
transmission rates and overall network throughput in cellular and other wireless 
communications technologies. Such technologies were designed to improve on the 
technology underlying the transmitter used in, for example, StarTAC. A POSA thus 
would have found it obvious to modify StarTAC using the technologies described in 
one or more of the following references and arrive at the claimed subject matter: 
For example, Kaiser-1998 discloses:  

This section presents a novel multiple access scheme which is referred to 
as spread spectrum multi-carrier multiple access (SS-MC-MA). Similar to 
MC-CDMA, SS-MC-MA exploits the advantages given by the 
combination of the spread spectrum technique with MC modulation 
[KaF96, KaF97a]. An SS-MC-MA system is superior compared to an MC-
CDMA system in the uplink of a mobile radio system due to a simple 
channel estimation and a low-complex data detection. Whereas, an MC-
CDMA system outperforms an SS-MC-MA system in the downlink, as it 
will be shown at the end of this section. Before presenting the SS-MC-MA 
signal structure and its uplink performance, the basic similarities and 
differences between SS-MC-MA and MC-CDMA systems are pointed out. 
This can preferably be done by comparing the SS-MC-MA and the MC-
CDMA transmitter for the downlink. Fig. B.1 shows the SS-MC-MA 
transmitter for the downlink. The counterpart is the MC-CDMA transmitter 
with 𝑀𝑀-Modification shown in Fig. 3.8. For convenience, the case with 𝑀𝑀 
equal to 𝐿𝐿 and 𝐾𝐾𝑚𝑚𝑚𝑚𝑚𝑚 equal to 𝐿𝐿 is considered in this comparison. It can be 
observed that both transmitters are identical except for the mapping of the 
user data to the subsystems. In SS-MC-MA systems, one user maps 𝐿𝐿 data 
symbols to one subsystem which this user exclusively uses for 
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transmission. Consequently, different users use different subsystems in SS-
MC-MA systems. In MC-CDMA systems, 𝑀𝑀 data symbols per user are 
mapped to 𝑀𝑀 different subsystems where each subsystem is shared by 
different users. 

Kaiser-1998 at 130-131. 

The origins of MC communications go back to the 1950s as one of the 
earliest MC systems, the so-called Kineplex system with 20 subcarriers, 
each with a data rate of 150 bit/s, was presented [DHM57]. Since the 
amount of filters and oscillators is considerable for a larger number of 
subcarriers, an efficient digital implementation of OFDM was proposed by 
using the discrete Fourier transform (DFT) or its more computationally 
efficient implementation, the fast Fourier transform (FFT) [WeE71]. The 
progress in semiconductor technology enabled the realization of an FFT for 
a high number of subcarriers up to several thousands whereby OFDM 
gained much in significance. Residual ISI in MC communications can be 
avoided completely if a guard interval is added to each OFDM symbol, 
which has to be chosen larger than the time dispersion of the channel 
[AIL87, Bin90]. The breakthrough of MC communications came in the 
1990s as OFDM was chosen for the European Digital Audio Broadcasting 
(DAB) standard [AIL87] and also for the European terrestrial Digital Video 
Broadcasting (DVB-T) standard [FKR95]. In broadcast applications, 
OFDM offers the possibility of operating in single frequency networks with 
a frequency reuse factor of one. The interference from neighbouring cells 
is experienced as artificial multipath reception causing additional ISI which 
can also be combatted by the guard interval [FKR96]. 

Kaiser-1998 at 6. 
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Kaiser-1998 at Fig. 3.2. 

A key advantage of using OFDM is that the MC modulation can be 
implemented in the discrete domain by using an IDFT, or a more 
computationally efficient IFFT [WeE71]. When sampling the complex 
envelope 𝑥𝑥(𝑡𝑡) of an OFDM symbol at time instances 𝑡𝑡 equal to 
(𝜈𝜈 − 1)𝑇𝑇𝑠𝑠/𝑁𝑁𝑐𝑐 , 𝜈𝜈 = 1, … ,𝑁𝑁𝑐𝑐, the samples are 

𝑥𝑥𝜈𝜈 =
1

�𝑁𝑁𝑐𝑐
�𝑆𝑆𝑛𝑛𝑒𝑒𝑗𝑗2𝜋𝜋(𝑛𝑛−1)(𝜈𝜈−1)/𝑁𝑁𝑐𝑐

𝑁𝑁𝑐𝑐

𝑛𝑛=1

,  𝜈𝜈 = 1, … ,𝑁𝑁𝑐𝑐 , (3.6) 

and the sampling rate is 𝑁𝑁𝑐𝑐/𝑇𝑇𝑠𝑠. The important result is that the sampled 
sequence {𝑥𝑥𝜈𝜈}, 𝜈𝜈 = 1, … ,𝑁𝑁𝑐𝑐, is the IDFT of the source symbol sequence 
{𝑆𝑆𝑛𝑛},𝑛𝑛 = 1, … ,𝑁𝑁𝑐𝑐. The block diagram of an MC modulator employing 
OFDM based on an IDFT and MC demodulator employing inverse OFDM 
based on a DFT is illustrated in Fig. 3.2. 

Kaiser-1998 at 32-33. 
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[Claim 4] The OFDM transmitter recited in 
claim 1, wherein the data symbols comprise 
reference-signal symbols, which comprise at 
least one of known training symbols and 
synchronization symbols. 

StarTAC included a CDMA transmitter that used an earlier generation of wireless 
communication technology. As such it did not include an OFDM spreader 
configured to spread a plurality of data symbols with Fourier coefficients to 
generate a discrete Fourier Transform (DFT)-spread data signal.  
A POSA would have been aware of developments seeking to add data and higher 
transmission rates and overall network throughput in cellular and other wireless 
communications technologies. Such technologies were designed to improve on the 
technology underlying the transmitter used in, for example, StarTAC. A POSA thus 
would have found it obvious to modify StarTAC using the technologies described in 
one or more of the following references and arrive at the claimed subject matter: 
For example, Kaiser-1998 discloses:  

This section presents a novel multiple access scheme which is referred to 
as spread spectrum multi-carrier multiple access (SS-MC-MA). Similar to 
MC-CDMA, SS-MC-MA exploits the advantages given by the 
combination of the spread spectrum technique with MC modulation 
[KaF96, KaF97a]. An SS-MC-MA system is superior compared to an MC-
CDMA system in the uplink of a mobile radio system due to a simple 
channel estimation and a low-complex data detection. Whereas, an MC-
CDMA system outperforms an SS-MC-MA system in the downlink, as it 
will be shown at the end of this section. Before presenting the SS-MC-MA 
signal structure and its uplink performance, the basic similarities and 
differences between SS-MC-MA and MC-CDMA systems are pointed out. 
This can preferably be done by comparing the SS-MC-MA and the MC-
CDMA transmitter for the downlink. Fig. B.1 shows the SS-MC-MA 
transmitter for the downlink. The counterpart is the MC-CDMA transmitter 
with 𝑀𝑀-Modification shown in Fig. 3.8. For convenience, the case with 𝑀𝑀 
equal to 𝐿𝐿 and 𝐾𝐾𝑚𝑚𝑚𝑚𝑚𝑚 equal to 𝐿𝐿 is considered in this comparison. It can be 
observed that both transmitters are identical except for the mapping of the 
user data to the subsystems. In SS-MC-MA systems, one user maps 𝐿𝐿 data 
symbols to one subsystem which this user exclusively uses for 
transmission. Consequently, different users use different subsystems in SS-
MC-MA systems. In MC-CDMA systems, 𝑀𝑀 data symbols per user are 
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mapped to 𝑀𝑀 different subsystems where each subsystem is shared by 
different users. 

Kaiser-1998 at 130-131. 

OFDM with guard interval is applied in SS-MC-MA systems in the same 
way as in MC-CDMA systems, cf. Section 3.1.1. In order to perform 
coherent data detection at the receiver and to guarantee robust time and 
frequency synchronization, pilot symbols are multiplexed in the 
transmitted data. 

Kaiser-1998 at 133. 

 
Kaiser-1998 at Table 1.3. 

When applying receivers with coherent detection, cf. Chapter 3, and with 
soft decision decoding, cf. Chapter 4, in fading channels, information about 
the channel state is required and has to be estimated by the receiver. The 
basic principle of pilot symbol aided channel estimation is to multiplex 
pilot symbols into the data stream. The receiver estimates the channel state 
information based on the received pilot symbols. In single carrier 
modulated systems, channel estimation is carried out by inserting pilot 
symbols or pilot sequences in the serial data stream in time direction to 
estimate the channel impulse response ℎ(𝜏𝜏, 𝑡𝑡), as applied in the GSM 
system [Ste94]. However, particularly transmission systems with MC 
modulation allow channel estimation in two dimensions by inserting pilot 
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symbols on different subcarriers in frequency direction in addition to the 
time direction, with the intention to estimate the channel transfer function 
𝐻𝐻(𝑓𝑓, 𝑡𝑡) [Höh91, CSM95, San96, HKR97a, HKR97b]. By choosing the 
distances of the pilot symbols in time and frequency direction sufficiently 
small with respect to the channel bandwidth, estimates of the channel 
transfer function can be obtained by interpolation. The channel estimation 
in two dimensions designed in this chapter is applicable to various MC 
modulated systems like, for instance, MC-CDMA, MC-FDMA, or MC-
TDMA mobile radio systems. 

Kaiser-1998 at 87. 

 
Kaiser-1998 at 88. 
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Kaiser-1998 at 92. 
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Kaiser-1998 at 98. 
To the extent that Kaiser-1998 does not disclose data symbols comprising reference-
signal symbols, which comprise at least one of known training symbols and 
synchronization symbols, data symbols comprising reference-signal symbols, which 
comprise at least one of known training symbols and synchronization symbols 
would have been obvious in view of Kaiser-1998, either alone or in combination 
with the knowledge of a POSA, and/or in combination with one or more of the 
following reference(s): 
Berens-1997, which discloses: 

 
Berens-1997 at Fig. 3. 

In MC/JD-CDMA bursts according to Fig. 3 are deployed. 
Each user k transmits 500 μs long bursts every 6 ms. A burst contains two 
data carrying burst halfs with 𝑁𝑁 = 24 symbols. In Fig. 3, 𝑁𝑁𝑠𝑠 = 1 data 
symbols are transmitted simultaneously. Thus, each symbol of duration 
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𝑇𝑇𝑠𝑠 = 7 μs is spread over 𝑄𝑄 = 𝑄𝑄𝑇𝑇 = 14 subcarriers of bandwidth 𝐵𝐵𝑠𝑠 = 1/𝑇𝑇𝑠𝑠 
in a given bandwidth 𝐵𝐵𝑢𝑢 = 𝑄𝑄𝑇𝑇/𝑇𝑇𝑠𝑠 = 𝑄𝑄𝑇𝑇 ⋅ 𝐵𝐵𝑠𝑠. The two data blocks are 
separated by a 134 μs long midamble with 268 binary midamble chips. This 
midamble is used to perform the channel state estimation at the receiver, 
cf. Section 4. At the end of each burst a guard period of 30 μs is introduced 
to facilitate power ramping of the power amplifier and to suppress the 
influence between adjacent bursts. 

Berens-1997 at 1900. 
Song-407, which discloses:  

 
 

Samsung v. GenghisComm 
IPR2025-00780, 9,768,842 

GC EX2015



Exhibit A-10 
Invalidity of U.S. Patent No. 9,768,842 in View of Motorola StarTAC 7868 (“StarTAC”) 

PAGE 157 OF 175 
ACTIVE 703178168v1 

 
Song-407 at Fig. 3. 

Typically, a channel estimate for coherent detection is obtained from a 
common pilot channel. However, a common pilot channel transmitted with 
an omnidirectional antenna experiences a different radio channel than a 
traffic channel signal transmitted through a narrow beam. It has been 
noticed that common control channels are often problematic in the 
downlink when adaptive antennas are used. The problem can be 
circumvented by user dedicated pilot symbols, which are used as a 
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reference signal for the channel estimation. The dedicated pilot symbols 
can either be time or code multiplexed. 
Figure 3 depicts a block diagram of a transmitter and a receiver for time 
multiplexed pilot symbols for an improved channel estimation method that 
works satisfactorily under slow-to-fast fading environments. Known pilot 
symbols are periodically multiplexed with the sequence of the transmitted 
data. The pilot symbols and data symbols following pilot symbols 
constitute a slot, as shown in Figure 3. 
Further, in a DS-CDMA transmitter, the information signal is modulated 
by a spreading code, and in the receiver, it is correlated with a replica of 
the same code. Thus, low cross-correlation between the desired and 
interfering users is important to suppress the multiple access interference. 
Good autocorrelation properties are required for reliable initial 
synchronization, since large sidelobes of the autocorrelation function may 
lead to erroneous code synchronization decisions. Furthermore, good 
autocorrelation properties are important to reliably separate the multipath 
components. 

Song-407 at 0007-9. 
Kaiser-717, which discloses: 

The method of the invention is based on an optimum combination of multi-
carrier modulation with the spread-spectrum technique. The data of a 
subscriber station are spread, with the data of a subscriber station being 
modulated on a set of orthogonal spread sequences and superimposed. The 
data of a subscriber station are transmitted to a partial quantity of 
subcarriers in the frequency band, with the partial quantity of sub-carriers 
associated with the individual subscriber stations being disjunct and 
distributed over the entire transmission band. A channel estimation 
required for receiving-side data detection is performed by means of 
filtering in the time and/or frequency direction of reference symbols. A 
low-complexity maximum-likelihood sequence estimation is possible for 
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data detection. The method of the invention is well-suited for use for both 
the upstream and downlinks in future cellular mobile-radio systems. 

Kaiser-717 at abstract. 

1. A method which uses a combination of the multi-carrier modulation 
method, a plurality of sub-carriers in a frequency band for modulation, and 
the spread spectrum technique, said method being for simultaneous radio 
transmission of digital data between a plurality of subscriber stations and a 
base station, said method comprising: 
transmitting reference symbols for channel estimation to be performed on 
a receiving side, wherein on transmission side the digital data of a 
subscriber station are spread prior to transmission such that they are 
modulated with a set of orthogonal spread sequences and superimposed 
with them; 
then transmitting the spread data of a subscriber station, in modulated form, 
on a partial quantity of sub-carriers in a multi-carrier frequency band, 
wherein the partial quantities of sub-carriers associated with the individual 
subscriber stations being disjunct and distributed over an entirety of the 
frequency band; and 
inserting the reference symbols, which are known to the receiving side, into 
a sub-carrier data stream of each respective subscriber station associated 
therewith, for channel estimation; 
. . . 

Kaiser-717, claim 1. 
 

[Claim 7] The OFDM transmitter recited in 
claim 1, further comprising a cyclic prefix 
appender configured to append at least one of 
a cyclic prefix, a postfix, and a guard interval 
to the OFDM transmission signal. 

StarTAC included a CDMA transmitter that used an earlier generation of wireless 
communication technology. As such it did not include an OFDM spreader 
configured to spread a plurality of data symbols with Fourier coefficients to 
generate a discrete Fourier Transform (DFT)-spread data signal.  
A POSA would have been aware of developments seeking to add data and higher 
transmission rates and overall network throughput in cellular and other wireless 
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communications technologies. Such technologies were designed to improve on the 
technology underlying the transmitter used in, for example, StarTAC. A POSA thus 
would have found it obvious to modify StarTAC using the technologies described in 
one or more of the following references and arrive at the claimed subject matter: 
Kaiser-1998 further discloses (at least based on Plaintiff’s apparent interpretation of the 
claims) a cyclic prefix appender configured to append at least one of a cyclic prefix, 
a postfix, and a guard interval to the OFDM transmission signal. 
For example, Kaiser-1998 discloses:  

This section presents a novel multiple access scheme which is referred to 
as spread spectrum multi-carrier multiple access (SS-MC-MA). Similar to 
MC-CDMA, SS-MC-MA exploits the advantages given by the 
combination of the spread spectrum technique with MC modulation 
[KaF96, KaF97a]. An SS-MC-MA system is superior compared to an MC-
CDMA system in the uplink of a mobile radio system due to a simple 
channel estimation and a low-complex data detection. Whereas, an MC-
CDMA system outperforms an SS-MC-MA system in the downlink, as it 
will be shown at the end of this section. Before presenting the SS-MC-MA 
signal structure and its uplink performance, the basic similarities and 
differences between SS-MC-MA and MC-CDMA systems are pointed out. 
This can preferably be done by comparing the SS-MC-MA and the MC-
CDMA transmitter for the downlink. Fig. B.1 shows the SS-MC-MA 
transmitter for the downlink. The counterpart is the MC-CDMA transmitter 
with 𝑀𝑀-Modification shown in Fig. 3.8. For convenience, the case with 𝑀𝑀 
equal to 𝐿𝐿 and 𝐾𝐾𝑚𝑚𝑚𝑚𝑚𝑚 equal to 𝐿𝐿 is considered in this comparison. It can be 
observed that both transmitters are identical except for the mapping of the 
user data to the subsystems. In SS-MC-MA systems, one user maps 𝐿𝐿 data 
symbols to one subsystem which this user exclusively uses for 
transmission. Consequently, different users use different subsystems in SS-
MC-MA systems. In MC-CDMA systems, 𝑀𝑀 data symbols per user are 
mapped to 𝑀𝑀 different subsystems where each subsystem is shared by 
different users. 

 
 

Samsung v. GenghisComm 
IPR2025-00780, 9,768,842 

GC EX2015



Exhibit A-10 
Invalidity of U.S. Patent No. 9,768,842 in View of Motorola StarTAC 7868 (“StarTAC”) 

PAGE 161 OF 175 
ACTIVE 703178168v1 

Kaiser-1998 at 130-131. 

OFDM with guard interval is applied in SS-MC-MA systems in the same 
way as in MC-CDMA systems, cf. Section 3.1.1. In order to perform 
coherent data detection at the receiver and to guarantee robust time and 
frequency synchronization, pilot symbols are multiplexed in the 
transmitted data. 

Kaiser-1998 at 133. 
In the following, the performance of an SS-MC-MA mobile radio system 
in the uplink is presented. Table B.1 shows the SS-MC-MA system 
parameters used in the uplink. These parameters are chosen such that they 
correspond as far as possible with the MC-CDMA system parameters for 
the downlink presented in Table 6.1. The SS-MC-MA system parameters 
described in the following differ from those of the MC-CDMA system 
presented in Chapter 6. The SS-MC-MA system transmits only on 256 
subcarriers. Since the channel estimation in the considered SS-MC-MA 
system is based on a 1-D filtering in time direction which should fulfill 
two-times oversampling of the time-variant fading process, the overhead 
due to pilot symbols can be reduced with decreasing OFDM symbol 
durations. However, it has to be taken into account that with decreasing 
OFDM symbol duration the loss in bandwidth efficiency due to the guard 
interval increases. The used TDMA frame structure consisting of 4 time 
slots. A time slot corresponds to an OFDM frame consisting of 31 OFDM 
symbols as illustrated in Fig. B.4. Each user exclusively transmits on 8 
subcarriers, where 3 of the 8 subcarriers used by the 𝑘𝑘th user are depicted. 
Hence, per user, a block of 8 serial data symbols is parallel converted and 
spread with orthogonal Walsh Hadamard codes of length 𝐿𝐿 equal to 8, 
resulting after superposition in the transmission sequence 𝑠𝑠(𝑘𝑘), cf. (B.3). 
Note that in contrast to Fig. B.2, an additional interleaver is applied which 
scrambles 192 components of 24 transmission sequences 𝑠𝑠(𝑘𝑘) with the 
intention to increase the diversity potential of the system. Per OFDM 
symbol, 8 randomly interleaved components are mapped on 8 subcarriers 
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exclusively used by the 𝑘𝑘th user. The 8 user specific subcarriers are 
distributed over the whole bandwidth. The receiver applies an MLSSE for 
data detection. The channel coding part is identical to that of the MC-
CDMA system presented in Chapter 6. 

Kaiser-1998 at 133-135. 

 
Kaiser-1998 at Fig. 3.2. 

When the number of subcarriers increases, the OFDM symbol duration 𝑇𝑇𝑠𝑠 
becomes large compared to the duration of the impulse response τmax of 
the channel and the amount of ISI reduces. However, to completely avoid 
the effect of ISI and, thus, to maintain the orthogonality between the signals 
on the 𝑁𝑁𝑐𝑐 subcarriers, i.e., also to avoid ICI, a guard interval of duration 

𝑇𝑇𝑔𝑔 ≥ τmax (3.7) 

has to be inserted between adjacent OFDM symbols [Ail87, Bin90, Pro95]. 
The guard interval is a cyclic prefix added to each OFDM symbol which is 
obtained by extending the duration of an OFDM symbol to 
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𝑇𝑇𝑠𝑠′ = 𝑇𝑇𝑔𝑔 + 𝑇𝑇𝑠𝑠. (3.8) 

Kaiser-1998 at 33. 
 

[Claim 8] The OFDM transmitter recited in 
claim 1, wherein the OFDM spreader is 
configured to provide channel precoding. 

StarTAC included a CDMA transmitter that used an earlier generation of wireless 
communication technology. As such it did not include an OFDM spreader 
configured to spread a plurality of data symbols with Fourier coefficients to 
generate a discrete Fourier Transform (DFT)-spread data signal.  
A POSA would have been aware of developments seeking to add data and higher 
transmission rates and overall network throughput in cellular and other wireless 
communications technologies. Such technologies were designed to improve on the 
technology underlying the transmitter used in, for example, StarTAC. A POSA thus 
would have found it obvious to modify StarTAC using the technologies described in 
one or more of the following references and arrive at the claimed subject matter: 
For example, Kaiser-1998 discloses:  

This section presents a novel multiple access scheme which is referred to 
as spread spectrum multi-carrier multiple access (SS-MC-MA). Similar to 
MC-CDMA, SS-MC-MA exploits the advantages given by the 
combination of the spread spectrum technique with MC modulation 
[KaF96, KaF97a]. An SS-MC-MA system is superior compared to an MC-
CDMA system in the uplink of a mobile radio system due to a simple 
channel estimation and a low-complex data detection. Whereas, an MC-
CDMA system outperforms an SS-MC-MA system in the downlink, as it 
will be shown at the end of this section. Before presenting the SS-MC-MA 
signal structure and its uplink performance, the basic similarities and 
differences between SS-MC-MA and MC-CDMA systems are pointed out. 
This can preferably be done by comparing the SS-MC-MA and the MC-
CDMA transmitter for the downlink. Fig. B.1 shows the SS-MC-MA 
transmitter for the downlink. The counterpart is the MC-CDMA transmitter 
with 𝑀𝑀-Modification shown in Fig. 3.8. For convenience, the case with 𝑀𝑀 
equal to 𝐿𝐿 and 𝐾𝐾𝑚𝑚𝑚𝑚𝑚𝑚 equal to 𝐿𝐿 is considered in this comparison. It can be 
observed that both transmitters are identical except for the mapping of the 
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user data to the subsystems. In SS-MC-MA systems, one user maps 𝐿𝐿 data 
symbols to one subsystem which this user exclusively uses for 
transmission. Consequently, different users use different subsystems in SS-
MC-MA systems. In MC-CDMA systems, 𝑀𝑀 data symbols per user are 
mapped to 𝑀𝑀 different subsystems where each subsystem is shared by 
different users. 

Kaiser-1998 at 130-131. 

 
Kaiser-1998 at Fig. B.2. 

SS-MC-MA Transmitter: Fig. B.2 shows an SS-MC-MA transmitter with 
channel coding for the data of the 𝑘𝑘th user, 𝑘𝑘 =  1 …  𝐾𝐾, for the uplink. 
The components channel encoding, interleaving, and symbol mapping are 
identical to those described in Chapter 4 for MC-CDMA systems. In SS-
MC-MA systems, 𝐿𝐿 subsequent complex-valued data symbols 𝑑𝑑𝑙𝑙

(𝑘𝑘), 𝑙𝑙 =
1 … 𝐿𝐿, of user 𝑘𝑘 are serial-to-parallel converted. The vector 

𝑑𝑑(𝑘𝑘) = �𝑑𝑑1
(𝑘𝑘),𝑑𝑑2

(𝑘𝑘), … ,𝑑𝑑𝐿𝐿
(𝑘𝑘)�

𝑇𝑇
(𝐵𝐵. 1) 

represents one block of 𝐿𝐿 parallel converted data symbols of the 𝑘𝑘th user. 
Each of the 𝐿𝐿 data symbols is multiplied with another orthogonal spreading 
code of length 𝐿𝐿. The 𝐿𝐿 ×  𝐿𝐿 matrix 
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𝐶𝐶 = �𝑐𝑐1 𝑐𝑐2 …  𝑐𝑐𝐿𝐿� = �

𝐶𝐶 1,1 𝐶𝐶 2,1 ⋯ 𝐶𝐶 𝐿𝐿,1
𝐶𝐶 1,2 𝐶𝐶 2,2 ⋯ 𝐶𝐶 𝐿𝐿,2
⋮ ⋱ ⋯ ⋮

𝐶𝐶 1,𝐿𝐿 𝐶𝐶 2,𝐿𝐿 ⋯ 𝐶𝐶 𝐿𝐿,𝐿𝐿

� (𝐵𝐵. 2) 

represents the 𝐿𝐿 different spreading codes 𝑐𝑐𝑙𝑙 , 𝑙𝑙 = 1, … , 𝐿𝐿, used by user 𝑘𝑘. 
The matrix 𝐶𝐶 is the same for all users. The modulated spreading codes are 
data symbol and, thus, chip synchronously added, resulting in the 
transmission vector 

𝑠𝑠(𝑘𝑘) = 𝐶𝐶 𝑑𝑑(𝑘𝑘) = �𝑆𝑆1
(𝑘𝑘), 𝑆𝑆2

(𝑘𝑘), … , 𝑆𝑆𝐿𝐿
(𝑘𝑘)�

𝑇𝑇
(𝐵𝐵. 3) 

consisting of 𝐿𝐿 components. To increase the robustness of SS-MC-MA 
systems e.g. against inter cell interference, less than 𝐿𝐿 data modulated 
spreading codes can be added to one transmission vector 𝑠𝑠(𝑘𝑘). 

Kaiser-1998 at 131-132. 

In the following, the performance of an SS-MC-MA mobile radio system 
in the uplink is presented. Table B.1 shows the SS-MC-MA system 
parameters used in the uplink. These parameters are chosen such that they 
correspond as far as possible with the MC-CDMA system parameters for 
the downlink presented in Table 6.1. The SS-MC-MA system parameters 
described in the following differ from those of the MC-CDMA system 
presented in Chapter 6. The SS-MC-MA system transmits only on 256 
subcarriers. Since the channel estimation in the considered SS-MC-MA 
system is based on a 1-D filtering in time direction which should fulfill 
two-times oversampling of the time-variant fading process, the overhead 
due to pilot symbols can be reduced with decreasing OFDM symbol 
durations. However, it has to be taken into account that with decreasing 
OFDM symbol duration the loss in bandwidth efficiency due to the guard 
interval increases. The used TDMA frame structure consisting of 4 time 
slots. A time slot corresponds to an OFDM frame consisting of 31 OFDM 
symbols as illustrated in Fig. B.4. Each user exclusively transmits on 8 
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subcarriers, where 3 of the 8 subcarriers used by the 𝑘𝑘th user are depicted. 
Hence, per user, a block of 8 serial data symbols is parallel converted and 
spread with orthogonal Walsh Hadamard codes of length 𝐿𝐿 equal to 8, 
resulting after superposition in the transmission sequence 𝑠𝑠(𝑘𝑘), cf. (B.3). 
Note that in contrast to Fig. B.2, an additional interleaver is applied which 
scrambles 192 components of 24 transmission sequences 𝑠𝑠(𝑘𝑘) with the 
intention to increase the diversity potential of the system. Per OFDM 
symbol, 8 randomly interleaved components are mapped on 8 subcarriers 
exclusively used by the 𝑘𝑘th user. The 8 user specific subcarriers are 
distributed over the whole bandwidth. The receiver applies an MLSSE for 
data detection. The channel coding part is identical to that of the MC-
CDMA system presented in Chapter 6. 

Kaiser-1998 at 133-135. 

 

 
Kaiser-1998 at Table 1.2. 
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Kaiser-1998 at 65. 

Channel coding with code bit interleaving is an efficient technique to 
combat the degradations due to fading, noise, interference, and other 
channel impairments. The basic idea of channel coding is to introduce 
controlled redundancy into the transmitted data that is exploited at the 
receiver to correct channel induced errors by means of forward error 
correction. There are many different types of error correcting codes. 
Historically, they have been classified into block codes and convolutional 
codes [LiC83]. Binary convolutional codes are chosen as channel codes in 
most second generation mobile radio systems and also for the MC-CDMA 
mobile radio system presented in this thesis, since there exist very simple 
decoding algorithms that can achieve a soft decision decoding gain. The 
channel decoding strategies used in the investigated MC-CDMA receiver 
are based on the Viterbi algorithm which can exploit soft decided values in 
an optimum manner [For73]. 
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Many of the codes that have been developed for increasing the reliability 
in the transmission of information are effective when the errors caused by 
the channel are statistically independent. Signal fading due to time-variant 
multipath propagation often causes the signal to fall below the noise level, 
thus, resulting in a large number of errors, called burst errors. An efficient 
method for dealing with burst error channels is to interleave the code bits 
in such a way that the bursty channel is transformed into a channel having 
independent errors. Thus, a code designed for independent errors or short 
bursts can be used. Code bit interleaving has become an extremely useful 
technique in all second generation digital cellular systems, and can for 
example be realized as block, diagonal, or random interleaver [Ste94]. 

Kaiser-1998 at 64. 

 
Kaiser-1998 at Fig. 4.3. 

 

[Claim 9] The OFDM transmitter recited in 
claim 1, wherein the plurality of data symbols 
are at least one of time-multiplexed with 
reference-signal symbols, frequency-
multiplexed with reference-signal symbols, 
and code-multiplexed with reference-signal 
symbols. 

StarTAC included a CDMA transmitter that used an earlier generation of wireless 
communication technology. As such it did not include an OFDM spreader 
configured to spread a plurality of data symbols with Fourier coefficients to 
generate a discrete Fourier Transform (DFT)-spread data signal.  
A POSA would have been aware of developments seeking to add data and higher 
transmission rates and overall network throughput in cellular and other wireless 
communications technologies. Such technologies were designed to improve on the 
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technology underlying the transmitter used in, for example, StarTAC. A POSA thus 
would have found it obvious to modify StarTAC using the technologies described in 
one or more of the following references and arrive at the claimed subject matter: 
For example, Kaiser-1998 discloses:  

This section presents a novel multiple access scheme which is referred to 
as spread spectrum multi-carrier multiple access (SS-MC-MA). Similar to 
MC-CDMA, SS-MC-MA exploits the advantages given by the 
combination of the spread spectrum technique with MC modulation 
[KaF96, KaF97a]. An SS-MC-MA system is superior compared to an MC-
CDMA system in the uplink of a mobile radio system due to a simple 
channel estimation and a low-complex data detection. Whereas, an MC-
CDMA system outperforms an SS-MC-MA system in the downlink, as it 
will be shown at the end of this section. Before presenting the SS-MC-MA 
signal structure and its uplink performance, the basic similarities and 
differences between SS-MC-MA and MC-CDMA systems are pointed out. 
This can preferably be done by comparing the SS-MC-MA and the MC-
CDMA transmitter for the downlink. Fig. B.1 shows the SS-MC-MA 
transmitter for the downlink. The counterpart is the MC-CDMA transmitter 
with 𝑀𝑀-Modification shown in Fig. 3.8. For convenience, the case with 𝑀𝑀 
equal to 𝐿𝐿 and 𝐾𝐾𝑚𝑚𝑚𝑚𝑚𝑚 equal to 𝐿𝐿 is considered in this comparison. It can be 
observed that both transmitters are identical except for the mapping of the 
user data to the subsystems. In SS-MC-MA systems, one user maps 𝐿𝐿 data 
symbols to one subsystem which this user exclusively uses for 
transmission. Consequently, different users use different subsystems in SS-
MC-MA systems. In MC-CDMA systems, 𝑀𝑀 data symbols per user are 
mapped to 𝑀𝑀 different subsystems where each subsystem is shared by 
different users. 

Kaiser-1998 at 130-131. 
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Kaiser-1998 at Fig. B.2. 

OFDM with guard interval is applied in SS-MC-MA systems in the same 
way as in MC-CDMA systems, cf. Section 3.1.1. In order to perform 
coherent data detection at the receiver and to guarantee robust time and 
frequency synchronization, pilot symbols are multiplexed in the 
transmitted data. 

Kaiser-1998 at 133. 
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Kaiser-1998 at Fig. B.4. 

In the following, the performance of an SS-MC-MA mobile radio system 
in the uplink is presented. Table B.1 shows the SS-MC-MA system 
parameters used in the uplink. These parameters are chosen such that they 
correspond as far as possible with the MC-CDMA system parameters for 
the downlink presented in Table 6.1. The SS-MC-MA system parameters 
described in the following differ from those of the MC-CDMA system 
presented in Chapter 6. The SS-MC-MA system transmits only on 256 
subcarriers. Since the channel estimation in the considered SS-MC-MA 
system is based on a 1-D filtering in time direction which should fulfill 
two-times oversampling of the time-variant fading process, the overhead 
due to pilot symbols can be reduced with decreasing OFDM symbol 
durations. However, it has to be taken into account that with decreasing 
OFDM symbol duration the loss in bandwidth efficiency due to the guard 
interval increases. The used TDMA frame structure consisting of 4 time 
slots. A time slot corresponds to an OFDM frame consisting of 31 OFDM 
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symbols as illustrated in Fig. B.4. Each user exclusively transmits on 8 
subcarriers, where 3 of the 8 subcarriers used by the 𝑘𝑘th user are depicted. 
Hence, per user, a block of 8 serial data symbols is parallel converted and 
spread with orthogonal Walsh Hadamard codes of length 𝐿𝐿 equal to 8, 
resulting after superposition in the transmission sequence 𝑠𝑠(𝑘𝑘), cf. (B.3). 
Note that in contrast to Fig. B.2, an additional interleaver is applied which 
scrambles 192 components of 24 transmission sequences 𝑠𝑠(𝑘𝑘) with the 
intention to increase the diversity potential of the system. Per OFDM 
symbol, 8 randomly interleaved components are mapped on 8 subcarriers 
exclusively used by the 𝑘𝑘th user. The 8 user specific subcarriers are 
distributed over the whole bandwidth. The receiver applies an MLSSE for 
data detection. The channel coding part is identical to that of the MC-
CDMA system presented in Chapter 6. 

Kaiser-1998 at 133-135. 

 
Kaiser-1998 at Table 1.3. 

When applying receivers with coherent detection, cf. Chapter 3, and with 
soft decision decoding, cf. Chapter 4, in fading channels, information about 
the channel state is required and has to be estimated by the receiver. The 
basic principle of pilot symbol aided channel estimation is to multiplex 
pilot symbols into the data stream. The receiver estimates the channel state 
information based on the received pilot symbols. In single carrier 
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modulated systems, channel estimation is carried out by inserting pilot 
symbols or pilot sequences in the serial data stream in time direction to 
estimate the channel impulse response ℎ(τ, 𝑡𝑡), as applied in the GSM 
system [Ste94]. However, particularly transmission systems with MC 
modulation allow channel estimation in two dimensions by inserting pilot 
symbols on different subcarriers in frequency direction in addition to the 
time direction, with the intention to estimate the channel transfer function 
𝐻𝐻(𝑓𝑓, 𝑡𝑡) [Höh91, CSM95, San96, HKR97a, HKR97b]. By choosing the 
distances of the pilot symbols in time and frequency direction sufficiently 
small with respect to the channel bandwidth, estimates of the channel 
transfer function can be obtained by interpolation. The channel estimation 
in two dimensions designed in this chapter is applicable to various MC 
modulated systems like, for instance, MC-CDMA, MC-FDMA, or MC-
TDMA mobile radio systems. 

Kaiser-1998 at 87. 

 
Kaiser-1998 at 88. 
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Kaiser-1998 at 92. 

 

 
 

Samsung v. GenghisComm 
IPR2025-00780, 9,768,842 

GC EX2015



Exhibit A-10 
Invalidity of U.S. Patent No. 9,768,842 in View of Motorola StarTAC 7868 (“StarTAC”) 

PAGE 175 OF 175 
ACTIVE 703178168v1 

Kaiser-1998 at 98. 

 

 
 

Samsung v. GenghisComm 
IPR2025-00780, 9,768,842 

GC EX2015




