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Abstract- Pain Draft b call Progress (LTE) is an advanced standard technology of the mobile communication systems. LTE 
has been matured by the 3rd Generation Partnership Project (3GPP). The extreme dial exhibited by this technology is a 
publicly burden of placing advanced difference and coding techniques such as the Orthogonal Quantity Review Multiplexing 
(OFDM) for the Downlink and the Spinster Typhoid Mary Extent Inquiry Multiple Access (SC-FDMA) for the Uplink as 
well as turbo coding. This configuration alms skill of the listening device of the LTE downlink dynamic covering according 
to releases 8 and 9 Using MATLAB/Simulink analysis tool. DL-SCH includes five steps of CRC, partitionment, abet CRC, 
turbo coding and rate matching. PDSCH includes steps of scrambling, variation planning, anorak mapping, precoding, 
resource mapping and OFDM. Moreover, theme hand-outs the truncation of PAPR using PTS algorithm. 
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I. INTRODUCTION 
 
LTE (an acronym of Long Term Evolution), 
marketed as 4G LTE, is a standard for wireless 
communication of high-speed data for mobile phones 
and data terminals. It increases the system capacity 
and speed. The Long Term Evolution of UMTS is 
just one of the latest steps in an advancing series of 
mobile telecommunications systems. The standard is 
developed by the 3GPP(3rd Generation Partnership 
Project). The successful creation of such a large and 
complex system specification as that for UMTS or 
LTE requires a well-structured organization with 
pragmatic working procedures. 3GPP is divided into 
four Technical Specification Groups (TSGs), each of 
which is comprised of a number of Working Groups 
(WGs) with responsibility for a specific aspect of the 
specifications. LTE differs from the earlier 
technologies in many aspects such as modulation 
Schemes used, Frame structure, Channel processing. 
The Third Generation Partnership Project (3GPP) 
candidate technology for the next-generation wireless 
broadband network, developed in the form of Long 
Term Evolution (LTE) Release 10 (Rel-10), also 
known as LTE-Advanced, has been conferred 
International Mobile Telecommunications - 
Advanced (IMT-Advanced), or fourth generation 
(4G), status by the International Telecommunication 
Union (ITU) [3,11]. Compared to the legacy 3G 
technologies such as LTE Rel-8 and high-speed 
packet access (HSPA) Rel-6/7, LTE-Advanced 
targets the achievement of another major performance 
breakthrough from the current 3G system, in terms of 
achieving 1 Gb/s downlink (DL) and 500 Mb/s uplink 
(UL) throughput [1,14,15]. The DL spectral 
efficiency requirements of IMT-Advanced systems 
are specified in two performance measures: cell 
average spectral efficiency and cell edge user spectral 
efficiency. The cell average spectral efficiency 

indicates the overall effectiveness of a base station 
(evolved NodeB or eNB in LTE/LTE-Advanced) in 
exploiting its spectrum resource, and the cell edge 
user spectral efficiency is defined to be the 5th 
percentile of the peruse spectral efficiency, indicating 
the cell coverage capability [3,16]. The simple 
representation of uplink and downlink, where uplink 
is the transmission from the UE or user equipment to 
the eNodeB or the base station. In implementation of 
physical channel downlink as per Release 8 and 9. 
The simple representation of uplink and downlink is 
as shown in Fig. 1. 
 

 
Fig. 1 Simple representation of uplink and downlink. 

 
II. IMPLEMETATION OF DOWNLINK 

PHYSICAL LAYER 
 
The main function of PHY is the actual transmission 
and reception of data in forms of transport blocks. 
Each physical channel corresponds to a set of 
resource elements in the time-frequency grid that 
carry information from higher layers. PHY layer 
perform the actual transmission of data. Transport 
channel processing includes DL-SCH as shown in 
Fig. 2. DL-SCH as shown in the Fig. 3, includes five 
steps of CRC, segmentation, second CRC, turbo 
coding and rate matching. Physical layer processing 
includes PDSCH. PDSCH includes steps of 
scrambling, modulation mapping, layer mapping, 
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precoding, resource mapping and OFDM 
respectively. The blocks are explained in detail 
respectively [4, 5, 6, and 7]. 
 

 
Fig.2, Downlink shared channel (DL-SCH) 

 

 
Fig.3, Physical Downlink shared channel (PDSCH) 

 
Table.1, Physical downlink layer parameters. 

 
 

2.1. DL-SCH (DOWN LINK SHARED CHANNEL): 
2.1.1.  CRC 
CRC stands for cyclic redundancy check (CRC) and if 
error in transport blocks occurs, CRC is used for error 
detection. The entire transport block is used to 
calculate the CRC parity bits. A cyclic generator 
polynomial divides transport block and generates 24 
parity bits. These parity bits are then made appended 
at the end of transport block. The general polynomial 
is as follows.  
G(x) = x^24 + x^23 + x^18 + x^17 + x^14 + x^11 + 
x^10 + x^7 + x^6 + x^5 + x^4 + x^3 + x + 1 --------    
Eqn. 1 
 
 2.1.2. SEGMENTATION 
The input block size should be greater than 6144 bits, 
if it is greater than that, it is split in to smaller blocks. 
For those smaller blocks CRC is performed again and 
redundant parity bits are then appended to each 
resulting smaller blocks of the input block. Also, 
filler bits are added so the code block sizes are match 
a set of valid block sizes which is given input to turbo 
code. The block diagram of segmentation is as shown 
in Fig.4. 

 

 
Fig.4, The block diagram of Segmentation. 

2.1.1. TURBO CODING: 
The constituent encoders shown in the Fig.5, used are 
convolutional encoders. The input Ck bits to the first 
constituent encoder is the input bit stream (Ck) to the 
turbo encoding block. Second constituent encoder 
input is from the output of the QPP interleaver, a 
permutated version (Ck’) of the input sequence.  

 

 
Fig.5, The block diagram for the turbo coding. 

 
2.1.2. RATE MATCHING AND MODULATION: 

The output from the turbo coder is given to the rate 
matching block which creates an output bit stream 
with a code of a desired rate. The rate matching 
algorithm which is capable of producing of any 
arbitrary rate. The bit streams from the turbo encoder 
are interleaved which is followed by bit collection to 
create a circular buffer. Bits are selected and trimmed 
from the circular buffer which will lead to creating an 
output bit stream with the expected code rate. 
 

2.2. PHYSICAL CHANNELS: (ACTUAL 
TRANSMISSION) 

Each physical layer channel gives you a set of 
resource elements in the time-frequency grid which is 
also called as resource grid that carry information 
from higher layers to the physical layer. The basic 
existence that make a physical channel which are 
resource elements and resource blocks. A resource 
element is a single subcarrier over one OFDM 
symbol, and typically which could carry one (or two 
with spatial multiplexing) modulated symbol(s). A 
resource block is a set of collection of resource 
elements and in the frequency domain this represents 
the smallest portion of resources that could be 
allocated. The transport channels are need to be 
mapped in to the actual physical channels. 
 

2.2.1. PDSCH(PHYSICAL DOWNLINK SHARED 
CHANNEL) 

Physical downlink shared channel carries user data 
originating from the higher layer. It is connected to 
the DL-SCH. It undergoes various steps, which are 
scrambling, modulation mapper, layer mapper, 
precoding, resource mapping, and OFDM 
modulation. The block diagram is as shown in Fig.6, 
Scrambling is responsible for producing a set of 
scrambled bits from the input bits according to the 
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relation given by the equation   b^=b+c mod 2       
….Eqn 2. Where b^ is the scrambled bits, b denotes 
the input bits and c denotes the scrambling 
sequence.Modulation mapper maps the bits of input 
to complex modulation symbols with the specified 
modulation scheme. There are three types of 
modulation schemes for the PDSCH. Those are 
QPSK (Quadrature phase shift keying), 16QAM 
(Quadrature Amplitude Modulation) and 64QAM 
(Quadrature Amplitude Modulation). Layer mapper 
splits the data sequence in to a number of layers 
according to the standard of 3GPP. Precoding is used 
for transmission in multi-antenna techniques 
in wireless communication technology. In the 
conventional system of single-stream beam forming, 
the same signal is radiated from each of the transmit 
antennas with appropriate phase and gain. So that the 
signal power is expected to be maximized at the 
output of receiver end. The resource-mapping block 
which is responsible for mapping the actual data 
symbols, reference signal symbols and 
synchronization symbols into a manifest resource 
element in the resource grid. 

 

 
Fig.6, The block diagram for scrambling. 

 
III. MAPPING OF RS, PSS, SSS. 
 
RS Mapping: 
To allow retrieving the symbols which were sent 
from transmit end and to get back at the user 
equipment, reference symbols which are also called 
pilot symbols are inserted in the OFDM time-
frequency grid or the resource grid to allow for 
channel estimation. Downlink reference or pilot 
symbols are put into the first and fifth OFDM symbol 
of every slot with a frequency domain spacing of six 
sub-carriers for a 3GPP’s LTE system with a single 
antenna in normal Cyclic Prefix mode. To allow the 
user end to exactly estimate the coefficients of 
channel, nothing is transmitted on the other antenna 
at the same time-frequency location of reference 
signals. The location of reference symbols within the 
resource block is as shown in Fig.7. 
 
Senchonization Sequences: 
A User end is wishing to access the LTE system 
which follows a cell search procedure and which 
includes a series of synchronization levels by which 
the UE calculates time and frequency variable that are 
necessary for demodulating  

 
Fig.7, Location of reference symbols within resource block. 

 
Downlink signals, for transmitting with correct 
timing and to obtain some critical system variables. 
According to LTE standard specification, three types 
of synchronization sequences are there. Symbol 
timing acquisition from which the start of correct 
symbol is calculated. Carrier frequency 
synchronization which reduces the impact of 
frequency errors determined from DS (Doppler shift) 
and errors from electronics components. And 
sampling clock synchronization. According to the 
3GPP’s standard specifications only two types of cell 
search are there and first one is for initial 
synchronization and second one is for detecting 
neighbour cells in preparation for transfer of 
handover. In cases of these two, the User Equipment 
is using two signals to broadcast for each cell. One is 
Primary Synchronization Sequence (PSS) which is 
generated by Zadoff-Chu sequence and Secondary 
Synchronization Sequence (SSS) which is generated 
by BPSK sequence. The recognition of these signals 
allows the UE to complete time and frequency 
synchronization with the help of synchronization 
signals and to obtain useful system parameters such 
as cell identity, cyclic prefix length, and access mode 
which are namely FDD or TDD. The PSS is pumped 
into the grid in the last OFDM symbol of the first and 
11th slot of each radio frame which allows the UE to 
obtain and the slot boundary timing which does not 
depend on the type of cyclic prefix length. The PSS 
signal is common with any given cell in each sub 
frame in which it is going to be transmitted. The SSS 
is located in the sixth column of the resource grid, 
which is presented in the first and eleventh symbol of 
the resource grid of radio frame and it is located 
centre around DC. The User Equipment may be able 
to calculate the length Cyclic Prefix by looking at the 
absolute position of the SSS. The User Equipment 
will also be able to decide the position of the radio 
frame boundary of 10ms as the SSS signal exchanges 
in a particular manner between two transmissions. In 
the frequency domain, the PSS and SSS takes space, 
the central six resource blocks, and does not care 
which type of the system channel bandwidth it is, 
which allows the User Equipment to synchronize to 
the network without early knowledge of the allocated 
specified bandwidth. The PSS or SSS only uses 62 
subcarriers in a slot in total, and 31 sub carriers 
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centred around DC which leaves 5 sub-carriers at 
each ends of the 6 central resource blocks unused [8, 
9, and 10]. The location of both PSS and SSS 
symbols within the resource block sub frame is as 
shown in Fig.8. 

 

Fig.8, Location of PSS and SSS within resource block. 
 
IV. REDUCTION IN PAPR USING PTS 

ALGORITHM: 
 
The PAPR (Peak to average power ratio) of a signal 
x(t) is defined as the ratio between maximum 
instantaneous power  
 

 
Fig.9, The block diagram for PTS algorithm. 

 
And its average power. According to an analysis done 
on the relationship between power Efficiency and 
PAPR, it has been found that if PAPR is lower, 
power efficiency is higher. Therefore, we would try 
to reduce PAPR, by using PTS. The algorithm is as 
follows:The sub blocks X(i) are transformed in to M 
time-domain partial transmit sequences. 
 
x(i) = IFFT (X(i))       ;  1 ≤ i ≤ M    ..........Eqn (3). 
These sequences are independently rotated by some 
phase factors, 
bi ≈ exp (j*Фi)  ;  1 ≤ i ≤           ....…. Eqn 
(4) 
These are then combined to produce the time-domain 
OFDM signal, 
x = ∑ bi * x(i)       ;  1 ≤ i ≤ M      ….Eqn (5) 
 
Assuming that Фi and thus bi can attain W different 
values with bi = 0, there are WM alternative 
representations of an OFDM symbol. These 
representations correspond to all possible vectors b= 
[b2....bM] ….Eqn (6). PTS selects a vector bi 
such that the PAPR of the corresponding transmit 

sequence “x” is the lowest among all examined 
sequences. The algorithm is as follows. 
Step 1: The input OFDM signal is partitioned in to 
several segments, by using a serial to parallel 
converter. 
Step 2: Inverse Fourier Transform is then applied to 
each sub block, to convert it to time domain. 
Step 3: Each segment is phase rotated by multiplying 
with a phase factor (bm). 
Step 4: Assume that bm=1 for all m and compute the 
PAPR of the combined signal. 
Step 5: Invert the phase factor (b1 =−1) and 
recomputed the resulting PAPR. 
Step 6: If the new PAPR is lower than in the previous 
step, retain b1 as part of the final phase sequence; 
otherwise, reverts to its previous value. 
Step 7: The algorithm continues in this fashion until 
all M phase factors have been explored and finally, 
the sequence with the smallest PAPR is transmitted. 
 
V. SIMULATION RESULTS: 
 
The simulation results are shown in the respective 
Figures. In this paper the simulation is carried out for 
1.4MHz bandwidth, as per the 3GPP’s standard 
specification the sampling frequency will be 
1.92MHz, FFT size will be 128, occupied subcarriers 
(Inc DC subcarrier) will be 76, guard sub carriers 52, 
no of resource block are 6, OFDM symblols/subframe 
is 7/6(short/long CP), CP length (short CP) will be 
5.2µs/4.6µs(six following symbols) and 16.67µs for 
Long CP. The code words of length 120 are passed 
through the physical layer chain of DL-SCH 
(Downlink shared channel), CRC we used in this 
paper is 24A bit CRC, and segmentation performs its 
operation if the length of input from CRC is more 
than 6144 bits and again send it across CRC followed 
by turbo coding and rate matching. For a fixed 
SNR=-14.5, the length of the sub frame will be 1920. 
After that the Physical mapping is carried out for that 
vector. In order to carry out the physical mapping, we 
need some set of reference signal and synchronization 
signals. 
 
The reference signal is generated from QPSK 
sequence refer Fig.10, the Primary synchronization 
signal is generated from Zadd-off Chu Sequence refer 
Fig.11, and the Secondary synchronization signal is 
carried out by the BPSK refer Fig.12. This signal are 
mapped on to the resource block of above mentioned 
size then performed the modulation technique of 
various techniques like QPSK, 16QAM, 64QAM. 
Refer Fig.14, for the SNR v/s BER plot for different 
cases of modulation techniques.  
 

Now prepare OFDM symbols along with CP. Which 
is then passed through the PAPR reduction technique 
to reduce the PAPR value, which is responsible for 
the power consumption at the user end. Refer Fig.13, 
for reduction in PAPR value by using CCDF plot.    
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Fig.10, Reference signal constellation plot. 
 

 
Fig.11, Primary sync signal Constellation plot. 

 

 
Fig.12, Secondary Sync Signal constellation plot. 

 

 
Fig.13, CCDF plot for reduced PAPR value using PTS. 

 
Fig.14, Different types modulation techniques w.r.t to SNR. 

 
CONCLUSION 
 
In this paper, presented the brief survey of the 
3GPP’s standard downlink physical layer 
implantation which includes the downlink shared 
channel and physical mapping of it. PHY layer 
perform the actual transmission of data. Transport 
channel processing includes DL-SCH. DL-SCH 
includes five steps of CRC, segmentation, second 
CRC, turbo coding and rate matching. Physical layer 
processing includes PDSCH. PDSCH includes steps 
of scrambling, modulation mapping, layer mapping, 
precoding, resource mapping and OFDM. Different 
modulation techniques used are discussed and 
performance of that is plotted. Then, reduction of 
PAPR is accomplished using PTS algorithm. In 
future, for the higher throughput we can adopt MIMO 
technique for the physical layer chain. 
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APPENDIX: ABBREVATIONS 
 
CPE: Customer Premise Equipment 
3G: Third Generation Communication Technology 
4G: Forth Generation Communication Technology 
RAN: Radio Access Network 
LTE: Long Term Evolution 
LTE-A: Long Term Evolution-Advanced 
UE: User Equipment 
IMT: International Mobile Telecommunications 
PCELL: Primary Cell 
SCELL: Secondary Cell 
enB: E node B or Base Station 
CC: Component Carrier 
SINR: Signal to interference and noise ratio 
GSM: Global System for Mobile 
DL-SCH: Downlink Shared Channel 
CRC: Cyclic Redundancy Check 
PDSCH: Physical Downlink Shared Channel 
MATLAB: Matrix Laboratory 
UMTS: Universal Mobile Telecommunication 
System 
HSPA: High Speed Packet Access 
3GPP: 3rd Generation Partnership Project 
OFDM: Orthogonal Frequency Division Multiplexing 
PAPR: Peak-to-Average Power Ratio 
PTS: Partial Transmit Sequence 
IFFT: Inverse Fast Fourier Transform 
QAM: Quadrature Amplitude Modulation 
FDMA: Frequency Division Multiple Access 
QPSK: Quadrature Phase Shift Keying 
RS: Reference Signal 
PSS: Primary Sync Signal 
SSS: Secondary Sync signal 
 
 

 
 


