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DEFINITIONS 

 
Acronyms 
3GPP  third generation partnership project 
BCH  broadcast channel 
BTS   base transceiver station 
CCE   control channel element 
CFI  control format indicator 
CN  core network 
CP   cyclic prefix 
CQI  channel quality indicator 
CRC  cyclic redundancy check 
DCI  downlink control information 
DL-SCH downlink shared transport channel 
DwPTS  downlink pilot timeslot 
eNB  evolved node b 
EPS  evolved packet system 
E-UTRA evolved – UMTS terrestrial radio access 
E-UTRAN evolved – UMTS terrestrial radio access network 
EVM  error vector magnitude 
FDD   frequency division duplexing 
GP   guard period 
HARQ  hybrid automatic repeat request 
HSPA  high speed packet access 
LOS  line of sight 
LSB   least significant bit 
LTE  long term evolution 
MBSFN  multi media broadcast over a single frequency network 
MCH   multicast channel 
MCS  modulation and coding scheme 
MIMO   multiple input multiple output 
MSB   most significant bit 
NLOS  non line of sight 
OFDMA orthogonal frequency division multiple access 
PAPR  peak to average power ratio 
PBCH  physical broadcast channel 
PCFICH physical control format indicator channel 
PCH  paging channel 
PDCCH  physical downlink control channel 
PDSCH  physical downlink shared channel 
PHICH  physical hybrid arq indicator channel 
PMCH  physical multicast channel 
PMI  precoding matrix indicator 
PRACH  physical random access channel 
PRB  physical resource block 
PUCCH  physical uplink control channel 
PUSCH  physical uplink shared channel 
RACH  random access channel 
RA-RNTI radio network temporary identifier 
RB  resource block 
RBG   resource block group 
RI  rank indicator 
RNTI  radio network temporary identifier 
SAE  system architecture evolution 
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SC-FDMA single carrier frequency division multiple access 
SISO  single input single output 
SNR  signal to noise ratio 
SRS   sounding reference signal 
TDD   time division duplexing 
TTI   transmission time interval 
UCI  uplink control information 
UE  user equipment 
UL-SCH uplink shared transport channel 
UMTS  universal mobile telecommunications system 
UpPTS   uplink pilot timeslot 
VRB  virtual resource block 
W-CDMA      wideband code division multiple access 
 
 

Symbols 
),( lk   resource element with frequency-domain index k  and time-domain index l  

)(
,
p
lka   value of resource element ),( lk  [for antenna port p ] 

D   matrix for supporting cyclic delay diversity 

RAD   density of random access opportunities per radio frame 

0f   carrier frequency 

RAf   PRACH resource frequency index within the considered time-domain location 
PUSCH
scM  scheduled bandwidth for uplink transmission, expressed as a number of subcarriers  
PUSCH
RBM  scheduled bandwidth for uplink transmission, expressed as a number of resource 

blocks 
(q)

M bit   number of coded bits to transmit on a physical channel [for codeword q ] 
(q)

M symb   number of modulation symbols to transmit on a physical channel [for codeword q ] 

layer
symbM   number of modulation symbols to transmit per layer for a physical channel 

ap
symbM   number of modulation symbols to transmit per antenna port for a physical channel 

N   a constant equal to 2048 for kHz 15f  and 4096 for kHz 5.7f  

lN ,CP   downlink cyclic prefix length for OFDM symbol l  in a slot 

CSN   cyclic shift value used for random access preamble generation 
HO
RBN   offset used for PUSCH frequency hopping, expressed in number of resource blocks 

(set by higher layers) 
cell
IDN   physical layer cell identity 
MBSFN
IDN  MBSFN area identity 
DL
RBN   downlink bandwidth configuration, expressed in multiples of RB

scN   
DL min,

RBN  smallest downlink bandwidth configuration, expressed in multiples of RB
scN  

DL max,
RBN  largest downlink bandwidth configuration, expressed in multiples of RB

scN  
UL
RBN   uplink bandwidth configuration, expressed in multiples of RB

scN  
 ULmin,

RBN  smallest uplink bandwidth configuration, expressed in multiples of RB
scN  

 ULmax,
RBN  largest uplink bandwidth configuration, expressed in multiples of RB

scN   
PUCCH
RSN  number of reference symbols per slot for PUCCH 
DL
symbN   number of OFDM symbols in a downlink slot  

UL
symbN   number of SC-FDMA symbols in an uplink slot  

RB
scN   resource block size in the frequency domain, expressed as a number of subcarriers  

SPN   number of downlink to uplink switch points within the radio frame 
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SRSN   number of SC-FDMA symbols used for SRS transmission in a subframe (0 or 1) 

TAN   timing offset between uplink and downlink radio frames at the UE, expressed in 

units of sT  

offsetTA N   fixed timing advance offset, expressed in units of sT  

PDCCHn   number of PDCCHs present in a subframe 

PRBn   physical resource block number 
RA
PRBn   first physical resource block occupied by PRACH resource considered 
RA

offset PRBn  first physical resource block available for PRACH  

VRBn   virtual resource block number 

RNTIn   radio network temporary identifier 

fn   system frame number 

sn   slot number within a radio frame 

P   number of cell-specific antenna ports 
p   antenna port number 

q   codeword number 

RAr   index for PRACH versions with same preamble format and PRACH density 

Qm  modulation order: 2 for QPSK, 4 for 16QAM and 6 for 64QAM transmissions 

 ts
p

l
)(   time-continuous baseband signal for antenna port p  and OFDM symbol l  in a slot 

fT   radio frame duration 

sT   basic time unit 

slotT   slot duration 

f   subcarrier spacing 

RAf   subcarrier spacing for the random access preamble 

   number of transmission layers 
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Chapter 1 

 

INTRODUCTION 

 

Third-generation UMTS, based on wideband code-division multiple access (W-CDMA), has been 

deployed all over the world. The original UMTS has been updated several times, first introducing 

the HSDPA and after the HSUPA, to ensure that this system remains competitive in the future. In 

November 2004 the third generation partnership project (3GPP) began a project to define the 

Long-Term Evolution (LTE) of UMTS cellular technology. Figure 1-1 show the UMTS timeline. 

 
Figure 1-1: LTE standards timeline. 

 

The specifications related to this effort are formally known as the evolved UMTS terrestrial radio 

access (E-UTRA) and evolved UMTS terrestrial radio access network (E-UTRAN), but are more 

commonly referred to by the project name LTE. The first version of LTE is documented in Release 8 

of the 3GPP specifications.  

A parallel 3GPP project called System Architecture Evolution (SAE) is defining a new all-IP, packet-

only core network (CN) known as the evolved packet core (EPC). The combination of the EPC and 

the evolved RAN (E-UTRA plus E-UTRAN) is the evolved packet system (EPS). Depending on the 

context, any of the terms LTE, E-UTRA, E-UTRAN, SAE, EPC and EPS may get used to describe some 

system’s parts or  the entire system.  

LTE aims to achieve the following: 

 Increased downlink and uplink peak data rates, as shown in Table 1-1. Note that the 

downlink is specified for single input single output (SISO) and multiple input multiple 

output (MIMO) antenna configurations at a fixed 64QAM modulation format, whereas the 

uplink is specified only for SISO but at different modulation format. These figures represent 

the physical limitation of the frequency division duplex (FDD) air interface in ideal radio 

conditions with allowance for signaling overheads. Lower rates are specified for specific UE 

categories, and performance requirements under non-ideal radio conditions have also been 

developed. 

 Scalable channel bandwidths of 1.4, 3, 5, 10, 15, and 20 MHz in both the uplink and the 

downlink. 



6  CHAPTER 1 
 

 Spectral efficiency improvements over  High Speed Packet Access (HSPA) of three to four 

times in the downlink and two to three times in the uplink. 

 High coverage, cell sizes of 5 – 100 km with slight degradation after 30 km. 

 Sub-5 ms latency for small IP packets. 

 Performance optimized for low mobile speeds from 0 to 15 km/h, supported with high 

performance from 15 to 120 km/h; functional support from 120 to 350 km/h, under 

consideration for 350 to 500 km/h 

 Co-existence with legacy standards while evolving toward an all-IP network. 

 

FDD downlink 
(64QAM) 

Antenna configuration 
SISO 2x2 MIMO 4x4 MIMO 

Peak data rate Mbps 100 172.8 326.4 
 

FDD uplink  
(single antenna) 

Modulation depth 
QPSK 16QAM 64QAM 

Peak data rate Mbps 50 57.6 86.4 
Table 1-1: LTE (FDD) downlink and uplink peak data rates. 

 

The key features of LTE are: 

 Multiple access scheme: 

 DL: OFDMA with Cyclic Prefix  

 UL: Single Carrier FDMA (SC-FDMA) with Cyclic Prefix 

 Adaptive modulation and coding 

 Advanced MIMO spatial multiplexing techniques 

 (2 or 4)x(2 or 4) downlink and uplink supported 

 Multi-user MIMO also supported 

 Support for both FDD and TDD 

 H-ARQ, mobility support, rate control, security 

 

Table 1-2 show a comparison of LTE and UMTS Release 6 standard. 

 

Requirement Current Release (Rel-6 HSxPA) LTE E-UTRA 

Peak data rate 14 Mbps DL / 5.76 Mbps UL 100 Mbps DL / 50 Mbps UL 

Spectral Efficiency 0.6 – 0.8 DL / 0.35 UL 
(bps/Hz/sector) 

3-4x DL / 2-3x UL improvement 

5% packet call throughput 64 Kbps DL / 5 Kbps UL 3-4x DL / 2-3x UL improvement 

Averaged user throughput 900 Kbps DL / 150 Kbps UL 3-4x DL / 2-3x UL improvement 

Latency 50 ms 5 ms 
Call setup time 2 sec 50 ms 

Broadcast data rate 384 Kbps 6-8x improvement 
Mobility Up to 250 km/h Up to 350 km/h 

Multi-antenna support No Yes 
Bandwidth 5 MHz Scalable (up to 20 MHz) 

Table 1-2: LTE vs. UMTS comparison.
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The specifications for the LTE E-UTRA and E-UTRAN are contained in the 36 series of 3GPP 

specification documents, divided into the following categories: 

 TS 36.1xx: radio specifications and evolved Node B (eNB) conformance testing 

 TS 36.2xx: physical layer specifications 

 TS 36.3xx: layer 2 and 3 air interface signaling specifications 

 TS 36.4xx: network signaling specifications 

 TS 36.5xx: user equipment conformance testing 

 TS 36.8xx and TS 36.9xx: technical reports containing background information 

 

The downlink transmission scheme for E-UTRA FDD and TDD modes is based on conventional 

OFDM (Orthogonal Frequency Division Multiple Access). In an OFDM system, the available 

spectrum is divided into multiple carriers, called subcarriers. Each of these subcarriers is 

independently modulated by a low rate data stream. 

OFDM has several benefits including its robustness against multipath fading and its efficient 

receiver architecture, but have also some disadvantage. 

OFDM advantages: 

 Wide channels are more resistant to fading and OFDM equalizers are much simpler to 

implement than CDMA 

 Almost completely resistant to multi-path due to very long symbols 

 Ideally suited to MIMO due to easy matching of transmit signals to the uncorrelated RF 

channels 

OFDM disadvantages: 

 Sensitive to frequency errors and phase noise due to close subcarrier spacing  

 Sensitive to Doppler shift which creates interference between subcarriers 

 Pure OFDM creates high Peak-to-Average Power Ratio (PAPR) which is why SC-FDMA is 

used on UL 

 More complex than CDMA for handling inter-cell interference at cell edge 

In the time domain, a guard interval may be added to each symbol to combat inter-OFDM-symbol-

interference due to channel delay spread. In E-UTRA, the guard interval is a cyclic prefix which is 

inserted prior to each OFDM symbol. 

During the study item phase of LTE, alternatives for the optimum uplink transmission scheme were 

investigated. While OFDMA is seen optimum to fulfill the LTE requirements in downlink, OFDMA 

properties are less favorable for the uplink. This is mainly due to weaker PAPR properties of an 

OFDMA signal, resulting in worse uplink coverage. Thus, the LTE uplink transmission scheme for 

FDD and TDD mode is based on SC-FDMA (Single Carrier Frequency Division Multiple Access) with 

cyclic prefix.  
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SC-FDMA is a hybrid transmission scheme combining the low PAPR of single carrier schemes with 

the frequency allocation flexibility and multipath protection provided by OFDMA. 

The low PAPR was one of the main reasons for selecting SCFDMA as LTE uplink access scheme 

because the PAPR characteristics are important for cost-effective design of UE power amplifiers. 

Still, SC-FDMA signal processing has some similarities with OFDMA signal processing, so 

parametrization of downlink and uplink can be harmonized. 

LTE supports both intra- and inter-subframe frequency hopping. It is configured per cell by higher 

layers whether both intra- and inter-subframe hopping or only inter-subframe hopping is 

supported. In intra-subframe hopping (inter-slot hopping), the UE hops to another frequency 

allocation from one slot to another within one subframe. In inter-subframe hopping, the frequency 

resource allocation changes from one subframe to another. Also, the UE is being told whether to use 

type 1 or type 2 frequency hopping, and receives the index of the first resource block of the uplink 

allocation. 

 Type 1 hopping refers to the use of an explicit offset in the 2nd slot resource allocation. 

 Type 2 hopping refers to the use of a pre-defined hopping pattern. The bandwidth available 

for physical uplink shared channel (PUSCH) is sub-divided into sub-bands (e.g. 4 sub-bands 

with 5 resource blocks each in the 5 MHz case), and the hopping is performed between sub-

bands (from one slot or subframe to another, depending on whether intra- or inter-

subframe are configured,respectively). Additionally, mirroring can be applied according to a 

mirroring function, which means that the resource block allocation starts from the other 

direction of the sub-band where they are located in. Note that in case of type 2 hopping, the 

resource allocation for the UE cannot be larger than the sub-band configured. 

 

LTE MIMO Concepts 

Multiple Input Multiple Output (MIMO) systems form an essential part of LTE in order to achieve 

the ambitious requirements for throughput and spectral efficiency. MIMO refers to the use of 

multiple antennas at transmitter and receiver side. For a 2x2 configuration for MIMO two transmit 

antennas at  the base station and two receive antennas at the terminal side is used. Different gains 

can be achieved depending on the MIMO mode that is used. 

In the following, a general description of spatial multiplexing and transmit diversity is provided. 

Afterwards, LTE-specific MIMO features are highlighted. 

 

Spatial Multiplexing 

Spatial multiplexing allows to transmit different streams of data simultaneously on the same 

resource block(s) by exploiting the spatial dimension of the radio channel. These data streams can 

belong to onesingle user (single user MIMO / SU-MIMO) or to different users (multi user MIMO / 
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MU-MIMO). While SU-MIMO increases the data rate of one user, MU-MIMO allows to increase the 

overall capacity. Spatial multiplexing is only possible if the mobile radio channel allows it. 

 

 

Figure 1-2: Spatial multiplexing. 

 

Figure 1-2 shows a simplified illustration of spatial multiplexing. In this example, each transmit 

antenna transmits a different data stream. This is the basic case for spatial multiplexing. Each 

receive antenna may receive the data streams from all transmit antennas. 

The number of data streams that can be transmitted in parallel over the MIMO channel is given by 

min {Nt, Nr} where Nt is the number of transmit antennas and Nr is the number of receive 

antennas. 

The transmission quality degrades significantly in case the two antennas are not sufficiently de-

correlated, for example in an environment with little scattering or when antennas are too closely 

spaced. Note that Figure 1-2 only shows an example. In practical MIMO implementations, the data 

streams are often weighted and added, so that each antenna actually transmits a combination of the 

streams. 

 

Transmit Diversity 

Instead of increasing data rate or capacity, MIMO can be used to exploit diversity and increase the 

robustness of data transmission. Transmit diversity schemes are already known from WCDMA 

release 99 and will also be part of LTE. Each transmit antenna transmits essentially the same 

stream of data, so the receiver gets replicas of the same signal. This increases the signal to noise 

ratio at the receiver side and thus the robustness of data transmission especially in fading 

scenarios. Typically an additional antenna-specific coding is applied to the signals before 

transmission to increase the diversity effect. Often, space-time coding is used. 

Switching between the two MIMO modes transmit diversity and spatial multiplexing is possible 

depending on channel conditions. 
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Cyclic Delay Diversity (CDD) 

Cyclic delay diversity is an additional type of diversity which can be used in conjunction with 

spatial multiplexing in LTE. An antenna-specific delay is applied to the signals transmitted from 

each antenna port. This effectively introduces artificial multipath to the signal as seen by the 

receiver. By doing so, the frequency diversity of the radio channel is increased. As a special method 

of delay diversity, cyclic delay diversity applies a cyclic shift to the signals transmitted from each 

antenna port. 

 

Downlink MIMO modes in LTE 

Different downlink MIMO modes are envisaged in LTE which can be adjusted according to channel 

condition, traffic requirements, and UE capability. The following transmission modes are possible 

in LTE: 

 Single-Antenna transmission, no MIMO 

 Transmit diversity 

 Open-loop spatial multiplexing, no UE feedback required 

 Closed-loop spatial multiplexing, UE feedback required 

 Multi-user MIMO (more than one UE is assigned to the same resource block) 

 Closed-loop precoding for rank=1 (i.e. no spatial multiplexing, but precoding is used) 

 Beamforming 

 

Precoding on transmitter side is used to support spatial multiplexing. This is achieved by 

multiplying the signal with a precoding matrix W before transmission. The optimum precoding 

matrix W is selected from a predefined “codebook” which is known at eNodeB and UE side. The 

optimum pre-coding matrix is the one which offers maximum capacity. 

The UE estimates the radio channel and selects the optimum precoding matrix. This feedback is 

provided to the eNodeB. Depending on the available bandwidth, this information is made available 

per resource block or group of resource blocks, since the optimum precoding matrix may vary 

between resource blocks. The network may configure a subset of the codebook that the UE is able 

to select from. In case of UEs with high velocity, the quality of the feedback may deteriorate. Thus, 

an open loop spatial multiplexing mode is also supported which is based on predefined settings for 

spatial multiplexing and precoding. In case of four antenna ports, different precoders are assigned 

cyclically to the resource elements. 

The eNB will select the optimum MIMO mode and precoding configuration. The information is 

conveyed to the UE as part of the downlink control information (DCI) on PDCCH. In case of transmit 

diversity mode, only one code word can be transmitted. Each antenna transmits the same 

information stream, but with different coding.  
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LTE employs Space Frequency Block Coding (SFBC) as transmit diversity scheme. A special 

precoding matrix is applied at transmitter side in the precoding stage. At a certain point in time, the 

antenna ports transmit the same data symbols, but with different coding and on different 

subcarriers. 

 

Reporting of UE feedback 

In order for MIMO schemes to work properly, each UE has to report information about the mobile 

radio channel to the base station. A lot of different reporting modes and formats are available which 

are selected according to MIMO mode of operation and network choice. 

The reporting may consist of the following elements: 

 CQI (channel quality indicator) is an indication of the downlink mobile radio channel 

quality as experienced by this UE. Essentially, the UE is proposing to the eNodeB an 

optimum modulation scheme and coding rate to use for a given radio link quality, so that 

the resulting transport block error rate would not exceed 10%. 16 combinations of 

modulation scheme and coding rate are specified as possible CQI values. The UE may report 

different types of CQI. A so-called “wideband CQI” refers to the complete system bandwidth. 

Alternatively, the UE may evaluate a “sub-band CQI” value per sub-band of a certain number 

of resource blocks which is configured by higher layers. The full set of sub-bands would 

cover the entire system bandwidth. In case of spatial multiplexing, a CQI per code word 

needs to be reported. 

 PMI (precoding matrix indicator) is an indication of the optimum precoding matrix to be 

used in the base station for a given radio condition. The network configures the number of 

resource blocks that are represented by a PMI report. Thus to cover the full bandwidth, 

multiple PMI reports may be needed. PMI reports are needed for closed loop spatial 

multiplexing, multi-user MIMO and closed-loop rank 1 precoding MIMO modes. 

 RI (rank indication) is the number of useful transmission layers when spatial multiplexing 

is used. In case of transmit diversity, rank is equal to 1. The reporting may be periodic or 

aperiodic and is configured by the radio network. Aperiodic reporting is triggered by a CQI 

request contained in the uplink scheduling grant. The UE would sent the report on PUSCH. 

In case of periodic reporting, PUCCH is used in case no PUSCH is available. 

 

Uplink MIMO 

Uplink MIMO schemes for LTE will differ from downlink MIMO schemes to take into account 

terminal complexity issues. For the uplink, MU-MIMO can be used. Multiple user terminals may 

transmit simultaneously on the same resource block. This is also referred to as spatial division 

multiple access (SDMA). The scheme requires only one transmit antenna at UE side which is a big 
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advantage. The UEs sharing the same resource block have to apply mutually orthogonal pilot 

patterns. 

To exploit the benefit of two or more transmit antennas but still keep the UE cost low, transmit 

antenna selection can be used. In this case, the UE has two transmit antennas but only one transmit 

chain and amplifier. A switch will then choose the antenna that provides the best channel to the 

eNB. 

This decision is made according to feedback provided by the eNB. The CRC parity bits of the DCI 

format 0 are scrambled with an antenna selection mask indicating UE antenna. 

 

User Equipment category 

It was decided to divide the terminals according to their potential, Table 1-3 explain these 

categories. 

Note that the UE category for the downlink and for the uplink must be the same. 

 

UE category Max downlink  
data rate 
(Mbps) 

Number of DL 
transmit data 

stream 

Max uplink data 
rate  

(Mbps) 

Support for 
uplink 64QAM 

1 10 1 5 No 
2 50 2 25 Not yet decided 
3 100 2 50 Not yet decided 
4 150 Not yet decided 50 Not yet decided 
5 300 4 75 Yes 

Table 1-3: UE categories. 

 

Operating band and channel bandwidth 

E-UTRA is designed to operate in the operating bands defined in Table 1-5, Table 1-6 specify the 

channel bandwidth for every operating band.  

Table 1-4 show the transmission bandwidth configuration at the various channel bandwidth. 
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Channel bandwidth 
BWChannel [MHz] 

1.4 3  5 10 15 20 

Transmission bandwidth 
configuration NRB 

6 15  25 50 75 100 

Number of occupied 
subcarriers 

72 180 300 600 900 1200 

IDFT (TX) / DFT (RX) size 128 256 512 1024 1536 2048 

Sample rate [MHz] 1.92 3.84 7.68 15.36 23.04 30.72 

Samples per slot 960 1920 3840 7680 11520 15360 

Table 1-4: Transmission bandwidth configuration NRB in E-UTRA channel bandwidths. 

 

 

E-UTRA 
Operating 

Band 

Uplink (UL) operating band 
BS receive 

UE transmit 

Downlink (DL) operating band 
BS transmit  
UE receive 

Duplex 
Mode 

FUL_low   –  FUL_high FDL_low   –  FDL_high 
1 1920 MHz  – 1980 MHz  2110 MHz   – 2170 MHz FDD 
2 1850 MHz  – 1910  MHz 1930 MHz  – 1990 MHz FDD 
3 1710 MHz  – 1785 MHz 1805 MHz  – 1880 MHz FDD 
4 1710 MHz – 1755 MHz  2110 MHz  – 2155 MHz FDD 
5 824 MHz – 849 MHz 869 MHz  – 894MHz FDD 
61 830 MHz – 840  MHz 875 MHz  – 885 MHz FDD 
7 2500 MHz – 2570 MHz 2620 MHz  – 2690 MHz FDD 

8 880 MHz – 915 MHz 925 MHz   – 960 MHz FDD 

9 1749.9 MHz – 1784.9 MHz 1844.9 MHz   – 1879.9 MHz FDD 
10 1710 MHz – 1770 MHz 2110 MHz  – 2170 MHz FDD 
11 1427.9 MHz  – 1447.9 MHz  1475.9 MHz   – 1495.9 MHz  FDD 
12 698 MHz – 716 MHz 728 MHz – 746 MHz FDD 
13 777 MHz – 787 MHz 746 MHz – 756 MHz FDD 
14 788 MHz – 798 MHz 758 MHz – 768 MHz FDD 
15 Reserved   Reserved   FDD 
16 Reserved   Reserved   FDD 
17 704 MHz  – 716 MHz 734 MHz – 746 MHz FDD 
18 815 MHz – 830 MHz 860 MHz – 875 MHz FDD 
19 830 MHz – 845 MHz 875 MHz – 890 MHz FDD 
20 832 MHz – 862 MHz 791 MHz – 821 MHz FDD 
21 1447.9 MHz – 1462.9 MHz 1495.9 MHz – 1510.9 MHz FDD 
...        

33 1900 MHz – 1920 MHz 1900 MHz – 1920 MHz TDD 
34 2010 MHz – 2025 MHz  2010 MHz  – 2025 MHz TDD 
35 1850 MHz  – 1910 MHz 1850 MHz  – 1910 MHz TDD 
36 1930 MHz  – 1990 MHz 1930 MHz  – 1990 MHz TDD 
37 1910 MHz  – 1930 MHz 1910 MHz  – 1930 MHz TDD 
38 2570 MHz  – 2620 MHz 2570 MHz  – 2620 MHz TDD 
39 1880 MHz  – 1920 MHz 1880 MHz  – 1920 MHz TDD 
40 2300 MHz  – 2400 MHz 2300 MHz  – 2400 MHz TDD 

Note 1: Band 6 is not applicable 

Table 1-5: E-UTRA operating bands. 
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E-UTRA band / channel bandwidth 
E-UTRA 

Band 
1.4 MHz 3 MHz 5 MHz 10  MHz 15 MHz 20  MHz 

1   Yes  Yes  Yes  Yes 
2 Yes Yes Yes Yes Yes[1] Yes[1] 
3 Yes Yes Yes Yes Yes[1] Yes[1] 
4 Yes Yes Yes Yes Yes Yes 
5 Yes Yes Yes Yes[1]   
6   Yes Yes[1]   
7   Yes Yes Yes Yes[1] 

8 Yes Yes Yes Yes[1]   
9   Yes Yes Yes[1] Yes[1] 

10   Yes Yes Yes Yes 

11   Yes Yes[1]   
12 Yes Yes Yes[1] Yes[1]   
13   Yes[1] Yes[1]   
14   Yes[1] Yes[1]   
...       

17   Yes[1] Yes[1]   
18   Yes Yes[1] Yes[1]  
19   Yes Yes[1] Yes[1]  

20   Yes Yes[1] Yes[1] Yes[1] 

21   Yes Yes[1] Yes[1]  
...       

33   Yes  Yes Yes Yes 

34   Yes Yes Yes  
35 Yes Yes Yes Yes Yes Yes 
36 Yes Yes Yes Yes Yes Yes 
37   Yes Yes Yes Yes 

38   Yes Yes Yes Yes 

39   Yes Yes Yes Yes 

40   Yes Yes Yes Yes 
NOTE 1:   bandwidth for which a relaxation of the specified UE receiver sensitivity 

requirement (Clause 7.3) is allowed. 

Table 1-6: E-UTRA channel bandwidth. 

 

Channel spacing 

The spacing between carriers will depend on the deployment scenario, the size of the frequency 

block available and the channel bandwidths. The nominal channel spacing between two adjacent E-

UTRA carriers is defined as following: 

 Nominal Channel spacing = (BWChannel(1) + BWChannel(2))/2  

where BWChannel(1) and BWChannel(2) are the channel bandwidths of the two respective E-UTRA 

carriers. The channel spacing can be adjusted to optimize performance in a particular deployment 

scenario. 

 

Channel raster 

The channel raster is 100 kHz for all bands, which means that the carrier centre frequency must be 

an integer multiple of 100 kHz.   
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Carrier frequency and EARFCN 

The carrier frequency in the uplink and downlink is designated by the E-UTRA Absolute Radio 

Frequency Channel Number (EARFCN) in the range 0 - 65535.  

The relation between EARFCN and the carrier frequency in MHz for the downlink is given by the 

following equation, where FDL_low and NOffs-DL are given in Table 1-7 and NDL is the downlink EARFCN. 

 FDL = FDL_low + 0.1(NDL – NOffs-DL)  

The relation between EARFCN and the carrier frequency in MHz for the uplink is given by the 

following equation where FUL_low and NOffs-UL are given in Table 1-7 and NUL is the uplink EARFCN. 

 FUL = FUL_low + 0.1(NUL – NOffs-UL)   

 

E-UTRA 
Operating 

Band 

Downlink Uplink 
FDL_low [MHz] NOffs-DL Range of NDL FUL_low [MHz] NOffs-UL Range of NUL 

1 2110 0 0 – 599 1920 18000 18000 – 18599 
2 1930 600 600 - 1199 1850 18600 18600 – 19199 
3 1805 1200 1200 – 1949 1710 19200 19200 – 19949 
4 2110 1950 1950 – 2399 1710 19950 19950 – 20399 
5 869 2400 2400 – 2649 824 20400 20400 – 20649 
6 875 2650 2650 – 2749 830 20650 20650 – 20749 
7 2620 2750 2750 – 3449 2500 20750 20750 – 21449 
8 925 3450 3450 – 3799 880 21450 21450 – 21799 
9 1844.9 3800 3800 – 4149 1749.9 21800 21800 – 22149 

10 2110 4150 4150 – 4749 1710 22150 22150 – 22749 
11 1475.9 4750 4750 – 4949 1427.9 22750 22750 – 22949 
12 728 5000 5000 – 5179 698 23000 23000 – 23179 
13 746 5180 5180 – 5279 777 23180 23180 – 23279 
14 758 5280 5280 – 5379 788 23280 23280 – 23379 
…       
17 734 5730 5730 – 5849 704 23730 23730 – 23849 
18 860 5850 5850 – 5999 815 23850 23850 – 23999 
19 875 6000 6000 – 6149 830 24000 24000 – 24149 
20 791 6150 6150 - 6449 832 24150 24150 - 24449 
21 1495.9 6450 6450 – 6599 1447.9 24450 24450 – 24599 
…       
33 1900 36000 36000 – 36199 1900 36000 36000 – 36199 
34 2010 36200 36200 – 36349 2010 36200 36200 – 36349 
35 1850 36350 36350 – 36949 1850 36350 36350 – 36949 
36 1930 36950 36950 – 37549 1930 36950 36950 – 37549 
37 1910 37550 37550 – 37749 1910 37550 37550 – 37749 
38 2570 37750 37750 – 38249 2570 37750 37750 – 38249 
39 1880 38250 38250 – 38649 1880 38250 38250 – 38649 
40 2300 38650 38650 – 39649 2300 38650 38650 – 39649 

NOTE:  The channel numbers that designate carrier frequencies so close to the operating band edges that the carrier 
extends beyond the operating band edge shall not be used. This implies that the first 7, 15, 25, 50, 75 and 100 
channel numbers at the lower operating band edge and the last 6, 14, 24, 49, 74 and 99 channel numbers at the 
upper operating band edge shall not be used for channel bandwidths of 1.4, 3, 5, 10, 15 and 20 MHz 
respectively. 

Table 1-7: E-UTRA channel numbers. 
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Chapter 2 

 

FRAME 

 

Downlink and uplink transmissions are organized into radio frames with 
fT = 10 ms duration [1]. 

Two radio frame structures are supported: 

 Type 1 applicable to FDD 

 Type 2 applicable to TDD 

 

2.1 Frame structure type 1 

The frame structure type 1 is applicable to both full duplex and half duplex FDD. Each radio frame is 

ms 10307200 sf  TT  long and consists of 20 slots of length ms 5.0T15360 sslot T , numbered from 

0 to 19. A subframe is defined as two consecutive slots where subframe i  consists of slots i2 and

12 i . 

For FDD, 10 subframes are available for downlink transmission and 10 subframes are available for 

uplink transmissions in each 10 ms interval. Uplink and downlink transmissions are separated in 

the frequency domain. In half-duplex FDD operation, the UE cannot transmit and receive at the 

same time while there are no such restrictions in full-duplex FDD. 

#0 #1 #2 #3 #19#18

One radio frame, Tf = 307200Ts = 10 ms

One slot, Tslot = 15360Ts = 0.5 ms

One subframe
 

Figure 2.1: Frame structure type 1. 

 

2.2 Frame structure type 2 

The frame structure type 2 as shown in Figure 2.2 is applicable to TDD. Each radio frame of length 

ms 10307200 sf  TT  consists of two half-frames of length ms 5153600 s T each. Each half-frame 

consists of five subframes of length ms 107203 s T . The supported uplink-downlink configurations 

are listed in Table 2.2-1 where, for each subframe in a radio frame, “D” denotes the subframe is 

reserved for downlink transmissions, “U” denotes the subframe is reserved for uplink 

transmissions and “S” denotes a special subframe with the three fields DwPTS, GP and UpPTS. The 

length and the of DwPTS and UpPTS is given by Table 2.2-2 subject to the total length of DwPTS, GP 

and UpPTS being equal to ms 107203 s T . Each subframe  i is defined as two slots, i2 and 12 i  of 

length ms 5.015360 sslot  TT in each subframe. 
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The duration of the GP depends on the signal propagation time from the BS to the MS and back as 

well as on the time the MS requires to switch from receiving to sending. The duration of the GP is 

configured by the network based on the cell size. 

Because the overall length of the special subframe remains constant and the GP length varies based 

on cell size, the lengths of the DwPTS and UpPTS also have to be adjusted. Nine different special 

subframe configurations are provided for LTE TDD. 

While the GP separates between the UL and the DL, the other special fields are used for data 

transmission. The DwPTS field carries synchronization and user data as well as the downlink 

control channel for transmitting scheduling and control information. The UpPTS field is used for 

transmitting the physical random access channel (PRACH) and the sounding reference signal (SRS). 

One of the advantages of using LTE TDD is that it is possible to dynamically change the uplink and 

downlink balance and characteristics to meet the load conditions. 

Uplink-downlink configurations with both 5 ms and 10 ms downlink-to-uplink switch-point 

periodicity are supported. 

In case of 5 ms downlink-to-uplink switch-point periodicity, the special subframe exists in both 

half-frames, else in case of 10 ms downlink-to-uplink switch-point periodicity, the special subframe 

exists in the first half-frame only. 

Subframes 0 and 5 and DwPTS are always reserved for downlink transmission. UpPTS and the 

subframe immediately following the special subframe are always reserved for uplink transmission. 

 

One slot, 

Tslot=15360Ts

GP
UpPT

S
DwPTS

One radio frame, Tf = 307200Ts = 10 ms

One half-frame, 153600Ts = 5 ms

30720Ts

One 

subframe, 

30720Ts

GP
UpPT

S
DwPTS

Subframe #2 Subframe #3 Subframe #4Subframe #0 Subframe #5 Subframe #7 Subframe #8 Subframe #9

 

Figure 2.2: Frame structure type 2 (for 5 ms switch-point periodicity). 
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Uplink-downlink  
configuration 

Downlink-to-Uplink  
Switch-point periodicity 

Subframe number 
0 1 2 3 4 5 6 7 8 9 

0 5 ms D S U U U D S U U U 
1 5 ms D S U U D D S U U D 
2 5 ms D S U D D D S U D D 
3 10 ms D S U U U D D D D D 
4 10 ms D S U U D D D D D D 
5 10 ms D S U D D D D D D D 
6 5 ms D S U U U D S U U D 

Table 2.2-1: Uplink-downlink configurations. 

 

Special 
subframe 

configuration 

Normal cyclic prefix in downlink Extended cyclic prefix in downlink 
DwPTS UpPTS DwPTS UpPTS 

 Normal 
cyclic 
prefix 

 in  
uplink 

Extended 
cyclic 
prefix  

in uplink 

 Normal 
cyclic 

prefix in 
uplink 

Extended 
cyclic prefix 

in uplink 

0 s6592 T   
 

s2192 T  

 
 

s2560 T  

s7680 T  

s2192 T  s2560 T  
1 s19760 T  s20480 T  

2 s21952 T  s23040 T  

3 s24144 T  s25600 T  

4 s26336 T  s7680 T  

s4384 T  s5120 T  5 s6592 T  
 

s4384 T  

 
s5120 T  

s20480 T  

6 s19760 T  s23040 T  

7 s21952 T  - - - 

8 s24144 T  - - - 

Table 2.2-2: Configuration of special subframe (lengths of DwPTS/GP/UpPTS). 
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Chapter 3 

 

DOWNLOAD 

 

3.1 Slot structure e resource elements 

3.1.1 Resource grid 

The transmitted signal in each slot is described by a resource grid of RB
sc

DL
RB NN  subcarriers and 

DL
symbN  OFDM symbols. The resource grid structure is illustrated in Figure 3.1.1. The quantity DL

RBN  

depends on the downlink transmission bandwidth configured in the cell and shall fulfill 

DLmax,
RB

DL
RB

DLmin,
RB NNN   

where 6DLmin,
RB N  and 110DLmax,

RB N  are the smallest and largest downlink bandwidths, 

respectively, supported by the current version of this specification [1].  

The number of OFDM symbols in a slot depends on the cyclic prefix length and subcarrier spacing 

configured and is given in Table 3.1.1. 

In case of multi-antenna transmission, there is one resource grid defined per antenna port. An 

antenna port is defined by its associated reference signal. The set of antenna ports supported 

depends on the reference signal configuration in the cell: 

 Cell-specific reference signals, associated with non-Multi-media Broadcast over a Single 

Frequency Network (MBSFN) transmission, support a configuration of one, two, or four 

antenna ports and the antenna port number p  shall fulfil 0p ,  1,0p , and  3,2,1,0p , 

respectively. 

 MBSFN reference signals, associated with MBSFN transmission, are transmitted on antenna 

port 4p .  

 UE-specific reference signals are transmitted on antenna port(s) 5p , 7p , 8p , or

}8,7{p .  

 Positioning reference signals are transmitted on antenna port 6p . 
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DL
symbN OFDM symbols

One downlink slot slotT

0l 1DL
symb  Nl
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Figure 3.1.1: Downlink resource grid. 

 

Configuration 
RB
scN  DL

symbN
 

Normal cyclic prefix kHz 15f  
12 

7 

Extended cyclic 
prefix 

kHz 15f  6 
kHz 5.7f  24 3 

Table 3.1.1: Physical resource blocks parameters. 
 

3.1.2 Resource elements 

Each element in the resource grid for antenna port p  is called a resource element and is uniquely 

identified by the index pair  lk,  in a slot where 1,...,0 RB
sc

DL
RB  NNk  and 1,...,0 DL

symb  Nl  are the 

indices in the frequency and time domains, respectively. Resource element  lk,  on antenna port p  

corresponds to the complex value )(
,
p
lka .  

 

3.1.3 Resource blocks 

Resource blocks are used to describe the mapping of certain physical channels to resource 

elements. Physical and virtual resource blocks are defined. 
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3.1.3.1 Physical resource block 

A physical resource block is defined as DL
symbN  consecutive OFDM symbols in the time domain and 

RB
scN consecutive subcarriers in the frequency domain, where DL

symbN  and RB
scN  are given by Table 

3.1.1.  

A physical resource block thus consists of RB
sc

DL
symb NN   resource elements, corresponding to one slot 

in the time domain and 180 kHz in the frequency domain.  

Physical resource blocks are numbered from 0 to 1DL
RB N  in the frequency domain. The relation 

between the physical resource block number PRBn  in the frequency domain and resource elements 

),( lk  in a slot is given by 














RB
sc

PRB
N

k
n  

 

3.1.3.2 Virtual resource block 

A virtual resource block is of the same size as a physical resource block. Two types of virtual 

resource blocks are defined: 

 Virtual resource blocks of localized type 

 Virtual resource blocks of distributed type 

For each type of virtual resource blocks, a pair of virtual resource blocks over two slots in a 

subframe is assigned together by a single virtual resource block number, VRBn . 

 

Virtual resource blocks of localized type 

Virtual resource blocks of localized type are mapped directly to physical resource blocks such that 

virtual resource block VRBn  corresponds to physical resource block VRBPRB nn  . Virtual resource 

blocks are numbered from 0 to 1DL
VRB N , where DL

RB
DL
VRB NN  . 

 

Virtual resource blocks of distributed type 

Virtual resource blocks of distributed type are so mapped to physical resource blocks: 

the parameter gapN  is given by Table 3.1.3.2, for 496 DL

RB  N , only one gap value gap,1N  is defined 

and gap,1gap NN  . For 11050 DL

RB  N , two gap values gap,1N  and gap,2N  are defined. Whether 

gap,1gap NN   or gap,2gap NN  is signaled as part of the downlink scheduling assignment. 

Virtual resource blocks of distributed type are numbered from 0 to 1DL

VRB N , where 

),min(2 gap

DL

RBgap

DL

gap1VRB,

DL

VRB NNNNN   for gap,1gap NN   and   gapgap

DL

RB

DL

gap2VRB,

DL

VRB 22/ NNNNN   for 

gap,2gap NN  .  
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Consecutive DL

VRB

~
N  VRB numbers compose a unit of VRB number interleaving, where DL

VRB

DL

VRB

~
NN   

for gap,1gap NN   and 
gap

DL

VRB 2
~

NN   for gap,2gap NN  .  

Interleaving of VRB numbers of each interleaving unit is performed with 4 columns and rowN  rows, 

where   PPNN  )4/(
~DL

VRBrow , and P  is RBG size. 

VRB numbers are written row by row in the rectangular matrix, and read out column by column. 

nullN  nulls are inserted in the last 2/nullN  rows of the 2nd and 4th column, where DL
VRBrownull

~
4 NNN 

. Nulls are ignored when reading out. 

 

System BW ( DL
RBN ) 

Gap ( gapN ) 

1st Gap ( gap,1N ) 2nd Gap ( gap,2N ) 

6-10  2/DL
RBN  N/A 

11 4 N/A 
12-19 8 N/A 
20-26 12 N/A 
27-44 18 N/A 
45-49 27 N/A 
50-63 27 9 
64-79 32 16 

80-110 48 16 

Table 3.1.3.2: RB gap values. 
 

3.1.4 Resource element groups 

Resource-element groups are used for defining the mapping of control channels to resource 

elements.  

A resource-element group is represented by the index pair ),( lk   of the resource element with the 

lowest index k  in the group with all resource elements in the group having the same value of l . The 

set of resource elements ),( lk  in a resource-element group depends on the number of cell-specific 

reference signals configured as described below with RB
scPRB0 Nnk  , DL

RBPRB0 Nn  . 

 In the first OFDM symbol of the first slot in a subframe the two resource-element groups in 

physical resource block PRBn  consist of resource elements )0,( lk  with  

5 ,...,1 ,0 000  kkkk  and 11 ,...,7 ,6 000  kkkk , respectively. 

 In the second OFDM symbol of the first slot in a subframe in case of one or two cell-specific 

reference signals configured, the three resource-element groups in physical resource block 

PRBn  consist of resource elements )1,( lk  with  3 ,...,1 ,0 000  kkkk , 

7 ,...,5 ,4 000  kkkk  and 11 ,...,9 ,8 000  kkkk , respectively. 

 In the second OFDM symbol of the first slot in a subframe in case of four cell-specific 

reference signals configured, the two resource-element groups in physical resource block 
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PRBn  consist of resource elements )1,( lk  with 5 ,...,1 ,0 000  kkkk  and 

11 ,...,7 ,6 000  kkkk , respectively. 

 In the third OFDM symbol of the first slot in a subframe, the three resource-element groups 

in physical resource block PRBn  consist of resource elements )2,( lk  with  

3 ,...,1 ,0 000  kkkk , 7 ,...,5 ,4 000  kkkk  and 11 ,...,9 ,8 000  kkkk , respectively 

 In the fourth OFDM symbol of the first slot in a subframe in case of normal cyclic prefix, the 

three resource-element groups in physical resource block PRBn  consist of resource elements 

)3,( lk  with  3 ,...,1 ,0 000  kkkk , 7 ,...,5 ,4 000  kkkk  and 11 ,...,9 ,8 000  kkkk , 

respectively. 

 In the fourth OFDM symbol of the first slot in a subframe in case of extended cyclic prefix, 

the two resource-element groups in physical resource block PRBn  consist of resource 

elements )3,( lk  with   5 ,...,1 ,0 000  kkkk  and 11 ,...,7 ,6 000  kkkk , respectively. 

 

3.1.5 Guard period 

For half-duplex FDD operation, a guard period is created by the UE by not receiving the last part of 

a downlink subframe immediately preceding an uplink subframe from the same UE.  

For frame structure type 2 (TDD), the GP field in Figure 3.2-1 serves as a guard period.  

 

3.2 Downlink physical channel 

The following physical channel are defined: 

 Physical Broadcast Channel (PBCH): carries system information for UEs requiring to access 

the network,  this includes for example the system bandwidth. 

 Physical Control Format Indicator Channel (PCFICH): is transmitted in the first OFDM 

symbol of the subframe or of the DwPTS field and reports how many OFDM symbols (1, 2, 3 

or 4) carry PDCCH data in that subframe. 

 Physical Downlink Control Channel (PDCCH): contains the downlink control information 

(DCI), whereby the DCI formats differ somewhat for LTE TDD and LTE FDD. The PDCCH is 

transmitted at the start of every subframe and informs the mobile station where the PDSCH 

data intended for it is located in the downlink and which resources it may use for 

transmitting in the uplink. 

 Physical Downlink Shared Channel (PDSCH): used only to transmit user data. The data rate 

can be increased by using the MIMO method of spatial multiplexing, in which multiple data 

streams are transmitted simultaneously via a multiple antenna system. The mobile station 

returns an acknowledgement (ACK) in the uplink. If errors occur during the transmission, a 

request is sent to repeat the transmission (NACK). In contrast to LTE FDD, LTE TDD can 
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send a single ACK/NACK response for multiple PDSCH transmissions (for multiple 

subframes). 

  Physical Hybrid ARQ Indicator Channel (PHICH): carries the ACK/NACK responses for 

transmitted uplink packets. 

 Physical Multicast Channel (PMCH): carries system information for multicast purposes. 

 

3.2.1 Mapping to transport channel and channel coding 

Table 3.2.1-1 and Table 3.2.1-2 respectively specifies the mapping of the downlink transport 

channels and of the downlink control channel information to their corresponding physical channels 

and their channel coding scheme. 

 

TrCH Physical Channel Coding scheme Coding rate 
DL-SCH PDSCH 

Turbo coding 1/3 MCH PMCH 
PCH PDSCH 
BCH PBCH Tail biting 

convolutional coding 
1/3 

Table 3.2.1-1 
 

Control information Physical Channel Coding scheme Coding rate 
CFI PCFICH Block code 1/16 
HI PHICH Repetition code 1/3 
DCI PDCCH Tail biting 

convolutional coding 
1/3 

Table 3.2.1-2 
 

 
Figure 3.2.1 
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3.2.2 Modulation 

Table 3.2.1-1 and Table 3.2.1-2 respectively specifies the modulation schemes used on each defined 

physical download channel. 

Physical channel Modulation schemes 
PDSCH QPSK, 16QAM, 64QAM 
PMCH QPSK, 16QAM, 64QAM 
PBCH QPSK 
PCFICH QPSK 
PDCCH QPSK 
PHICH BPSK 

Table 3.2.2: Modulation schemes. 
 

3.2.3 General description of physical channel 

This section describes a general structure, applicable to more than one physical channel.  

The baseband signal representing a downlink physical channel is defined in terms of the following 

steps: 

 Scrambling of coded bits in each of the codewords to be transmitted on a physical channel. 

 Modulation of scrambled bits to generate complex-valued modulation symbols. 

 Mapping of the complex-valued modulation symbols onto one or several transmission 

layers. 

 Precoding of the complex-valued modulation symbols on each layer for transmission on the 

antenna ports. 

 Mapping of complex-valued modulation symbols for each antenna port to resource 

elements. 

 Generation of complex-valued time-domain OFDM signal for each antenna port. 

 
Figure 3.2.2: Overview of physical channel processing. 
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3.2.3.1 Scrambling 

For each codeword q , the block of bits )1(),...,0(
)(

bit
)()( 

qqq Mbb , where )(
bit
q

M  is the number of bits in 

codeword q  transmitted on the physical channel in one subframe, shall be scrambled prior to 

modulation, resulting in a block of scrambled bits )1(
~

),...,0(
~ (q)

bit
)()( Mbb qq according to 

  2mod)()()(
~ )()()( icibib qqq   

where the scrambling sequence )()( ic q  is given by section A.2. The scrambling sequence generator 

shall be initialised at the start of each subframe, where the initialisation value of initc  depends on 

the transport channel type according to 

 

 










PMCHfor 22

PDSCHfor 2222
MBSFN
ID

9
s

cell
ID

9
s

1314
RNTI

init
Nn

Nnqn
c  

where RNTIn  corresponds to the RNTI associated with the PDSCH transmission. 

Up to two codewords can be transmitted in one subframe, i.e.,  1,0q . In the case of single 

codeword transmission, q  is equal to zero. 

 

3.2.3.2 Layer mapping 

The complex-valued modulation symbols for each of the codewords to be transmitted are mapped 

onto one or several layers. Complex-valued modulation symbols  )1(),...,0(
(q)
symb

)()( Mdd qq  for 

codeword q  shall be mapped onto the layers  Tixixix )(...)()( )1()0(   , 1,...,1,0
layer
symb  Mi  where   

is the number of layers and layer
symbM  is the number of modulation symbols per layer. 

 

3.2.3.3 Precoding 

The precoder takes as input a block of vectors  Tixixix )(...)()( )1()0(   , 1,...,1,0
layer
symb  Mi  from the 

layer mapping and generates a block of vectors  Tp iyiy ...)(...)( )( , 1,...,1,0
ap
symb  Mi  to be 

mapped onto resources on each of the antenna ports, where )()( iy p  represents the signal for 

antenna port p . 

 

3.2.3.4 Mapping to resource elements 

For each of the antenna ports used for transmission of the physical channel, the block of complex-

valued symbols )1(),...,0(
ap
symb

)()( Myy pp  shall be mapped in sequence starting with )0()( py  to 

resource elements  lk,  which meet all of the following criteria:  

 they are in the physical resource blocks corresponding to the virtual resource blocks 

assigned for transmission  
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 they are not used for transmission of PBCH, synchronization signals, cell-specific reference 

signals, MBSFN reference signals or UE-specific reference signals 

 they are not in an OFDM symbol used for PDCCH 

The mapping to resource elements  lk,  on antenna port p  not reserved for other purposes shall be 

in increasing order of first the index k  over the assigned physical resource blocks and then the 

index l , starting with the first slot in a subframe.  

 

3.2.4 Physical Downlink shared channel (PDSCH) 

The physical downlink shared channel shall be processed and mapped to resource elements as 

described in section 3.2.3 with the following exceptions: 

 In resource blocks in which UE-specific reference signals are not transmitted, the PDSCH 

shall be transmitted on the same set of antenna ports as the PBCH, which is one of   0 ,  1,0 , 

or  3,2,1,0  

 In resource blocks in which UE-specific reference signals are transmitted, the PDSCH shall 

be transmitted on antenna port(s)  5 , 7 , 8 , or  8,7  

 

3.2.5 Physical Multicast Channel (PMCH) 

The physical multicast channel shall be processed and mapped to resource elements as described in 

section 3.2.3 with the following exceptions: 

 Layer mapping and precoding shall be done assuming a single antenna port and the 

transmission shall use antenna port 4. 

 In the subframes where PMCH is transmitted on a carrier supporting a mix of PDSCH and 

PMCH transmissions, up to two of the first OFDM symbols of a subframe can be reserved for 

non-MBSFN transmission and shall not be used for PMCH transmission. In a cell with 4 cell-

specific antenna ports, the first two OFDM symbols of a subframe are reserved for non-

MBSFN transmission in the subframes in which the PMCH is transmitted. The non-MBSFN 

symbols shall use the same cyclic prefix as used for subframe 0. On a carrier supporting a 

mix of PDSCH and PMCH transmission, PMCH shall not be transmitted in subframes 0, 4, 5 

and 9 for frame structure type 1 and not in subframes 0, 1, 5, 6 for frame structure type 2. 
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3.2.6 Physical broadcast channel (PBCH) 

3.2.6.1 Scrambling 

The block of bits )1(),...,0( bit Mbb , where bitM , the number of bits transmitted on the physical 

broadcast channel, equals 1920 for normal cyclic prefix and 1728 for extended cyclic prefix, shall be 

scrambled with a cell-specific sequence prior to modulation, resulting in a block of scrambled bits  

)1(
~

),...,0(
~

bit Mbb  according to 

  2mod)()()(
~

icibib   

The scrambling sequence shall be initialised with cell
IDinit Nc   in each radio frame fulfilling 

04modf n . 

 

3.2.6.2 Layer mapping and precoding 

The block of modulation symbols )1(),...,0( symb Mdd  shall be mapped to layers according to one of 

sections 3.2.3.2 with symb
)0(

symb MM   and precoded according to one of  sections 3.2.3.3. 

 

3.2.6.3 Mapping to resource elements 

The block of complex-valued symbols )1(),...,0( symb
)()( Myy pp  for each antenna port is transmitted 

during 4 consecutive radio frames starting in each radio frame fulfilling 04modf n  and shall be 

mapped in sequence starting with )0(y  to resource elements  lk, . The mapping to resource 

elements  lk,  not reserved for transmission of reference signals shall be in increasing order of first 

the index k , then the index l  in slot 1 in subframe 0 and finally the radio frame number.  

The resource-element indices are given by  

3,...,1,0

71,...,1,0'      ,'36
2

RB
sc

DL
RB





l

kk
NN

k  

where resource elements reserved for reference signals shall be excluded. The mapping operation 

shall assume cell-specific reference signals for antenna ports 0-3 being present irrespective of the 

actual configuration. The UE shall assume that the resource elements assumed to be reserved for 

reference signals in the mapping operation above but not used for transmission of reference signal 

are not available for PDSCH transmission. The UE shall not make any other assumptions about 

these resource elements. 

 

3.2.7 Physical control format indicator channel (PCFICH) 

The physical control format indicator channel carries information about the number of OFDM 

symbols used for transmission of PDCCHs in a subframe. The set of OFDM symbols possible to use 

for PDCCH in a subframe is given by Table 3.2.7.  
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The PCFICH shall be transmitted when the number of OFDM symbols for PDCCH is greater than 

zero. 

 

Subframe Number of OFDM 
symbols for PDCCH 

when 10DL
RB N  

Number of OFDM symbols 
for PDCCH when 10DL

RB N  

Subframe 1 and 6 for frame structure 
type 2 

1, 2 2 

MBSFN subframes on a carrier 
supporting both PMCH and PDSCH for 1 
or 2 cell-specificc antenna ports 

1, 2 2 

MBSFN subframes on a carrier 
supporting both PMCH and PDSCH for 4 
cell-specific antenna ports 

2 2 

MBSFN subframes on a carrier not 
supporting PDSCH 

0 0 

Non-MBSFN subframes (except 
subframe 6 for frame structure type 2) 
configured with positioning reference 
signals 

1, 2, 3 2, 3 

All other cases 1, 2, 3 2, 3, 4 
Table 3.2.7: Number of OFDM symbols used for PDCCH. 

 
3.2.7.1 Scrambling 

The block of bits )31(),...,0( bb  transmitted in one subframe shall be scrambled with a cell-specific 

sequence prior to modulation, resulting in a block of scrambled bits )31(
~

),...,0(
~

bb according to 

  2mod)()()(
~

icibib   

The scrambling sequence generator shall be initialised with      cell
ID

9cell
IDsinit 21212 NNnc   at 

the start of each subframe. 

 

3.2.7.2 Layer mapping and precoding 

The block of modulation symbols )15(),...,0( dd  shall be mapped to layers according to one of 

sections 3.2.3.2 with 16
)0(

symb M  and precoded according to one of  Sections 3.2.3.3 

The PCFICH shall be transmitted on the same set of antenna ports as the PBCH. 

 

3.2.7.3 Mapping to resource elements 

The mapping to resource elements is defined in terms of quadruplets of complex-valued symbols. 

Let )34(),24(),14(),4()( )()()()()(  iyiyiyiyiz ppppp  denote symbol quadruplet i  for antenna port

p . For each of the antenna ports, symbol quadruplets shall be mapped in increasing order of i  to 

the four resource-element groups in the first OFDM symbol in a downlink subframe with the 

representative resource-element given by 
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  223by drepresente groupelement -resource  the tomapped is)3(

222by drepresente groupelement -resource  the tomapped is)2(

22by drepresente groupelement -resource  the tomapped is)1(

by drepresente groupelement -resource  the tomapped is)0(

RB
sc

DL
RB

)(

RB
sc

DL
RB

)(

RB
sc

DL
RB

)(

)(

NNkkz

NNkkz

NNkkz

kkz

p

p

p

p









 

where the additions are modulo RB
sc

DL
RB NN  , 

   DL
RB

cell
ID

RB
sc 2mod2 NNNk   

and cell
IDN  is the physical-layer cell identity as given by section 3.3.1.  

 

3.2.8 Physical downlink control channel (PDCCH) 

The physical downlink control channel carries scheduling assignments and other control 

information. A physical control channel is transmitted on an aggregation of one or several 

consecutive control channel elements (CCEs), where a control channel element corresponds to 9 

resource element groups. The number of resource-element groups not assigned to PCFICH or 

PHICH is 
REGN . The CCEs available in the system are numbered from 0 and 1CCEN , where 

 9/REGCCE NN  .  

The PDCCH supports multiple formats as listed in Table 3.2.8.  

A PDCCH consisting of n  consecutive CCEs may only start on a CCE fulfilling 0mod ni , where i  is 

the CCE number.  

Multiple PDCCHs can be transmitted in a subframe. 

 

PDCCH 
format 

Number 
of CCEs 

Number of 
resource-element 

groups 

Number of 
PDCCH bits 

0 1 9 72 
1 2 18 144 
2 4 36 288 
3 8 72 576 

Table 3.2.8: Supported PDCCH formats. 
 

3.2.9 Physical hybrid ARQ indicator channel (PHICH) 

The PHICH carries the hybrid-ARQ ACK/NACK. Multiple PHICHs mapped to the same set of 

resource elements constitute a PHICH group, where PHICHs within the same PHICH group are 

separated through different orthogonal sequences. A PHICH resource is identified by the index pair 

 seq
PHICH

group
PHICH ,nn , where group

PHICHn  is the PHICH group number and seq
PHICHn  is the orthogonal sequence 

index within the group. 

For frame structure type 1, the number of PHICH groups group
PHICHN  is constant in all subframes and 

given by
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prefix cyclic extendedfor 82

prefix cyclic normalfor 8

DL
RBg

DL
RBggroup

PHICH
NN

NN
N  

where  2,1,21,61g N  is provided by higher layers. The index group
PHICHn  ranges from 0  to 1

group
PHICH N . 

For frame structure type 2, the number of PHICH groups may vary between downlink subframes 

and is given by group
PHICHNmi    where im  is given by Table 3.2.9-1 and group

PHICHN  by the expression above. 

The index group
PHICHn  in a downlink subframe with non-zero PHICH resources ranges from 0  to 

1
group
PHICH Nmi . 

The PHICH duration is configurable by higher layers according to Table 3.2.9-2.  

 

Uplink-downlink 
configuration 

Subframe number i  

0 1 2 3 4 5 6 7 8 9 
0 2 1 - - - 2 1 - - - 
1 0 1 - - 1 0 1 - - 1 
2 0 0 - 1 0 0 0 - 1 0 
3 1 0 - - - 0 0 0 1 1 
4 0 0 - - 0 0 0 0 1 1 
5 0 0 - 0 0 0 0 0 1 0 
6 1 1 - - - 1 1 - - 1 

Table 3.2.9-1: The factor im  for frame structure type 2. 

 

PHICH 
duration 

Non-MBSFN subframes MBSFN subframes 
Subframes 1 and 6 in 

case of frame structure 
type 2 

All other cases On a carrier 
supporting both 

PDSCH and PMCH 
Normal 1 1 1 
Extended 2 3 2 

Table 3.2.9-2: PHICH duration. 
 

3.3 Reference signal 

Four types of downlink reference signals are defined: 

 Cell-specific reference signals, associated with non-MBSFN transmission 

 MBSFN reference signals, associated with MBSFN transmission 

 UE-specific reference signals 

 Positioning reference signals 

There is one reference signal transmitted per downlink antenna port.  

 
3.3.1 Cell-specific reference signals 

Cell-specific reference signals shall be transmitted in all downlink subframes in a cell supporting 

non-MBSFN transmission. In case the subframe is used for transmission with MBSFN, only the first 

two OFDM symbols in a subframe can be used for transmission of cell-specific reference symbols.  

Cell-specific reference signals are transmitted on one or several of antenna ports 0 to 3. 

Cell-specific reference signals are defined for kHz 15f  only.
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3.3.1.1 Sequence generation 

The reference-signal sequence )(
s, mr nl  is defined by 

    12,...,1,0     ,)12(21
2

1
)2(21

2

1
)( DLmax,

RB, s
 Nmmcjmcmr nl  

where sn  is the slot number within a radio frame and l  is the OFDM symbol number within the 

slot. The pseudo-random sequence generator shall be initialised with 

     CP
cell
ID

cell
IDs NNNlnc  212117210

init  at the start of each OFDM symbol where  






CP extendedfor 0

CP normalfor 1
CP

N  

3.3.1.2 Mapping to resource elements 

Figures 3.3.1.2-1 and 3.3.1.2-2 illustrate the resource elements used for reference signal 

transmission respectively for normal and extended cyclic prefix.  

The notation pR  is used to denote a resource element used for reference signal transmission on 

antenna port p . 
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Figure 3.3.1.2-1. Mapping of downlink reference signals for normal cyclic prefix. 
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Figure 3.3.1.2-2. Mapping of downlink reference signals for extended cyclic prefix. 
 

3.3.2 MBSFN reference signals 

MBSFN reference signals shall only be transmitted in subframes allocated for MBSFN 

transmissions. MBSFN reference signals are transmitted on antenna port 4. 

MBSFN reference signals are defined for extended cyclic prefix only. 

 

3.3.2.1 Sequence generation 

The MBSFN reference-signal sequence )(
s, mr nl  is defined by 

    16,...,1,0     ,)12(21
2

1
)2(21

2

1
)( DLmax,

RB, s
 Nmmcjmcmr nl  

where sn  is the slot number within a radio frame and l  is the OFDM symbol number within the 

slot. The pseudo-random sequence generator shall be initialised with  

     MBSFN
ID

MBSFN
ID

9
init 121172 NNlnc s   

at the start of each OFDM symbol. 

 

3.3.2.2 Mapping to resource elements 

Figure 3.3.2.2-1 illustrates the resource elements used for MBSFN reference signal transmission in 

case of kHz 15f . 
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In case of kHz 5.7f  for a MBSFN-dedicated cell, the MBSFN reference signal shall be mapped to 

resource elements according to Figure 3.3.2.2-2. The notation pR  is used to denote a resource 

element used for reference signal transmission on antenna port p . 
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Figure 3.3.2.2-1: Mapping of MBSFN reference signals for kHz 15f .  
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Figure 3.3.2.2-2: Mapping of MBSFN reference signals for kHz 5.7f .  
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3.3.3 UE-specific reference signals 

UE-specific reference signals are supported for single-antenna-port transmission of PDSCH and are 

transmitted on antenna port 5, 7, or 8.  UE-specific reference signals are also supported for spatial 

multiplexing on antenna ports 7 and 8. UE-specific reference signals are transmitted only on the 

resource blocks upon which the corresponding PDSCH is mapped. The UE-specific reference signal 

is not transmitted in resource elements  lk,  in which one of the physical channels or physical 

signals other than UE-specific reference signal are transmitted using resource elements with the 

same index pair  lk,  regardless of their antenna port p . 

 

3.3.3.1 Sequence generation 

For antenna port 5, the UE-specific reference-signal sequence )(
s

mrn  is defined by 

    11210          ,)12(21
2

1
)2(21

2

1
)( PDSCH

RBs
 N,...,,mmcjmcmrn  

where PDSCH
RBN  denotes the bandwidth in resource blocks of the corresponding PDSCH 

transmission. The pseudo-random sequence generator shall be initialised with 

     RNTI
16cell

IDsinit 21212 nNnc   at the start of each subframe. 

For antenna ports 7 and 8, the reference-signal sequence )(mr  is defined by 

    11210          ,)12(21
2

1
)2(21

2

1
)( DLmax,

RB  N,...,,mmcjmcmr . 

The pseudo-random sequence generator shall be initialised with 

     SCID
16cell

IDinit 21212/ nNnc s   at the start of each subframe, where SCIDn  is given by the 

scrambling identity field according to Table 3.3.3.1 in the most recent DCI format 2B associated 

with the PDSCH transmission. If there is no DCI format 2B associated with the PDSCH transmission, 

the UE shall assume that SCIDn is zero. 

 

Scrambling identity field in  
DCI format 2B [3] 

SCIDn  

0 0 

1 1 

Table 3.3.3.1: Mapping of scrambling identity field in DCI format 2B to SCIDn values. 

 

3.3.3.2 Mapping to resource elements 

Figure 3.3.3.2-1  and Figure 3.3.3.2-2 illustrates respectively the resource elements used for UE-

specific reference signals for normal cyclic prefix and extended cyclic prefix for antenna port 5.  

Figure 3.3.3.2-3 illustrates the resource elements used for UE-specific reference signals for normal 

cyclic prefix for antenna ports 7 and 8.  
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The notation pR  is used to denote a resource element used for reference signal transmission on 

antenna port p . 
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Figure 3.3.3.2-1: Mapping of UE-specific reference signals, antenna port 5 for normal cyclic 

prefix 
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Figure 3.3.3.2-2: Mapping of UE-specific reference signals, antenna port 5 for extended cyclic 

prefix 
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Figure 3.3.3.2-3: Mapping of UE-specific reference signals, antenna ports 7 and 8 for normal 

cyclic prefix. 
 

3.3.4 Positioning reference signals 

Positioning reference signals shall only be transmitted in resource blocks in downlink subframes 

configured for positioning reference signals transmission. If both normal and MBSFN subframes are 

configured as positioning subframes within a cell, the OFDM symbols in a MBSFN subframe 

configured for positioning reference signals transmission shall use the same cyclic prefix as used 

for subframe #0. If only MBSFN subframes are configured as positioning subframes within a cell, 

the OFDM symbols configured for positioning reference signals in these subframes shall use 

extended cyclic prefix length. Positioning reference signals are transmitted on antenna port 6. 

The positioning reference signals shall not be mapped to resource elements  lk,  allocated to PBCH, 

PSS or SSS regardless of their antenna port p . 

Positioning reference signals are defined for kHz 15f  only. 
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3.3.4.1 Sequence generation 

The reference-signal sequence )(
s, mr nl  is defined by 

    12,...,1,0     ,)12(21
2

1
)2(21

2

1
)( DLmax,

RB, s
 Nmmcjmcmr nl  

where sn  is the slot number within a radio frame, l  is the OFDM symbol number within the slot. 

The pseudo random sequence generator shall be initialized with 

     CP
cell
ID

cell
IDs

10
init 2121172 NNNlnc   

at the start of each OFDM symbol where  






CP extendedfor 0

CP normalfor 1
CPN

 

 

3.3.4.2 Mapping to resource elements 

Figure 3.3.4.2-1 and 3.3.4.2-2 illustrates respectively the resource elements used for positioning 

reference signals with normal and extended cyclic prefix. 
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Figure 3.3.4.2-1: Mapping of positioning reference signals with normal cyclic prefix. 
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Figure 3.3.4.2-2: Mapping of positioning reference signals with extended cyclic prefix. 
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3.4 Synchronization signal 

3.4.1 Physical-layer cell identities 

There are 504 unique physical-layer cell identities. The physical-layer cell identities are grouped 

into 168 unique physical-layer cell-identity groups, each group containing three unique identities. 

The grouping is such that each physical-layer cell identity is part of one and only one physical-layer 

cell-identity group. A physical-layer cell identity (2)
ID

(1)
ID

cell
ID 3 NNN  is thus uniquely defined by a 

number (1)
IDN in the range of 0 to 167, representing the physical-layer cell-identity group, and a 

number (2)
IDN  in the range of 0 to 2, representing the physical-layer identity within the physical-layer 

cell-identity group. 

 

3.4.2 Primary synchronization signal 

3.4.2.1 Sequence generation 

The sequence )(nd  used for the primary synchronization signal is generated from a frequency-

domain Zadoff-Chu sequence according to 




















61,...,32,31

30,...,1,0
)(

63

)2)(1(

63

)1(

ne

ne
nd

nnu
j

nun
j

u 



 

where the Zadoff-Chu root sequence index u  is given by Table 3.4.2.1. 
 

(2)
IDN  Root index u  

0 25 
1 29 
2 34 

Table 3.4.2.1: Root indices for the primary synchronization signal. 

 

3.4.2.2 Mapping to resource elements 

The mapping of the sequence to resource elements depends on the frame structure. The UE shall 

not assume that the primary synchronization signal is transmitted on the same antenna port as any 

of the downlink reference signals. The UE shall not assume that any transmission instance of the 

primary synchronization signal is transmitted on the same antenna port, or ports, used for any 

other transmission instance of the primary synchronization signal. 

The sequence  nd  shall be mapped to the resource elements according to 

 

2
31

61,...,0          ,
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,
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nnda lk





 

For frame structure type 1, the primary synchronization signal shall be mapped to the last OFDM 

symbol in slots 0 and 10.  
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For frame structure type 2, the primary synchronization signal shall be mapped to the third OFDM 

symbol in subframes 1 and 6. Resource elements ),( lk  in the OFDM symbols used for transmission 

of the primary synchronization signal where 

66,...63,62,1,...,4,5

2
31

RB
sc

DL
RB





n

NN
nk  

are reserved and not used for transmission of the primary synchronization signal. 

 

3.4.3 Secondary synchronization signal 

3.4.3.1 Sequence generation 

The sequence )61(),...,0( dd used for the second synchronization signal is an interleaved 

concatenation of two length-31 binary sequences. The concatenated sequence is scrambled with a 

scrambling sequence given by the primary synchronization signal. 

The combination of two length-31 sequences defining the secondary synchronization signal differs 

between subframe 0 and subframe 5 according to 
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where 300  n . The indices 0m  and 1m  are derived from the physical-layer cell-identity group 

(1)
IDN  according to  
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where the output of the above expression is listed in Table 3.4.3.1. 

The two sequences )(
)(

0
0 ns

m  and )(
)(

1
1 ns

m  are defined as two different cyclic shifts of the m-sequence 

)(~ ns  according to 

 

 31mod)(~)(

31mod)(~)(

1
)(

1

0
)(

0

1

0

mnsns

mnsns

m

m




 

where )(21)(~ ixis  , 300  i , is defined by 

  250          ,2mod)()2()5(  iixixix  

with initial conditions 1)4(,0)3(,0)2(,0)1(,0)0(  xxxxx . 

The two scrambling sequences )(0 nc  and )(1 nc  depend on the primary synchronization signal and 

are defined by two different cyclic shifts of the m-sequence )(~ nc  according to 
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)31mod)3((~)(

)31mod)((~)(

)2(
ID1

)2(
ID0





Nncnc

Nncnc
 

where  2,1,0
)2(

ID N  is the physical-layer identity within the physical-layer cell identity group (1)
IDN  

and )(21)(~ ixic  , 300  i , is defined by 

  250          ,2mod)()3()5(  iixixix  

with initial conditions 1)4(,0)3(,0)2(,0)1(,0)0(  xxxxx . 

The scrambling sequences )(
)(

1
0 nz

m  and )(
)(

1
1 nz

m  are defined by a cyclic shift of the m-sequence )(~ nz  

according to 

)31mod))8mod(((~)( 0
)(

1
0 mnznz

m
  

)31mod))8mod(((~)( 1
)(

1
1 mnznz

m
  

where 0m  and 1m  are obtained from Table 3.4.3.1 and  )(21)(~ ixiz  , 300  i , is defined by 

  250          ,2mod)()1()2()4()5(  iixixixixix  

with initial conditions 1)4(,0)3(,0)2(,0)1(,0)0(  xxxxx . 
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(1)
IDN  0m  1m  

(1)
IDN  0m  1m  

(1)
IDN  0m  1m  

(1)
IDN  0m  1m  

(1)
IDN  0m  1m  

0 0 1 34 4 6 68 9 12 102 15 19 136 22 27 
1 1 2 35 5 7 69 10 13 103 16 20 137 23 28 
2 2 3 36 6 8 70 11 14 104 17 21 138 24 29 
3 3 4 37 7 9 71 12 15 105 18 22 139 25 30 
4 4 5 38 8 10 72 13 16 106 19 23 140 0 6 
5 5 6 39 9 11 73 14 17 107 20 24 141 1 7 
6 6 7 40 10 12 74 15 18 108 21 25 142 2 8 
7 7 8 41 11 13 75 16 19 109 22 26 143 3 9 
8 8 9 42 12 14 76 17 20 110 23 27 144 4 10 
9 9 10 43 13 15 77 18 21 111 24 28 145 5 11 

10 10 11 44 14 16 78 19 22 112 25 29 146 6 12 
11 11 12 45 15 17 79 20 23 113 26 30 147 7 13 
12 12 13 46 16 18 80 21 24 114 0 5 148 8 14 
13 13 14 47 17 19 81 22 25 115 1 6 149 9 15 
14 14 15 48 18 20 82 23 26 116 2 7 150 10 16 
15 15 16 49 19 21 83 24 27 117 3 8 151 11 17 
16 16 17 50 20 22 84 25 28 118 4 9 152 12 18 
17 17 18 51 21 23 85 26 29 119 5 10 153 13 19 
18 18 19 52 22 24 86 27 30 120 6 11 154 14 20 
19 19 20 53 23 25 87 0 4 121 7 12 155 15 21 
20 20 21 54 24 26 88 1 5 122 8 13 156 16 22 
21 21 22 55 25 27 89 2 6 123 9 14 157 17 23 
22 22 23 56 26 28 90 3 7 124 10 15 158 18 24 
23 23 24 57 27 29 91 4 8 125 11 16 159 19 25 
24 24 25 58 28 30 92 5 9 126 12 17 160 20 26 
25 25 26 59 0 3 93 6 10 127 13 18 161 21 27 
26 26 27 60 1 4 94 7 11 128 14 19 162 22 28 
27 27 28 61 2 5 95 8 12 129 15 20 163 23 29 
28 28 29 62 3 6 96 9 13 130 16 21 164 24 30 
29 29 30 63 4 7 97 10 14 131 17 22 165 0 7 
30 0 2 64 5 8 98 11 15 132 18 23 166 1 8 
31 1 3 65 6 9 99 12 16 133 19 24 167 2 9 
32 2 4 66 7 10 100 13 17 134 20 25 - - - 
33 3 5 67 8 11 101 14 18 135 21 26 - - - 

Table 3.4.3.1: Mapping between physical-layer cell-identity group and the indices 0m  and 1m  

 

 

3.4.3.2 Mapping to resource elements 

The mapping of the sequence to resource elements depends on the frame structure. In a subframe 

for frame structure type 1 and in a half-frame for frame structure type 2, the same antenna port as 

for the primary synchronization signal shall be used for the secondary synchronization signal.  
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3.5 OFDM baseband signal generation 

The time-continuous signal  ts
p

l
)(  on antenna port p  in OFDM symbol l  in a downlink slot is 

defined by  
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for   s,CP0 TNNt l     where  2RB
sc

DL
RB

)( NNkk   and   12RB
sc

DL
RB

)(  NNkk . The variable N  

equals 2048 for kHz 15f  subcarrier spacing and 4096 for kHz 5.7f  subcarrier spacing. 

The OFDM symbols in a slot shall be transmitted in increasing order of l , starting with 0l , where 

OFDM symbol 0l starts at time  



 

1

0
s,CP )(

l

l
l TNN  within the slot. In case the first OFDM 

symbol(s) in a slot use normal cyclic prefix and the remaining OFDM symbols use extended cyclic 

prefix, the starting position the OFDM symbols with extended cyclic prefix shall be identical to 

those in a slot where all OFDM symbols use extended cyclic prefix. Thus there will be a part of the 

time slot between the two cyclic prefix regions where the transmitted signal is not specified. 

Table 3.5 lists the value of lN ,CP that shall be used. Note that different OFDM symbols within a slot in 

some cases have different cyclic prefix lengths.   

 

Configuration Cyclic prefix length lN ,CP  

Normal cyclic prefix 
 

kHz 15f  
0for    160 l  

6,...,2,1for    144 l  

Extended cyclic 
prefix 

kHz 15f  5,...,1,0for    512 l  

kHz 5.7f  2,1,0for    1024 l  

Table 3.5: OFDM parameters. 
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Chapter 4  

 

UPLOAD 

 
4.1 Slot structure and physical resources 

4.1.1 Resource grid 

The transmitted signal in each slot is described by a resource grid of RB
sc

UL
RB NN  subcarriers and 

UL
symbN  SC-FDMA symbols. The resource grid is illustrated in Figure 4.1.1.  The quantity UL

RBN  

depends on the uplink transmission bandwidth configured in the cell and shall fulfill 

ULmax,
RB

UL
RB

ULmin,
RB NNN   

where 6ULmin,
RB N  and 110ULmax,

RB N  are the smallest and largest uplink bandwidths, respectively, 

supported by the current version of specification [1].  

The number of SC-FDMA symbols in a slot depends on the cyclic prefix length configured by the 

higher layer  parameter UL-CyclicPrefixLength and is given in Table 4.1.1. 

 

UL
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Figure 4.1.1: Uplink resource grid. 
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4.1.2 Resource elements 

Each element in the resource grid is called a resource element and is uniquely defined by the index 

pair  lk,  in a slot where 1,...,0 RB
sc

UL
RB  NNk  and 1,...,0 UL

symb  Nl  are the indices in the frequency 

and time domains, respectively. Resource element  lk,  corresponds to the complex value 
lka ,
.  

Quantities 
lka ,
 corresponding to resource elements not used for transmission of a physical channel 

or a physical signal in a slot shall be set to zero. 

 

4.1.3 Resource blocks 

A physical resource block is defined as UL
symbN consecutive SC-FDMA symbols in the time domain and 

RB
scN consecutive subcarriers in the frequency domain, where UL

symbN  and RB
scN  are given by Table 

4.1.3. A physical resource block in the uplink thus consists of RB
sc

UL
symb NN   resource elements, 

corresponding to one slot in the time domain and 180 kHz in the frequency domain. 

 

Configuration RB
scN  UL

symbN  

Normal cyclic prefix 12 7 
Extended cyclic prefix 12 6 

Table 4.1.3: Resource block parameters. 
 
 
4.2 Uplink physical cannel 

4.2.1 General description 

For the uplink physical channels are defined as follows: 

 Physical Uplink Shared Channel (PUSCH): This channel is the uplink counterpart of 

PDSCH, transmits the user data from the mobile station to the base station. The 

uplink control information such as channel quality, scheduling requests and 

ACK/NACK responses for downlink packets, are also transmitted via this 

channel. Like for PDSCH, a bundled ACK/NACK response can be sent for multiple 

PUSCH transmissions from the base station in LTE TDD mode. 

 Physical Uplink Control Channel (PUCCH): If a mobile station does not have any 

packets to be transmitted on the PUSCH, the control information is sent via the 

PUCCH. 

 Physical Random Access Channel (PRACH): This uplink physical channel is used for 

random access functions. 
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4.2.2 Mapping to transport channel and channel coding 

Tables 4.2.2-1 and 4.2.2-2 respectively specifies the mapping of the uplink transport channels  and 

of the uplink control channel information to their corresponding physical channels and the usage of 

channel coding scheme and the coding rate. 

 

Transport Channel Physical Channel Coding scheme Coding rate 
UL-SCH PUSCH 

Turbo coding 1/3 
RACH PRACH 

Table 4.2.2-1 
 

Control information Physical Channel Coding scheme Coding rate 
 

UCI 
 

PUCCH, PUSCH 
Block code variable 

Tail biting 
convolutional coding 

1/3 

Table 4.2.2-2 
 

 
Figure 4.2.2 

 
4.2.3 Physical uplink shared channel (PUSCH) 

4.2.3.1 Baseband signal generation 

The baseband signal representing the physical uplink shared channel is defined in terms of the 

following steps: 

 scrambling 

 modulation of scrambled bits to generate complex-valued symbols 

 transform precoding to generate complex-valued symbols 

 mapping of complex-valued symbols to resource elements 

 generation of complex-valued time-domain SC-FDMA signal for each antenna port 

The steps are showed in Figure 4.2.3.1. 

 

Scrambling
Modulation 

mapper

Transform 

precoder

Resource 

element mapper

SC-FDMA 

signal gen.

 
Figure 4.2.3.1 
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4.2.3.2 Modulation 

The modulation schemes admitted for PUSCH are QPSK,16QAM and 64QAM. 

 

4.2.3.3 Mapping to physical resource 

The mapping to resource elements  lk,  corresponding to the physical resource blocks assigned for 

transmission and not used for transmission of reference signals and not reserved for possible SRS 

transmission shall be in increasing order of first the index k , then the index l , starting with the first 

slot in the subframe. 

 

4.2.4 Physical uplink control channel (PUCCH) 

4.2.4.1 Formats and modulation 

The physical uplink control channel supports multiple formats as shown in Table 4.2.4.1-1.  

Formats 2a and 2b are supported for normal cyclic prefix only. 

 

PUCCH 
format 

Modulation 
scheme 

Number of bits per 
subframe, bitM  

1a BPSK 1 
1b QPSK 2 
2 QPSK 20 

2a QPSK+BPSK 21 
2b QPSK+QPSK 22 

Table 4.2.4.1-1: Supported PUCCH formats and modulation schemes. 
 

For PUCCH format 1, information is carried by the presence/absence of transmission of PUCCH 

from the UE. 

For PUCCH formats 1a and 1b, one or two explicit bits are transmitted, respectively. The block of 

bits )1(),...,0( bit Mbb  shall be modulated as described in Table 4.2.4.1-2, resulting in a complex-

valued symbol )0(d . The modulation schemes for the different PUCCH formats are given by Table 

4.2.4.1-1. 

The complex-valued symbol )0(d  shall be multiplied with a cyclically shifted length 12PUCCH
seq N .  

 
PUCCH format )1(),...,0( bit Mbb  )0(d  

1a 
0 1  
1 1  

1b 

00 1  

01 j  

10 j  

11 1  
Table 4.2.4.1-2: Modulation symbol )0(d  for PUCCH formats 1a and 1b. 

 
For PUCCH formats 2a and 2b, supported for normal cyclic prefix only, the bit(s) )1(),...,20( bit Mbb  

shall be modulated as described in Table 4.2.4.1-3 resulting in a single modulation symbol )10(d .
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PUCCH format )1(),...,20( bit Mbb  )10(d  

2a 
0 1  
1 1  

2b 

00 1  
01 j  

10 j  

11 1  
Table 4.2.4.1-3: Modulation symbol )10(d  for PUCCH formats 2a and 2b. 

 
4.2.4.2 Mapping to physical resource 

PUCCH uses one resource block in each of the two slots in a subframe. Within the physical resource 

block used for transmission, the mapping of )(iz  to resource elements  lk,  not used for 

transmission of reference signals shall be in increasing order of first k , then l  and finally the slot 

number, starting with the first slot in the subframe.  

The PUCCH is never transmitted simultaneously with the PUSCH from the same UE and for frame 

structure type 2, the PUCCH is not transmitted in the UpPTS field. 

 

4.2.5 Physical random access channel (PRACH) 

The random access is used for various purpose for example: initial access, handover, following 

radio link failure. 

There are 2 type of random access procedure: contention based and non-contention  based. 

 
Figure 4.2.5: respectively contention and non-contention based random access procedure. 

 
 

4.2.5.1 Time and frequency structure 

The physical layer random access preamble, illustrated in Figure 4.2.5.1, consists of a cyclic prefix 

of length CPT  and a sequence part of length SEQT . The parameter values are listed in Table 4.2.5.1-1 

and depend on the frame structure and the random access configuration.  

Higher layers control the preamble format. 
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SequenceCP

CPT SEQT

 
Figure 4.2.5.1: Random access preamble format. 

 

Preamble format CPT  SEQT  

0 s3168 T  s24576 T  

1 s21024 T  s24576 T  

2 s6240 T  s245762 T  

3 s21024 T  s245762 T  

4* s448 T  s4096 T  

* Frame structure type 2 and special subframe configurations with UpPTS 
lengths s4384 T and s5120 T only 

Table 4.2.5.1-1: Random access preamble parameters. 
 
The transmission of a random access preamble, if triggered by the MAC layer, is restricted to 

certain time and frequency resources. These resources are enumerated in increasing order of the 

subframe number within the radio frame and the physical resource blocks in the frequency domain 

such that index 0 correspond to the lowest numbered physical resource block and subframe within 

the radio frame. PRACH resources within the radio frame are indicated by a PRACH Resource Index. 

For frame structure type 1 with preamble format 0-3, there is at most one random access resource 

per subframe. Table 4.2.5.1-2 lists the preamble formats according to Table 4.2.5.1-1 and the 

subframes in which random access preamble transmission is allowed for a given configuration in 

frame structure type 1. The start of the random access preamble shall be aligned with the start of 

the corresponding uplink subframe at the UE. 

The first physical resource block RA
PRBn  allocated to the PRACH opportunity considered for preamble 

formats 0, 1, 2 and 3 is defined as RA
offset PRB

RA
PRB nn  , where the parameter prach-FrequencyOffset, 

RA
PRBoffsetn  is expressed as a physical resource block number configured by higher layers and fulfilling 

60 UL
RB

RA
PRBoffset  Nn .  

The parameter prach-ConfigurationIndex is given by higher layers. 
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PRACH 
Configuration 

Index 

Preamble 
Format 

System 
frame 

number 

Subframe 
number 

PRACH 
Configuration 

Index 

Preamble 
Format 

System 
frame 

number 

Subframe 
number 

0 0 Even 1 32 2 Even 1 
1 0 Even 4 33 2 Even 4 
2 0 Even 7 34 2 Even 7 
3 0 Any 1 35 2 Any 1 
4 0 Any 4 36 2 Any 4 
5 0 Any 7 37 2 Any 7 
6 0 Any 1, 6 38 2 Any 1, 6 
7 0 Any 2 ,7 39 2 Any 2 ,7 
8 0 Any 3, 8 40 2 Any 3, 8 
9 0 Any 1, 4, 7 41 2 Any 1, 4, 7 

10 0 Any 2, 5, 8 42 2 Any 2, 5, 8 
11 0 Any 3, 6, 9 43 2 Any 3, 6, 9 
12 0 Any 0, 2, 4, 6, 8 44 2 Any 0, 2, 4, 6, 

8 
13 0 Any 1, 3, 5, 7, 9 45 2 Any 1, 3, 5, 7, 

9 
14 0 Any 0, 1, 2, 3, 4, 

5, 6, 7, 8, 9 
46 N/A N/A N/A 

15 0 Even 9 47 2 Even 9 
16 1 Even 1 48 3 Even 1 
17 1 Even 4 49 3 Even 4 
18 1 Even 7 50 3 Even 7 
19 1 Any 1 51 3 Any 1 
20 1 Any 4 52 3 Any 4 
21 1 Any 7 53 3 Any 7 
22 1 Any 1, 6 54 3 Any 1, 6 
23 1 Any 2 ,7 55 3 Any 2 ,7 
24 1 Any 3, 8 56 3 Any 3, 8 
25 1 Any 1, 4, 7 57 3 Any 1, 4, 7 
26 1 Any 2, 5, 8 58 3 Any 2, 5, 8 
27 1 Any 3, 6, 9 59 3 Any 3, 6, 9 
28 1 Any 0, 2, 4, 6, 8 60 N/A N/A N/A 
29 1 Any 1, 3, 5, 7, 9 61 N/A N/A N/A 
30 N/A N/A N/A 62 N/A N/A N/A 
31 1 Even 9 63 3 Even 9 

Table 4.2.5.1-2: Frame structure type 1 random access configuration for preamble formats 
0-3. 

 
For frame structure type 2 with preamble formats 0-4, there might be multiple random access 

resources in an UL subframe (or UpPTS for preamble format 4) depending on the UL/DL 

configuration [see table 2.2-2]. Table 4.2.5.1-3 lists PRACH configurations allowed for frame 

structure type 2 where the configuration index corresponds to a certain combination of preamble 

format, PRACH density value of random access opportunity, RAD  and version index, RAr .  

The start of the random access preamble formats 0-3 shall be aligned with the start of the 

corresponding uplink subframe at the UE assuming 0TA N  and the random access preamble 

format 4 shall start s4832 T  before the end of the UpPTS at the UE. 
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PRACH  
configuration 

Index 

Preamble 
Format 

Density 
Per 10 ms 

RAD  

Version 

RAr  
PRACH  

configuration 
Index 

Preamble 
Format 

Density 
Per 10 ms 

RAD  

Version 

RAr  

0 0 0.5 0 32 2 0.5 2 
1 0 0.5 1 33 2 1 0 
2 0 0.5 2 34 2 1 1 
3 0 1 0 35 2 2 0 
4 0 1 1 36 2 3 0 
5 0 1 2 37 2 4 0 
6 0 2 0 38 2 5 0 
7 0 2 1 39 2 6 0 
8 0 2 2 40 3 0.5 0 
9 0 3 0 41 3 0.5 1 

10 0 3 1 42 3 0.5 2 
11 0 3 2 43 3 1 0 
12 0 4 0 44 3 1 1 
13 0 4 1 45 3 2 0 
14 0 4 2 46 3 3 0 
15 0 5 0 47 3 4 0 
16 0 5 1 48 4 0.5 0 
17 0 5 2 49 4 0.5 1 
18 0 6 0 50 4 0.5 2 
19 0 6 1 51 4 1 0 
20 1 0.5 0 52 4 1 1 
21 1 0.5 1 53 4 2 0 
22 1 0.5 2 54 4 3 0 
23 1 1 0 55 4 4 0 
24 1 1 1 56 4 5 0 
25 1 2 0 57 4 6 0 
26 1 3 0 58 N/A N/A N/A 
27 1 4 0 59 N/A N/A N/A 
28 1 5 0 60 N/A N/A N/A 
29 1 6 0 61 N/A N/A N/A 
30 2 0.5 0 62 N/A N/A N/A 
31 2 0.5 1 63 N/A N/A N/A 

Table 4.2.5.1-3: Frame structure type 2 random access configurations for preamble formats 0-4. 
 
4.2.5.2 Preamble sequence generation 

The random access preambles are generated from Zadoff-Chu sequences with zero correlation 

zone, generated from one or several root Zadoff-Chu sequences. The network configures the set of 

preamble sequences the UE is allowed to use. 

There are 64 preambles available in each cell. The set of 64 preamble sequences in a cell is found by 

including first, in the order of increasing cyclic shift, all the available cyclic shifts of a root Zadoff-

Chu sequence with the logical index RACH_ROOT_SEQUENCE, where RACH_ROOT_SEQUENCE is 

broadcasted as part of the System Information. 

The thu  root Zadoff-Chu sequence is defined by 

  10, ZC

)1(

ZC 




Nnenx
N

nun
j

u
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where the length ZCN  of the Zadoff-Chu sequence is given by Table 4.2.5.2-1.  

Preamble 
format 

ZCN  

0 – 3 839 
4 139 

Table 4.2.5.2-1: Random access preamble sequence length. 
 

From the thu  root Zadoff-Chu sequence, random access preambles with zero correlation zones of 

length 1CS N are defined by cyclic shifts according to 

)mod)(()( ZC, NCnxnx vuvu   

where the cyclic shift is given by 

CS ZC CS CS

CS

RA RA RA RA RA

start shift shift CS shift group shift

0,1,..., 1, 0 for unrestricted sets

0 0 for unrestricted sets

( mod ) for restricted sets0,1,..., 1

v

vN v N N N

NC

d v n v n N v n n n

     


 


       

 

and CSN  is given by Tables 4.2.5.2-2 and 4.2.5.2-3 for preamble formats 0-3 and 4, respectively, 

where the parameter zeroCorrelationZoneConfig is provided by higher layers.  

The parameter High-speed-flag provided by higher layers determines if unrestricted set or 

restricted set shall be used. 

The variable ud  is the cyclic shift corresponding to a Doppler shift of magnitude SEQ1 T  and is given 

by 










otherwise

20

ZC

ZC

pN

Npp
du  

where p  is the smallest non-negative integer that fulfils   1mod ZC Npu . The parameters for 

restricted sets of cyclic shifts depend on ud . For 3ZCCS NdN u  , the parameters are given by 
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For 2)(3 CSZCZC NNdN u  , the parameters are given by 
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For all other values of ud , there are no cyclic shifts in the restricted set. 
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zeroCorrelationZoneConfig CSN  value 

Unrestricted set Restricted set 
0 0 15 
1 13 18 
2 15 22 
3 18 26 
4 22 32 
5 26 38 
6 32 46 
7 38 55 
8 46 68 
9 59 82 

10 76 100 
11 93 128 
12 119 158 
13 167 202 
14 279 237 
15 419 - 

Table 4.2.5.2-2: CSN  for preamble generation (preamble formats 0-3). 

 

 

zeroCorrelationZoneConfig CSN  value 

0 2 
1 4 
2 6 
3 8 
4 10 
5 12 
6 15 
7 N/A 
8 N/A 
9 N/A 

10 N/A 
11 N/A 
12 N/A 
13 N/A 
14 N/A 
15 N/A 

Table 4.2.5.2-3: CSN  for preamble generation (preamble format 4). 

 
4.2.5.3 Random access procedure 

Prior to initiation of the non-synchronized physical random access procedure [3], Layer 1 shall 

receive the following information from the higher layers: 

 Random access channel parameters (PRACH configuration and frequency position). 

 Parameters for determining the root sequences and their cyclic shifts in the preamble 

sequence set for the cell: index to logical root sequence table, cyclic shift ( CSN ), and set type 

(unrestricted or restricted set). 
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From the physical layer perspective, the L1 random access procedure encompasses the 

transmission of random access preamble and random access response.  The remaining messages 

are scheduled for transmission by the higher layer on the shared data channel and are not 

considered part of the L1 random access procedure.  A random access channel occupies 6 resource 

blocks in a subframe or set of consecutive subframes reserved for random access preamble 

transmissions. The eNodeB is not prohibited from scheduling data in the resource blocks reserved 

for random access channel preamble transmission. 

The following steps are required for the L1 random access procedure: 

 Layer 1 procedure is triggered upon request of a preamble transmission by higher layers. 

 A preamble index, a target preamble received power 

(PREAMBLE_RECEIVED_TARGET_POWER), a corresponding RA-RNTI and a PRACH 

resource are indicated by higher layers as part of the request. 

 A preamble transmission power PPRACH is determined as  

PPRACH = min{ CMAXP ,  PREAMBLE_RECEIVED_TARGET_POWER + PL}_[dBm], where CMAXP  is 

the configured UE transmitted power and PL is the downlink pathloss estimate calculated in 

the UE. 

 A preamble sequence is selected from the preamble sequence set using the preamble index. 

 A single preamble is transmitted using the selected preamble sequence with transmission 

power PPRACH on the indicated PRACH resource. 

 Detection of a PDCCH with the indicated RA-RNTI is attempted during a window controlled 

by higher layers. If detected, the corresponding DL-SCH transport block is passed to higher 

layers. The higher layers parse the transport block and indicate the 20-bit uplink grant to 

the physical layer. 

 

Random Access Response Grant 

The higher layers indicate the 20-bit UL Grant to the physical layer, as defined in [3]. This is 

referred to the Random Access Response Grant in the physical layer. The content of these 20 bits 

starting with the MSB and ending with the LSB are as follows: 

 Hopping flag – 1 bit 

 Fixed size resource block assignment – 10 bits 

 Truncated modulation and coding scheme – 4 bits 

 TPC command for scheduled PUSCH – 3 bits 

 UL delay – 1 bit 

 CQI request – 1 bit 
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Timing 

For the L1 random access procedure, UE’s uplink transmission timing after a random access 

preamble transmission is as follows: 

 If a PDCCH with associated RA-RNTI is detected in subframe n, and the corresponding DL-

SCH transport block contains a response to the transmitted preamble sequence, the UE 

shall, according to the information in the response, transmit an UL-SCH transport block in 

the first subframe 1kn , 61 k , if the UL delay field in section 6.2 is set to zero where 1kn  

is the first available UL subframe for PUSCH transmission. The UE shall postpone the PUSCH 

transmission to the next available UL subframe after 1kn  if the field is set to 1. 

 If a random access response is received in subframe n, and the corresponding DL-SCH 

transport block does not contain a response to the transmitted preamble sequence, the UE 

shall, if requested by higher layers, be ready to transmit a new preamble sequence no later 

than in subframe 5n . 

 If no random access response is received in subframe n, where subframe n is the last 

subframe of the random access response window, the UE shall, if requested by higher 

layers, be ready to transmit a new preamble sequence no later than in subframe 4n . 

 

4.3 Reference signal 

Two types of uplink reference signals are supported: 

 Demodulation reference signal, associated with transmission of PUSCH or PUCCH 

 Sounding reference signal, not associated with transmission of PUSCH or PUCCH 

 

4.3.1 Reference signal sequence 

Reference signal sequence )()(
, nr vu
  is defined by a cyclic shift   of a base sequence )(, nr vu  according 

to  

RS
sc,

)(
, 0),()( Mnnrenr vu

nj
vu    

where RB
sc

RS
sc mNM   is the length of the reference signal sequence and ULmax,

RB1 Nm  . Multiple 

reference signal sequences are defined from a single base sequence through different values of  . 

Base sequences )(, nr vu  are divided into groups, where  29,...,1,0u  is the group number and v  is the 

base sequence number within the group, such that each group contains one base sequence           (

0v ) of each length  RB
sc

RS
sc mNM  , 51  m  and two base sequences ( 1,0v ) of each length 

RB
sc

RS
sc mNM  , ULmax,

RB6 Nm  . The sequence group number u  and the number v  within the group 

may vary in time as described in Sections 4.3.1.1 and 4.3.1.2, respectively. 
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4.3.1.3 Group hopping 

The sequence-group number u  in slot sn  is defined by a group hopping pattern )( sgh nf  and a 

sequence-shift pattern ssf  according to 

  30mod)( sssgh fnfu   

There are 17 different hopping patterns and 30 different sequence-shift patterns. Sequence-group 

hopping can be enabled or disabled by means of the parameter Group-hopping-enabled provided by 

higher layers. PUCCH and PUSCH have the same hopping pattern but may have different sequence-

shift patterns. 

The group-hopping pattern )( sgh nf  is the same for PUSCH and PUCCH and given by 

 





 

enabled is hopping group if30mod2)8(

disabled is hopping group if0
)( 7

0 s

sgh

i

iinc
nf  

The pseudo-random sequence generator shall be initialized with 













30

cell
ID

init

N
c  at the beginning of 

each radio frame. 

The sequence-shift pattern ssf  definition differs between PUCCH and PUSCH. 

For PUCCH, the sequence-shift pattern PUCCH
ssf  is given by 30modcell

ID
PUCCH

ss Nf  . 

For PUSCH, the sequence-shift pattern PUSCH
ssf  is given by   30modss

PUCCH
ss

PUSCH
ss  ff , where 

 29,...,1,0ss   is configured by higher layers. 

 

4.3.1.2 Sequence hopping 

Sequence hopping only applies for reference-signals of length RB
sc

RS
sc 6NM  . 

For reference-signals of length RB
sc

RS
sc 6NM  , the base sequence number v  within the base sequence 

group is given by 0v . 

For reference-signals of length RB
sc

RS
sc 6NM  , the base sequence number v  within the base sequence 

group in slot sn  is defined by 






otherwise0

enabled is hopping sequence and disabled is hopping group if)( snc
v  

The parameter Sequence-hopping-enabled provided by higher layers determines if sequence 

hopping is enabled or not. The pseudo-random sequence generator shall be initialized with 

PUSCH
ss

5
cell
ID

init 2
30

f
N

c 











  at the beginning of each radio frame 
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4.3.1.3 Mapping to physical resource 

The sequence  PUSCHr  shall be multiplied with the amplitude scaling factor PUSCH  and mapped in 

sequence starting with )0(PUSCHr  to the same set of physical resource blocks used for the 

corresponding PUSCH transmission.  

The mapping to resource elements ),( lk , with 3l  for normal cyclic prefix and 2l  for extended 

cyclic prefix, in the subframe shall be in increasing order of first k , then the slot number. 

 

4.3.2 Sounding reference signal 

4.3.2.1 Definition 

The sounding reference signal sequence    nrnr vu
)(

,
SRS   where u  is the PUCCH sequence-group 

number and   is the base sequence number. The cyclic shift   of the sounding reference signal is 

given as  

8
2

cs
SRSn

  , 

where cs
SRSn  is configured for each UE by higher layers and 7,6,5,4,3,2,1,0cs

SRS n . 

For all subframes other than special subframes, the sounding reference signal shall be transmitted 

in the last symbol of the subframe. 

 

4.3.2.2 Subframe configuration 

The cell-specific subframe configuration period SFCT  and the cell-specific subframe offset SFC  for 

the transmission of sounding reference signals are listed in Tables 4.3.2.2-1 and 4.3.2.2-2, for frame 

structures type 1 and 2 respectively, where the parameter srs-SubframeConfig is provided by higher 

layers. Sounding reference signal subframes are the subframes satisfying   SFCSFCs mod2/ Tn . For 

frame structure type 2, sounding reference signal is transmitted only in configured upload 

subframes or UpPTS. 
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Srs-SubframeConfig Binary 

Configuration  
Period SFCT

(subframes)  

Transmission 
offset    SFC   

(subframes) 
0 0000 1 {0} 
1 0001 2 {0} 
2 0010 2 {1} 
3 0011 5 {0} 
4 0100 5 {1} 
5 0101 5 {2} 
6 0110 5 {3} 
7 0111 5 {0,1} 
8 1000 5 {2,3} 
9 1001 10 {0} 

10 1010 10 {1} 
11 1011 10 {2} 
12 1100 10 {3} 
13 1101 10 {0,1,2,3,4,6,8} 
14 1110 10 {0,1,2,3,4,5,6,8} 
15 1111 reserved reserved 

Table 4.3.2.2-1: Frame structure type 1 sounding reference signal subframe configuration. 
 
 

Srs-SubframeConfig Binary 

Configuration  
Period SFCT   

(subframes)  

Transmission 
offset SFC  

(subframes) 
0 0000 5 {1} 
1 0001 5 {1, 2} 
2 0010 5 {1, 3} 
3 0011 5 {1, 4} 
4 0100 5 {1, 2, 3} 
5 0101 5 {1, 2, 4} 
6 0110 5 {1, 3, 4} 
7 0111 5 {1, 2, 3, 4} 
8 1000 10 {1, 2, 6} 
9 1001 10 {1, 3, 6} 

10 1010 10 {1, 6, 7} 
11 1011 10 {1, 2, 6, 8} 
12 1100 10 {1, 3, 6, 9} 
13 1101 10 {1, 4, 6, 7} 
14 1110 reserved reserved 
15 1111 reserved reserved 

Table 4.3.2.2-2: Frame structure type 2 sounding reference signal subframe configuration. 
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4.4 SC-FDMA baseband signal generation 
4.4.1 PUSCH and PUCCH 

The time-continuous signal  tsl  in SC-FDMA symbol l  in an uplink slot is defined by  

     

 

 







 

12/

2/

212

,

RB
sc

UL
RB

RB
sc

UL
RB

s,CP
)(

NN

NNk

TNtfkj

lkl
leats


 

for   s,CP0 TNNt l   where  2)( RB
sc

UL
RB NNkk  , 2048N , kHz 15f  and 

lka ,
 is the content of 

resource element  lk, . 

The SC-FDMA symbols in a slot shall be transmitted in increasing order of l , starting with 0l , 

where SC-FDMA symbol 0l starts at time  



 

1

0
s,CP )(

l

l
l TNN  within the slot.  

Table 4.4.1 lists the values of lN ,CP that shall be used.  

 

Configuration Cyclic prefix length lN ,CP
 

Normal cyclic prefix 
0for    160 l  

6,...,2,1for    144 l  

Extended cyclic prefix 5,...,1,0for    512 l  

Table 4.4.1: SC-FDMA parameters. 
 

4.4.2 PRACH 

The time-continuous random access signal )(ts  is defined by 
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where CPSEQ0 TTt  , PRACH  is an amplitude scaling factor in order to conform to the transmit 

power PRACHP and 2RB
sc

UL
RB

RB
sc

RA
PRB0 NNNnk  . The location in the frequency domain is controlled by 

the parameter RA
PRBn  is derived from section 4.7.1. The factor RAffK   accounts for the 

difference in subcarrier spacing between the random access preamble and uplink data 

transmission. The variable RAf , the subcarrier spacing for the random access preamble, and the 

variable , a fixed offset determining the frequency-domain location of the random access 

preamble within the physical resource blocks, are both given by Table 4.4.2. 

 

Preamble format RAf    

0 – 3 1250 Hz 7 
4 7500 Hz 2 

Table 4.4.2: Random access baseband parameters. 
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Chapter 5 

 

CHANNEL CODING 

 

5.1 Downlink transport channels and control information 

A schematic overview of the encoding process for the reference measurement channels is provided in 

Figure 5.1.

 

Payload 

Code block 

Transmitted bits in a single subframe 

Code block 

Coded block Trellis termination (12 bits) 

Rate matched  block 

Rate R turbo code 

Code blocks 

Subblock interleaving 

and Rate matching 

Code block 

       CRC 

Other code blocks processed in 

the same way 

CRC CRC CRC 

 

Figure 5.1: Schematic overview of the encoding process. 

 

5.1.1 Broadcast channel 

Figure 5.1.1 shows the processing structure for the BCH transport channel [2]. Data arrives to the 

coding unit in the form of a maximum of one transport block every transmission time interval (TTI) 

of 40ms. The following coding steps can be identified: 

 Add CRC to the transport block 

 Channel coding 

 Rate matching 
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Figure 5.1.1: Transport channel processing for BCH. 

 

5.1.1.1 Transport block CRC attachment 

Error detection is provided on BCH transport blocks through a Cyclic Redundancy Check (CRC).  

The entire transport block is used to calculate the CRC parity bits. Denote the bits in a transport 

block delivered to layer 1 by 13210 ,...,,,, Aaaaaa , and the parity bits by 13210 ,...,,,, Lppppp . A is the 

size of the transport block and set to 24 bits and L is the number of parity bits.  

The parity bits are computed with setting L to 16 bits. After the attachment, the CRC bits are 

scrambled according to the eNodeB transmit antenna configuration with the sequence 

15,1,0, ,...,, antantant xxx  as indicated in Table 5.1.1.1 to form the sequence of bits 13210 ,...,,,, Kccccc  where 

     kk ac      for k = 0, 1, 2, …, A-1 

      2mod, AkantAkk xpc    for k = A, A+1, A+2,..., A+15 

 

Number of transmit antenna ports at eNodeB PBCH CRC mask 

 15,1,0, ,...,, antantant xxx  

1 <0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0> 

2 <1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1> 

4 <0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1> 

Table 5.1.1.1: CRC mask for PBCH. 
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5.1.1.2 Channel coding 

Information bits are delivered to the channel coding block. They are denoted by 13210 ,...,,,, Kccccc  , 

where K is the number of bits, and they are tail biting convolutionally encoded.  

After encoding the bits are denoted by )(
1

)(
3

)(
2

)(
1

)(
0 ,...,,,,

i
D

iiii
ddddd 

, with 2 and ,1,0i , and where D is the 

number of bits on the i-th coded stream, i.e., KD  . 

 

5.1.1.3  Rate matching 

A tail biting convolutionally coded block is delivered to the rate matching block. This block of coded 

bits is denoted by )(
1

)(
3

)(
2

)(
1

)(
0 ,...,,,,

i
D

iiii
ddddd 

, with 2 and ,1,0i , and where i is the coded stream index 

and D is the number of bits in each coded stream. 

After rate matching, the bits are denoted by 13210 ,...,,,, Eeeeee , where E is the number of rate 

matched bits. 

 

5.1.2 Downlink shared channel, Paging channel and Multicast channel 

Figure 5.1.2 shows the processing structure for each transport block for the DL-SCH, PCH and MCH 

transport channels. Data arrives to the coding unit in the form of a maximum of two transport 

blocks every TTI.  

The following coding steps can be identified for each transport block: 

 Add CRC to the transport block 

 Code block segmentation and code block CRC attachment 

 Channel coding 

 Rate matching 

 Code block concatenation 



66  CHAPTER 5 
 

Channel coding

Rate matching

Code block 

concatenation

110 ,...,, Aaaa

110 ,...,, Bbbb

 110 ,...,, rKrrr ccc

 
)(

1
)(

1
)(

0 ,...,, i
Dr

i
r

i
r r

ddd


 110 ,...,, rErrr eee

110 ,...,, Gfff

Transport block 

CRC attachment

Code block segmentation

Code block CRC attachment

 

Figure 5.1.2: Transport channel processing for DL-SCH, PCH and MCH. 

 

5.1.2.1 Transport block CRC attachment 

Error detection is provided on transport blocks through a Cyclic Redundancy Check.  

The entire transport block is used to calculate the CRC parity bits. Denote the bits in a transport 

block delivered to layer 1 by 13210 ,...,,,, Aaaaaa , and the parity bits by 13210 ,...,,,, Lppppp . A is the 

size of the transport block and L is the number of parity bits. 

The parity bits are computed and attached to the transport block according to section 5.1.1 setting 

L to 24 bits and using the generator polynomial gCRC24A(D). 

 

5.1.2.2 Code block segmentation and code block CRC attachment 

The bits input to the code block segmentation are denoted by 13210 ,...,,,, Bbbbbb  where B is the 

number of bits in the transport block (including CRC).  

The bits after code block segmentation are denoted by  13210 ,...,,,, rKrrrrr ccccc , where r is the code 

block number and Kr is the number of bits for code block number r. 
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5.1.2.3 Channel coding 

Code blocks are delivered to the channel coding block. They are denoted by  13210 ,...,,,, rKrrrrr ccccc  

, where r is the code block number, and Kr is the number of bits in code block number r. The total 

number of code blocks is denoted by C and each code block is individually turbo encoded. 

After encoding the bits are denoted by  
)(

1

)(
3

)(
2

)(
1

)(
0 ,...,,,,

i

Dr

i
r

i
r

i
r

i
r r

ddddd


, with 2 and ,1,0i , and where rD  is 

the number of bits on the i-th coded stream for code block number r, i.e. 4 rr KD .  

 

5.1.2.4 Rate matching 

Turbo coded blocks are delivered to the rate matching block. They are denoted by

 
)(

1
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0 ,...,,,,
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Dr

i
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r

i
r

i
r r

ddddd


, with 2 and ,1,0i , and where r is the code block number, i is the coded 

stream index, and rD  is the number of bits in each coded stream of code block number r. The total 

number of code blocks is denoted by C and each coded block is individually rate matched. 

After rate matching, the bits are denoted by  13210 ,...,,,, rErrrrr eeeee , where r is the coded block 

number, and where rE  is the number of rate matched bits for code block number r.  

 

5.1.2.5 Code block concatenation 

The bits input to the code block concatenation block are denoted by  13210 ,...,,,, rErrrrr eeeee  for 

1,...,0  Cr  and where rE  is the number of rate matched bits for the r-th code block.  

The bits after code block concatenation are denoted by 13210 ,...,,,, Gfffff , where G is the total 

number of coded bits for transmission. 

 

5.1.3 Downlink control information 

A DCI transports downlink or uplink scheduling information, requests for aperiodic CQI reports, or 

uplink power control commands for one RNTI.  The RNTI is implicitly encoded in the CRC. 

Figure 5.1.3 shows the processing structure for the DCI. The following coding steps can be 

identified: 

 Information element multiplexing 

 CRC attachment 

 Channel coding 

 Rate matching 

Are defined several format for DCI (0, 1, 1A, 1B, 1C, 1D, 2, 2A, 2B, 3, 3A) see [2] for further read. 
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Figure 5.1.3: Processing for DCI. 

 

5.1.3.1 CRC attachment 

Error detection is provided on DCI transmissions through a Cyclic Redundancy Check.  

The entire PDCCH payload is used to calculate the CRC parity bits. Denote the bits of the PDCCH 

payload by 13210 ,...,,,, Aaaaaa , and the parity bits by 13210 ,...,,,, Lppppp . A is the PDCCH payload 

size and L is the number of parity bits. 

The parity bits are computed with setting L to 16 bits, resulting in the sequence 13210 ,...,,,, Bbbbbb , 

where  

B = A+L.  

In the case where UE transmit antenna selection is not configured or applicable, after attachment, 

the CRC parity bits are scrambled with the corresponding RNTI 
15,1,0, ,...,, rntirntirnti xxx  , where 0,rntix  

corresponds to the MSB of the RNTI, to form the sequence of bits 13210 ,...,,,, Bccccc . The relation 

between ck and bk is: 

kk bc     for k = 0, 1, 2, …, A-1 

  2mod, Akrntikk xbc   for k = A, A+1, A+2,..., A+15. 

 

5.1.3.2 Channel coding 

Information bits are delivered to the channel coding block. They are denoted by 13210 ,...,,,, Kccccc  , 

where K is the number of bits, and they are tail biting convolutionally encoded. 

After encoding the bits are denoted by )(
1

)(
3

)(
2

)(
1

)(
0 ,...,,,,

i
D

iiii
ddddd  , with 2 and ,1,0i , and where D is 

the number of bits on the i-th coded stream, i.e., KD  .  
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5.1.3.3 Rate matching 

A tail biting convolutionally coded block is delivered to the rate matching block. This block of coded 

bits is denoted by )(
1

)(
3

)(
2

)(
1

)(
0 ,...,,,,

i
D

iiii
ddddd  , with 2 and ,1,0i , and where i is the coded stream index 

and D is the number of bits in each coded stream. 

After rate matching, the bits are denoted by 13210 ,...,,,, Eeeeee , where E is the number of rate 

matched bits.  

 

5.1.4 Control format indicator (CFI) 

Data arrives each subframe to the coding unit in the form of an indicator for the time span, in units 

of OFDM symbols, of the DCI in that subframe. The CFI takes values CFI = 1, 2 or 3. For system 

bandwidths 10DL
RB N , the span of the DCI in units of OFDM symbols, 1, 2 or 3, is given by the CFI. 

For system bandwidths 10DL
RB N , the span of the DCI in units of OFDM symbols, 2, 3 or 4, is given by 

CFI+1. 

The coding flow is shown in Figure 5.1.4.  

3110 ,...,, bbb

Channel coding

CFI

 

Figure 5.1.4 Coding for CFI. 

 

Channel coding 

The control format indicator is coded according to Table 5.1.4. 

 

CFI 

CFI code word 

< b0, b1, …, b31 > 

1 <0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1> 

2 <1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0> 

3 <1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1> 

4  <0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0> 

Table 5.1.4: CFI code words. 
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5.1.5 HARQ indicator (HI) 

Data arrives to the coding unit in the form of indicators for HARQ acknowledgement. 

The coding flow is shown in Figure 5.1.5.  

210 ,, bbb

Channel coding

HI

 

Figure 5.1.5 Coding for HI. 

 

Channel coding 

The HI is coded according to Table 5.1.5, where for a positive acknowledgement HI = 1 and for a 

negative acknowledgement HI = 0. 

 

 

 

 

Table 5.1.5: HI code words. 

 

5.2 Uplink transport channels and control information 

5.2.1 Uplink shared channel 

Figure 5.2.1 shows the processing structure for the UL-SCH transport channel. 

Data arrives to the coding unit in the form of a maximum of one transport block every TTI.  

The following coding steps can be identified: 

 Add CRC to the transport block 

 Code block segmentation and code block CRC attachment 

 Channel coding of data and control information 

 Rate matching 

 Code block concatenation 

 Multiplexing of data and control information 

 Channel interleaver 

HI 

HI code word 

< b0, b1, b2 > 

0 < 0,0,0 > 

1 < 1,1,1 > 
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Figure 5.2.1: Transport channel processing for UL-SCH. 

 

5.2.1.1 Transport block CRC attachment 

Error detection is provided on UL-SCH transport blocks through a Cyclic Redundancy Check. 

The entire transport block is used to calculate the CRC parity bits. Denote the bits in a transport 

block delivered to layer 1 by 13210 ,...,,,, Aaaaaa , and the parity bits by 13210 ,...,,,, Lppppp . A is the 

size of the transport block and L is the number of parity bits. 

The parity bits are computed to the UL-SCH transport block setting L to 24 bits and using the 

generator polynomial gCRC24A(D).  
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5.2.1.2 Code block segmentation and code block CRC attachment 

The bits input to the code block segmentation are denoted by 13210 ,...,,,, Bbbbbb  where B is the 

number of bits in the transport block (including CRC).  

The bits after code block segmentation are denoted by  13210 ,...,,,, rKrrrrr ccccc , where r is the code 

block number and Kr is the number of bits for code block number r.  

 

5.2.1.3 Channel coding of UL-SCH 

Code blocks are delivered to the channel coding block. The bits in a code block are denoted by 

 13210 ,...,,,, rKrrrrr ccccc  , where r is the code block number, and Kr is the number of bits in code 

block number r. The total number of code blocks is denoted by C and each code block is individually 

turbo encoded.  

After encoding the bits are denoted by  
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, with 2 and ,1,0i and where rD is the 

number of bits on the i-th coded stream for code block number r, i.e. 4 rr KD .  

 

5.2.1.4 Rate matching 

Turbo coded blocks are delivered to the rate matching block. They are denoted by
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, with 2 and ,1,0i , and where r is the code block number, i is the coded 

stream index, and rD  is the number of bits in each coded stream of code block number r. The total 

number of code blocks is denoted by C and each coded block is individually rate matched. 

After rate matching, the bits are denoted by  13210 ,...,,,, rErrrrr eeeee , where r is the coded block 

number, and where rE  is the number of rate matched bits for code block number r.  

 

5.2.1.5 Code block concatenation 

The bits input to the code block concatenation block are denoted by  13210 ,...,,,, rErrrrr eeeee  for 

1,...,0  Cr  and where rE  is the number of rate matched bits for the r-th code block.  

The bits after code block concatenation are denoted by 13210 ,...,,,, Gfffff , where G is the total 

number of coded bits for transmission excluding the bits used for control transmission, when 

control information is multiplexed with the UL-SCH transmission.  

 

5.2.1.6 Channel interleaver 

The channel interleaver implements a time-first mapping of modulation symbols onto the transmit 

waveform while ensuring that the HARQ-ACK information is present on both slots in the subframe 

and is mapped to resources around the uplink demodulation reference signals.  
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Chapter 6 

 

PERFORMANCE ANALYSIS 

 

In this section we are going to do an analysis of the performance reached by the LTE. 

First we see a real test conducted by Nokia Siemens Network that concentrates on the FDD  duplex 

mode [6], after a simulation of the behavior of LTE conducted by the Public University of Navarre 

[7]. 

 

6.1 Real world outdoor test 

6.1.1 Scenario 

With this in mind, we selected three test cases/drive routes of our test program for this paper: 

• A route on the Nokia Siemens Network campus in Munich within about 300 meters of the 

base station antenna. 

• A wide area route on public streets within about 1000 meters of the Munich test site 

antenna. 

• A long distance route up to about 4000 meters from the base station at the Berlin test site. 

Test cases 1 and 3 were performed with a single mobile user terminal, test case 2 used four user 

terminals in parallel. Two terminals were real mobiles in a measurement van, while the others 

were stationary and placed in a building in order to measure the impact on system performance of 

indoor penetration. 

 

Nokia Siemens Networks LTE development platform 

All tests were performed using the Nokia Siemens Networks LTE development platform, which 

consists of an LTE base station, a specially developed LTE test terminal, GPS receivers and various 

laptops to act as local maintenance terminals, application servers and application clients (Figure 1).  

The test terminals implement a modular structure combining boards of SW-upgradeable digital 

signal processors and field programmable gate arrays.  The test mobile controller (LMT) allows 

engineers to select operating modes such as fixed MCS, link adaption, SIMO, MIMO. 

The LTE development platform currently operates in the 2.6 GHz frequency band, which is 

expected to be the initial spectrum band for LTE deployment in Europe. 

A measurement van was used to accommodate the mobile terminals for the drive tests. Two UEs 

(UE2, UE3) are mounted in the car and are connected to antennas on the roof (Figure 6.1.1-1). This 

provides variable SNR as channel conditions change along the drive route. 
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Figure 6.1.1-1: Measurement van with LTE UEs. 

 

Table 6.1.1 show the Features of LTE development platform for FDD mode. 

 

Carrier frequency 2.6 GHz (UMTS Extension band) 
Duplex FDD 

Scalable bandwidth 20 MHz, 10 MHz, 5 MHz 
Data rate @ 20 MHz >150 Mbps (DL), >50 Mbps (UL) 

Transmission Time Interval (TTI) 1 ms 
Tx power DL 40 dBm 
Tx power UL 23 dBm 

Modulation schemes: 
 

• Downlink OFDMA (64QAM, 16QAM, QPSK) 
• Uplink SC-FDMA (16QAM, QPSK) 

Antenna techniques: 
 

• Downlink 2x2 MIMO 
• Uplink SDMA, Rx-Diversity 

CQI based link adaptation (DL) Time, Frequency, Space 
Setup single Cell – multi user 

Number eUE per Node B per Sector 4 
Table 6.1.1: Features of LTE development platform for FDD mode. 
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A 20 MHz bandwidth at 2.6 GHz with a 2x2 MIMO antenna system was used in all the tests. Running 

in adaptive MIMO mode, the base transceiver station (BTS) switched automatically between single-

stream transmission (transmit diversity) and multi-stream transmission (spatial multiplexing), 

depending on the reported SNR of the UE. In addition, adaptive modulation using QPSK, 16 QAM 

and 64 QAM was applied depending on the actual channel condition, in other words the reported 

SNR. 

 

Munich test site 

The test site in Munich is installed on the Nokia Siemens Networks campus.  

The Nokia Siemens Networks campus in Munich consists of several buildings between 17 and 23 

meters tall, with two rows of 5–8 meter trees along the road through the middle. The drive route on 

the campus is about 900 meters long, with a distance to the BTS of between 50 and 300 meters. 

The LTE antenna is mounted on a pole on the roof of a building at a height of 30 meters above the 

ground (see the upper antenna in Figure 6.1.1-2), co-sited with an WCDMA antenna (middle 

antenna) and a Flash-OFDM antenna (lowest antenna) on the same pole. It is a commercial 3-sector 

cross-polarized wideband antenna with 45° directivity operating in a frequency range of 1800 to 

2600 MHz.  

The system can support MIMO implementing an antenna gain of about 18 dBi. 

 

 

Figure 6.1.1-2: LTE antenna at Munich test site. 
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Berlin test site 

The LTE test bed in Berlin is operated by Nokia Siemens Networks in cooperation with the 

Heinrich-Hertz-Institut and located on the city-center campus of the Technical University Berlin. 

The environment along the drive route is typically urban, with a mixture of LOS and NLOS with 

some multipath propagation due to the buildings between the base station site and Tiergarten park. 

The buildings have heights ranging from 40–70 meters. 

The park is about 1000 meters from the base station site and is mostly covered with trees. To the 

east, the park ends at the Brandenburger Tor that is approximately 67 meters high with a marble 

base and the radio signal suffers from strong shadowing. 

As shown in Figure 6.1.1-3, the overall scenario consists of three base station sites, each of them 

with three sectors (30°, 150°, 270°).  

The sector marked ➀ was used for the measurements outlined in this paper. It is served by an 

antenna on top of a tower at a height of 85 meters above ground, the downtilt of the antennas is 

typically set to cover a radius of 500 meters (optionally 0–10°), which corresponds to the typical 

setup of commercial UMTS antennas. 

For the long distance measurements the northeast sector of the antenna set on the Telefunken 

building was used, and the antenna downtilt was modified to 1°. 

 

 

Figure 6.1.1-3: Test site Berlin. 
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6.1.2 Results 

6.1.2.1 Campus route 

Figure 6.1.2-2.1 shows the measured L1 throughput data rates for a single user, together with the 

speed of the measurement van when driving along the campus route in the direction shown by the 

arrows in Figure 6.1.2.1-1. 

The narrow streets and nearby high buildings led to shadowing of the BTS antenna signal, resulting 

in average L1 throughput from 60 to 100 Mbps at relatively low speeds of about 10–20 km/h. In 

fact, almost no line of sight was available, except at a few street crossings where L1 throughput 

rates of about 140 Mbps could be measured. On the other hand, the achieved L1 throughput on the 

campus route was always above 50 Mbps. 

 

 

Figure 6.1.2.1-1: Road test in Munich and data rates achieved along campus and wide area 

routes. 
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Figure 6.1.2.1-2: DL throughput on campus route. 

 

6.1.2.2 Wide area route 

The wide area route was on public roads near the Munich Nokia Siemens Networks campus, 

between 350 and 1000 meters away from the BTS (Figure 6.1.2.1-1). This area is characterized by 

medium building density along a main road, mainly apartment houses with a height of 10–20 

meters. 

These are typical suburban to urban deployment conditions. 

Two different measurement scenarios were performed on the route: 

• A single user scenario with only one UE active in the cell. 

• A multi-user scenario with four users active in the cell, two of them mobile and located in 

the measurement van, the other two placed inside buildings on the campus. 

 

Single user test 

The purpose of the single user test was to measure the achievable DL throughput rate in typical 

urban/suburban cells with a cell diameter of approximately 1000 meters under highly varying 

channel conditions and typical urban speeds of up to 40 km/h. 

The measurement was performed at a time with high traffic density thus the average speed was 

only 30–40 km/h. 

The measured L1 throughput was in the range of 14–83 Mbps. It varied extensively depending on 

the shadowing conditions along the test route and decreased on average with the increasing 

distance from the site.  

Even at a distance of about 1000 meters from the BTS the average L1 throughput reaches a level of 

30 Mbps.  
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Figure 6.1.2.2-1: DL single user throughput along wide area route. 

 

Multi-user measurement 

The scope of the multi-user measurement was to evaluate the achievable DL data rates in a 

multiuser environment consisting of mobile and stationary users. The stationary users were mobile 

terminals placed inside an office. At least one of them experienced indoor penetration losses that 

are typical for urban and suburban LTE cells with a diameter of 1000 meters. 

The measurements were performed on the same test route as the single user wide area tests. 

During these tests four UEs were active in the cell: 

• Two UEs (UE2, UE3) were mounted in the car and connected to antennas on the roof. This 

provided variable SNR due to changing channel conditions along the drive route. A different 

orientation of the two antennas was selected for U2 and U3. 

• One UE (UE4) was located in the lab with antennas very close to the window to get a good 

SNR. The distance between lab and BTS site is 282 meters. 

• One UE (UE1) was located in the lab (same distance from the BTS site as above) with the 

antenna round about 4 meters away from the window, which provides only medium SNR. 

 

Figure 6.1.2.2-2 shows the measured L1 throughput of each UE while moving along the drive route, 

together with the speed of the van, which was on average about 40 km/h. The figure shows that the 

stationary UE with the antenna close to the window (UE4) has the highest data rate (about 30–60 

Mbps), followed by the second stationary UE in the middle in the room (UE1) (about 12–25 Mbps). 

The two fully mobile UEs (UE2 und UE3) achieved an L1 throughput in the range of 5–25 Mbps, 

depending on the channel conditions along the drive route. 
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In fact, all radio resources are shared between the terminals connected to one and the same radio 

cell depending on the channel condition and the decisions of the proportional fair scheduler. 

The results also show slightly different throughput rates for UE2 and UE3, which are caused by the 

different antenna orientation as the van drives along the route towards the antenna at an almost 

constant angle. 

 

Figure 6.1.2.2-2: DL throughput for multi-user test on wide area route. 

 

6.1.2.3 Long distance route 

The arrows in Figure 6.1.2.3-1 indicate the driving direction of the measurement van and the 

achieved L1 throughput. 

 

Figure 6.1.2.3-1: Long distance route. 
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The L1 throughput results for the long distance measurements are shown in Figure 6.1.2.3-2 with a 

maximum data rate of approximately 150 Mbps. 

Synchronization with the base station was stable and the data rate never dropped below 1 Mbps 

throughout the measurements. These results show a robust system performance without signal 

loss and high throughputs for a distance of up to 4 km under LOS conditions in the 2.6 GHz 

spectrum band. 

Furthermore, the total throughput rate as shown in Figure 6.1.2.3-2 is split to its two decoupled 

components related to the MIMO modes allocated by the scheduler. The scheduling algorithm 

supports adaptive MIMO mode switching to transmit a given physical resource block (PRB) either 

in single or multi-stream mode depending on the channel condition. The multistream is realized via 

2x2 MIMO antenna configurations. The results show the following: 

• The multi-stream mode is often chosen and the multi-stream rate never drops to zero, 

demonstrating that some PRBs are always transmitted in multi-stream mode. This shows 

that the second stream substantially contributes to the high overall system performance. 

• Multi-stream transmission is the key to achieving high data rates that cannot be realized in 

a single-antenna/SISO system. 

• When the channel conditions degrade, the adaptive scheduling algorithm increasingly 

utilizes single-stream  transmission. This contributes to stable transmission along the whole 

measurement track. 

 

 

Figure6.1.2.3-2: DL throughput on long distance route for single-stream and multi-stream 

transmission. 
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6.2 Simulation of indoor environments 

This simulation have the scope of evaluate the behavior in an indoor environment of the 

modulation schemes supported by LTE and show how a realistic indoor scenario can affect the 

performance. 

To achieve this result a 3D ray tracing algorithm has been developed. 

Ray tracing is used, due to the fact that it is a deterministic approach which reduces estimation 

errors. 

The algorithm has been programmed in Matlab. 

The indoor environment that has been chosen is depicted in Figure 6.2-1. All the material 

characteristics as well as 3D morphological aspects have been introduced in order to obtain 

realistic values. 

Several antennas have been placed in the indoor scenario, simulating a conventional radio layout. 

The simulation results for each one of the antennas are shown in Figure 6.2-2. 

As it can be seen from the 3D ray tracing simulation results, power is distributed considering not 

only the LOS prediction but also the placement of different objects (walls, indoor furniture, 

windows, etc.), which determines the received signal power and hence the grade of coverage. 

 

 

Figure 6.2-1. Left figure: 3D layout of simulation scenario. Right figure: cross section layout 

of the simulation scenario. 
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Figure 6.2-2: Received power regarding respectively antenna1, antenna 2 and antenna3, 

obtained by 3D raytracing at 2Ghz. Simulation height is 1.4m from ground level. 

 

Figure 6.2-3 show how the constellations are degraded as SNR are lowered, due to higher 

interference scenarios. As the constellation increases the number of elements, the degradation of 

the symbols becomes more severe, due to higher packing of the modulation scheme. As a 

consequence, higher order modulation schemes require more power in order to adequately decode 

the information, which implies smaller coverage radius. 
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Figure 6.2-3: In Phase and Quadrature representation for QPSK, 16QAM and 64QAM 

constellation considering SNR of 5 and 30dB. 

 

Another factor to analyze the performance of indoor coverage is the value of Error Vector 

Magnitude (EVM) related with the relative position of each symbol in the constellation. Due to the 

fact that outer symbols have in principle more immunity to noise and external interference, the 

performance of the total system will depend on the use that it can make of the complete 

constellation. Simulation results have been obtained for each one of the higher order modulation 

schemes considered (QPSK, 16-QAM and 64-QAM) and the results are depicted in figure 6.2-4. 

As it can be seen, as the order of the modulation increases, so does degradation of EVM. Under 

different SNR ratios, as the interference increases, the value of EVM also increases, which leads to 

less efficient use of the modulation and in consequence to a reduction of the raw bit rate of the 

system. In order to gain insight in this behavior, figures 6.2-5 represent the evolution of EVM as a 

function of constellation type as well as different SNR ratios. As the bit rate is increased, so is the 

value of EVM, consistent with coverage capacity relations that govern LTE performance in general 

instance. 
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Figure 6.2-4: Values of EVM per symbol in the case of QPSK, 16QAM and 64QAM constellation 

for different SNR ratios. 

 

 

Figure 6.2-5: Comparison of EVM values for QPSK, 16-QAM and 64-QAM for a bit rate of 2 and 

5 Mbps. 

 



PERFORMNCE ANALYSIS - SIMULATION OF INDOOR BEHAVIOR 87 
 

Finally, Table 6.2 show values for EVM for each one of the modulation schemes in LTE and different 

SNR ratios and bit rates. As the modulation order is increased, so is the value of EVM and the same 

is valid for an increase in bit rate. 

Therefore, as transmission speed is increased, so is the sensitivity of the receiver and hence the 

coverage region is decreased. 

 

 SNR (dB) 

30 15 5 

Modulation Speed (Mbps) EVM 

 

QPSK 

1 0,0852 0,1339 0,3584 

2 0,1622 0,2080 0,8553 

5 0,3472 0,4219 0,7057 

10 0,5716 0,6060 0,8848 

 

16QAM 

1 0,1811 0,2879 0,7924 

2 0,3666 0,4572 1,7555 

5 0,8488 0,9108 2,2207 

10 1,2909 1,3625 1,7331 

 

64QAM 

1 0,4048 0,9567 2,9147 

2 0,7767 1,2104 4,7499 

5 1,6406 2,0841 5,3093 

10 2,6370 2,9056 7,1312 

Table 6.2: Value of EVM for QPSK, 16QAM and 64QAM at different SNR ratios and bit rates. 
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APPENDIX 

 
A.1 Modulation schemes 

A.1.1 BPSK 

In case of BPSK modulation, a single bit, )(ib , is mapped to a complex-valued modulation symbol 

x=I+jQ according to Table A.1.1. 

 

)(ib  I  Q 

0 21  21  

1 21  21  

Table A.1.1: BPSK modulation mapping. 
 

A.1.2 QPSK 

In case of QPSK modulation, pairs of bits, )1(),( ibib , are mapped to complex-valued modulation 

symbols x=I+jQ according to Table A.1.2. 

 

)1(),( ibib  I  Q 

00 21  21  

01 21  21  

10 21  21  

11 21  21  

Table A.1.2: QPSK modulation mapping. 
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A.1.3 16QAM 

In case of 16QAM modulation, quadruplets of bits, )3(),2(),1(),(  ibibibib , are mapped to 

complex-valued modulation symbols x=I+jQ according to Table A.1.3. 

)3(),2(),1(),(  ibibibib  I  Q 

0000 101  101  

0001 101  103  

0010 103  101  

0011 103  103  

0100 101  101  

0101 101  103  

0110 103  101  

0111 103  103  

1000 101  101  

1001 101  103  

1010 103  101  

1011 103  103  

1100 101  101  

1101 101  103  

1110 103  101  

1111 103  103  

Table A.1.3: 16QAM modulation mapping. 
 

 

A.1.4 64QAM 

In case of 64QAM modulation, hextuplets of bits, )5(),4(),3(),2(),1(),(  ibibibibibib , are 

mapped to complex-valued modulation symbols x=I+jQ according to Table A.1.4. 
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)5(),4(),3(),2(),1(),(  ibibibibibib  I  Q )5(),4(),3(),2(),1(),(  ibibibibibib  I  Q 

000000 423  423  100000 423  423  

000001 423  421  100001 423  421  

000010 421  423  100010 421  423  

000011 421  421  100011 421  421  

000100 423  425  100100 423  425  

000101 423  427  100101 423  427  

000110 421  425  100110 421  425  

000111 421  427  100111 421  427  

001000 425  423  101000 425  423  

001001 425  421  101001 425  421  

001010 427  423  101010 427  423  

001011 427  421  101011 427  421  

001100 425  425  101100 425  425  

001101 425  427  101101 425  427  

001110 427  425  101110 427  425  

001111 427  427  101111 427  427  

010000 423  423  110000 423  423  

010001 423  421  110001 423  421  

010010 421  423  110010 421  423  

010011 421  421  110011 421  421  

010100 423  425  110100 423  425  

010101 423  427  110101 423  427  

010110 421  425  110110 421  425  

010111 421  427  110111 421  427  

011000 425  423  111000 425  423  

011001 425  421  111001 425  421  

011010 427  423  111010 427  423  

011011 427  421  111011 427  421  

011100 425  425  111100 425  425  

011101 425  427  111101 425  427  

011110 427  425  111110 427  425  

011111 427  427  111111 427  427  

Table A.1.4: 64QAM modulation mapping. 
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A.2 Pseudo-random sequence generation 

Pseudo-random sequences are defined by a length-31 Gold sequence. The output sequence )(nc  of 

length PNM , where 1,...,1,0 PN  Mn , is defined by  

 

 

  2mod)()1()2()3()31(

2mod)()3()31(

2mod)()()(

22222

111

21

nxnxnxnxnx

nxnxnx

NnxNnxnc CC







 

where 1600CN  and the first m-sequence shall be initialized with 30,...,2,1,0)(,1)0( 11  nnxx . The 

initialization of the second m-sequence is denoted by  


30

0
2init 2)(

i

iixc  with the value depending 

on the application of the sequence. 

 

A.3 CRC calculation 

Denote the input bits to the CRC computation by 13210 ,...,,,, Aaaaaa , and the parity bits by

13210 ,...,,,, Lppppp . A is the size of the input sequence and L is the number of parity bits. The parity 

bits are generated by one of the following cyclic generator polynomials: 

 gCRC24A(D) = [D24 + D23 + D18 + D17 + D14 + D11 + D10 + D7 + D6 + D5 + D4 + D3 + D + 1] for a CRC 

length L = 24 

 gCRC24B(D) = [D24 + D23 + D6 + D5 + D + 1] for a CRC length L = 24 

 gCRC16(D) = [D16 + D12 + D5 + 1] for a CRC length L = 16 

 gCRC8(D) = [D8 + D7 + D4 + D3 + D + 1] for a CRC length of L = 8 

 

The bits after CRC attachment are denoted by 13210 ,...,,,, Bbbbbb , where B = A+ L. The relation 

between ak and bk is: 

kk ab     for k = 0, 1, 2, …, A-1 

Akk ab    for k = A, A+1, A+2,..., A+L-1 

 

A.4 Code block segmentation and code block CRC attachment 

The input bit sequence to the code block segmentation is denoted by 13210 ,...,,,, Bbbbbb , where B > 

0. If B is larger than the maximum code block size Z, segmentation of the input bit sequence is 

performed and an additional CRC sequence of L = 24 bits is attached to each code block.  The 

maximum code block size is Z = 6144. 

If the number of filler bits F calculated below is not 0, filler bits are added to the beginning of the 

first block.  Note that if B < 40, filler bits are added to the beginning of the code block.  

The filler bits shall be set to <NULL> at the input to the encoder.  

 

Total number of code blocks C is determined by: 
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if ZB   

 L = 0 

 Number of code blocks: 1C  

 BB   

else 

 L = 24 

 Number of code blocks: 











LZ

B
C  

 LCBB   

end if 

 

The bits output from code block segmentation, for C  0, are denoted by  13210 ,...,,,, rKrrrrr ccccc  , 

where r is the code block number, and Kr is the number of bits for the code block number r. 

Number of bits in each code block (applicable for C  0 only): 

The sequence  13210 ,...,,,, LKrrrrr r
ccccc  is used to calculate the CRC parity bits  1210 ,...,,, Lrrrr pppp  

according to section 5.1.1 with the generator polynomial gCRC24B(D). For CRC calculation it is 

assumed that filler bits, if present, have the value 0. 

 

A.5 Tail biting convolutional coding 

A tail biting convolutional code with constraint length 7 and coding rate 1/3 is defined. 

The configuration of the convolutional encoder is presented in figure A.5. 

The initial value of the shift register of the encoder shall be set to the values corresponding to the 

last 6 information bits in the input stream so that the initial and final states of the shift register are 

the same. Therefore, denoting the shift register of the encoder by 5210 ,...,,, ssss , then the initial value 

of the shift register shall be set to  iKi cs  1  

D D D DD D

G0 = 133 (octal)

G1 = 171 (octal)

G2 = 165 (octal)

kc

)0(
kd

)1(
kd

)2(
kd

 

Figure A.5: Rate 1/3 tail biting convolutional encoder. 

 

The encoder output streams )0(
kd , )1(

kd  and )2(
kd  correspond to the first, second and third parity 

streams, respectively as shown in Figure A.5.  
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A.6 Turbo coding 

A.6.1 Turbo encoder 

The scheme of turbo encoder is a Parallel Concatenated Convolutional Code (PCCC) with two 8-

state constituent encoders and one turbo code internal interleaver.  The coding rate of turbo 

encoder is 1/3.  The structure of turbo encoder is illustrated in Figure A.6.1. 

The transfer function of the 8-state constituent code for the PCCC is: 

G(D) = , where  g0(D) = 1 + D2 + D3, g1(D) = 1 + D + D3. 

The initial value of the shift registers of the 8-state constituent encoders shall be all zeros when 

starting to encode the input bits. 

The output from the turbo encoder is 

kk xd 
)0(

 , kk zd 
)1(

, kk zd 
)2(   for 1,...,2,1,0  Kk  

If the code block to be encoded is the 0-th code block and the number of filler bits is greater than 

zero, i.e., F > 0, then the encoder shall set ck, = 0, k = 0,…,(F-1) at its input and shall set 

 NULLdk
)0( , k = 0,…,(F-1) and  NULLdk

)1( , k = 0,…,(F-1) at its output.  

The bits input to the turbo encoder are denoted by 13210 ,...,,,, Kccccc , and the bits output from the 

first and second 8-state constituent encoders are denoted by 13210 ,...,,,, Kzzzzz and

13210 ,...,,,,  Kzzzzz , respectively. The bits output from the turbo code internal interleaver are 

denoted by 110 ,...,,  Kccc , and these bits are to be the input to the second 8-state constituent encoder. 

DD D

DD D

Input 

Turbo code internal 

interleaver
Output

Output

1st constituent encoder

2nd constituent encoder

kc

kc

kx

kx

kz

kz

 

Figure A.6.1: Structure of rate 1/3 turbo encoder (dotted lines for trellis termination only). 
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A.6.2 Trellis termination for turbo encoder 

Trellis termination is performed by taking the tail bits from the shift register feedback after all 

information bits are encoded. Tail bits are padded after the encoding of information bits. 

The first three tail bits shall be used to terminate the first constituent encoder (upper switch of 

Figure A.6.1 in lower position) while the second constituent encoder is disabled. The last three tail 

bits shall be used to terminate the second constituent encoder (lower switch of Figure A.6.1 in 

lower position) while the first constituent encoder is disabled. 

The transmitted bits for trellis termination shall then be: 

KK xd 
)0( , 1

)0(
1   KK zd , KK xd 

)0(
2 , 1

)0(
3 

 KK zd  

KK zd 
)1( , 2

)1(
1   KK xd , KK zd 

)1(
2 , 2

)1(
3 

 KK xd  

1
)2(

 KK xd , 2
)2(
1   KK zd , 1

)2(
2 

 KK xd , 2
)2(
3 

 KK zd  

 

A.6.3 Turbo code internal interleaver 

The bits input to the turbo code internal interleaver are denoted by 110 ,...,, Kccc , where K is the 

number of input bits. The bits output from the turbo code internal interleaver are denoted by

110 ,...,,  Kccc .  

The relationship between the input and output bits is as follows  ii cc  , i=0, 1,…, (K-1) 

where the relationship between the output index i and the input index )(i  satisfies the following 

quadratic form   Kififi mod)( 2
21   

The parameters 1f  and 2f  depend on the block size K and are summarized in Table A.6.3.
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i K 1f  2f  i K 1f  2f  i K 1f  2f  i K 1f  2f  

1 40 3 10 48 416 25 52 95 1120 67 140 142 3200 111 240 
2 48 7 12 49 424 51 106 96 1152 35 72 143 3264 443 204 
3 56 19 42 50 432 47 72 97 1184 19 74 144 3328 51 104 
4 64 7 16 51 440 91 110 98 1216 39 76 145 3392 51 212 
5 72 7 18 52 448 29 168 99 1248 19 78 146 3456 451 192 
6 80 11 20 53 456 29 114 100 1280 199 240 147 3520 257 220 
7 88 5 22 54 464 247 58 101 1312 21 82 148 3584 57 336 
8 96 11 24 55 472 29 118 102 1344 211 252 149 3648 313 228 
9 104 7 26 56 480 89 180 103 1376 21 86 150 3712 271 232 

10 112 41 84 57 488 91 122 104 1408 43 88 151 3776 179 236 
11 120 103 90 58 496 157 62 105 1440 149 60 152 3840 331 120 
12 128 15 32 59 504 55 84 106 1472 45 92 153 3904 363 244 
13 136 9 34 60 512 31 64 107 1504 49 846 154 3968 375 248 
14 144 17 108 61 528 17 66 108 1536 71 48 155 4032 127 168 
15 152 9 38 62 544 35 68 109 1568 13 28 156 4096 31 64 
16 160 21 120 63 560 227 420 110 1600 17 80 157 4160 33 130 
17 168 101 84 64 576 65 96 111 1632 25 102 158 4224 43 264 
18 176 21 44 65 592 19 74 112 1664 183 104 159 4288 33 134 
19 184 57 46 66 608 37 76 113 1696 55 954 160 4352 477 408 
20 192 23 48 67 624 41 234 114 1728 127 96 161 4416 35 138 
21 200 13 50 68 640 39 80 115 1760 27 110 162 4480 233 280 
22 208 27 52 69 656 185 82 116 1792 29 112 163 4544 357 142 
23 216 11 36 70 672 43 252 117 1824 29 114 164 4608 337 480 
24 224 27 56 71 688 21 86 118 1856 57 116 165 4672 37 146 
25 232 85 58 72 704 155 44 119 1888 45 354 166 4736 71 444 
26 240 29 60 73 720 79 120 120 1920 31 120 167 4800 71 120 
27 248 33 62 74 736 139 92 121 1952 59 610 168 4864 37 152 
28 256 15 32 75 752 23 94 122 1984 185 124 169 4928 39 462 
29 264 17 198 76 768 217 48 123 2016 113 420 170 4992 127 234 
30 272 33 68 77 784 25 98 124 2048 31 64 171 5056 39 158 
31 280 103 210 78 800 17 80 125 2112 17 66 172 5120 39 80 
32 288 19 36 79 816 127 102 126 2176 171 136 173 5184 31 96 
33 296 19 74 80 832 25 52 127 2240 209 420 174 5248 113 902 
34 304 37 76 81 848 239 106 128 2304 253 216 175 5312 41 166 
35 312 19 78 82 864 17 48 129 2368 367 444 176 5376 251 336 
36 320 21 120 83 880 137 110 130 2432 265 456 177 5440 43 170 
37 328 21 82 84 896 215 112 131 2496 181 468 178 5504 21 86 
38 336 115 84 85 912 29 114 132 2560 39 80 179 5568 43 174 
39 344 193 86 86 928 15 58 133 2624 27 164 180 5632 45 176 
40 352 21 44 87 944 147 118 134 2688 127 504 181 5696 45 178 
41 360 133 90 88 960 29 60 135 2752 143 172 182 5760 161 120 
42 368 81 46 89 976 59 122 136 2816 43 88 183 5824 89 182 
43 376 45 94 90 992 65 124 137 2880 29 300 184 5888 323 184 
44 384 23 48 91 1008 55 84 138 2944 45 92 185 5952 47 186 
45 392 243 98 92 1024 31 64 139 3008 157 188 186 6016 23 94 
46 400 151 40 93 1056 17 66 140 3072 47 96 187 6080 47 190 
47 408 155 102 94 1088 171 204 141 3136 13 28 188 6144 263 480 

Table A.6.3: Turbo code internal interleaver parameters.
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