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6.2.4
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 
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 in a resource-element group depends on the number of cell-specific reference signals configured as described below with 
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In the first OFDM symbol of the first slot in a subframe the two resource-element groups in physical resource block 
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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 
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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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In the third OFDM symbol of the first slot in a subframe, the three resource-element groups in physical resource block 
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In the fourth OFDM symbol of the first slot in a subframe, the three resource-element groups in physical resource block 
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Mapping of a symbol-quadruplet 
[image: image30.wmf])

3

(

),

2

(

),

1

(

),

(

+

+

+

i

z

i

z

i

z

i

z

 onto a resource-element group represented by resource-element 
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 is defined such that elements 
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 of the resource-element group not used for cell-specific reference signals in increasing order of  
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 and 
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. In case a single cell-specific reference signal is configured, cell-specific reference signals shall be assumed to be present on antenna ports 0 and 1 for the purpose of mapping a symbol-quadruplet to a resource-element group, otherwise the number of cell-specific reference signals shall be assumed equal to the actual number of antenna ports used for cell-specific reference signals.
6.2.5
Guard period for half-duplex FDD operation

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. 
6.2.6
Guard Period for TDD Operation

For frame structure type 2, the GP field in Figure 4.2-1 serves as a guard period. 
6.3
General structure for downlink physical channels
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 code words 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
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Figure 6.3-1: Overview of physical channel processing.
6.3.1
Scrambling
For each code word
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 is the number of bits in code word 
[image: image40.wmf]q

 transmitted on the physical channel in one subframe, shall be scrambled prior to modulation, resulting in a block of scrambled bits 
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where the scrambling sequence 
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 is given by Section 7.2. The scrambling sequence generator shall be initialised at the start of each subframe, where the initialisation value of 
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where 
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n

 corresponds to the identity of the UE(s) to which the PDSCH transmission is intended. 

Up to two code words can be transmitted in one subframe, i.e., 
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6.3.2
Modulation

For each code word
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, the block of scrambled bits 
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shall be modulated as described in Section 7.1 using one of the modulation schemes in Table 6.3.2-1, resulting in a block of complex-valued modulation symbols 
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Table 6.3.2-1: Modulation schemes

	Physical channel
	Modulation schemes

	PDSCH
	QPSK, 16QAM, 64QAM

	PMCH
	QPSK, 16QAM, 64QAM


6.3.3
Layer mapping
The complex-valued modulation symbols for each of the code words to be transmitted are mapped onto one or several layers. Complex-valued modulation symbols  
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 is the number of layers and 
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6.3.3.1
Layer mapping for transmission on a single antenna port

For transmission on a single antenna port, a single layer is used, 
[image: image57.wmf]1

=

u

, and the mapping is defined by

[image: image58.wmf])

(

)

(

)

0

(

)

0

(

i

d

i

x

=


with 
[image: image59.wmf](0)

symb

layer

symb

M

M

=

.
6.3.3.2
Layer mapping for spatial multiplexing
For spatial multiplexing, the layer mapping shall be done according to Table 6.3.3.2-1. The number of layers 
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 is less than or equal to the number of antenna ports 
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 used for transmission of the physical channel.
Table 6.3.3.2-1: Codeword-to-layer mapping for spatial multiplexing
	Number of layers
	Number of code words
	Codeword-to-layer mapping
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6.3.3.3
Layer mapping for transmit diversity
For transmit diversity, the layer mapping shall be done according to Table 6.3.3.3-1. There is only one codeword and the number of layers 
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 is equal to the number of antenna ports 
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 used for transmission of the physical channel.

Table 6.3.3.3-1: Codeword-to-layer mapping for transmit diversity

	Number of layers
	Number of code words
	Codeword-to-layer mapping
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6.3.4
Precoding

The precoder takes as input a block of vectors
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 from the layer mapping and generates a block of vectors
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 to be mapped onto resources on each of the antenna ports, where 
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6.3.4.1
Precoding for transmission on a single antenna port

For transmission on a single antenna port, precoding is defined by 
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6.3.4.2
Precoding for spatial multiplexing
Precoding for spatial multiplexing is only used in combination with layer mapping for spatial multiplexing as described in Section 6.3.3.2. Spatial multiplexing supports two or four antenna ports and the set of antenna ports used is 
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6.3.4.2.1
Precoding for zero and small-delay CDD

For zero-delay and small-delay cyclic delay diversity (CDD), precoding for spatial multiplexing is defined by
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where the precoding matrix 
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The matrix 
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 shall be selected from Table 6.3.4.2.1-1, where a UE-specific value of 
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 in Table 6.3.4.2.1-1 is the smallest number from the set 
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Table 6.3.4.2.1-1: Zero and small delay cyclic delay diversity.
	Set of antenna ports used
	Number of layers 
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For spatial multiplexing, the values of  
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 shall be selected among the precoder elements in the codebook configured in the eNodeB and the UE. The eNodeB can further confine the precoder selection in the UE to a subset of the elements in the codebook using codebook subset restrictions. The configured codebook shall be selected from Table 6.3.4.2.3-1 or 6.3.4.2.3-2. 
6.3.4.2.2
Precoding for large delay CDD

For large-delay CDD, precoding for spatial multiplexing is defined by
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where the precoding matrix
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Table 6.3.4.2.2-1: Large-delay cyclic delay diversity
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6.3.4.2.3
Codebook for precoding
For transmission on two antenna ports, 
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 for zero, small, and large-delay CDD shall be selected from Table 6.3.4.2.3-1 or a subset thereof.

Table 6.3.4.2.3-1: Codebook for transmission on antenna ports 
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For transmission on four antenna ports, 
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Table 6.3.4.2.3-2: Codebook for transmission on antenna ports
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6.3.4.3
Precoding for transmit diversity
Precoding for transmit diversity is only used in combination with layer mapping for transmit diversity as described in Section 6.3.3.3. The precoding operation for transmit diversity is defined for two and four antenna ports.
For transmission on two antenna ports, 
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For transmission on four antenna ports, 
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6.3.5
Mapping to resource elements
For each of the antenna ports used for transmission of the physical channel, the block of complex-valued symbols 
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 shall be mapped in sequence starting with 
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 in the physical resource blocks corresponding to the virtual resource blocks assigned for transmission and not used for transmission of PCFICH, PHICH, PDCCH, PBCH, synchronization signals or reference signals. The mapping to resource elements 
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 not reserved for other purposes shall be in increasing order of first the index 
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 and then the index
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, starting with the first slot in a subframe. 
6.4
Physical downlink shared channel

The physical downlink shared channel shall be processed and mapped to resource elements as described in Section 6.3 with the following exceptions:
-
The set of antenna ports used for transmission of the PDSCH is one of 
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 if UE-specific reference signals are not transmitted

-
The antenna ports used for transmission of the PDSCH is 
[image: image262.wmf]{

}

5

 if UE-specific reference signals are transmitted
6.5
Physical multicast channel
The physical multicast channel shall be processed and mapped to resource elements as described in Section 6.3 with the following exceptions:

-
No transmit diversity scheme is specified

-
Layer mapping and precoding shall be done assuming a single antenna port and the transmission shall use antenna port 4.

-
In subframes where PMCH is transmitted on a carrier supporting a mix of PDSCH and PMCH transmission, 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. The non-MBSFN symbols shall use the same cyclic prefix as used for subframe #0.

-
PMCH shall not be transmitted in subframes 0 and 5 on a carrier supporting a mix of PDSCH and PMCH transmission

6.6
Physical broadcast channel
6.6.1
Scrambling

The block of bits
[image: image263.wmf])
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, 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  
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where the scrambling sequence 
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 is given by Section 7.2. The scrambling sequence shall be initialised with 
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6.6.2
Modulation

The block of scrambled bits 
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 shall be modulated as described in Section 7.1, resulting in a block of complex-valued modulation symbols
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. Table 6.6.2-1 specifies the modulation mappings applicable for the physical broadcast channel. 

Table 6.6.2-1: PBCH modulation schemes

	Physical channel
	Modulation schemes

	PBCH
	QPSK


6.6.3
Layer mapping and precoding

The block of modulation symbols 
[image: image272.wmf])

1

(

),...,

0

(

symb

-

M

d

d

 shall be mapped to layers according to one of Sections 6.3.3.1 or 6.3.3.3 with 
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 and precoded according to one of  Sections 6.3.4.1 or 6.3.4.3, resulting in a block of vectors 
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, where 
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 represents the signal for antenna port 
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and the number of antenna ports for cell-specific reference signals 
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6.6.4
Mapping to resource elements
The block of complex-valued symbols
[image: image280.wmf])

1

(

),...,

0

(

symb

)

(

)

(

-

M

y

y

p

p

 for each antenna port is transmitted during 4 consecutive radio frames starting in each radio frame fulfilling 
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 not reserved for transmission of reference signals shall be in increasing order of first the index
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, then the index 
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 in slot 1 in subframe 0 and finally the radio frame number. The resource-element indices are given by 
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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. Resource elements assumed to be reserved for reference signals in the mapping operation above but not used for transmission of reference signal shall not be used for transmission of any physical channel. 

6.7
Physical control format indicator channel 

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 6.7-1.

Table 6.7-1: Maximum number of OFDM symbols used for PDCCH.

	Subframe
	Number of OFDM symbols for PDCCH

	Subframe 1 and 6 for frame structure type 2
	1, 2

	MBSFN subframes on a carrier supporting both PMCH and PDSCH
	1, 2

	MBSFN subframes on a carrier not supporting PDSCH
	0

	All other subframes when 
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	2, 3, 4

	All other cases
	1, 2, 3


6.7.1
Scrambling

The block of bits 
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 transmitted in one subframe shall be scrambled with a cell-specific sequence prior to modulation, resulting in a block of scrambled bits
[image: image290.wmf])

31

(

~

),...,

0

(

~

b

b

according to


[image: image291.wmf](

)

2

mod

)

(

)

(

)

(

~

i

c

i

b

i

b

+

=


where the scrambling sequence 
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 is given by Section 7.2. The scrambling sequence generator shall be initialised with 
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 at the start of each subframe.
6.7.2
Modulation

The block of scrambled bits
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 shall be modulated as described in Section 7.1, resulting in a block of complex-valued modulation symbols
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. Table 6.7.2-1 specifies the modulation mappings applicable for the physical control format indicator channel.

Table 6.7.2-1: PCFICH modulation schemes

	Physical channel
	Modulation schemes

	PCFICH
	QPSK


6.7.3
Layer mapping and precoding

The block of modulation symbols 
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 shall be mapped to layers according to one of Sections 6.3.3.1 or 6.3.3.3 with
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 and precoded according to one of  Sections 6.3.4.1 or 6.3.4.3, resulting in a block of vectors 
[image: image298.wmf][

]

T

P

i

y

i

y

i

y

)

(

...

)

(

)

(

)

1

(

)

0

(

-

=

, 
[image: image299.wmf]15

,...,

0

=

i

, where 
[image: image300.wmf])

(

)

(

i

y

p

 represents the signal for antenna port 
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6.7.4
Mapping to resource elements

The mapping to resource elements is defined in terms of quadruplets of complex-valued symbols. Let 
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 denote symbol quadruplet 
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 for antenna port
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. For each of the antenna ports, symbol quadruplets shall be mapped in increasing order of 
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 to the four resource-element groups in the first OFDM symbol in a downlink subframe with the representative resource-element as defined in Section 6.2.4 given by
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where the additions are modulo 
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 is the physical-layer cell identity as given by Section 6.11. 
6.8
Physical downlink control channel
6.8.1
PDCCH formats

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 a set of resource elements. The CCEs available in the system are numbered from 0 and upwards. The PDCCH supports multiple formats as listed in Table 6.8.1-1. A PDCCH consisting of 
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 consecutive CCEs may only start on a CCE fulfilling 
[image: image313.wmf]0

mod

=

n

i

, where 
[image: image314.wmf]i

 is the CCE number. 
Multiple PDCCHs can be transmitted in a subframe.

Table 6.8.1-1: Supported PDCCH formats

	PDCCH format
	Number of CCEs
	Number of PDCCH bits

	0
	1
	

	1
	2
	

	2
	4
	

	3
	8
	


6.8.2
PDCCH multiplexing and scrambling

The block of bits
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 on each of the control channels to be transmitted in a subframe, where 
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 is the number of bits in one subframe to be transmitted on physical downlink control channel number 
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, shall be multiplexed, resulting in a block of bits
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, where 
[image: image319.wmf]PDCCH
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 is the number of PDCCHs transmitted in the subframe. 

The block of bits 
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 shall be scrambled with a cell-specific sequence prior to modulation, resulting in a block of scrambled bits 
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where the scrambling sequence 
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 is given by Section 7.2. The scrambling sequence generator shall be initialised with 
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 at the start of each subframe.

If necessary, dummy elements shall be inserted in the block of bits prior to scrambling to ensure that the PDCCHs starts at the CCE positions as described in [4] and to ensure that the length 
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 of the scrambled block of bits matches the amount of resources reserved for PDCCH transmission.
6.8.3
Modulation

The block of scrambled bits
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 shall be modulated as described in Section 7.1, resulting in a block of complex-valued modulation symbols
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. Table 6.8.3-1 specifies the modulation mappings applicable for the physical downlink control channel.

Table 6.8.3-1: PDCCH modulation schemes

	Physical channel
	Modulation schemes

	PDCCH
	QPSK


6.8.4
Layer mapping and precoding

The block of modulation symbols 
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 shall be mapped to layers according to one of Sections 6.3.3.1 or 6.3.3.3  with 
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 and precoded according to one of Sections 6.3.4.1 or 6.3.4.3, resulting in a block of vectors 
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 represents the signal for antenna port 
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. The PDCCH shall be transmitted on the same set of antenna ports as the PBCH.

6.8.5
Mapping to resource elements
The mapping to resource elements is defined by operations on quadruplets of complex-valued symbols. Let 
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 denote symbol quadruplet 
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 for antenna port
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The block of quadruplets
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The block of quadruplets 
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Mapping of the block of quadruplets 
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 is defined in terms of resource-element groups, specified in Section 6.2.4, according to steps 1–10 below:
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