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6
Downlink
6.1
Overview
The smallest time-frequency unit for downlink transmission is denoted a resource element and is defined in Section 6.2.2.
A subset of the downlink subframes in a radio frame on a carrier supporting PDSCH transmission can be configured as MBSFN subframes by higher layers. Each MBSFN subframe is divided into a non-MBSFN region and an MBSFN region.
-
The non-MBSFN region spans the first one or two OFDM symbols in an MBSFN subframe where the length of the non-MBSFN region is given by Table 6.7-1. Transmission in the non-MBSFN region shall use the same cyclic prefix length as used for subframe 0.

-
The MBSFN region in an MBSFN subframe is defined as the OFDM symbols not used for the non-MBSFN region. 

6.1.1
Physical channels
A downlink physical channel corresponds to a set of resource elements carrying information originating from higher layers and is the interface defined between 36.212 and 36.211. The following downlink physical channels are defined:

-
Physical Downlink Shared Channel, PDSCH

-
Physical Broadcast Channel, PBCH
-
Physical Multicast Channel, PMCH

-
Physical Control Format Indicator Channel, PCFICH
-
Physical Downlink Control Channel, PDCCH
-
Physical Hybrid ARQ Indicator Channel, PHICH

6.1.2
Physical signals
A downlink physical signal corresponds to a set of resource elements used by the physical layer but does not carry information originating from higher layers. The following downlink physical signals are defined:

-
Reference signal

-
Synchronization signal

6.2
Slot structure and physical resource elements
6.2.1
Resource grid
The transmitted signal in each slot is described by a resource grid of 
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 OFDM symbols. The resource grid structure is illustrated in Figure 6.2.2-1. The quantity 
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 depends on the downlink transmission bandwidth configured in the cell and shall fulfil
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where 
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 are the smallest and largest downlink bandwidths, respectively, supported by the current version of this specification. 

The set of allowed values for 
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 is given by [6].  The number of OFDM symbols in a slot depends on the cyclic prefix length and subcarrier spacing configured and is given in Table 6.2.3-1.
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 support a configuration of one, two, or four antenna ports and the antenna port number 
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-
MBSFN reference signals are transmitted on antenna port
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-
UE-specific reference signals are transmitted on antenna port(s)
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-
Positioning reference signals are transmitted on antenna port
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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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 which meet all of the following criteria: 

-
they are in the physical resource blocks corresponding to the virtual resource blocks assigned for transmission, and 
-
they are not used for transmission of PBCH, synchronization signals, cell-specific reference signals, MBSFN reference signals or UE-specific reference signals, and

-
they are not in an OFDM symbol used for PDCCH as defined in section 6.7. 

The mapping to resource elements 
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 on antenna port 
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 not reserved for other purposes shall be in increasing order of first the index 
[image: image23.wmf]k

 over the assigned physical resource blocks and then the index
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, starting with the first slot in a subframe. 
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.
-
The PMCH can only be transmitted in the MBSFN region of an MBSFN subframe.

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: Number of OFDM symbols used for PDCCH.

	Subframe
	Number of OFDM symbols for PDCCH when 
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	Number of OFDM symbols for PDCCH when 
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	Subframe 1 and 6 for frame structure type 2
	1, 2
	2

	MBSFN subframes on a carrier supporting PDSCH, configured with 1 or 2 cell-specific antenna ports
	1, 2
	2

	MBSFN subframes on a carrier supporting PDSCH, configured with 4 cell-specific antenna ports
	2
	2

	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


The PCFICH shall be transmitted when the number of OFDM symbols for PDCCH is greater than zero.
6.9.3
Mapping to resource elements

The sequence 
[image: image27.wmf])

1

(

),...,

0

(

(0)

symb

)

(

)

(

-

M

y

y

p

p

 for each of the PHICH groups is defined by
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where the sum is over all PHICHs in the PHICH group and 
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 represents the symbol sequence from the 
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PHICH groups are mapped to PHICH mapping units. 
For normal cyclic prefix, the mapping of PHICH group 
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 to PHICH mapping unit 
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 is given by Table 6.9-1.
For extended cyclic prefix, the mapping of PHICH group 
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 is given by Table 6.9-1.

Let  
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 for antenna port
[image: image49.wmf]p

.  Mapping to resource elements is defined in terms of symbol quadruplets according to steps 1–10 below:

1)
For each value of 
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Let 
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 denote the number of resource element groups not assigned to PCFICH in OFDM symbol 
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3)
Number the resource-element groups not assigned to PCFICH in OFDM symbol 
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, starting from the resource-element group with the lowest frequency-domain index.

4)
Initialize 
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 (PHICH mapping unit number)

5)
For each value of 
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Symbol-quadruplet 
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7)
The time-domain index 
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8)
Set the frequency-domain index 
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 to the resource-element group assigned the number 
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in case of extended PHICH duration in MBSFN subframes, or extended PHICH duration in subframes 1 and 6 for frame structure type 2 and by
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otherwise.

9)
Increase 
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 by 1.

10)
Repeat from step 5 until all PHICH mapping units have been assigned.

The PHICH duration is configurable by higher layers according to Table 6.9.3-1. The duration configured puts a lower limit on the size of the control region signalled by the PCFICH. 

Table 6.9.3-1: PHICH duration in MBSFN and non-MBSFN subframes.

	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 PDSCH 

	Normal
	1
	1
	1

	Extended
	2
	3
	2


6.10
Reference signals
Four types of downlink reference signals are defined:

-
Cell-specific reference signals
-
MBSFN reference signals
-
UE-specific reference signals
-
Positioning reference signals
There is one reference signal transmitted per downlink antenna port. 
6.10.1
Cell-specific reference signals

Cell-specific reference signals shall be transmitted in all downlink subframes in a cell supporting PDSCH transmission. 
Cell-specific reference signals are transmitted on one or several of antenna ports 0 to 3.

Cell-specific reference signals are defined for 
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6.10.1.1
Sequence generation
The reference-signal sequence 
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where 
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 is the slot number within a radio frame and 
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 is the OFDM symbol number within the slot. The pseudo-random sequence 
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 is defined in Section 7.2. The pseudo-random sequence generator shall be initialised with 
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 at the start of each OFDM symbol where 
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6.10.1.2
Mapping to resource elements
The reference signal sequence 
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 shall be mapped to complex-valued modulation symbols 
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The variables 
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 and 
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 define the position in the frequency domain for the different reference signals where 
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The cell-specific frequency shift is given by 
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Resource elements 
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 used for reference signal transmission on any of the antenna ports in a slot shall not be used for any transmission on any other antenna port in the same slot and set to zero.
In an MBSFN subframe, cell-specific reference signals shall only be transmitted in the non-MBSFN region of the MBSFN subframe.
Figures 6.10.1.2-1 and 6.10.1.2-2 illustrate the resource elements used for reference signal transmission according to the above definition. The notation 
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 is used to denote a resource element used for reference signal transmission on antenna port
[image: image91.wmf]p

.

[image: image92.emf]0



l

0

R

0

R

0

R

0

R

6



l 0



l

0

R

0

R

0

R

0

R

6



l

O

n

e

 

a

n

t

e

n

n

a

 

p

o

r

t

T

w

o

 

a

n

t

e

n

n

a

 

p

o

r

t

s

Resource element (k,l)

Not used for transmission on this antenna port

Reference symbols on this antenna port

0  l

0

R

0

R

0

R

0

R

6  l 0  l

0

R

0

R

0

R

0

R

6  l 0  l

1

R

1

R

1

R

1

R

6  l 0  l

1

R

1

R

1

R

1

R

6  l

0  l

0

R

0

R

0

R

0

R

6  l 0  l

0

R

0

R

0

R

0

R

6  l 0  l

1

R

1

R

1

R

1

R

6  l 0  l

1

R

1

R

1

R

1

R

6  l

F

o

u

r

 

a

n

t

e

n

n

a

 

p

o

r

t

s

0  l 6  l 0  l

2

R

6  l 0  l 6  l 0  l 6  l

2

R

2

R

2

R

3

R

3

R

3

R

3

R

even-numbered slots odd-numbered slots

Antenna port 0

even-numbered slots odd-numbered slots

Antenna port 1

even-numbered slots odd-numbered slots

Antenna port 2

even-numbered slots odd-numbered slots

Antenna port 3


Figure 6.10.1.2-1. Mapping of downlink reference signals (normal cyclic prefix).
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Figure 6.10.1.2-2. Mapping of downlink reference signals (extended cyclic prefix).

6.10.2
MBSFN reference signals

MBSFN reference signals shall be transmitted only when the PMCH is transmitted.  MBSFN reference signals are transmitted on antenna port 4.

MBSFN reference signals are defined for extended cyclic prefix only.

6.10.2.1
Sequence generation

The MBSFN reference-signal sequence
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where 
[image: image96.wmf]s

n

 is the slot number within a radio frame and 
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 is the OFDM symbol number within the slot. The pseudo-random sequence 
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 is defined in Section 7.2. The pseudo-random sequence generator shall be initialised with 
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 at the start of each OFDM symbol.
6.10.2.2
Mapping to resource elements

The reference-signal sequence 
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 shall be mapped to complex-valued modulation symbols 
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Figure 6.10.2.2-1 illustrates the resource elements used for MBSFN reference signal transmission in case of 
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 for a MBSFN-dedicated cell, the MBSFN reference signal shall be mapped to resource elements according to Figure 6.10.2.2-3. The notation 
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 is used to denote a resource element used for reference signal transmission on antenna port
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Figure 6.10.2.2-1: Mapping of MBSFN reference signals (extended cyclic prefix, 
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Figure 6.10.2.2-3: Mapping of MBSFN reference signals (extended cyclic prefix, 
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