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5.4
Physical uplink control channel

The physical uplink control channel, PUCCH, carries uplink control information. The PUCCH is never transmitted simultaneously with the PUSCH from the same UE. For frame structure type 2, the PUCCH is not transmitted in the UpPTS field.

The physical uplink control channel supports multiple formats as shown in Table 5.4-1. Formats 2a and 2b are supported for normal cyclic prefix only.

Table 5.4-1: Supported PUCCH formats.

	PUCCH format
	Modulation scheme
	Number of bits per subframe, 
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	1
	N/A
	N/A

	1a
	BPSK
	1

	1b
	QPSK
	2

	2
	QPSK
	20

	2a
	QPSK+BPSK
	21

	2b
	QPSK+QPSK
	22


All PUCCH formats use a cyclic shift of a sequence in each symbol, where 
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 is used to derive the cyclic shift for the different PUCCH formats. The quantity 
[image: image3.wmf])

,

(

cell

cs

l

n

n

s

 varies with the symbol number 
[image: image4.wmf]l

 and the slot number 
[image: image5.wmf]s

n

 according to


[image: image6.wmf]å

=

×

+

+

×

=

3

0

s

UL

symb

s

cell

cs

2

)

4

4

(

)

,

(

i

i

i

l

n

N

c

l

n

n


where the pseudo-random sequence 
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 is defined by section 7.2. The pseudo-random sequence generator shall be initialized with 
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The physical resources used for PUCCH depends on two parameters, 
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 denotes the bandwidth in terms of resource blocks that are reserved exclusively for PUCCH formats 2/2a/2b transmission in each slot. The variable 
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 and denotes the number of cyclic shift used for PUCCH formats 1/1a/1b in a resource block used for a mix of formats 1/1a/1b and 2/2a/2b. No mixed resource block is present if 
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, respectively. 

5.4.1
PUCCH formats 1, 1a and 1b
For PUCCH format 1, information is carried by the presence/absence of transmission of PUCCH from the UE. In the remainder of this section, 
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 shall be assumed for PUCCH format 1.

For PUCCH formats 1a and 1b, one or two explicit bits are transmitted, respectively. The block of bits 
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 shall be modulated as described in Section 7.1, resulting in a complex-valued symbol
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. The modulation schemes for the different PUCCH formats are given by Table 5.4-1.

The complex-valued symbol 
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 shall be multiplied with a cyclically shifted length 
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where 
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 is defined by section 5.5.1 with
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 varies between symbols and slots as defined below. 

The block of complex-valued symbols 
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with 
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Resources used for transmission of PUCCH format 1, 1a and 1b are identified by a resource index 
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where 
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The resource indices within the two resource blocks in the two slots of a subframe to which the PUCCH is mapped are given by
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are set by higher layers. 

Table 5.4.1-1: Orthogonal sequences 
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	Sequence index 
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	Orthogonal sequences 
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5.4.2
PUCCH formats 2, 2a and 2b

The block of bits 
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 shall be scrambled with a UE-specific scrambling sequence, 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.

The block of scrambled bits 
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 shall be QPSK modulated as described in Section 7.1, resulting in a block of complex-valued modulation symbols
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Each complex-valued symbol 
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where 
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Resources used for transmission of PUCCH formats 2/2a/2b are identified by a resource index 
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For PUCCH formats 2a and 2b, supported for normal cyclic prefix only, the bit(s) 
[image: image69.wmf])

1

(

),...,

20

(

bit

-

M

b

b

 shall be modulated as described in Table 5.4.2-1 resulting in a single modulation symbol 
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 used in the generation of the reference-signal for PUCCH format 2a and 2b as described in Section 5.5.2.2.1. 

Table 5.4.2-1: Modulation symbol 
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 for PUCCH formats 2a and 2b.

	PUCCH format
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5.4.3
Mapping to physical resources

The block of complex-valued symbols 
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 to resource elements. 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 
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The physical resource blocks to be used for transmission of PUCCH in slot 
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where the variable 
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 depends on the PUCCH format. For formats 1, 1a and 1b
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and for formats 2, 2a and 2b
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Mapping of modulation symbols for the physical uplink control channel is illustrated in Figure 5.4.3-1. 
In case of simultaneous transmission of sounding reference signal and PUCCH format 1a or 1b, one SC-FDMA symbol on PUCCH shall punctured.
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Figure 5.4.3-1: Mapping to physical resource blocks for PUCCH.
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