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5.4
Physical uplink control channel

The physical uplink control channel, PUCCH, carries uplink control information. Simultaneous transmission of PUCCH and PUSCH from the same UE is supported if enabled by higher layers. 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

	3
	QPSK
	48

	4
	QPSK
	

	5
	QPSK
	


All PUCCH formats use a cyclic shift, 
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where the pseudo-random sequence 
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 is defined by clause 7.2. The pseudo-random sequence generator shall be initialized with 
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 is given by clause 5.5.1.5 with 
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 corresponding to the primary cell, at the beginning of each radio frame.

The physical resources used for PUCCH depends on two parameters, 
[image: image10.wmf](2)

RB

N

 and 
[image: image11.wmf](1)

cs

N

, given by higher layers. 
The variable 
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 denotes the bandwidth in terms of resource blocks that are available for use by PUCCH formats 2/2a/2b transmission in each slot. The variable 
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 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. The value of 
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 is provided by higher layers. No mixed resource block is present if 
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. At most one resource block in each slot supports a mix of formats 1/1a/1b and 2/2a/2b. 
Resources used for transmission of PUCCH formats 1/1a/1b, 2/2a/2b, 3, 4, and 5 are represented by the non-negative indices 
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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 clause, 
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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 Table 5.4.1-1, 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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 antenna ports used for PUCCH transmission according to
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where 
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 is defined by clause 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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and
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with 
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 for both slots of normal PUCCH formats 1/1a/1b, and 
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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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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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The parameter deltaPUCCH-Shift 
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Table 5.4.1-1: Modulation symbol 
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Table 5.4.1-2: Orthogonal sequences 
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	Sequence index 
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Table 5.4.1-3: 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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The block of scrambled bits 
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Each complex-valued symbol 
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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) 
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 used in the generation of the reference-signal for PUCCH format 2a and 2b as described in clause 5.5.2.2.1. 

Table 5.4.2-1: Modulation symbol 
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5.4.2A
PUCCH format 3

The block of bits 
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where the scrambling sequence 
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Table 5.4.2A-1: The orthogonal sequence 
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5.4.2B
PUCCH format 4
The block of bits 
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5.4.2C
PUCCH format 5
The block of bits 
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The block-wise spread complex-valued symbols shall be transform precoded according to
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Table 5.4.2C-1: The quantities 
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Table 5.4.2C-2: Orthogonal sequences 
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	Orthogonal sequences 
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5.4.3
Mapping to physical resources

The block of complex-valued symbols 
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Except for PUCCH format 4, 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. 
-
Formats 1, 1a and 1b:
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Formats 2, 2a and 2b:
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Format 3:
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For PUCCH format 4, the physical resource blocks to be used for transmission of PUCCH in slot 
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where 
[image: image229.wmf]PUCCH4
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 is obtained from [4].
Mapping of modulation symbols for the physical uplink control channel for PUCCH formats 1 – 3  is illustrated in Figure 5.4.3-1. 
In case of simultaneous transmission of sounding reference signal and PUCCH format 1, 1a, 1b or 3 when there is one serving cell configured, a shortened PUCCH format shall be used where the last SC-FDMA symbol in the second slot of a subframe shall be left empty.
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Figure 5.4.3-1: Mapping to physical resource blocks for PUCCH formats 1 – 3
5.5
Reference signals
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

The same set of base sequences is used for demodulation and sounding reference signals.

5.5.1
Generation of the reference signal sequence
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5.5.1.3
Group hopping

The sequence-group number 
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There are 17 different hopping patterns and 30 different sequence-shift patterns. Sequence-group hopping can be enabled or disabled by means of the cell-specific parameter Group-hopping-enabled provided by higher layers. Sequence-group hopping for PUSCH can be disabled for a certain UE through the higher-layer parameter Disable-sequence-group-hopping despite being enabled on a cell basis unless the PUSCH transmission corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the contention based random access procedure. 
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where the pseudo-random sequence 
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The sequence-shift pattern 
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 definition differs between PUCCH, PUSCH and SRS.

For PUCCH, the sequence-shift pattern 
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For PUSCH, the sequence-shift pattern 
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For SRS, the sequence-shift pattern 
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5.5.1.4
Sequence hopping

Sequence hopping only applies for reference-signals of length 
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where the pseudo-random sequence 
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 is given by clause 7.2. The parameter Sequence-hopping-enabled provided by higher layers determines if sequence hopping is enabled or not. Sequence hopping for PUSCH can be disabled for a certain UE through the higher-layer parameter Disable-sequence-group-hopping despite being enabled on a cell basis unless the PUSCH transmission corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the contention based random access procedure. 
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For SRS, the pseudo-random sequence generator shall be initialized with 
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5.5.1.5
Determining virtual cell identity for sequence generation

The definition of 
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5.5.2
Demodulation reference signal
5.5.2.1
Demodulation reference signal for PUSCH
5.5.2.1.1
Reference signal sequence
The PUSCH demodulation reference signal sequence 
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The vector of reference signals shall be precoded according to
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5.5.2.1.2
Mapping to physical resources
For each antenna port used for transmission of the PUSCH, the sequence 
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5.5.2.2
Demodulation reference signal for PUCCH

5.5.2.2.1
Reference signal sequence
The PUCCH demodulation reference signal sequence 
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 is the number of antenna ports used for PUCCH transmission. For PUCCH formats 2a and 2b, 
[image: image414.wmf])

(

m

z

 equals 
[image: image415.wmf])

10

(

d

 for 
[image: image416.wmf]1

=

m

, where 
[image: image417.wmf])

10

(

d

 is defined in clause 5.4.2. For all other cases, 
[image: image418.wmf].

1

)

(

=

m

z


The sequence 
[image: image419.wmf])

(

)

(

,

~

n

r

p

v

u

a

is given by clause 5.5.1 with 
[image: image420.wmf]12

RS

sc

=

M

 where the expression for the cyclic shift 
[image: image421.wmf]p

~

a

 is determined by the PUCCH format. 

For PUCCH formats 1, 1a and 1b, 
[image: image422.wmf])

,

(

s

~

l

n

p

a

  is given by


[image: image423.wmf]ë

û

(

)

(

)

[

]

(

)

[

]

ï

î

ï

í

ì

¢

+

D

×

¢

+

¢

D

+

D

×

¢

+

=

×

=

¢

D

×

¢

=

prefix

 

cyclic

 

extended

for 

mod

mod

)

(

)

(

)

,

(

prefix

 

cyclic

 

normal

for 

mod

mod

mod

)

(

)

(

)

,

(

)

,

(

)

,

(

2

)

,

(

)

(

)

(

RB

sc

s

)

~

(

oc

PUCCH

shift

s

~

s

cell

cs

RB

sc

PUCCH

shift

s

)

~

(

oc

PUCCH

shift

s

~

s

cell

cs

s

)

~

(

cs

RB

sc

s

)

~

(

cs

s

~

PUCCH

shift

s

~

s

)

~

(

oc

N

N

n

n

n

n

l

n

n

N

N

n

n

n

n

l

n

n

l

n

n

N

l

n

n

l

n

N

n

n

n

n

p

p

p

p

p

p

p

p

p

p

a


where 
[image: image424.wmf])

(

s

~

n

n

p

¢

, 
[image: image425.wmf]N

¢

, 
[image: image426.wmf]PUCCH

shift

D

 and 
[image: image427.wmf])

,

(

cell

cs

l

n

n

s

 are defined by clause 5.4.1. The number of reference symbols per slot 
[image: image428.wmf]PUCCH

RS

N

 and the sequence 
[image: image429.wmf])

(

n

w

 are given by Table 5.5.2.2.1-1 and 5.5.2.2.1-2, respectively. 

For PUCCH formats 2, 2a and 2b, 
[image: image430.wmf])

,

(

s

~

l

n

p

a

  is defined by clause 5.4.2. The number of reference symbols per slot 
[image: image431.wmf]PUCCH

RS

N

 and the sequence 
[image: image432.wmf])

(

)

~

(

n

w

p

 are given by Table 5.5.2.2.1-1 and 5.5.2.2.1-3, respectively. 
For PUCCH format 3, 
[image: image433.wmf])

,

(

s

~

l

n

p

a

 is given by


[image: image434.wmf](

)

RB

sc

s

~

s

cell

cs

s

)

~

(

cs

RB

sc

s

)

~

(

cs

s

~

mod

)

(

)

,

(

)

,

(

)

,

(

2

)

,

(

N

n

n

l

n

n

l

n

n

N

l

n

n

l

n

p

p

p

p

¢

+

=

×

=

p

a


where 
[image: image435.wmf])

(

s

~

n

n

p

¢

 is given by Table 5.5.2.2.1-4 and 
[image: image436.wmf])

~

(

0

oc,

p

n

 and 
[image: image437.wmf])

~

(

1

oc,

p

n

  for the first and second slot in a subframe, respectively, are obtained from clause 5.4.2A. The number of reference symbols per slot 
[image: image438.wmf]PUCCH

RS

N

 and the sequence 
[image: image439.wmf])

(

n

w

 are given by Table 5.5.2.2.1-1 and 5.5.2.2.1-3, respectively.

Table 5.5.2.2.1-1: Number of PUCCH demodulation reference symbols per slot
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Table 5.5.2.2.1-2: Orthogonal sequences 
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Table 5.5.2.2.1-3: Orthogonal sequences 
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 for PUCCH formats 2, 2a, 2b and 3.

	Normal cyclic prefix
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Table 5.5.2.2.1-4: Relation between 
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The PUCCH demodulation reference signal sequence 
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Subclause 5.5.1 defines the sequence 
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The cyclic shift 
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5.5.2.2.2
Mapping to physical resources
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Table 5.5.2.2.2-1: Demodulation reference signal location for different PUCCH formats.
	PUCCH format
	Set of values for 
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