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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 
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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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 at the beginning of each radio frame.

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 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. 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 format 1/1a/1b and 2/2a/2b are represented by the non-negative indices 
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//----------------------------------------------------------------------------------- //
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

Reference signal sequence 
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 is defined by a cyclic shift 
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where 
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Base sequences 
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 is the base sequence number within the group, such that each group contains one base sequence (
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 within the group may vary in time as described in Sections 5.5.1.3 and 5.5.1.4, respectively.The definition of the base sequence 
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5.5.1.1
Base sequences of length 
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where the 
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 root  Zadoff-Chu sequence is defined by


[image: image41.wmf](

)

1

0

,

RS

ZC

)

1

(

RS

ZC

-

£

£

=

+

-

N

m

e

m

x

N

m

qm

j

q

p


with 
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The length 
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 of the Zadoff-Chu sequence is given by the largest prime number such that
[image: image45.wmf]RS

sc

RS

ZC

M

N

<

.

5.5.1.2
Base sequences of length less than 
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where the value of 
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Table 5.5.1.2-1: Definition of 
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Table 5.5.1.2-2: Definition of 
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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 higher layers. PUCCH and PUSCH have the same hopping pattern but may have different sequence-shift patterns.

The group-hopping pattern 
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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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 at the beginning of each radio frame.

The sequence-shift pattern 
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 is configured by higher layers.

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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