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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 block-wise spread with the antenna-port specific orthogonal sequence 
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with 
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 for the two slots in a subframe given by Table 5.4.1-1a. The sequence 
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 is given by Table 5.4.1-2 and Table 5.4.1-3 and 
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 is defined below.

Resources used for transmission of PUCCH format 1, 1a and 1b are identified by a resource index 
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where 


[image: image25.wmf]î

í

ì

=

ï

î

ï

í

ì

D

×

<

=

¢

prefix

 

cyclic

 

extended

2

prefix

 

cyclic

 

normal

3

otherwise

 

if

RB

sc

PUCCH

shift

(1)

cs

)

~

(1,

PUCCH

(1)

cs

c

N

N

c

n

N

N

p


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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for normal CP and 
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The parameter deltaPUCCH-Shift 
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 is provided by higher layers. 

Table 5.4.1-1: Modulation symbol 
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 for PUCCH formats 1a and 1b

	PUCCH format
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Table 5.4.1-1a: The quantity 
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 for PUCCH formats 1a and 1b

	PUCCH format
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	first slot
	second slot

	normal 1/1a/1b
	4
	4

	shortened 1/1a/1b
	4
	3

	
	
	

	
	
	


Table 5.4.1-2: Orthogonal sequences 
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	Sequence index 
[image: image47.wmf])

(

s

)

~

(

oc

n

n

p


	Orthogonal sequences 
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Table 5.4.1-3: Orthogonal sequences 
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	Orthogonal sequences 
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< Unchanged parts are omitted >
5.4.3
Mapping to physical resources

The block of complex-valued symbols 
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 shall be multiplied with the amplitude scaling factor 
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 in order to conform to the transmit power 
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 specified in Subclause 5.1.2.1 in 3GPP TS 36.213 [4], and mapped in sequence starting with 
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 to resource elements. PUCCH uses one or more resource block in each of the two slots in a subframe. Within the physical resource block(s) used for transmission, the mapping of 
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 and not used for transmission of reference signals shall be in increasing order of first 
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 and finally the slot number, starting with the first slot in the subframe. The relation between the index 
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 and the antenna port number 
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 is given by Table 5.2.1-1.

For non-BL/CE UEs, except for PUCCH format 4, the physical resource blocks to be used for transmission of PUCCH in slot 
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For BL/CE UEs, PUCCH is transmitted with 
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 consecutive subframes, including invalid subframes where the UE postpones the PUCCH transmission if 
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 is given by the higher-layer parameter pucch-NumRepetitionCE-Msg4 for transmission of Msg4 in the random-access procedure [8], otherwise by pucch-NumRepetitionCE-Format1 for PUCCH format 1/1a and pucch-NumRepetitionCE-Format2 for PUCCH format 2/2a/2b,
The physical resource blocks to be used for transmission of PUCCH in subframe 
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 within the  
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 consecutive subframes are given by
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where 
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 is the absolute subframe number of the first uplink subframe intended for PUCCH.

The variable 
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 depends on the PUCCH format. 
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Formats 1, 1a and 1b:
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Formats 2, 2a and 2b:
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Format 3:
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Format 5 (non-BL/CE UEs only):
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For non-BL/CE UEs, for PUCCH format 4, the physical resource blocks to be used for transmission of PUCCH in slot 
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 are given by
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where 
[image: image87.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, 3, 4 or 5 when there is one serving cell configured, the shortened PUCCH format shall be used where the last SC-FDMA symbol in the second slot of a subframe shall be left empty. 
In case of guard period for narrowband retuning for BL/CE UEs, 




if an SC-FDMA symbol is left empty due to guard period, the SC-FDMA symbol shall be counted in the PUCCH mapping but not used for transmission of the PUCCH. The SC-FDMA symbol affected by the guard period can be the first SC-FDMA symbol in the first slot of a subframe and/or the last SC-FDMA symbol in the second slot of a subframe.
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Figure 5.4.3-1: Mapping to physical resource blocks for PUCCH formats 1 – 3 for non-BL/CE UEs.
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