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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 with different number of bits per subframe, where 
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 represents the bandwidth of the PUCCH format 4 as defined by clause 5.4.2B, and 
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 are defined in Table 5.4.2C-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
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	5
	QPSK
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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 
[image: image12.wmf]RS

ID

init

n

c

=

, where 
[image: image13.wmf]RS

ID

n

 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, 
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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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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 the two slots in a subframe given by Table 5.4.1-1a. The sequence 
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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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 is provided by higher layers. 

Table 5.4.1-1: Modulation symbol 
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	PUCCH format
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Table 5.4.1-1a: The quantity 
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	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 
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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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 shall be QPSK modulated as described in clause 7.1, resulting in a block of complex-valued modulation symbols 
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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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 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 clause 5.5.2.2.1. 

Table 5.4.2-1: Modulation symbol 
[image: image118.wmf])

10

(

d

 for PUCCH formats 2a and 2b

	PUCCH format
	
[image: image119.wmf])

1

(

),...,

20

(

bit

-

M

b

b


	
[image: image120.wmf])

10

(

d



	2a
	0
	
[image: image121.wmf]1



	
	1
	
[image: image122.wmf]1

-



	2b
	00
	
[image: image123.wmf]1



	
	01
	
[image: image124.wmf]j

-



	
	10
	
[image: image125.wmf]j



	
	11
	
[image: image126.wmf]1

-




5.5.1
Generation of the reference signal sequence

Reference signal sequence 

[image: image128.wmf])

(

)

,

(

,

n

r

v

u

d

a

 is defined by a cyclic shift 
[image: image129.wmf]a

 of a base sequence 
[image: image130.wmf])

(

,

n

r

v

u

 according to 



[image: image132.wmf]RS

sc

,

2

2

mod

)

,

(

,

0

),

(

)

(

M

n

n

r

e

n

r

v

u

n

j

v

u

<

£

=

÷

ø

ö

ç

è

æ

+

v

d

a

d

a


where 

[image: image134.wmf]d

2

RB

sc

RS

sc

mN

M

=

 is the length of the reference signal sequence, 
[image: image135.wmf]UL

max,

RB

1

N

m

£

£

, 
[image: image136.wmf]v

 is defined in subclause 5.5.2.1.2, and the quantity 
[image: image137.wmf]1

=

d

 when the higher-layer parameter ul-DMRS-IFDMA is set for demodulation reference signal associated with PUSCH transmission, and 
[image: image138.wmf]0

=

d

 otherwise. Multiple reference signal sequences are defined from a single base sequence through different values of 
[image: image139.wmf]a

.

Base sequences 
[image: image140.wmf])

(

,

n

r

v

u

 are divided into groups, where 
[image: image141.wmf]{

}

29

,...,

1

,

0

Î

u

 is the group number and 
[image: image142.wmf]v

 is the base sequence number within the group, such that each group contains one base sequence (
[image: image143.wmf]0

=

v

) of each length  
[image: image144.wmf]RB

sc

RS

sc

mN

M

=

, 
[image: image145.wmf]5

1

£

£

m

 and two base sequences (
[image: image146.wmf]1

,

0

=

v

) of each length 
[image: image147.wmf]RB

sc

RS

sc

mN

M

=

, 
[image: image148.wmf]UL

max,

RB

6

N

m

£

£

. The sequence group number 
[image: image149.wmf]u

 and the number 
[image: image150.wmf]v

 within the group may vary in time as described in clauses 5.5.1.3 and 5.5.1.4, respectively. The definition of the base sequence 
[image: image151.wmf])

1

(

),...,

0

(

RS

sc

,

,

-

M

r

r

v

u

v

u

 depends on the sequence length
[image: image152.wmf]RS

sc

M

.

5.5.1.1
Base sequences of length 
[image: image153.wmf]RB

sc

3

N

 or larger

For
[image: image154.wmf]RB

sc

RS

sc

3

N

M

³

, the base sequence 
[image: image155.wmf])

1

(

),...,

0

(

RS

sc

,

,

-

M

r

r

v

u

v

u

 is given by


[image: image156.wmf]RS

sc

RS

ZC

,

0

),

mod

(

)

(

M

n

N

n

x

n

r

q

v

u

<

£

=


where the 
[image: image157.wmf]th

q

 root  Zadoff-Chu sequence is defined by


[image: image158.wmf](

)

1

0

,

RS

ZC

)

1

(

RS

ZC

-

£

£

=

+

-

N

m

e

m

x

N

m

qm

j

q

p


with 
[image: image159.wmf]q

 given by


[image: image160.wmf]ë

û

ë

û

31

)

1

(

)

1

(

2

1

RS

ZC

2

+

×

=

-

×

+

+

=

u

N

q

v

q

q

q


The length 
[image: image161.wmf]RS

ZC

N

 of the Zadoff-Chu sequence is given by the largest prime number such that
[image: image162.wmf]RS

sc

RS

ZC

M

N

<

.

5.5.1.2
Base sequences of length less than 
[image: image163.wmf]RB

sc

3

N


For 
[image: image164.wmf]RB

sc

RS

sc

N

M

=

, 
[image: image165.wmf]RB

sc

RS

sc

2

N

M

=

, 
[image: image166.wmf]2

RB

sc

RS

sc

N

M

=

, and 
[image: image167.wmf]2

3

RB

sc

RS

sc

N

M

=

, the base sequence is given by


[image: image168.wmf]1

0

,

)

(

RS

sc

4

)

(

,

-

£

£

=

M

n

e

n

r

n

j

v

u

p

j


where the value of 
[image: image169.wmf])

(

n

j

 is given by Table 5.5.1.2-1, Table 5.5.1.2-2, Table 5.5.1.2-3, and Table 5.5.1.2-4 for 
[image: image170.wmf]RB

sc

RS

sc

N

M

=

, 
[image: image171.wmf]RB

sc

RS

sc

2

N

M

=

, 
[image: image172.wmf]2

RB

sc

RS

sc

N

M

=

, and 
[image: image173.wmf]2

3

RB

sc

RS

sc

N

M

=

, respectively. For 
[image: image174.wmf]2

5

RB

sc

RS

sc

N

M

=

, the base sequence 
[image: image175.wmf])

1

(

),...,

0

(

RS

sc

,

,

-

M

r

r

v

u

v

u

 is given by


[image: image176.wmf](

)

1

0

,

RS

sc

31

)

2

)(

1

)(

1

(

,

-

£

£

=

+

+

+

-

M

n

e

n

r

n

n

u

j

v

u

p


Table 5.5.1.2-1: Definition of 
[image: image177.wmf])

(

n

j

 for 
[image: image178.wmf]RB

sc

RS

sc

N

M

=

.

	
[image: image179.wmf]u


	
[image: image180.wmf])

11

(

),...,

0

(

j

j



	0
	-1
	1
	3
	-3
	3
	3
	1
	1
	3
	1
	-3
	3

	1
	1
	1
	3
	3
	3
	-1
	1
	-3
	-3
	1
	-3
	3

	2
	1
	1
	-3
	-3
	-3
	-1
	-3
	-3
	1
	-3
	1
	-1

	3
	-1
	1
	1
	1
	1
	-1
	-3
	-3
	1
	-3
	3
	-1

	4
	-1
	3
	1
	-1
	1
	-1
	-3
	-1
	1
	-1
	1
	3

	5
	1
	-3
	3
	-1
	-1
	1
	1
	-1
	-1
	3
	-3
	1

	6
	-1
	3
	-3
	-3
	-3
	3
	1
	-1
	3
	3
	-3
	1

	7
	-3
	-1
	-1
	-1
	1
	-3
	3
	-1
	1
	-3
	3
	1

	8
	1
	-3
	3
	1
	-1
	-1
	-1
	1
	1
	3
	-1
	1

	9
	1
	-3
	-1
	3
	3
	-1
	-3
	1
	1
	1
	1
	1

	10
	-1
	3
	-1
	1
	1
	-3
	-3
	-1
	-3
	-3
	3
	-1

	11
	3
	1
	-1
	-1
	3
	3
	-3
	1
	3
	1
	3
	3

	12
	1
	-3
	1
	1
	-3
	1
	1
	1
	-3
	-3
	-3
	1

	13
	3
	3
	-3
	3
	-3
	1
	1
	3
	-1
	-3
	3
	3

	14
	-3
	1
	-1
	-3
	-1
	3
	1
	3
	3
	3
	-1
	1

	15
	3
	-1
	1
	-3
	-1
	-1
	1
	1
	3
	1
	-1
	-3

	16
	1
	3
	1
	-1
	1
	3
	3
	3
	-1
	-1
	3
	-1

	17
	-3
	1
	1
	3
	-3
	3
	-3
	-3
	3
	1
	3
	-1

	18
	-3
	3
	1
	1
	-3
	1
	-3
	-3
	-1
	-1
	1
	-3

	19
	-1
	3
	1
	3
	1
	-1
	-1
	3
	-3
	-1
	-3
	-1

	20
	-1
	-3
	1
	1
	1
	1
	3
	1
	-1
	1
	-3
	-1

	21
	-1
	3
	-1
	1
	-3
	-3
	-3
	-3
	-3
	1
	-1
	-3

	22
	1
	1
	-3
	-3
	-3
	-3
	-1
	3
	-3
	1
	-3
	3

	23
	1
	1
	-1
	-3
	-1
	-3
	1
	-1
	1
	3
	-1
	1

	24
	1
	1
	3
	1
	3
	3
	-1
	1
	-1
	-3
	-3
	1

	25
	1
	-3
	3
	3
	1
	3
	3
	1
	-3
	-1
	-1
	3

	26
	1
	3
	-3
	-3
	3
	-3
	1
	-1
	-1
	3
	-1
	-3

	27
	-3
	-1
	-3
	-1
	-3
	3
	1
	-1
	1
	3
	-3
	-3

	28
	-1
	3
	-3
	3
	-1
	3
	3
	-3
	3
	3
	-1
	-1

	29
	3
	-3
	-3
	-1
	-1
	-3
	-1
	3
	-3
	3
	1
	-1


Table 5.5.1.2-2: Definition of 
[image: image181.wmf])

(

n

j

 for 
[image: image182.wmf]RB

sc

RS

sc

2

N

M

=


	
[image: image183.wmf]u


	
[image: image184.wmf])

23

(

),...,

0

(

j

j



	0
	-1
	3
	1
	-3
	3
	-1
	1
	3
	-3
	3
	1
	3
	-3
	3
	1
	1
	-1
	1
	3
	-3
	3
	-3
	-1
	-3

	1
	-3
	3
	-3
	-3
	-3
	1
	-3
	-3
	3
	-1
	1
	1
	1
	3
	1
	-1
	3
	-3
	-3
	1
	3
	1
	1
	-3

	2
	3
	-1
	3
	3
	1
	1
	-3
	3
	3
	3
	3
	1
	-1
	3
	-1
	1
	1
	-1
	-3
	-1
	-1
	1
	3
	3

	3
	-1
	-3
	1
	1
	3
	-3
	1
	1
	-3
	-1
	-1
	1
	3
	1
	3
	1
	-1
	3
	1
	1
	-3
	-1
	-3
	-1

	4
	-1
	-1
	-1
	-3
	-3
	-1
	1
	1
	3
	3
	-1
	3
	-1
	1
	-1
	-3
	1
	-1
	-3
	-3
	1
	-3
	-1
	-1

	5
	-3
	1
	1
	3
	-1
	1
	3
	1
	-3
	1
	-3
	1
	1
	-1
	-1
	3
	-1
	-3
	3
	-3
	-3
	-3
	1
	1

	6
	1
	1
	-1
	-1
	3
	-3
	-3
	3
	-3
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	-3
	-1
	1
	-1
	3
	-1
	-3

	7
	-3
	3
	3
	-1
	-1
	-3
	-1
	3
	1
	3
	1
	3
	1
	1
	-1
	3
	1
	-1
	1
	3
	-3
	-1
	-1
	1

	8
	-3
	1
	3
	-3
	1
	-1
	-3
	3
	-3
	3
	-1
	-1
	-1
	-1
	1
	-3
	-3
	-3
	1
	-3
	-3
	-3
	1
	-3

	9
	1
	1
	-3
	3
	3
	-1
	-3
	-1
	3
	-3
	3
	3
	3
	-1
	1
	1
	-3
	1
	-1
	1
	1
	-3
	1
	1

	10
	-1
	1
	-3
	-3
	3
	-1
	3
	-1
	-1
	-3
	-3
	-3
	-1
	-3
	-3
	1
	-1
	1
	3
	3
	-1
	1
	-1
	3

	11
	1
	3
	3
	-3
	-3
	1
	3
	1
	-1
	-3
	-3
	-3
	3
	3
	-3
	3
	3
	-1
	-3
	3
	-1
	1
	-3
	1

	12
	1
	3
	3
	1
	1
	1
	-1
	-1
	1
	-3
	3
	-1
	1
	1
	-3
	3
	3
	-1
	-3
	3
	-3
	-1
	-3
	-1

	13
	3
	-1
	-1
	-1
	-1
	-3
	-1
	3
	3
	1
	-1
	1
	3
	3
	3
	-1
	1
	1
	-3
	1
	3
	-1
	-3
	3

	14
	-3
	-3
	3
	1
	3
	1
	-3
	3
	1
	3
	1
	1
	3
	3
	-1
	-1
	-3
	1
	-3
	-1
	3
	1
	1
	3

	15
	-1
	-1
	1
	-3
	1
	3
	-3
	1
	-1
	-3
	-1
	3
	1
	3
	1
	-1
	-3
	-3
	-1
	-1
	-3
	-3
	-3
	-1

	16
	-1
	-3
	3
	-1
	-1
	-1
	-1
	1
	1
	-3
	3
	1
	3
	3
	1
	-1
	1
	-3
	1
	-3
	1
	1
	-3
	-1

	17
	1
	3
	-1
	3
	3
	-1
	-3
	1
	-1
	-3
	3
	3
	3
	-1
	1
	1
	3
	-1
	-3
	-1
	3
	-1
	-1
	-1

	18
	1
	1
	1
	1
	1
	-1
	3
	-1
	-3
	1
	1
	3
	-3
	1
	-3
	-1
	1
	1
	-3
	-3
	3
	1
	1
	-3

	19
	1
	3
	3
	1
	-1
	-3
	3
	-1
	3
	3
	3
	-3
	1
	-1
	1
	-1
	-3
	-1
	1
	3
	-1
	3
	-3
	-3

	20
	-1
	-3
	3
	-3
	-3
	-3
	-1
	-1
	-3
	-1
	-3
	3
	1
	3
	-3
	-1
	3
	-1
	1
	-1
	3
	-3
	1
	-1

	21
	-3
	-3
	1
	1
	-1
	1
	-1
	1
	-1
	3
	1
	-3
	-1
	1
	-1
	1
	-1
	-1
	3
	3
	-3
	-1
	1
	-3

	22
	-3
	-1
	-3
	3
	1
	-1
	-3
	-1
	-3
	-3
	3
	-3
	3
	-3
	-1
	1
	3
	1
	-3
	1
	3
	3
	-1
	-3

	23
	-1
	-1
	-1
	-1
	3
	3
	3
	1
	3
	3
	-3
	1
	3
	-1
	3
	-1
	3
	3
	-3
	3
	1
	-1
	3
	3

	24
	1
	-1
	3
	3
	-1
	-3
	3
	-3
	-1
	-1
	3
	-1
	3
	-1
	-1
	1
	1
	1
	1
	-1
	-1
	-3
	-1
	3

	25
	1
	-1
	1
	-1
	3
	-1
	3
	1
	1
	-1
	-1
	-3
	1
	1
	-3
	1
	3
	-3
	1
	1
	-3
	-3
	-1
	-1

	26
	-3
	-1
	1
	3
	1
	1
	-3
	-1
	-1
	-3
	3
	-3
	3
	1
	-3
	3
	-3
	1
	-1
	1
	-3
	1
	1
	1

	27
	-1
	-3
	3
	3
	1
	1
	3
	-1
	-3
	-1
	-1
	-1
	3
	1
	-3
	-3
	-1
	3
	-3
	-1
	-3
	-1
	-3
	-1

	28
	-1
	-3
	-1
	-1
	1
	-3
	-1
	-1
	1
	-1
	-3
	1
	1
	-3
	1
	-3
	-3
	3
	1
	1
	-1
	3
	-1
	-1

	29
	1
	1
	-1
	-1
	-3
	-1
	3
	-1
	3
	-1
	1
	3
	1
	-1
	3
	1
	3
	-3
	-3
	1
	-1
	-1
	1
	3


Table 5.5.1.2-3: Definition of 
[image: image185.wmf])

(

n

j

 for 
[image: image186.wmf]2

RB

sc

RS

sc

N

M

=


	
[image: image187.wmf]u


	
[image: image188.wmf])

5

(

),...,

0

(

j

j



	0
	-1
	-3
	3
	-3
	3
	-3

	1
	-1
	3
	-1
	1
	1
	1

	2
	3
	-1
	-3
	-3
	1
	3

	3
	3
	-1
	-1
	1
	-1
	-1

	4
	-1
	-1
	-3
	1
	-3
	-1

	5
	1
	3
	-3
	-1
	-3
	3

	6
	-3
	3
	-1
	-1
	1
	-3

	7
	-1
	-3
	-3
	1
	3
	3

	8
	3
	-1
	-1
	3
	1
	3

	9
	3
	-3
	3
	1
	-1
	1

	10
	-3
	1
	-3
	-3
	-3
	-3

	11
	-3
	-3
	-3
	1
	-3
	-3

	12
	3
	-3
	1
	-1
	-3
	-3

	13
	3
	-3
	3
	-1
	-1
	-3

	14
	3
	-1
	1
	3
	3
	1

	15
	-1
	1
	-1
	-3
	1
	1

	16
	-3
	-1
	-3
	-1
	3
	3

	17
	1
	-1
	3
	-3
	3
	3

	18
	1
	3
	1
	1
	-3
	3

	19
	-1
	-3
	-1
	-1
	3
	-3

	20
	3
	-1
	-3
	-1
	-1
	-3

	21
	3
	1
	3
	-3
	-3
	1

	22
	1
	3
	-1
	-1
	1
	-1

	23
	-3
	1
	-3
	3
	3
	3

	24
	1
	3
	-3
	3
	-3
	3

	25
	-1
	-1
	1
	-3
	1
	-1

	26
	1
	-3
	-1
	-1
	3
	1

	27
	-3
	-1
	-1
	3
	1
	1

	28
	-1
	3
	-3
	-3
	-3
	3

	29
	3
	1
	-1
	1
	3
	1


Table 5.5.1.2-4: Definition of 
[image: image189.wmf])

(

n

j

 for 
[image: image190.wmf]2

3

RB

sc

RS

sc

N

M

=


	
[image: image191.wmf]u


	
[image: image192.wmf])

17

(

),...,

0

(

j

j



	0
	-3
	-3
	-3
	-3
	-3
	-1
	1
	-1
	-3
	3
	-1
	3
	-1
	3
	-3
	-1
	-1
	3

	1
	-3
	-3
	-3
	-3
	-3
	-1
	1
	-1
	1
	-3
	-3
	-3
	1
	-1
	3
	-3
	-3
	1

	2
	-3
	-3
	-3
	-3
	-3
	-1
	1
	1
	3
	-3
	1
	1
	-3
	1
	-3
	3
	1
	-1

	3
	-3
	-3
	-3
	-3
	-3
	-1
	1
	3
	-3
	-1
	3
	-1
	3
	1
	-1
	-3
	3
	-3

	4
	-3
	-3
	-3
	-3
	-3
	-1
	3
	-3
	-1
	1
	-1
	-3
	3
	3
	1
	-3
	1
	-1

	5
	-3
	-3
	-3
	-3
	-3
	1
	-3
	-3
	-3
	-3
	1
	1
	1
	-3
	1
	1
	-3
	-3

	6
	-3
	-3
	-3
	-3
	-3
	1
	-3
	-3
	1
	1
	-3
	-3
	-3
	1
	-1
	3
	-1
	3

	7
	-3
	-3
	-3
	-3
	-3
	1
	-3
	-1
	3
	-1
	3
	3
	-1
	-1
	1
	3
	3
	-1

	8
	-3
	-3
	-3
	-3
	-3
	1
	-1
	-1
	-1
	-3
	3
	-1
	3
	-3
	3
	-1
	1
	3

	9
	-3
	-3
	-3
	-3
	-3
	3
	-3
	1
	-1
	3
	-3
	3
	3
	-1
	-3
	1
	1
	-3

	10
	-3
	-3
	-3
	-3
	-3
	3
	-1
	-3
	-3
	1
	1
	3
	-3
	-1
	3
	-1
	3
	1

	11
	-3
	-3
	-3
	-3
	-3
	3
	3
	-1
	-1
	-1
	3
	1
	-3
	3
	-1
	1
	-3
	1

	12
	-3
	-3
	-3
	-3
	-1
	-3
	-3
	-3
	1
	3
	1
	-1
	3
	-3
	-1
	-3
	1
	1

	13
	-3
	-3
	-3
	-3
	-1
	-3
	-3
	1
	-1
	-1
	3
	-3
	-3
	1
	3
	1
	-3
	1

	14
	-3
	-3
	-3
	-3
	-1
	-3
	-3
	1
	3
	-3
	-1
	3
	1
	3
	-1
	3
	-1
	-3

	15
	-3
	-3
	-3
	-3
	-1
	-3
	-1
	3
	-3
	1
	-3
	1
	-1
	-3
	-3
	1
	1
	3

	16
	-3
	-3
	-3
	-3
	-1
	-1
	3
	-3
	3
	-1
	-3
	1
	1
	-1
	-3
	-1
	3
	-3

	17
	-3
	-3
	-3
	-3
	-1
	-1
	3
	-1
	-3
	1
	3
	-1
	-3
	-3
	1
	3
	-1
	1

	18
	-3
	-3
	-3
	-3
	-1
	3
	-1
	-1
	3
	3
	-1
	-3
	1
	1
	1
	-1
	-3
	-1

	19
	-3
	-3
	-3
	-3
	-1
	3
	1
	-3
	-1
	-3
	3
	1
	-1
	3
	-1
	1
	3
	-1

	20
	-3
	-3
	-3
	-3
	1
	-3
	-3
	3
	1
	1
	-3
	-1
	1
	3
	3
	-1
	3
	-1

	21
	-3
	-3
	-3
	-3
	1
	-3
	1
	3
	1
	-1
	-1
	3
	3
	-1
	1
	1
	-3
	3

	22
	-3
	-3
	-3
	-3
	1
	-3
	3
	-3
	-1
	3
	1
	1
	-1
	-1
	3
	3
	-1
	3

	23
	-3
	-3
	-3
	-3
	1
	-3
	3
	-1
	3
	-3
	-1
	-1
	-1
	1
	-3
	-3
	3
	1

	24
	-3
	-3
	-3
	-3
	1
	1
	3
	1
	1
	-1
	3
	1
	1
	3
	-1
	-3
	1
	3

	25
	-3
	-3
	-3
	-3
	1
	3
	3
	3
	1
	-3
	1
	-3
	-3
	3
	-3
	1
	-1
	-3

	26
	-3
	-3
	-3
	-3
	3
	1
	3
	3
	-1
	3
	-3
	-3
	-1
	3
	-1
	-1
	-3
	1

	27
	-3
	-3
	-3
	-1
	-3
	-3
	-1
	-1
	-3
	3
	3
	1
	-3
	-1
	-1
	3
	1
	-3

	28
	-3
	-3
	-3
	-1
	-3
	1
	-1
	1
	-3
	3
	1
	-3
	-1
	1
	3
	1
	-1
	-1

	29
	-3
	-3
	-3
	-1
	-3
	3
	1
	1
	-1
	-1
	1
	3
	1
	-3
	1
	-3
	-1
	1


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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 where, for PUSCH demodulation reference signal sequence, 
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 for DCI format 0 if the higher-layer parameter Activate-DMRS-with OCC is not set or if the temporary C-RNTI was used to transmit the most recent uplink-related DCI for the transport block associated with the corresponding PUSCH transmission. Otherwise, 
-
if higher-layer parameter ul-DMRS-IFDMA is not set, 
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 is given by Table 5.5.2.1.1-1 using the cyclic shift field in the most recent uplink-related DCI [3],
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if higher-layer parameter ul-DMRS-IFDMA is set and the Cyclic Shift Field mapping table for DMRS bit field is not present in the most recent uplink-related DCI, 
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-
if higher-layer parameter ul-DMRS-IFDMA is set and the Cyclic Shift Field mapping table for DMRS bit field is present in the most recent uplink-related DCI, 
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 is given by Table 5.5.2.1.1-1 using the cyclic shift field in the most recent uplink-related DCI when the Cyclic Shift Field mapping table for DMRS bit field indicates the use of Table 5.5.2.1.1-1, and
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if higher-layer parameter ul-DMRS-IFDMA is set and the Cyclic Shift Field mapping table for DMRS bit field is present in the most recent uplink-related DCI, 
[image: image210.wmf])

(

)

(

m

w

l
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where the value of 
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as follows:
-
if the higher-layer parameter ul-DMRS-IFDMA is not set, 
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if higher-layer parameter ul-DMRS-IFDMA is set and the Cyclic Shift Field mapping table for DMRS bit field is not present in the most recent uplink-related DCI, 
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if higher-layer parameter ul-DMRS-IFDMA is set and the Cyclic Shift Field mapping table for DMRS bit field is present in the most recent uplink-related DCI, 
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If higher-layer parameter ul-DMRS-IFDMA is set and the Cyclic Shift Field mapping table for DMRS bit field is present in the most recent uplink-related DCI, 
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The first row of Table 5.5.2.1.1-1 shall be used to obtain 
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if the initial PUSCH for the same transport block is semi-persistently scheduled, or

-
if the initial PUSCH for the same transport block is scheduled by the random access response grant.
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where the pseudo-random sequence 
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where 
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 is the number of antenna ports used for PUSCH transmission.

For PUSCH transmission using a single antenna port, 
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Table 5.5.2.1.1-1: Mapping of Cyclic Shift Field in uplink-related DCI format to 
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Table 5.5.2.1.1-2: Mapping of cyclicShift to 
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Table 5.5.2.1.1-3: Mapping of Cyclic Shift Field in uplink-related DCI format 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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If higher-layer parameter ul-DMRS-IFDMA is set and the most recent uplink-related DCI contains the Cyclic Shift Field mapping table for DMRS bit field which indicates the use of Table 5.5.2.1.1-3, the mapping to resource elements 
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 is given by Table 5.5.2.1.1-3 using the cyclic shift field in the most recent uplink-related DCI.

For all other cases, the set of physical resource blocks used in the mapping process and the relation between the index 
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  shall be identical to the corresponding PUSCH transmission as defined in clause 5.3.4. 
The mapping to resource elements 
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5.5.2.2
Demodulation reference signal for PUCCH

5.5.2.2.1
Reference signal sequence
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Table 5.5.2.2.1-3: Orthogonal sequences 
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The PUCCH demodulation reference signal sequence 
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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.
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5.5.3
Sounding reference signal
5.5.3.1
Sequence generation
The sounding reference signal sequence 
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counts the number of UE-specific SRS transmissions, where 
[image: image492.wmf]SRS

T
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The sounding reference signal shall be transmitted in the last symbol of the uplink subframe.
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5.5.3.3
Sounding reference signal subframe configuration
The cell-specific subframe configuration period 
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 and the cell-specific subframe offset 
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 for the transmission of sounding reference signals are listed in Tables 5.5.3.3-1 and 5.5.3.3-2, for frame structures type 1 and 2 respectively, where the parameter srs-SubframeConfig is provided by higher layers. Sounding reference signal subframes are the subframes satisfying
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. For frame structure type 2, a sounding reference signal is transmitted only in uplink subframes or UpPTS.
Table 5.5.3.3-1: Frame structure type 1 sounding reference signal subframe configuration

	srs-SubframeConfig
	Binary
	Configuration  Period 


[image: image567.wmf]SFC

T

 (subframes) 
	Transmission offset 

 
[image: image568.wmf]SFC

D

  (subframes)

	0
	0000
	1
	{0}

	1
	0001
	2
	{0}

	2
	0010
	2
	{1}

	3
	0011
	5
	{0}

	4
	0100
	5
	{1}

	5
	0101
	5
	{2}

	6
	0110
	5
	{3}

	7
	0111
	5
	{0,1}

	8
	1000
	5
	{2,3}

	9
	1001
	10
	{0}

	10
	1010
	10
	{1}

	11
	1011
	10
	{2}

	12
	1100
	10
	{3}

	13
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	10
	{0,1,2,3,4,6,8}

	14
	1110
	10
	{0,1,2,3,4,5,6,8}
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	reserved


Table 5.5.3.3-2: Frame structure type 2 sounding reference signal subframe configuration

	srs-SubframeConfig
	Binary
	Configuration  Period 

[image: image569.wmf]SFC

T

 (subframes)
	Transmission offset

 
[image: image570.wmf]SFC

D

 (subframes)

	0
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	{1, 4}
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	0110
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	{1, 2, 3, 4}
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	10
	1010
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	1011
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	12
	1100
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	{1, 3, 6, 9}

	13
	1101
	10
	{1, 4, 6, 7}

	14
	1110
	reserved
	reserved

	15
	1111
	reserved
	reserved


6.2.1
Resource grid
The transmitted signal in each slot is described by one or several resource grids 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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 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 3GPP TS 36.104 [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.
An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed. For MBSFN reference signals, positioning reference signals, UE-specific reference signals associated with PDSCH and demodulation reference signals associated with EPDCCH, there are limits given below within which the channel can be inferred from one symbol to another symbol on the same antenna port. There is one resource grid per antenna port. The set of antenna ports supported depends on the reference signal configuration in the cell:
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Cell-specific reference signals support a configuration of one, two, or four antenna ports and are transmitted on antenna ports 
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MBSFN reference signals are transmitted on antenna port
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. The channel over which a symbol on antenna port
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is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only if the two symbols correspond to subframes of the same MBSFN area.
-
UE-specific reference signals associated with PDSCH intended for non-BL/CE UE are transmitted on antenna port(s) 
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. The channel over which a symbol on one of these antenna ports is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only if the two symbols are within the same subframe and in the same PRG when PRB bundling is used or in the same PRB pair when PRB bundling is not used.

-
-
UE-specific reference signals associated with PDSCH intended for BL/CE UE are transmitted on one or several of antenna port(s) 
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. The channel over which a symbol on one of these antenna ports is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only if the two symbols are in the same set of
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Demodulation reference signals associated with EPDCCH are transmitted on one or several of 
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. The channel over which a symbol on one of these antenna ports is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only if the two symbols are in the same PRB pair.

-
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Demodulation reference signals associated with MPDCCH are transmitted on one or several of 
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. The channel over which a symbol on one of these antenna ports is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only if the two symbols are in the same set of
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Positioning reference signals are transmitted on antenna port
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 is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only within one positioning reference signal occasion consisting of 
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CSI reference signals support a configuration of 1, 2, 4, 8, 12, 16, 20, 24, 28, or 32 antenna ports and are transmitted on antenna ports 
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Two antenna ports are said to be quasi co-located if the large-scale properties of the channel over which a symbol on one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is conveyed. The large-scale properties include one or more of delay spread, Doppler spread, Doppler shift, average gain, and average delay.

6.3.4.2.3
Codebook for precoding and CSI reporting
For transmission on two antenna ports, 
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 shall be selected from Table 6.3.4.2.3-1 or a subset thereof. For the closed-loop spatial multiplexing transmission mode defined in 3GPP TS 36.213 [4], the codebook index 0 is not used when the number of layers is 
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Table 6.3.4.2.3-1: Codebook for transmission on antenna ports 
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For transmission on four antenna ports, 
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 shall be selected from Table 6.3.4.2.3-2 or a subset thereof. For the purpose of CSI reporting based on four antenna ports 
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 shall be selected from Table 6.3.4.2.3-2 or a subset thereof except for alternativeCodeBookEnabledFor4TX -r12 =TRUE  in which case the precoding matrix 
[image: image627.wmf]W

 shall be selected from Tables 7.2.4-0A, 7.2.4-0B, 7.2.4-0C, 7.2.4-0D in [4] or a subset thereof, and except for advancedCodebookEnabled = TRUE in which case the precoding matrix 
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 is given by Table 6.3.4.2.3-2. 

Table 6.3.4.2.3-2: Codebook for transmission on antenna ports
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For the purpose of CSI reporting for 8, 12, 16, 20, 24, 28, and 32 CSI reference signals the codebooks are given in clause 7.2.4 of 3GPP TS 36.213 [4].

6.3.4.3
Precoding for transmit diversity

Precoding for transmit diversity is only used in combination with layer mapping for transmit diversity as described in clause 6.3.3.3. The precoding operation for transmit diversity is defined for two and four antenna ports.
For transmission on two antenna ports, 
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If the higher-layer parameter semiOpenLoop is set, for rank=1 transmission on two antenna ports, 
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For transmission on four antenna ports,
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 of the precoding operation is defined by
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6.3.4.4
Precoding for spatial multiplexing using antenna ports with UE-specific reference signals 

Precoding for spatial multiplexing using antenna ports with UE-specific reference signals is only used in combination with layer mapping for spatial multiplexing as described in clause 6.3.3.2. Spatial multiplexing using antenna ports with UE-specific reference signals supports up to eight antenna ports. 

If the higher-layer parameter dmrs-tableAlt is set to 1 and the set of antenna ports 
[image: image737.wmf]{11,13}
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 is used for two layers transmission, the precoding operation for transmission on the two antenna ports is defined by
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If the higher-layer parameter semiOpenLoop is set to 1 and the set of antenna ports 
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 is used for  rank=2 transmission, the precoding operation for transmission on the two antenna ports is defined by
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Otherwise, the set of antenna ports used is 
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and  the precoding operation for transmission on 
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 antenna ports is defined by
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6.4
Physical downlink shared channel

The physical downlink shared channel shall be processed and mapped to resource elements as described in clause 6.3 with the following additions and exceptions:

-
In resource blocks in which UE-specific reference signals are not transmitted, the PDSCH shall be transmitted on the same set of antenna ports as the PBCH, which is one of  
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-
In resource blocks in which UE-specific reference signals are transmitted, the PDSCH shall be transmitted on antenna port(s) 
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 is the number of layers used for transmission of the PDSCH.

-
If PDSCH is transmitted in MBSFN subframes as defined in 3GPP TS 36.213 [4], the PDSCH shall be transmitted on one or several of antenna port(s) 
[image: image760.wmf]{
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[image: image761.wmf]u

 is the number of layers used for transmission of the PDSCH. 
-
PDSCH is not mapped to resource elements used for UE-specific reference signals associated with PDSCH

-
In mapping to resource elements, the positions of the cell-specific reference signals are given by clause 6.10.1.2 with the number of antenna ports and the frequency shift of the cell-specific reference signals derived as described in clause 6.10.1.2, unless other values for these parameters are provided by clause 7.1.9 in 3GPP TS 36.213 [4], in which case these values are used in the resource blocks indicated by the relevant DCI.

-
If the DCI associated with the PDSCH uses the C-RNTI or semi-persistent C-RNTI, the PDSCH is not mapped to resource elements assumed by the UE to be used for transmission of: 
-
zero-power CSI reference signals, where the positions of the CSI reference signals are given by clause 6.10.5.2.The configuration for zero power CSI reference signals is

-
obtained as described in clause 6.10.5.2, unless other values for these parameters are provided by clause 7.1.9 in 3GPP TS 36.213 [4], in which case these values are used in the resource blocks indicated by the relevant DCI, and

-
obtained by higher-layer configuration of up to five reserved CSI-RS resources as part of the discovery signal configuration following the procedure for zero-power CSI-RS in clause 6.10.5.2. 

-
non-zero-power CSI reference signals for CSI reporting, where the positions of the non-zero-power CSI reference signals for CSI reporting are given by clause 6.10.5.2. The configuration for non-zero power CSI reference signals is obtained as described in clause 6.10.5.2.

-
PDSCH is not mapped to any physical resource-block pair(s) carrying an EPDCCH associated with the PDSCH. 
-
PDSCH on antenna port 5, 7, 8, 9, 10, 11, 12, 13 or 14 is not mapped to any physical resource-block pair(s) carrying PBCH or synchronization signals.

-
For frame structure type 1 and 2, the index 
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 in the first slot in a subframe fulfils 
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 is given by clause 7.1.6.4 of 3GPP TS 36.213 [4]. 
-
For frame structure type 3, 

-
if the higher layer parameter subframeStartPosition indicates ‘s07’ and the downlink transmission starts in the second slot of a subframe 

-
the index 
[image: image765.wmf]l

 in the second slot in a subframe fulfils 
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 is given by clause 7.1.6.4 of 3GPP TS 36.213  [4],

-
otherwise 

-
the index 
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 in the first slot in a subframe fulfils 
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 where 
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 is given by clause 7.6.1.4 of 3GPP TS 36.213  [4],

-
In mapping to resource elements, if the DCI associated with the PDSCH uses the C-RNTI or semi-persistent C-RNTI and transmit diversity according to clause 6.3.4.3 is used and if the higher-layer parameter semiOpenLoop is not set, resource elements in an OFDM symbol assumed by the UE to contain CSI-RS shall be used in the mapping if and only if all of the following criteria are fulfilled:

-
there is an even number of resource elements for the OFDM symbol in each resource block assigned for transmission, and

-
the complex-valued symbols 
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 is an even number, can be mapped to resource elements 
[image: image774.wmf](

)

l

k

,

 and 
[image: image775.wmf](

)

l

n

k

,

+

 in the same OFDM symbol with 
[image: image776.wmf]3

<

n

.
-
In mapping to resource elements, if the DCI associated with the PDSCH uses C-RNTI or semi-persistent C-RNTI and if the higher-layer parameter semiOpenLoop is set, a pair of resource elements 
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6.10.5
CSI reference signals
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Table 6.10.5-1: Aggregation of CSI-RS configurations.
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6.10.5.1
Sequence generation

The reference-signal sequence 
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where 
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The quantity 
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6.10.5.2
Mapping to resource elements

In subframes configured for CSI reference signal transmission, the reference signal sequence 
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For the case of CDMType equal to CDM4:
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Table 6.10.5.2-0: The sequence 
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If neither of the higher-layer parameters NZP-FrequencyDensity and NZP-TransmissionComb are configured, 
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If the UE is configured with one or more of the parameters NZP-FrequencyDensity and NZP-TransmissionComb, 
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if either NZP-FrequencyDensity equals 1, 
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if NZP-FrequencyDensity equals 1/2 and NZP-TransmissionComb equals 0, 
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if NZP-FrequencyDensity equals 1/2 and NZP-TransmissionComb equals 1, 
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if NZP-FrequencyDensity equals 1/3 and NZP-TransmissionComb equals 0, 
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if NZP-FrequencyDensity equals 1/3 and NZP-TransmissionComb equals 1, 
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if NZP-FrequencyDensity equals 1/3 and NZP-TransmissionComb equals 2, 
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The quantity 
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The relation between the antenna port number 
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 depends on the number of CSI-RS antenna ports:
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for CSI reference signals using up to eight antenna ports, 
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for CSI reference signals using more than eight antenna ports when the higher-layer parameter CDMType equals CDM2
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where 
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 is the CSI-RS resource number.
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for CSI reference signals using more than eight antenna ports when the higher-layer parameter CDMType equals CDM4, antenna port number 
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For the case of CDMType equal to CDM8 and the number of CSI-RS antenna ports equal to 32:
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The resource elements for the 
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Table 6.10.5.2-0A: The sequence 
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 for CDM8 with 32 CSI-RS antenna ports.
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For the case of CDMType equal to CDM8 and the number of CSI-RS antenna ports equal to 24:
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For the case of CDMType equal to CDM8 and the number of CSI-RS antenna ports equal to 24, the aggregated CSI-RS configurations from Table 6.10.5.2-1 for normal cyclic prefix are restricted to 
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Table 6.10.5.2-0B: The sequence 
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Multiple CSI reference signal configurations can be used in a given cell. A UE can be configured with multiple sets of CSI reference signals,

-
one or more configurations for CSI reporting for which the UE shall assume non-zero transmission power for the CSI-RS, and

-
zero or more configurations for which the UE shall assume zero transmission power, and

-
zero or more configurations valid across the system downlink bandwidth as part of the discovery signals for which the UE shall assume non-zero transmission power for the CSI-RS. 

The CSI-RS configurations for which the UE shall assume non-zero transmission power are provided by higher layers.

The CSI-RS configurations for which the UE shall assume zero transmission power in a subframe are given by a bitmap derived according to clause 7.2.7 in 3GPP TS 36.213 [4]. For each bit set to one in the 16-bit bitmap, the UE shall assume zero transmission power for the resource elements corresponding to the four CSI reference signal column in Tables 6.10.5.2-1 and 6.10.5.2-2 for normal and extended cyclic prefix, respectively, except for resource elements that overlap with those for which the UE shall assume non-zero transmission power CSI-RS as configured by higher layers. The most significant bit corresponds to the lowest CSI reference signal configuration index and subsequent bits in the bitmap correspond to configurations with indices in increasing order. 
CSI reference signals not corresponding to higher layer configured parameters csi-RS-ConfigNZP-ApList or csi-RS-ConfigZP-Ap can only occur in

-
downlink slots where 
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 fulfils the condition in Tables 6.10.5.2-1 and 6.10.5.2-2 for normal and extended cyclic prefix, respectively, and 

-
where the subframe number fulfils the conditions in clause 6.10.5.3. 

CSI reference signals corresponding to either higher layer configured parameter csi-RS-ConfigNZP-ApList or csi-RS-ConfigZP-Ap can only occur in 
-
downlink slots where 
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 fulfils the condition in Tables 6.10.5.2-1 and 6.10.5.2-2 for normal and extended cyclic prefix, respectively.

The UE shall assume that CSI reference signals are not transmitted

-
in the DwPTS for special subframe configuration 0, 5 and 9 for normal cyclic prefix and special subframe configuration 0, 4 and 7 for extended cyclic prefix, in case of frame structure type 2, 
-
in subframes where PDSCH/EPDCCH transmission starts in the second slot of a subframe for frame structure type 3,

-
in subframes where PDSCH/EPDCCH transmission ends prior to the end of a subframe for frame structure type 3, 

-
in an empty subframe where there is no PDSCH or discovery signal transmission for frame structure type 3,

-
in subframes where transmission of a CSI-RS would collide with SystemInformationBlockType1 messages,
-
in the primary cell in subframes configured for transmission of paging messages in the primary cell for any UE with the cell-specific paging configuration. 

For special subframe configuration {1, 2, 6, or 7}, a UE does not expect to be configured with one of CSI-RS configurations {1, 2, 3, 4, 6, 7, 8, 9, 12, 13, 14, 15, 16, 17} in DwPTS for normal CP.
The UE shall assume that none of the CSI reference signals corresponding to a CSI reference signal configuration are transmitted in subframes where transmission of any of those CSI reference signals would collide with transmission of synchronization signals or the core part of PBCH.
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  shall not be used for transmission of PDSCH on any antenna port in the same slot if higher layer parameter CDMType is not configured, or is configured to CDM2. 
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 for CSI reference signals on 32 ports
shall not be used for transmission of PDSCH on any antenna port in the same slot if higher layer parameter CDMType is configured to CDM4.
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 for CSI reference signals on 32 ports 
shall not be used for transmission of PDSCH on any antenna port in the same slot if higher layer parameter CDMType is configured to CDM8.
The mapping for CSI reference signal configuration 0 is illustrated in Figures 6.10.5.2-1 and 6.10.5.2-2.

Table 6.10.5.2-1: Mapping from CSI reference signal configuration to 
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. Configurations 0 – 19 for normal subframes are available for frame structure types 1, 2 and 3. Configurations 20 – 31 and configurations for special subframes are available for frame structure type 2 only.

Table 6.10.5.2-2: Mapping from CSI reference signal configuration to 
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. Configurations 0 – 15 for normal subframes are available for both frame structure type 1 and type 2. Configurations 16 – 27 and configurations for special subframes are available for frame structure type 2 only.
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Figure 6.10.5.2-1: Mapping of CSI reference signals (CSI configuration 0, normal cyclic prefix)
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Figure 6.10.5.2-2: Mapping of CSI reference signals (CSI configuration 0, extended cyclic prefix)

6.10.5.3
CSI reference signal subframe configuration

The subframe configuration period 
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 for the occurence of CSI reference signals are listed in Table 6.10.5.3-1. The parameter 
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 can be configured separately for CSI reference signals for which the UE shall assume non-zero and zero transmission power. Subframes containing CSI reference signals that do not correspond to either higher layer configured parameter csi-RS-ConfigNZP-ApList or csi-RS-ConfigZP-Ap
 shall satisfy 
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Table 6.10.5.3-1: CSI reference signal subframe configuration
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9.8
Demodulation reference signals

Demodulation reference signals associated with PSSCH, PSCCH, PSDCH, and PSBCH transmission shall be transmitted according to PUSCH in clause 5.5.2.1 with the following exceptions:

-
The parameters in Tables 9.8-1, 9.8-2, and 9.8-3 shall be used.
-
The term PUSCH shall be replaced by PSSCH, PSCCH, PSDCH or PSBCH, depending on the physical channel to which the reference signal is associated.

-
Antenna ports are given by Table 9.2-1.

-
The set of physical resource blocks used in the mapping process shall be identical to the corresponding PSSCH/PSCCH/PSDCH/PSBCH transmission.

-
The index 
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 in the mapping process in clause 5.5.2.1.2 corresponding to the case where higher-layer parameter ul-DMRS-IFDMA is not set shall be identical to that for the corresponding PSSCH/PSCCH/PSDCH/PSBCH transmission. 
-
For sidelink transmission modes 3 and 4 on the PSSCH and PSCCH, the mapping shall use 
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 for the second slot in the subframe.

-
For sidelink transmission modes 3 and 4 on the PSBCH, the mapping shall use 
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 for the first slot in the subframe and 
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-
The pseudo-random sequence generator in clause 5.5.1.3 shall be initialized at the start of each slot fulfilling 
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-
For sidelink transmission modes 3 and 4 on the PSCCH, the cyclic shift 
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 to be applied for all DM-RS in a subframe shall be chosen according to clause 14.2.1 of [4]. 

-
For sidelink transmission modes 1and 2, the quantity 
[image: image1025.wmf]m

 in clause 5.5.2.1.1 takes the values 
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-
For sidelink transmission modes 3 and 4, the quantity 
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 equals the decimal representation of CRC on the PSCCH transmitted in the same subframe as the PSSCH according to 
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 and 
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 given by clause 5.1.1 in [3].

Table 9.8-1: Reference signal parameters for PSSCH.

	Parameter in clause 5.5.2.1
	PSSCH 

	
	Sidelink transmission modes 1 and 2
	Sidelink transmission 
modes 3 and 4

	Group hopping
	
	enabled
	enabled
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Table 9.8-2: Reference signal parameters for PSCCH.

	Parameter in clause 5.5.2.1
	PSCCH

	
	Sidelink transmission modes 1 and 2
	Sidelink transmission modes 3 and 4

	Group hopping
	
	disabled
	disabled
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Table 9.8-3: Reference signal parameters for PSDCH and PSBCH.

	Parameter in clause 5.5.2.1
	PSDCH
	PSBCH

	Group hopping
	
	disabled
	disabled
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�This text may need to be updated once the 36.331 CR is finalized.
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_1352616161.unknown

_1360643505.unknown

_1360643518.unknown

_1360635579.unknown

_1360642341.unknown

_1360642353.unknown

_1360642330.unknown

_1360634613.unknown

_1360634642.unknown

_1360634240.unknown

_1360634274.unknown

_1352710399.unknown

_1352789981.unknown

_1352616084.unknown

_1352616143.unknown

_1352616039.unknown

_1351785244.unknown

_1351938044.unknown

_1351947627.unknown

_1352481968.unknown

_1352481981.unknown

_1352481996.unknown

_1352481958.unknown

_1351938069.unknown

_1351791433.unknown

_1351791480.unknown

_1351802292.unknown

_1351938017.unknown

_1351802369.unknown

_1351791487.unknown

_1351791472.unknown

_1351791402.unknown

_1351791416.unknown

_1351791386.unknown

_1351784669.unknown

_1351784793.unknown

_1351784925.unknown

_1351784944.unknown

_1351784808.unknown

_1351784746.unknown

_1351784770.unknown

_1351784733.unknown

_1351784527.unknown

_1351784573.unknown

_1351784587.unknown

_1351784550.unknown

_1351784129.unknown

_1351784340.unknown

_1351784103.unknown

_1351782562.unknown

_1351783261.unknown

_1351783733.unknown

_1351783901.unknown

_1351783950.unknown

_1351783751.unknown

_1351783381.unknown

_1351783398.unknown

_1351783486.unknown

_1351783583.unknown

_1351783597.unknown

_1351783564.unknown

_1351783473.unknown

_1351783339.unknown

_1351783357.unknown

_1351782974.unknown

_1351783160.unknown

_1351783181.unknown

_1351783197.unknown

_1351783098.unknown

_1351783085.unknown

_1351783059.unknown

_1351782605.unknown

_1351782638.unknown

_1351782581.unknown

_1351782285.unknown

_1351782454.unknown

_1351782529.unknown

_1351782545.unknown

_1351782499.unknown

_1351782361.unknown

_1351782379.unknown

_1351782330.unknown

_1351782108.unknown

_1351782225.unknown

_1351782249.unknown

_1351782125.unknown

_1351782063.unknown

_1351782096.unknown

_1351782014.unknown

_1315990699.unknown

_1348928759.unknown

_1348933468.unknown

_1348998897.unknown

_1351780655.unknown

_1351781832.unknown

_1351781937.unknown

_1351781976.unknown

_1351781922.unknown

_1351781758.unknown

_1351781784.unknown

_1351780798.unknown

_1351238000.unknown

_1351780344.unknown

_1348998917.unknown

_1350896984.unknown

_1348998925.unknown

_1348998904.unknown

_1348998699.unknown

_1348998846.unknown

_1348998883.unknown

_1348998712.unknown

_1348998719.unknown

_1348937844.unknown

_1348998687.unknown

_1348998421.unknown

_1348933483.unknown

_1348928851.unknown

_1348929600.unknown

_1348929822.unknown

_1348933371.unknown

_1348933390.unknown

_1348929825.unknown

_1348929826.unknown

_1348929842.unknown

_1348929824.unknown

_1348929602.unknown

_1348929603.unknown

_1348929601.unknown

_1348928871.unknown

_1348929586.unknown

_1348929587.unknown

_1348929588.unknown

_1348929131.unknown

_1348929132.unknown

_1348929133.unknown

_1348929128.unknown

_1348928868.unknown

_1348928870.unknown

_1348928855.unknown

_1348928763.unknown

_1348928817.unknown

_1348928843.unknown

_1348928816.unknown

_1348928761.unknown

_1348928762.unknown

_1348928760.unknown

_1315990803.unknown

_1315993097.unknown

_1316796790.unknown

_1348928420.unknown

_1348928758.unknown

_1348928747.unknown

_1348928757.unknown

_1318059071.unknown

_1342873908.unknown

_1343654351.unknown

_1342892733.vsd
even-numbered slots


odd-numbered slots


even-numbered slots


odd-numbered slots


even-numbered slots


odd-numbered slots


even-numbered slots


odd-numbered slots



_1321945084.unknown

_1342872744.unknown

_1318059064.unknown

_1315993110.unknown

_1315993123.unknown

_1315993131.unknown

_1315993116.unknown

_1315993104.unknown

_1315993037.unknown

_1315993084.unknown

_1315993091.unknown

_1315993042.unknown

_1315990817.unknown

_1315993023.unknown

_1315993030.unknown

_1315990826.unknown

_1315990810.unknown

_1315990774.unknown

_1315990790.unknown

_1315990796.unknown

_1315990783.unknown

_1315990712.unknown

_1315990719.unknown

_1315990706.unknown

_1315990526.unknown

_1315990594.unknown

_1315990618.unknown

_1315990631.unknown

_1315990606.unknown

_1315990549.unknown

_1315990562.unknown

_1315990538.unknown

_1315990370.unknown

_1315990485.unknown

_1315990508.unknown

_1315990458.unknown

_1315990470.unknown

_1315990384.unknown

_1315990326.unknown

_1315990352.unknown

_1315990286.unknown

_1250502917.unknown

_1268693765.unknown

_1315828235.unknown

_1315933936.unknown

_1315989957.unknown

_1315990216.unknown

_1315990245.unknown

_1315990259.unknown

_1315990228.unknown

_1315990204.unknown

_1315934676.unknown

_1315942947.unknown

_1315942946.unknown

_1315934171.unknown

_1315828862.unknown

_1315920083.unknown

_1315920991.unknown

_1315921031.unknown

_1315921040.unknown

_1315921084.unknown

_1315921008.unknown

_1315920210.unknown

_1315828887.unknown

_1315828966.unknown

_1315829008.unknown

_1315832178.unknown

_1315828899.unknown

_1315828442.unknown

_1315828504.unknown

_1315828467.unknown

_1315828275.unknown

_1315828344.unknown

_1315828386.unknown

_1315828296.unknown

_1315828256.unknown

_1315827203.unknown

_1315827919.unknown

_1315828023.unknown

_1315828060.unknown

_1315828006.unknown

_1315827659.unknown

_1315827670.unknown

_1315827232.unknown

_1274873312.unknown

_1284363570.unknown

_1315823569.unknown

_1315823608.unknown

_1315823745.unknown

_1315823584.unknown

_1284364656.unknown

_1315823149.unknown

_1315823258.unknown

_1284364684.unknown

_1284364607.unknown

_1280736464.unknown

_1283434888.unknown

_1280130358.unknown

_1280130380.unknown

_1276611327.unknown

_1269390038.unknown

_1271778265.unknown

_1272120500.unknown

_1272864644.unknown

_1270710443.unknown

_1269389990.unknown

_1269390002.unknown

_1262432452.unknown

_1265562620.unknown

_1265697062.unknown

_1265697084.unknown

_1265697113.unknown

_1265697122.unknown

_1265697090.unknown

_1265697073.unknown

_1265565308.unknown

_1265565337.unknown

_1265696810.unknown

_1265562648.unknown

_1265562638.unknown

_1263120135.unknown

_1264933477.unknown

_1264945311.unknown

_1265023037.unknown

_1265023427.unknown

_1265391228.unknown

_1265023087.unknown

_1264945016.unknown

_1264932654.unknown

_1263879966.unknown

_1263367553.unknown

_1262692882.unknown

_1262772084.unknown

_1262959495.unknown

_1262772949.unknown

_1262768550.unknown

_1262672486.unknown

_1262674130.unknown

_1262674302.unknown

_1262672592.unknown

_1262492491.unknown

_1262492506.unknown

_1262492600.unknown

_1262435390.unknown

_1256563428.unknown

_1256624437.unknown

_1256624546.unknown

_1256624595.unknown

_1256624637.unknown

_1262428985.unknown

_1262429148.unknown

_1262428891.unknown

_1256624628.unknown

_1256624526.unknown

_1256624498.unknown

_1256575757.unknown

_1256575854.unknown

_1256566292.unknown

_1254157269.unknown

_1256456305.unknown

_1256558994.unknown

_1256559151.unknown

_1256459516.unknown

_1256459531.unknown

_1256459829.unknown

_1256456335.unknown

_1256456544.unknown

_1256455763.unknown

_1256455920.unknown

_1256455999.unknown

_1256455887.unknown

_1255351676.unknown

_1255905974.unknown

_1256387279.unknown

_1256455699.unknown

_1255906045.unknown

_1255524152.unknown

_1255905934.unknown

_1255367981.unknown

_1254158673.unknown

_1254159298.unknown

_1254159401.unknown

_1254159422.unknown

_1254159236.unknown

_1254159274.unknown

_1254159160.unknown

_1254157284.unknown

_1250761513.unknown

_1250761541.unknown

_1250761600.unknown

_1250761611.unknown

_1254042907.unknown

_1250761555.unknown

_1250761528.unknown

_1250761272.unknown

_1250761437.unknown

_1250503527.unknown

_1250503547.unknown

_1250502987.unknown

_1246187547.unknown

_1246188339.unknown

_1246188488.unknown

_1246188852.unknown

_1246274596.unknown

_1249739045.unknown

_1249822387.unknown

_1249822405.unknown

_1249822527.unknown

_1249739105.unknown

_1249739163.unknown

_1248507119.unknown

_1249738822.unknown

_1249738966.unknown

_1249738744.unknown

_1246276120.unknown

_1246272983.unknown

_1246274335.unknown

_1246259103.unknown

_1246188531.unknown

_1246188637.unknown

_1246188638.unknown

_1246188544.unknown

_1246188518.unknown

_1246188425.unknown

_1246188452.unknown

_1246188474.unknown

_1246188440.unknown

_1246188379.unknown

_1246188411.unknown

_1246188354.unknown

_1246187813.unknown

_1246187848.unknown

_1246187866.unknown

_1246187884.unknown

_1246188066.unknown

_1246187897.unknown

_1246187875.unknown

_1246187857.unknown

_1246187830.unknown

_1246187839.unknown

_1246187822.unknown

_1246187616.unknown

_1246187634.unknown

_1246187653.unknown

_1246187662.unknown

_1246187674.unknown

_1246187644.unknown

_1246187625.unknown

_1246187600.unknown

_1246187607.unknown

_1246187572.unknown

_1246186608.unknown

_1246186774.unknown

_1246187328.unknown

_1246187369.unknown

_1246187391.unknown

_1246187412.unknown

_1246187421.unknown

_1246187432.unknown

_1246187400.unknown

_1246187379.unknown

_1246187348.unknown

_1246187358.unknown

_1246187340.unknown

_1246187151.unknown

_1246187173.unknown

_1246187190.unknown

_1246187208.unknown

_1246187217.unknown

_1246187199.unknown

_1246187181.unknown

_1246187159.unknown

_1246187128.unknown

_1246187141.unknown

_1246187119.unknown

_1246186694.unknown

_1246186735.unknown

_1246186767.unknown

_1246186706.unknown

_1246186716.unknown

_1246186644.unknown

_1246186656.unknown

_1246186672.unknown

_1246186617.unknown

_1246186626.unknown

_1246184953.unknown

_1246185634.unknown

_1246185892.unknown

_1246186279.unknown

_1246186334.unknown

_1246186352.unknown

_1246186311.unknown

_1246186067.unknown

_1246185867.unknown

_1246185308.unknown

_1246185370.unknown

_1246185463.unknown

_1246185346.unknown

_1246184991.unknown

_1246185208.unknown

_1246107354.unknown

_1246184771.unknown

_1246184941.unknown

_1246175189.unknown

_1246103184.unknown

_1246104136.unknown

_1241442430.unknown

_1246102870.unknown

_1246102894.unknown

_1242459853.unknown

_1242728015.unknown

_1242460008.unknown

_1242460061.unknown

_1242459994.unknown

_1242400756.unknown

_1242400790.unknown

_1242400740.unknown

_1239097950.unknown

_1239608372.unknown

_1241338258.unknown

_1240749602.unknown

_1240749626.unknown

_1240749560.unknown

_1239098050.unknown

_1239098082.unknown

_1239114149.unknown

_1239097977.unknown

_1239098000.unknown

_1226730859.unknown

_1239097925.unknown

_1226419037.unknown

_1226730808.unknown

_1226419046.unknown

_1226212747.unknown

