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1
Introduction
The cyclic shift and orthogonal cover allocation formulas for PUCCH formats 1, 1a and 1b were accepted at RAN1 #51b [1]. In this contribution, we propose an optimization of the allocation, which reduces the orthogonality loss due to channel dispersion. 
2 Discussion

The modified PUCCH cyclic shift and orthogonal cover allocation are presented in the form of proposed specification text changes and in the form of resource grid allocation tables showing the modified cyclic shift - orthogonal cover selection. 

The proposed changes only affect the normal cyclic prefix case.  
a.2 Proposed text change
PUCCH formats 1, 1a and 1b
[…]

Resources used for transmission of PUCCH format 1, 1a and 1b are identified by a resource index 
[image: image1.wmf](1)

PUCCH

n

 from which the orthogonal sequence index 
[image: image2.wmf])

(

s

oc

n

n

 and the cyclic shift 
[image: image3.wmf])

(

s

n

a

 are determined according to




[image: image5.wmf]ë

û

ë

û

(

)

(

)

ë

û

ë

û

(

)

(

)

(

)

[

]

(

)

[

]

ï

î

ï

í

ì

¢

+

+

D

×

¢

+

¢

D

×

-

+

+

D

×

¢

+

=

×

=

ï

î

ï

í

ì

¢

D

×

¢

×

¢

×

¢

D

×

¢

×

+

¢

D

×

¢

=

prefix

 

cyclic

 

extended

for 

mod

mod

2

)

(

)

(

)

,

(

prefix

 

cyclic

 

normal

for 

mod

mod

mod

3

/

)

(

2

)

(

)

(

)

,

(

)

(

)

(

2

)

(

prefix

 

cyclic

 

extended

for 

)

(

2

prefix

 

cyclic

 

normal

for 

2

mod

)

(

2

mod

)

(

2

)

(

)

(

RB

sc

s

oc

PUCCH

offset

PUCCH

shift

s

cell

cs

RB

sc

PUCCH

shift

s

oc

s

oc

PUCCH

offset

PUCCH

shift

s

cell

cs

s

cs

RB

sc

s

cs

s

PUCCH

shift

s

s

PUCCH

shift

s

PUCCH

shift

s

s

oc

N

N

n

n

n

n

l

n

n

N

N

n

n

n

n

n

n

l

n

n

n

n

N

n

n

n

N

n

n

n

n

N

n

n

N

n

n

n

n

s

s

d

d

p

a


[…]
Table 5.4.1-1: Orthogonal sequences 
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 for PUCCH formats 1, 1a and 1b.
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	Orthogonal sequences 
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a.3 Resource grid allocation tables
The resource grid allocation tables showing the modified cyclic shift - orthogonal cover selection are given in Tables 1 through 3 below. 
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Table 1  Resource allocation for 18 ACK/NACK channels with normal CP
	Cyclic shift  
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Table 2  Resource allocation for 12 ACK/NACK channels with normal CP
	Cyclic shift  
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Table 3  Resource allocation for 36 ACK/NACK channels with normal CP
a.4 Performance considerations

The resource grid allocation in [1] was selected based on an evaluation of the orthogonality loss due to channel dispersion and Doppler.  

First, we can consider the following statements:
· Orthogonality loss due to channel dispersion depends on cyclic shift separation

· Orthogonality loss due to Doppler depends on the element-wise product of the orthogonal cover pair 

Second, we consider that the element-wise product of 
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· Element-wise product of 
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· Element-wise product of 
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Therefore, we can conclude the following:

a) In a fully loaded PUCCH case, the loss of orthogonality due to channel dispersion for 
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 is reduced, because the distance to the closest cyclic shift mapped to identical 
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 orthogonal covers is doubled,  while the loss of orthogonality for the other cases is unchanged

b) In a partially loaded PUCCH case, the  
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 values are filled with even values first [2], so the same orthogonality is maintained. 
Overall, there is a performance improvement compared to [1].  
3
Conclusions

Improved cyclic shift and orthogonal cover allocation formulas for PUCCH formats 1, 1a and 1b were presented.  The improvement is in terms of reduced loss of orthogonality due to channel dispersion.     
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