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1
Introduction
In the current 36.211, the equations in section 5.4.1 map the resource index 
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 into the corresponding orthogonal sequence index 
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 and the cyclic shift 
[image: image3.wmf])

(

s

n

a

. However the mapping is only optimal in the non-mixed PRB case, i.e., the PRB which only contains ACK resource. In the mixed PRB case, the mapping specified in 5.4.1 may result into highly interfering ACK resources. In this document, we illustrate the issues with mixed PRB case and provide a solution to fix the problem.
2 Discussion
In the current 36.211 for the uplink control format 1 it is specified to derive the corresponding orthogonal cover and cyclic shift as follows:

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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are set by higher layers. 

However, the equation for deriving the cyclic shift only holds for non-mixed RBs. With the mixed RB, take 
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 as an example. With the normal cyclic prefix configuration there are 4 ACK resources can be supported, and we end up in the following mapping: 
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The mapping is clearly undesirable as it requires the channel to be static within a slot since there are 3 ACK resources corresponding to the same cyclic shift and they are separated only by time domain orthogonal cover. On the other hand, if we change the cyclic shift with orthogonal cover 1 and 2, such problem can be easily avoided.
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One way to address this issue is to keep the mapping of resource index 
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 as in the non-mixed PRB case and prune those entries when they fall beyond the 
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. Again take the above case as an example. We start with the mapping as in the non-mixed case: 

Prune those entries with the corresponding cyclic shifts larger than 
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 and we end up in the mapping as follows:
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The modified mapping is in line with the concept we have for the non-mixed case and it maximizes the distance among the ACK resources.

This modified approach, although straightforward in concept, is hard to capture in a generalized formula. In the text proposal we describe it using the pseudo code.

One side comment is that it is agreed in RAN1 #52 that 
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3 Summary

In the current spec, the formulas to convert the resource index 
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 ends up in undesirable mapping in the mixed PRB case. In this document, we generalize the mapping rule for UL ACK on the mixed PRB which contains both ACK and CQI. The generalized mapping rule can avoid the undesirable mapping for the UL ACK transmission. 
-----------------------------Text Proposal-----------------------------------------
Suggested Standard Text Change (36.211):

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 section, 
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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.
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The block of complex-valued symbols 
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with 
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 for PUCCH format 1 and  normal PUCCH formats 1a/1b, and 
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for shortened PUCCH formats 1a/1b. The sequence 
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 is given by Table 5.4.1-2 and Table 5.4.1-3.

5.4.1.1
Non-mixed PRB case (
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/

(

)

1

(

(1)

PUCCH

PUCCH

shift

cs

N

c

floor

n

D

×

³

)
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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are set by higher layers. 

5.4.1.2
Mixed PRB case (
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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 quantities

[image: image70.wmf]{

}

{

}

{

}

1

,...,

1

,

0

prefix

 

cyclic

 

extended

for 

3

,

2

,

1

prefix

 

cyclic

 

normal

for 

3

,

2

,

1

PUCCH

shift

PUCCH

offset

PUCCH

shift

-

D

Î

î

í

ì

Î

D

d

 

are set by higher layers. 

Prune the mapping of 
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and assign the pruned mapping to 
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as described in the following pseudo-code:

· Step 1: 
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· Step 3: 

· Go back to Step 2 till 
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