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1. Introduction

At the Shanghai meeting, the following baseline of implicit ACK/NACK resource allocation was agreed.

“For non-persistent scheduling, the ACK/NACK index is implicitly tied to the lowest CCE index used to construct the PDCCH” 

And in the Jeju meeting, staggered structure for ACK/NACK channelization was agreed because it has excellent performance aspects especially in high speed scenarios[1]. The definition of the channelization would be
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are the resource index, the orthogonal sequence index and the cyclic shift index, respectively, and 
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 represents index hopping functions varying per symbol.

In this contribution, we propose the implicit resource mapping for Uplink ACK/NACK channels.
2. Considerations on block wise code domain priority and cyclic shift domain priority
Figure 1 is an example of the implicit UL ACK/NACK resource mapping which prioritizes the Block-wise code domain. Figure 2 is an example of the implicit UL ACK/NACK resource mapping which prioritizes the Cyclic Shift domain usage.
The values of PCFICH could vary sub-frame by sub-frame. On the other hand, the implicit mapping rule should be “semi-static” in order to reduce the signaling. Therefore, resources linked to CCEs with larger indices are less likely to be used than those linked to CCEs with smaller indices because CCEs with larger indices are only used when PCFICH takes larger value like 2 or 3[2]. This is shown in Figure 1. Some of UL ACK/NACK resources are used only when PCFICH is 3, but some are used in every sub-frame. We consider utilizing these unused resources to improve the performance of ACK/NACK. 
[image: image7.emf]CCE

#1

CCE

#2

CCE

#3

CCE

#4

CCE

#5

CCE

#0

CCE

#11

CCE

#10

CCE

#9

CCE

#8

CCE

#7

CCE

#6

CCE

#14

CCE

#15

CCE

#16

CCE

#17

CCE

#12

CCE

#13

Cyclic Shift indices

W

a

l

s

h

 

c

o

d

e

 

i

n

d

e

x


Figure 1
 Block-wise code domain priority (Similar to “approach 1” of [3])
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Figure 2
 Cyclic shift domain priority (Similar to “approach 2” of [3] and [4])
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Figure 3
 The relationship b/w PCFICH  and the number of CCEs
3. Proposed “ordering” of the implicit resource mapping

3.1. Sorted implicit mapping

Figure 4 is our proposal of ordering of the implicit mapping. The resources linked to CCEs with larger indices are interlaced with those linked to CCEs with smaller indices. By defining the implicit mapping like in Figure 4, when PCFICH is smaller than 3, the actual used cyclic shift difference of the adjacent resources can be enlarged compared to the original definition of Figure 1. Therefore, the UL ACK/NACK performance is improved by only defining “ordering” like in Figure 4. This improvement is especially obtained in the large cell where the delay spread breaks the orthogonality of the cyclic shift domain.
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Figure 4
 Proposed sorted table
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Figure 5 Agreed ACK/NACK structure

4. Conclusion

We propose to define the sorted implicit resource mapping for UL ACK/NACK. 
The sorted implicit mapping in Figure 4 can maximize the cyclic shift difference in case that PCFICH = “1” or “2”. This proposal can be captured in 36.211 as follows;
“The index 
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, where 
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 is the lowest index of the CCE used for DL assignment and 
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 is the number of the defined channels for the PUCCH format 0 and 1 in the RB”.
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