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1. Introduction

RAN1 agreed on the basic multiplexing method for the PUCCH [1]

 REF _Ref169347360 \r \h 
[2] at the Sorrento meeting. The ACK/NACK signal is code-spread by CG sequence in one SC-FDMA symbol, and then block-wise spreading is applied. 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” 

In this contribution, we propose the “ordering” of the implicit UL ACK/NACK resource allocation table.
2. Block wise code domain priority and cyclic shift domain priority
Figure 1 is an example of the implicit UL ACK/NACK resource mapping table which prioritizes the Block-wise code domain. Figure 2 is an example of the implicit UL ACK/NACK resource mapping table which prioritizes the Cyclic Shift domain usage. We use the mesh structure of the resource mapping in these figures as a baseline of the implicit resource mapping table discussions because this structure was agreed in Shanghai meeting[3]. In mesh structure of the resource mapping, the adjacent cyclic shift value or block-wise code are not used. The performance benefit was discussed in [4] and [5]
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Figure 1
 Block-wise code domain priority (Similar to “approach 1” of [6])
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Figure 2
 Cyclic shift domain priority (Similar to “approach 2” of [6] and [7])
3. Proposed “ordering” of the implicit resource mapping table

3.1. Sorted implicit mapping table with Block-wise code domain priority

Figure 3 shows the proposed “ordering” for UL ACK/NACK implicit mapping table with block-wise code domain priority.
This proposed "ordering" utilizes the difference of the usage probability of resources linked to CCEs. 
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 [8]. This is shown in Figure 4. Some of UL ACK/NACK resources are used only when PCFICH is 3, but some are used in every sub-frame. 
Figure 3 is our proposal of implicit mapping table. The resources linked to CCEs with larger indices are interlaced with those linked to CCEs with smaller indices. By defining the implicit mapping table like Figure 3, 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 3. 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 3
 Proposed sorted table for Block-wise code domain priority
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Figure 4
 The relationship b/w PCFICH values and the number of CCEs [8]
3.2. Sorted implicit mapping table with Cyclic Shift domain priority

Figure 5 shows an example of the “ordering” for UL ACK/NACK implicit mapping table with cyclic shift domain priority. Unlike Figure 3, Figure 5 doesn’t have any performance benefit by itself, but this table has a possibility for improving the performance depending on the CCE mapping usage.
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Figure 5
 Proposed sorted table for Cyclic Shift domain priority

Figure 6 shows the CCE mapping usage example to have the benefit of UL ACK/NACK resources defined in Figure 5. After deciding which L1/L2 control channel to be allocated in CCEs, eNB re-locates each L1/L2 control channel in the order that the smaller aggregation CCEs are mapped to smaller number of CCEs. We assume that the UL ACK/NACK resource used by UE is linked to the CCE with the smallest index number when CCE aggregation is applied. In this case, the probabilities of the usage of the resources would be monotonically decreasing. Hence, the average number of UL ACK/NACK resources that uses the same cyclic shift values can be averaged. In other words, the probability that a certain CS values are used by two UEs can be reduced.
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Figure 6 Possible implementation of the scheduler at the eNB
The CCE mapping usage could be grouped like proposed in [8] in order to reduce UE blind trial. Some UEs only receive certain CCEs and some other UEs only receive other certain CCEs. In this case, the CCE mapping and the mapping table could be like Figure 7. Such a kind of grouping of the CCE usage would be useful when the system bandwidth is wider than 10MHz.
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Figure 7 Example of the grouping method for cyclic shift domain priority
In DL PDCCH design, how to reduce blind trial and how to utilize CCEs are still under the discussion. We propose ACK/NACK improvement method discussed above is taken into account in DL PDCCH discussion. 
4. Conclusion

We propose to define the sorted implicit resource mapping table for UL ACK/NACK. 
The sorted implicit mapping table with block-wise code domain priority in Figure 3 can maximize the cyclic shift difference in case that PCFICH = “1” or “2”. 
The sorted implicit mapping table with cyclic shift domain priority in Figure 5 can improve the performance depending on CCE utilization. We propose CCE utilization discussion takes into account this improvement of UL ACK/NACK.
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