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1. Introduction

In RAN1#53 meeting in Kansas, several methods are proposed for CCE to bundled ACK/NACK PUCCH index mapping for TDD [1]. In this paper, we compare those methods and suggest way forwards.
· Bundling error happens when
· UE is assigned N>1 dynamic assignments within the bundling windows

2. Comparison of CCE to ACK/NACK index mapping methods
2.1. Methods of CCE to ACK/NACK index mapping
In the figure examples of the methods of CCE to ACK/NACK index mapping, we assume uplink ACK/NACK for two downlink subframes are bundled so that ACK/NACK PUCCH resources in one uplink subframe shall be mapped to CCEs in two downlink subframes (distinguished by green and yellow colours in the figures).

· Alternative 1. Localized mapping [2][3]
In this method, CCEs in different subframes are mapped to ACK/NACK resource index in a consecutive way as in figure 1.
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Figure 1  Example of localized mapping
· Alternative 2. Interleaved mapping [4]
In this method, CCEs in different subframes are mapped to ACK/NACK resource index in an alternating way as in figure 2. The merit of this method is that if the number of OFDM symbols for control signalling is small (1 or 2) for all the downlink subframes in a bundling window, the last ACK/NACK PUCCH RB may be reused for PUSCH transmission.
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Figure 2  Example of interleaved mapping
· Alternative 3. Block-interleaved mapping [5]
In this method, CCEs in different subframes are mapped to ACK/NACK resource index in such order that (when 2 subframes are assumed to be bundled) CCEs in 1st OFDM symbol in 1st subframe, in 1st OFDM symbol in 2nd subframe, in 2nd OFDM symbol in 1st subframe, in 2nd OFDM symbol in 2nd subframe, in 3rd OFDM symbol in 1st subframe, in 3rd OFDM symbol in 2nd subframe. The merit of this method is that the last ACK/NACK PUCCH RB may be reused for PUSCH transmission if the number of OFDM symbols for control signalling is small (1 or 2) for the last subframes (subframe 1 in this example) as well as all the subframes in a bundling window. 

[image: image3.emf]
Figure 3  Example of block-interleaved mapping
Considering above three alternative methods, we suggest the following way forward.

· If simple mapping rule is prioritized, localized mapping (alternative 1) is selected since this is the simplest mapping. If reuse of ACK/NACK PUCCH resource for PUSCH transmission is prioritized, block-interleaved mapping (alternative 3) is selected since this is most optimized way. 
2.2. Methods of CCE to ACK/NACK index mapping with reduced ACK/NACK PUCCH resources.
The followings are the agreements on the ACK/NACK resource reduction in RAN1#53.
· For DL/UL configuration 5, A/N PUCCH resource reduction by higher layer configuration is allowed. 
· For other DL/UL configurations, FFS whether A/N PUCCH resource reduction is allowed.

There seems to be three alternative ways suggested so far for the CCE to ACK/NACK index mapping in case of reduced ACK/NACK PUCCH resources as follows.

· Alternative 1. CCE to ACK/NACK index remapping within each downlink subframe [2]
In this method, more than one CCE in a subframe can be mapped to an ACK/NACK index allocated to that subframe as illustrated in figure 1. Even though figure 1 shows an example with localized mapping, this method can be applied to interleaved or block-interleaved mapping by simply replacing nCCE in a mapping formula by nCCE mod N/D where nCCE is a CCE index in a subframe, N is the total number of ACK/NACK resources in an uplink subframe and D is the number of subframes in a bundling window.
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Figure 4  Example of alternative 1
· Alternative 2. CCE to ACK/NACK index remapping over downlink subframes in a bundling window [3]
In this method, CCE to ACK/NACK index remapping is done without restriction to each downlink subframe as illustrated in figure 2. Even though figure 2 shows an example with localized mapping, this method can be applied to interleaved or block-interleaved mapping by simply replacing nPUCCH in a mapping formula by nPUCCH mod N where nPUCCH is a ACK/NACK index and N is the total number of ACK/NACK resources in an uplink subframe.
However, this method results in uneven remapping between CCEs in different downlink subframes as shown in figure 2. Moreover, selection of CCE for PDCCH transmission at eNB scheduler will be complicated since CCE selection in previous subframes within a bundling window should be considered. Therefore, this method doesn’t look preferable.
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Figure 5  Example of alternative 2
· Alternative 3. Allocating CCE exclusively to one UE within a bundling window [6]
In this method, if a CCE is used as first CCE in PDCCH signalling to a UE in a subframe within a bundling window, that CCE is blocked to usage as first CCE for PDCCH signalling to other UEs within the other subframes within (a half of) that bundling window. By this way, ACK/NACK resource corresponding to one (or two) downlink subframe can cover all the downlink subframe within a bundling window as illustrated in figure 4. 

CCE to ACK/NACK index remapping is done without restriction to each downlink subframe as illustrated in figure 2. Even though figure 2 shows an example with localized mapping, this method can be applied to interleaved or block-interleaved mapping by simply replacing nPUCCH in a mapping formula by nPUCCH mod N where nPUCCH is a ACK/NACK index and N is the total number of ACK/NACK resources in an uplink subframe.

However, this method cannot coexist with UE-specific PDCCH search space hashing. Even if we assume a bundling window is divided by two parts and hashing is applied by a unit of half bundling window, only two times of hashing occurs within 10 ms radio frame in downlink/uplink configuration 5. This will deteriorate the freedom of eNB scheduling greatly. Therefore, this method doesn’t look preferrable.
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Figure 6  Example of alternative 3
Considering above three alternative methods, we suggest the following way forward.

· CCE to ACK/NACK index remapping within each downlink subframe (alternative 1) is selected as CCE to ACK/NACK index mapping in case of reduced ACK/NACK PUCCH resources. 
2.3. CCE index interleaving before CCE to ACK/NACK index mapping
In RAN1#52, CCE index interleaving before CCE to ACK/NACK index mapping as illustrated in figure 7 is agreed, which is not included in the specifications yet. However, introducing CCE index interleaving will make the CCE to ACK/NACK mapping rule quire complex while it doesn’t seem to provide gain after that UE-specific hashing function is introduced in the specification. That is, the order of CCE allocation doesn’t follow the CCE index order since starting point of CCE index for each aggregation level is randomized depending on the UE ID. Therefore, we suggest the following.
· CCE index interleaving is not employed in the specifications. 
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Figure 6  Example of alternative 3
3. Summary
In this paper, we compared alternative methods of CCE to ACK/NACK index mapping in both cases of normal and reduced ACK/NACK PUCCH resources. In addition, we discussed the necessity of CCE index interleaving. In summary, we suggest the followings.
· In case of normal ACK/NACK PUCCH resources: If simple mapping rule is prioritized, localized mapping (figure 1) is selected since this is the simplest mapping. If reuse of ACK/NACK PUCCH resource for PUSCH transmission is prioritized, block-interleaved mapping (figure 3) is selected since this is most optimized way. 
· CCE to ACK/NACK index remapping within each downlink subframe (figure 4) is selected as CCE to ACK/NACK index mapping in case of reduced ACK/NACK PUCCH resources.
· CCE index interleaving is not employed in the specifications.
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