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1. Introduction  
Carrier aggregation (CA), where two or more component carriers (CCs) are aggregated, is considered for LTE-Advanced in order to support wider transmission bandwidths e.g. up to 100MHz and for spectrum aggregation. A way forward about PUCCH ACK/NACK was agreed in RAN#1 58bis meeting as follow:

· All A/N for a UE can be transmitted on PUCCH in absence of PUSCH transmission

· Suppport mapping onto one UE specific UL CC

· One ACK/NACK for each DL CC transport block should be supported

· Limited ACK/NACK transmission for the DL CC transport blocks should be supported for power limitation

· Simultaneous ACK/NACK transmission on multiple UL CC is FFS

· One ACK/NACK for each DL CC transport block should be supported

· Limited ACK/NACK transmission for the DL CC transport blocks should be supported for power limitation

· Exact method for ACK/NACK resource allocation is FFS

· Do not optimize the A/N feedback for multiple DL CC assuming large number of UEs being simultaneously scheduled on multiple DL CC 
· Consider performance and power control issues (CM, BER...) 
In this contribution, we further discuss the issue of ACK/NACK resource allocation in LTE–A.
2. ACK/NACK resource allocation for carrier aggregation
In Rel-8, there are two types of ACK/NACK, dynamic ACK/NACK and SPS ACK/NACK. The allocation method for these two types ACK/NACK is different. The resource for dynamic ACK/NACK is implicitly linked to the lowest CCE index of the corresponding PDCCH, while the resource for SPS ACK/NACK is explicitly signaled by higher layer. 
In LTE-A, as the introduction of carrier aggregation, UE may be scheduled for PDSCH receptions on multiple component carriers and one ACK/NACK for each DL CC transport block should be supported. Accordingly how to allocate ACK/NACKs resources on UL CC for multiple DL CCs should be studied. Since the resource for SPS ACK/NACK is semi-statically configured by the eNB via higher layer signaling, we think there should be no difference for LTE-A SPS ACK/NACK. Therefore, in this section, we only consider the resource allocation for dynamic ACK/NACK feedback. Basically, there may be 3 alternatives for dynamic ACK/NACK resource allocation.

Alternative 1: Dynamic ACK/NACK resource for any PDSCH transmission is implicitly mapped from the corresponding PDCCH CCE and reserved on every UL CC.
An example of alternative 1 is shown in Figure 1 and Figure 2 for symmetric and asymmetric carrier aggregation respectively.
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Figure 1 A/N resource allocation for symmetric carrier aggregation in alternative 1
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Figure 2 A/N resource allocation for asymmetric carrier aggregation in alternative 1
Pros:

1. Flexible UE-specific carrier aggregation can be supported and do not depend on cross carrier scheduling.
2. The implicit mapping rule in Rel-8 can be reused with small modification.
Cons:

1. The overhead is too large.

2. Some specification modification may be needed, i.e., the eNB needs to configure the higher layer signaled parameter 
[image: image3.wmf](1)

PUCCH

N

 for each UL CC.
Alternative 2: Dynamic ACK/NACK resource for any PDSCH transmission is implicitly mapped from the corresponding PDCCH CCE and reserved only on the cell-specific linked UL CCs.

An example of alternative 2 is shown in Figure 3 for different cell-specific UL/DL linkage.
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Figure 3 A/N resource allocation for alternative 2
Pros:

1. The overhead is relatively small compare to alternative 1 depending on the restriction of cell-specific UL/DL linkage.

2. The implicit mapping rule in Rel-8 can be reused with small modification.

Cons:

1. The flexibility of support UE-specific carrier aggregation may be limited depending on the cell-specific UL/DL linkage or depending on cross carrier scheduling is enabled or not.

2. Some specification modification may be needed, i.e., the eNB need to configure the higher layer signaled parameter 
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 for the linked UL CCs.

As we can see from Figure 3, there is a tradeoff between flexibility and resource overhead. If we want to support flexible UE-specific carrier aggregation, the cell-specific UL/DL linkage can be set as complex as Figure 3-(a). In this case, alternative 2 is the same as alternative 1, which means alternative 1 is a special case of alternative 2. But the resource overhead for this case is largest. Otherwise, if we want to reduce the resource overhead, the UL/DL linkage should be limited, such as the cases illustrated in Figure 3-(b) and (c). In the case of Figure 3-(c), carrier aggregation can be supported only when cross carrier scheduling is enabled.
Note that since the resource reserved for multiple DL CCs is implicitly linked to the lowest CCE index of the corresponding PDCCH, the ACK/NACK resource region for each DL CC may be equal to the number of CCE of each DL CC, which may make the ACK/NACK resource reservation over-dimensioned, especially when the number of UEs being simultaneously scheduled on multiple DL CCs is relatively small. Therefore if we introduce a new method other than implicit mapping for dynamic ACK/NACK resource allocation, we can make a good balance between flexibility of support carrier aggregation and resource overhead. 
Alternative 3: Dynamic ACK/NACK resource for PDSCH transmission is implicitly mapped from the CCE when the corresponding PDCCH is transmitted on the cell-specific paired DL CCs and semi-statically configured when the corresponding PDCCH is transmitted on the un-paired DL CCs. In addition, the cell-specific pairing of DL and UL CCs means that they have a default TX/RX frequency separation defined in Rel-8, or a simple linkage.

Figure 4 gives an example of alternative 3. In this example, the UL/DL CC is one to one paired according to their default TX/RX frequency separation. For UL CC#1, the implicitly mapped ACK/NACK resources are only mapped from the PDCCH CCE of the DL CC#1 (paired DL CC of UL CC#1), and the ACK/NACK resources for PDSCH transmissions scheduled by PDCCHs on DL CC #2/3 (unpaired DL CCs of UL CC#1) are semi-statically configured.
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Figure 4 A/N resource allocation in alternative 3
Pros:

1. The overhead is between Alternative 1 and alternative 2, and also can be well controlled by eNB. The overhead reduction may be significant especially when the number of UEs capable of carrier aggregation is relatively small.
2. Flexible UE-specific carrier aggregation can be supported and do not depend on cross carrier scheduling.
Cons:

1. New resource allocation method should be introduced for dynamic ACK/NACK. 
Considering the first sub-bullet of the ACK/NACK resource allocation in the way forward, we think alternative 3 can support it very well. Since in the typical scenarios, the number of UEs being simultaneously scheduled on multiple DL CCs is relatively small, we can reserve a small portion of ACK/NACK resource region semi-statically configured by higher layer for those PDSCH transmissions whose corresponding PDCCH is transmitted on the un-paired DL CCs, which may save the total UL control overhead. Therefore, taking both flexibility of support UE-specific carrier aggregation and UL control resource overhead into account, alternative 3 is preferred.
3. ACK/NACK resource allocation for TxD
SORTD is agreed as the TxD scheme for ACK/NACK. One pending issue of the ACK/NACK TxD is the resource allocation since SORTD needs two orthogonal resources for two antenna ports. The resource for the first antenna port can be obtained in the same way as Rel-8, i.e. implicitly mapped from the first CCE index of the corresponding PDCCH. How to get the resource for the second antenna port is currently under investigation. There are mainly four options:
1. Option 1: configured by higher layer.
a) Pros: no restriction compared to other options.

b) Cons: higher layer signaling is needed and maybe higher PUCCH overhead is required.

2. Option 2: implicitly mapping from the other CCE index of the corresponding PDCCH.
a) Pros: no additional signaling is needed and the PUCCH overhead keeps the same as Rel-8. 

b) Cons: the CCE aggregation level of the corresponding PDCCH should be equal or larger than 2, which will bring some scheduling restriction to the eNB. There is no straight relationship between the application of SORTD and CCE aggregation level. 

3. Option 3: mapped from the CCE index which is not carrying DL assignment.

a) Pros: no additional PUCCH overhead.

b) Cons: a new mechanism is needed to inform the UE which resource should be used by the second antenna. High layer signaling or predefined relation to the resource of the first antenna should be considered. If predefined relation is adopted, there is also some scheduling restriction to the eNB.
4. Option 4: fall back to single antenna mode if the CCE aggregation level is 1.
a) Pros: simple, no additional signaling mechanism and PUCCH overhead is required.

b) Cons: limit the application of SORTD, which leads to undesirable performance fluctuation depending on the detected CCE aggregation levels, as the transparent TxD scheme performs worse than SORTD.
At this stage, we slightly prefer that SORTD for ACK/NACK is always ON for UEs with multiple antennas. And if the CCE aggregation level of the corresponding PDCCH is less than 2, the resource for the second antenna port is configured by higher layer, otherwise option 2 is applied.
4. Conclusions

In this contribution, we have shown our views on ACK/NACKs resource allocation for LTE-Advanced, taking carrier aggregation and ACK/NACK TxD into account. In summary, we propose that:
For carrier aggregation:

· Dynamic ACK/NACK resource for PDSCH transmission is implicitly mapped from the CCE when the corresponding PDCCH is transmitted on the cell-specific paired DL CCs and semi-statically configured when the corresponding PDCCH is transmitted on the un-paired DL CCs.. 

· The cell-specific pairing of DL and UL CCs means that they have a default TX/RX frequency separation defined in Rel-8, or a simple linkage.

For ACK/NACK TxD (SORTD):

· The resource for the first antenna port is implicitly mapped from the first CCE index of the corresponding PDCCH.

· The resource for the second antenna port is configured by higher layer if the CCE aggregation level of the corresponding PDCCH is less than 2, otherwise the resource for the second antenna port is implicitly mapping from the other CCE index of the corresponding PDCCH.
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