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1. Introduction
The number of HARQ-ACK will increase dramatically with the increased number of configured CCs. Enhancement for HARQ-ACK feedback should be considered based on consensus has been made:
· At least the following enhancements to UL HARQ-ACK feedback signalling need to be considered/specified in order to support the increase in UL control information:

· Restricting increase of HARQ-ACK payload. Details FFS including

· HARQ-ACK bundling in spatial, time, and/or frequency domain

· Reducing the number of HARQ-ACK feedback bits associated with non-scheduled serving cells / subframes.

In this contribution we focus on the methods of restricting increase of HARQ-ACK payload.
2. HARQ-ACK compression
Bundling can be viewed as a compression method. In addition to spatial bundling, other bundling should also be considered. The target is to compress the HARQ-ACK bits into the range that a PUCCH format can support. PUCCH format 3 could be a good container for the reduced HARQ-ACK payload, but new PUCCH format(s) can be further considered. Followings are possible solutions to the HARQ-ACK compression. Note that the bundling discussed under Scheme 2 includes the bundling across time and/or frequency domain in addition to spatial bundling.
2.1.  Group bundling
In this solution, the aggregated CCs are divided into CC groups. HARQ-ACK bundling is performed within each CC group. The number of CC groups is related to the number of HARQ-ACK bits to be fed back and the capacity of a PUCCH format and the bundling scheme used in each group. Figure 1 gives an example of group bundling and take PUCCH format 3 as the container in the example. The detail of bundling scheme used in each group is FFS. Note that if bundling scheme is introduced in CC domain, mechanisms should also be introduced to solve the PDCCH miss-detection. Those mechanisms includes introduction of DAI in CC domain. 
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Figure 1: example of group bundling
2.2. Partial bundling

Bundling is performed only for part of the CCs, and no bundling or at most spatial bundling is performed for other CCs. The number of CCs without bundling can be fixed or configurable. Figure 2 gives an example for partial bundling. In this example, PUCCH format 3 with dual RM is used. Up to 20/21 HARQ-ACK bits can be supported in this case. And the number for the unbundled CCs is set to M. M HARQ-ACK bits correspond to M CCs respectively and the remaining (20-M) or (21-M) HARQ-ACKs bit corresponds to the bundled HARQ-ACK bits for the remaining CCs. The details on how to configure the un-bundled CCs and the bundled CC can be further decided. The bundling scheme for the bundled CCs is also FFS. And as mentioned above, DAI in CC domain should also be introduced to handle the PDCCH miss detection problem. If the DL DAI in CC domain is introduced, the HARQ-ACK bits can be ordered according to the DAI, which are illustrated in Figure 3. In this case, if the number of scheduled CCs does not exceed the number of CCs configured without bundling, no bundling is needed. It can ensure the DL throughput performance. 
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Figure 2: example of partial bundling
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Figure 3: example of partial bundling based on DAI

2.3. HARQ-ACK compression with scheduling restriction

If there are some scheduling restrictions put on the eNB, HARQ-ACK bits can also be reduced to some extent. For example, if it is restricted that up to M continuous CCs (consecutive in CC index) can be scheduled, the HARQ-ACK bits can be reduced to 
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 bits are used to indicate the first CC index of the M CCs and M bits are used to indicate the HARQ-ACK state of each CCs. Two examples are illustrated in Figure 4. If M is set to 17, 21 bits are needed, which can be supported by PUCCH format 3. In CA with up to 32 CCs configured, the number of simultaneously scheduled CCs may not be too large. So such restrictions may not put too many limits on the eNB’s scheduling. Note that DAI is not needed in this case.
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Figure 4: example of HARQ-ACK compression with scheduling restriction
3. Reducing the number of HARQ-ACK feedback bits associated with non-scheduled serving cells / subframes
In Rel-8/9/10/11/12, the number of HARQ-ACK bits needed to be fed back is based on the number of configured CCs. In case of CA with up to 32 CCs, it is not main scenario that all the 32 DL carriers are scheduled simultaneously [3]. If the number of HARQ-ACK bits is still associated with the configured CCs, many useless HARQ-ACK bits are transmitted. Part of UE transmit power is wasted and do not contribute HARQ-ACK performance. For wide range of number CCs, e.g. 6~32, it is inefficient to always use number determined by CC configuration. One potential enhancement for HARQ-ACK is to reduce the number of HARQ-ACK feedback bits associated with non-scheduled serving cells/subframes.
If the codebook of HARQ-ACK bits is determined by the number of scheduled serving cells/subframes, misunderstanding about HARQ-ACK size between eNB and UE will happen. This is due to DTX of some CCs. And, the mapping of HARQ-ACK will no longer be fixed. Mechanisms should be introduced to ensure that eNB and UE have same understanding about the HARQ-ACK feedback, including codebook size and HARQ-ACK bit sequence.
In TDD, DL DAI has been introduced to solve the DTX problem for HARQ-ACK bundling and used for HARQ-ACK mapping for PUCCH format 3. UL DAI is used for codebook determination when HARQ-ACK is transmitted on PUSCH. The DAI based mechanism should be a starting point for the DTX handling to enable the bits reduction. 
One further issue is related to the PUCCH format switching. If the number of HARQ-ACK bits determined by the number of scheduled serving cells/subframes falls within the range of PUCCH format 3, it would be better to use format 3. PUCCH format switching also requires keeping the UE and eNB to have same understanding about the format ofHARQ-ACK transmission.
To solve the ambiguity problem, additional signaling should be considered. Some signaling indicating the PUCCH format used by the UE or number of HARQ-ACK bits needed to feedback can be introduced in the DCI. Whether to introduce new control field in the current DCI or reuse the existing control field for the new signaling can be further discussed.
4. Others
In addition to the HARQ-ACK on PUCCH, HARQ-ACK on PUSCH for CA with up to 32 CCs should also be considered. Current specification allows that 4 SC-FDMA symbols in PUSCH can be used to transmit HARQ-ACK feedback. This is under the scenarios of single carrier and later 5-carrier CA. However, if large number of bits, e.g. 128, is needed to be fed back, the performance of HARQ-ACK cannot be guaranteed. The 4 SC-FDMA symbols can only provide 48 modulation symbols per PRB. The number of symbols for HARQ-ACK is quite limited in this sense. Similar problem also exists for RI on PUSCH. Extending more SC-FDMA symbols which can be used to transmit HARQ-ACK is one of most straightforward solution. Extending the all 12 payload SC-FDMA symbols in PUSCH can archive the required performance. This problem can also be avoided by scheduling multiple PRB to get more modulation symbols. However, it is very inefficient since the resource for Data and Control may not be matched. Feeding back 128 bits for DL HARQ does not means scheduling comparable number bits for Data. And, the target BLER for control signalling is at least below 1%, which results in much lower coding rates than data. Thus, it could be possible case that the 4 SC-FDMA symbols are packed with UCI and in full power. Data resource could be wasted.

5. Conclusion

In this contribution, we discuss the HARQ-ACK enhancement for CA with up to 32 CCs. In summary, we propose.
· HARQ-ACK compression to reduce the wide range of HARQ-ACK payloads should be considered.

· Reducing the number of HARQ-ACK feedback bits by associated with scheduled serving cells / subframe should be considered. Additional mechanism to solve the ambiguity problem should be introduced.
· Enhancement for HARQ-ACK on PUSCH should be considered.
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