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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. In this contribution, we discuss our views on ACK/NACK design for LTE-Advanced with carrier aggregation.

2. Discussion
In RAN1#55bis, the baseline assumption for LTE-Advanced to support one transport block and HARQ entity per component carrier was confirmed. Therefore, when multiple DL component carriers are scheduled for one UE in a subframe, the UE has to feedback multiple ACK/NACKs associated with the different DL CCs. How to feedback the multiple ACK/NACKs has been discussed in [1]~[13]. In this section, we present our view on this issue. 

First of all, we think the channel structure of ACK/NACK should be reused as much as possible. That is, PUCCH format 1a/1b as defined in LTE is reused in LTE-A.

Regarding the multiple ACK/NACKs transmission, we consider two cases first. One is that multiple control channels corresponding to multiple ACK/NACKs are transmitted simultaneously on multiple component carriers or on one single component carrier. The other is that only one control channel is transmitted on one component carrier. The first one is considered when the UE is not power-limited while the latter is on the contrary.
2.1 Multiple control channels transmission

Considering the multiple control channels transmission, the most straightforward choice is to utilize the same PUCCH structure as in Release-8, namely N*Rel-8 PUCCH structure. There are several alternatives when considering the frequency location of the multiple PUCCHs:

· Alternative #1: different CCs;

· Alternative #2: same CC, different RBs;

· Alternative #3: same RBs. 

· Alternative #4: combination of the above mentioned.

Figure 1 illustrates the N*Rel-8 PUCCH structure for the four alternatives. In Figure 1-(a), there is one to one mapping between downlink component carrier and uplink component carrier, e.g. symmetric carrier aggregation. Therefore there is one PUCCH per uplink component carrier. The multiple PUCCHs fall into different CCs. In case where the number of uplink component carriers is lower than downlink component carriers, as shown in Figure 1-(b), the uplink PUCCHs transmitted on one uplink component carrier with different RB locations will carry information for multiple downlink component carriers. The multiplexing of the multiple PUCCHs can be seen as FMD for the first two alternatives. It can also be CDM for the multiple PUCCHs when they happen to fall into the same RB, as shown in Figure 1-(c). This can be achieved by some scheduling strategies. Alternative #3 can also be seen as a MSM (multiple sequence modulation) scheme in other contributions. Figure 1-(d) is an example of Alternative #4, which is a combination of Alternative#1 and Alternative #2.
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Figure 1 Example of N*Rel-8 PUCCH structure with CA
The advantage of the N*Rel-8 PUCCH structure is backward compatible with Rel-8 and minimum L1 specification impact for LTE-A. The implicit mapping of PUCCH resource index and lowest CCE index of PDCCH can also be maintained in case of separate coding for PDCCH is adopted, almost the same for symmetric carrier aggregation and slightly modification for asymmetric carrier aggregation. 
In RAN#55bis, an agreement has been made that simultaneous PUSCH and PUCCH transmission are supported in LTE-advanced in addition to TDM. That implies the single-carrier requirement for uplink transmission has been relaxed for LTE-A. To our understanding, simultaneous multiple PUCCHs transmission can also be supported as well, at least for the non-power limited UEs.
2.2 Single control channel transmission

From uplink control channel coverage point of view, it is better to keep the single carrier property for uplink transmission, that is, only one uplink channel can be transmitted in one subframe. Considering the multiple ACK/NACKs feedback transmission with single carrier property, there are mainly two alternatives.
Alternative #1: multiplexing scheme

For multiplexing, multiple ACK/NACK feedback bits corresponding to the PDSCH from different downlink component carriers will be transmitted in one uplink component carrier in the similar way as TDD ACK/NACK multiplexing scheme in LTE Rel-8, which is called as ACK/NACK multiplexing using PUCCH format 1b with channel selection. Figure 2 gives some examples of multiplexing scheme with carrier aggregation.
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Figure 2 Example of multiplexing scheme with CA

It is assumed that one PUCCH channel corresponding to one PDSCH transmission is available (no PUCCH transmission in case of PDCCH miss detection) and the UE is able to transmit the PUCCH in any of the uplink component carrier. The mapping between the multiple ACK/NACK feedback states and the selected PUCCH channel with the two feedback bits can reuse the one defined in Rel-8 TDD. But any other mapping scheme for further optimization is not precluded. 

The multiplexing scheme can carry multiple ACK/NACK feedback information without losing the uplink single carrier property, thus we think it may be the best choice for multiple ACK/NACKs transmission. However, channel selection can not support more than 4 bits, the maximum number of feedback signals may be limited to 4 in ACK/NACK multiplexing scheme, which also means that the maximum number of aggregated DL CCs may be limited to 4. However, in Ljubljana meeting, RAN4 has done study on 11 scenarios of carrier aggregations with highest priority. Considering the 7 scenarios for FDD, the number of DL component carriers is not larger than 4. Therefore, we think the ACK/NACK multiplexing scheme using PUCCH format 1b with channel selection is the most suitable scheme for FDD with CA, no need of losing the UL single carrier property and DL throughput performance degradation. 
And considering the TDD case, further investigations are needed, i.e. sub-bundling combined with multiple channels selection can also be considered, or new mapping scheme for M= 5 is needed.
As discussed earlier, to avoid mapping NACK to DTX, it turns out that for M=5, around 36 signaling alternatives (1 ACK/NACK bit for 1 CC is assumed, sub-bundling across subframes is also assumed for TDD) are needed. For the case M = 5, if we only use one PUCCH resource per CC, then we only have 20 available alternatives. Therefore the mapping must somewhat be many to one, mapping the around 36 alternatives down to the 20 different possible transmission waveforms. A problem with this is that multiple ACK/NAK feedback is not truly multiple ACK/NAK since contains some form of partial bundling (across CCs), (many-to-one), but this appear not to be a serious problem if done in the right way. For example we can map some of the signaling alternatives with 4ACKs and 3ACKs to the same transmission waveform.

If the throughput performance degradation caused by partial bundling is not negligible, other solutions should be considered. For example, if we used two PUCCH resources per CC, then we will have 40 available alternatives which is enough for the around 36 signaling alternatives for mapping to. Therefore no partial bundling is needed. However, this method requires that there are at least two available PUCCH resources, which will bring some scheduling restrictions for PDCCH if the implicit mapping of PUCCH resource index and lowest CCE index of the corresponding PDCCH is maintained, or otherwise new mapping rule is needed. And there may also be some ACK/NACK detection performance degradation since more hypotheses are needed.
Alternative #2: bundling

ACK/NACK bundling is the default ACK/NACK feedback mode for TDD in LTE Rel-8. In order to maximize the UL control channel coverage in the case of wideband downlink allocations, it is natural to consider support for ACK/NACK bundling also in LTE-Advanced FDD.
For TDD in Rel-8, implicit mapping of the PUCCH resource index the UE used to transmit the bundled ACK/NACK to the first CCE used for transmission of the corresponding DCI assignment of the last subframe the UE has detected and the two DAI bits in DL assignment are used to solve the DTX problem. Note that these two DAI bits are available for TDD only in Rel-8. If this mechanism is extended to the ACK/NACK bundling across component carriers in LTE-A, two DAI bits indicating the number of DL component carriers are also required for FDD. In Rel-8 TDD, the DAI is a counter because the eNB may not be able to predict the total subframes the UE to be scheduled in a bundling window. However, in the scenario of carrier aggregation in LTE-A, the eNB has the ability to know how many CCs to be scheduled for a certain UE at a certain subframe. Therefore, the DAI can be a total number instead of a counter. If the DAI is a total number, the selected PUCCH channel to transmit the bundled ACK/NACK no longer needs to be linked to the first CCE used for transmission of the corresponding DCI assignment of the last component carrier the UE has detected. Considering the significance of frequency diversity to the PUCCH performance, the UE may select the PUCCH channel with maximum frequency distance between the RBs in two slots from all the PUCCH channels available to transmit the bundled ACK/NACKs. Generally, this method may be called as “ACK/NACK bundling with PUCCH channel selection”, which is illustrated in Figure 3. The exact selection criterion for optimization can be decided later.
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Figure 3 Example of bundling structure for PUCCH with CA

In [6], ACK/NACK bundling without DAI bits is proposed. The main idea is borrowed from multiplexing scheme of SR/CQI and with multiple ACK/NACKs in Rel-8 TDD. We think it is also an appealing approach for ACK/NACK bundling since it will not affect the DCI formats. The only disadvantage is that there may be some coverage loss comparing to the traditional ACK/NACK bundling in the absent of spatial multiplexing because it always uses PUCCH format 1b for ACK/NACK feedback.  
The main disadvantages of bundling is that since the channel qualities would be quite different in the aggregated carriers especially in case of non-contiguous CA, the bundling of ACK/NACK across different DL CCs may cause degradation of the DL throughput performance. Another drawback is that the link adaptation is inefficient than non-bundling schemes. Bundling can be used as a solution for coverage limited scenario.
2.3 CM issue

There is no CM problem for the single control channel transmission scheme, but for the N*Rel-8 PUCCH structure, we should pay attention to the increased CM, especially when the N is relatively large. Considering the increased CM, we evaluate the CM properties of the above mentioned alternatives for N*Rel-8 PUCCH structure. The simulation assumptions and results are listed in Appendix A.
From the simulation results, we can conclude that:

The increased CM for simultaneous transmission of 2* PUCCH may be acceptable. Therefore we propose that the N*Rel-8 PUCCH structure should be supported at least for N=2.
2.4 ACK/NACK for spatial multiplexing
In the case which the downlink transmission is in spatial multiplexing mode, the UE needs to feedback two individual ACK/NACKs for the two transport blocks per CC respectively. If N*Rel-8 PUCCH and multiplexing scheme are both supported in LTE-A, we think the feedback for spatial multiplexing may also have two alternatives as shown in Figure 4.
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Figure 4 ACK/NACK feedback for SM
As discussed in section 2.3, from the CM prospective, we think alternative#1 has advantage over alternative#1, especially when the number of aggregated DL CCs is larger than 3. For alternative#1, there are always 2 PUCCH channels transmitted simultaneous using channel selection with PUCCH format 1b regardless of the number of aggregated DL CCs. The disadvantage of alternative#1 is that it requires two PUCCH resources for the CC with the presence of spatial multiplexing. For example, if the corresponding DCI format of downlink assignment for the CC with the presence of spatial multiplexing is at the CCE aggregation level of 2, then the first PUCCH resource index can be implicitly linked to the first CCE index, and the second PUCCH resource index to the second CCE index. So if the PUCCH resources are obtained from this implicit mapping, it will bring some restriction to the CCE scheduling, i.e. the CCE aggregation level should at least be 2. But we think this restriction is not a big issue since the DCI format for spatial multiplexing is with large payload size, which will require larger CCE aggregation level. We can take DCI format 2 as an example, the payload size is around 67bits for a 20MHz system. If the CCE aggregation level is 1, the code rate is as high as 0.93, which we think it is too high for reliable transmission. Therefore, the CCE aggregation level for DCI format 2 is typically larger than 1, which makes the scheduling mentioned above not a problem.
3. Conclusions

In this contribution, we have shown our views on multiple ACK/NACKs transmission for LTE-Advanced. We discuss several design aspects, including the ACK/NACK channel structure, CM issue and the feedback for spatial multiplexing. In summary, we propose that:
For the ACK/NACK channel structure,

(1) If the uplink control channel coverage is not an issue for LTE-A, N*Rel-8 PUCCH structure should be used for uplink control channel design for LTE-Advanced because of its best backward compatibility. Further optimization may also be included. Or
(2) If the uplink control channel coverage is a big issue for LTE-A, ACK/NACK bundling/multiplexing should be supported. 
(3) Further investigations for TDD are needed.
Furthermore, if N*Rel-8 PUCCH is supported, the N should not be too large from the CM property point of view, i.e. N=2. 
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Appendix A

Four cases are simulated.
Case 1: N*Rel-8 PUCCH channels fall into different CCs.

Case 2: N*Rel-8 PUCCH channels fall into the same CC, but N different RBs;

Case 3: N*Rel-8 PUCCH channels fall into the same CC and same RB. 

Case 4: N*Rel-8 PUCCH channels fall into the same CC, but random RBs.
The difference between Case 2 and Case 4 is that in Case 2, N*Rel-8 PUCCH channels falls into different RBs of the same CC while in Case 4, N*Rel-8 PUCCH channels are randomly selected from N-RBs each having 18 parallel PUCCH Format 1/1a/1b resources. In fact, Case 4 includes Case 2 and Case 3.
From the scheduling restriction point of view, Case 1 brings no restriction. Case 2/3 will bring some restrictions on PDCCH scheduling. Case 4 is preferred if UL anchor carrier is introduced to carry N*Rel-8 PUCCH channel. Case 1 is most straight forward for symmetry CA.
Simulation results are shown if Figure A1 and Figure A2.
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Figure A1
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