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1. Introduction  
In RAN1 #60, the following methods for ACK/NACK multiplexing have been captured in the chairman notes and need to be discussed in the next meeting.

1) PUCCH format 1b with SF reduction to 2 or 1.
2) Channel selection.

3) PUCCH format 2

4) New PUCCH format/signal (e.g. DFT-s-OFDM)

5) ACK/NACK bundling 
In this contribution, we will discuss the multiplexing methods listed above in details and show our preference for ACK/NACK design.
2. Method for AN multiplexing

2.1 PUCCH format 1b with SF reduction to 2 or 1
PUCCH format 1b with SF reduction to 2 or 1 was proposed in [1] to carry more ACK/NACK bits. It will be able to carry 4 or 8 bits with SF reduction to 2 or 1. In [2] it further discussed how to reduce the SF without incurring any impact to Rel-8 UEs. However, we think there still have scheduling restriction as the LTE-A UEs should be scheduled using the PUCCH channels with channel index of 0~5 or 12~17 (in case delta_cs =2) within one RB. Otherwise, the orthogonality between Rel-8 UEs and LTE-A UEs with SF reduction can not be maintained. Also, it can not support variable number of ACK/NACK bits. It is only suitable to support ACK/NACK bits with fixed size, i.e. 2, 4 and 8. Other size of ACK/NACK bits can not support well. For example, how to support 3 bits with this structure needs more study. Therefore, this method is not good considering the scheduling flexibility and supported number of ACK/NACK bits.
Proposal 1: PUCCH format 1b with SF reduction should not be supported.

2.2 Channel selection
Channel selection with format 1b is applied in Rel-8 TDD in order to avoid throughput performance degradation due to sub-frame bundling. It can support up to 4 bits ACK/NACK if simply reusing the mapping rule specified in Rel-8. In LTE-A, if the ACK/NACK bits is no more than 4, reuse the channel selection is the most appropriate method.
In order to support up to 5 DL CCs, the mapping rule of channel selection should be extended to M= 5.In order to avoid mapping NACK to DTX in case there is no ACK for the received PDSCH, it turns out that for M=5, around 36 signaling alternatives (1 ACK/NACK for 1 CC is assumed, spatial bundling is applied and sub-bundling across subframes is also assumed for TDD) are needed. For the case M = 5, if we only use one PUCCH resource per DL 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. If done in the right way, it is not a serious problem, for example we can map some of the signaling alternatives with 4ACKs and 3ACKs to the same transmission waveform. An example of the mapping table for M = 5 is listed in Annex Table-1.
If the throughput performance degradation caused by partial bundling is not negligible, other solutions should be considered. For example, if 4 additional PUCCH resources are available, there will be 36 available alternatives which is enough for 36 signaling alternatives for mapping. Therefore no partial bundling is needed. However, this method requires additional PUCCH resources. How to obtain the additional PUCCH resources are still under investigation. Higher layer configured or implicit mapping should also be taken into account. Furthermore there may also be some ACK/NACK detection performance degradation since more hypotheses are needed.
Another issue for channel selection should be considered is how to determine the value of M. One possibility is that M is equal to the number of configured DL CCs. As mentioned in [3], in case UE is scheduled in a subset of the configured DL CCs, a reduced set of hypothesis testing is required, since eNodeB knows how many ACK/NACK bits the UE is supposed to feedback. Hence the detection performance only depends on the number of ACK/NACK bits the UE to feedback, regardless which mapping table the UE used. Therefore, it is appropriate that the value of M is equal to the number of configured DL CCs.   
Proposal 2: Channel selection should be supported in LTE-A for small to medium ACK/NACK payload size and mapping table for M = 5 should be considered.

Proposal 3: The value of M is equal to the number of configured DL CCs.

2.3 Format 2
PUCCH format 2 is another candidate to transmit multiple ACK/NACKs, especially when the number of ACK/NACK bits to be feedback is relatively large. The maximum payload size that can be supported in PUCCH format 2 is 13 bits, which is large enough for full state feedback for FDD (up to 12 bits [4]). 
However, it will be up to 47 bits [4] if full state feedback is needed for TDD. It’s no need to support such large payload size from our opinion. Considering spatial bundling and no explicit DTX feedback, the number of ACK/NACK bits should be feedback is listed in Table 1 for various combinations of different number of DL CCs and DL subframes.
Table 1 number of ACK/NACK bits to be feedback

	
	CC number = 2
	3
	4
	5

	Subframe number =2
	4
	6
	8
	10

	3
	6
	9
	12
	15

	4
	8
	12
	16
	20


From Table 1, we can see that the number of ACK/NACK to be feedback will not exceed 13 bits except some extremely DL heavy cases (with yellow background color). Therefore, using format 2 to transmit multiple ACK/NACK for larger payload size is enough for most cases. To handle the extremely DL heavy cases, bundling across CCs or subframes should be considered.
Another issue for using format 2 is how to determine the number of ACK/NACK bits. The number of ACK/NACK bits determines the codebook to be used when encoding the ACK/NACK feedback states. It is proposed to adopt the required codebook to the number of activated DL CCs in [6]. It is also fine to us since better ACK/NACK detection performance can be achieved compared to the ACK/NACK codebook size based on the number of configured DL CCs. It can also base the ACK/NACK codebook size on the number of scheduled DL CCs, which will achieve best ACK/NACK detection performance. However, how to signal the UE about the number of scheduled DL CCs is a main problem for this method. Therefore, from the ACK/NACK performance and standard effort point of view, the ACK/NACK codebook size based on the number of activated DL CCs is the best choice. For TDD, it should be based on the number of activated DL CCs and the number of configured DL subframes.
Proposal 4: Format 2 should be used in LTE-A for larger ACK/NACK payload size, i.e. from 5~12.
Proposal 5: Full state feedback can be supported for FDD while spatial bundling and no explicit DTX should be considered for TDD.

Proposal 6: The number of ACK/NACK bits to be feedback is based on the number of activated DL CCs and configured DL subframes.

2.4 New PUCCH format
New PUCCH format, such as DFT-s-OFDM based scheme is proposed to be used as the transmission scheme for larger ACK/NACK bits [6]

 REF _Ref257656864 \r \h 
 \* MERGEFORMAT [7]. It claims that such scheme can achieve good balance between the payload size of ACK/NACK bits, detection performance and capacity. However, if the new PUCCH format is introduced, we should also consider the resource allocation for this new format. The new PUCCH format should have a frequency area independent of PUCCH format 1/1a/1b/2/2a/2b, which will introduce additional overhead in uplink. And as mentioned in section 2.3, using format 2 is enough for most cases. If the extremely DL heavy cases and full state feedback in TDD need to be supported, new PUCCH format may need to be reconsidered. But at the current stage, we don’t think RAN1 need to introduce a new format for ACK/NACK transmission. . 
Proposal 7: New PUCCH format needs FFS. 
2.5 Bundling
Bundling across CCs/spatial/subframes should be applied to get 1 or 2 bundled bits which is the same situation as Rel-8 for coverage limited UE(s). Some mechanism to solve the PDCCH miss detection should also be considered, i.e. the DAI representing the number of DL CCs could be introduced in the DCI format of DL assignment.
Proposal 8: Bundling is supported.

Proposal 9: Some kind of DAI mechanism needs further study. 

3. Conclusions

In this contribution, we show our views on several methods for ACK/NACK multiplexing. In conclusion, we propose two modes for ACK/NACK feedback:

· Bundling mode.

· Bundling mode should be supported, at least for coverage limited UE(s).

· Bundling across CCs/spatial/subframes should be applied.
· DAI mechanism should be taken into account.
· Multiplexing mode

· For small to medium payload size: channel selection with format 1b is applied.

· Mapping table for M = 5 should be considered to support up to 5 DL CCs.

· The value of M is equal to the number of configured DL CCs.
· For larger payload size: PUCCH format 2 is used.

· Full state feedback can be supported for FDD
· Spatial bundling and no explicit DTX should be considered for TDD.

· The number of ACK/NACK bits to be feedback is based on the number of activated DL CCs and configured DL subframes.
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	Table 1 Transmission of ACK/NACK multiplexing for M = 5
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