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1 Introduction 
In RAN1#62, the following agreement was made on ACK/NACK multiplexing scheme.

· For Rel-10 UEs that support up to 4 A/N bits: PUCCH Format 1b with channel selection

· For Rel-10 UEs that support more than 4 A/N bits: 

· Both PUCCH format 1b with channel selection and DFT-S-OFDM are supported

· PUCCH format 1b with channel selection up to 4 A/N bits
· DFT-S-OFDM for the full range of A/N bits
· UE is configured by higher layers between DFT-S-OFDM and PUCCH format 1b with channel selection
For TDD, possibilities for full A/N bundling and partial A/N bundling in time or CC-domain were discussed. However, no agreement has been made. In this contribution, we present our views on DFT-S-OFDM based PUCCH A/N channel design for TDD with CA. 

2 Discussion
2.1 DTX Handling
The number of A/N bits that are multiplexed in PUCCH depends on the number of activated DL carriers, the number of DL MIMO codewords, and the DTX handling scheme. For TDD, the Rel-8 DAI avoids the need for an explicit DTX codeword: if time domain bundling is used, the DTX state is merged with NACK, while if time-domain multiplexing is used, the Rel-8 DAI avoids ambiguity in the number of ACK/NACK bits carrying valid information. 
· For each subframe, with dual codeword transmission for each component carrier, the number of feedback states is 4 per DL component carrier, which are (ACK,ACK), (ACK,NACK), (NACK,ACK), and (NACK,NACK), resulting in a total of 
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 activated DL component carriers. For 5 CCs, this requires up to 10 bits of A/N signalling, as in FDD. 
· For TDD, up to 4:1 asymmetry between DL and UL has to be supported. The total number of states is therefore 
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 for MIMO. The A/N payload sizes without bundling or multiplexing would therefore be 40 bits for MIMO and 20 bits for SIMO.
Proposal 1: For TDD, DTX can take the same state as NACK at the UE. 

2.2 Maximum A/N Payload Size for DFT-S-OFDM
The A/N payload size can be reduced by space-, time- or carrier-domain A/N bundling. Spatial bundling can be effective in reducing the A/N payload size due to strong correlation between the spatial layers. Any further reduction in A/N payload size should take into account the following aspects:

· UL A/N channel coverage: For larger A/N payload size, the required transmit power increases due to lower coding gain compared with smaller A/N payload size. 

· DL throughput: PDSCH is retransmitted for all the codewords with bundled A/N feedback. DL throughput is reduced if a large bundling window is used.

Assuming that spatial bundling is used, the number of A/N bits for CA scenarios in TDD without CC-domain or time-domain bundling is shown in Table 1 [3]. If a maximum A/N payload size of 12 bits is supported, most of the CA scenarios can be supported with spatial bundling alone, without temporal or carrier domain bundling. It is noted that an A/N payload size up to 11 information bits can be supported with the Rel-8 (32, O) RM code for CQI/PMI on PUSCH. However, for a maximum payload size of 12 bits, a new coding scheme would be required.   
Proposal 2: The baseline for maximum A/N payload size for TDD is 11 bits. 
· For A/N payload sizes less than or equal to 11 bits, the (32, O) RM code from Rel-8 is reused.

· Support of A/N payload size of 12 bits is FFS

Table 1: Number of ACK/NACK bits for TDD with spatial bundling (from R1-104496)
	        Number of CCs
Number of 
DL Subframes
	2
	3
	4
	5

	2
	4
	6
	8
	10

	3
	6
	9
	12
	15

	4
	8
	12
	16
	20


2.3 A/N Bundling for DFT-S-OFDM
For a maximum A/N payload size of 12 bits, the only scenarios that are not supported are the DL:UL configuration of 4:1 for 4 carrier aggregation scenario and the DL:UL configurations of 3:1 and 4:1 for 5 carrier aggregation scenario. For these scenarios, we prefer partial bundling of sub-frames, to minimize the DL throughput loss that would arise from full A/N bundling, with its associated high retransmission rate. This is also consistent with the approach of Rel-8, which uses time-domain bundling.

In partial subframe bundling, 

· Full A/N feedback is provided for the first few sub-frames.
· A/N bundling is applied for the remaining sub-frames for a subset of CCs

In the following, we illustrate possible A/N bundling schemes for the three TDD configurations requiring bundling. Our principle is to minimise the amount of bundling, and to spread it as evenly as possible across the aggregated carriers. 
We show examples for the maximum payload sizes of 12 and 11 bits -selection to be made depending on the decision on whether to define an extension to the RM code to support 12 bits. Since the number of CCs and the TDD UL/DL configuration is known to the eNB and the UE, a fixed bundling pattern can be used.

Case 1: 4 carrier aggregation for 4DL:1UL subframe configuration
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Figure 1: Partial bundling for Case 1
(a) max payload 12 bits;  (b) max payload 11 bits
Case 2: 5 carrier aggregation for 3DL:1UL subframe configuration
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Figure 2: Partial bundling for Case 2
(a) max payload 12 bits;  (b) max payload 11 bits
Case 3: 5 carrier aggregation for 4DL:1UL subframe configuration
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Figure 3: Partial bundling for Case 3
(a) max payload 12 bits;  (b) max payload 11 bits
Two further cases are relevant if the maximum A/N payload size is limited to 11 bits:

Case 4: 3 carrier aggregation for 4DL:1UL subframe configuration
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Figure 4: Partial bundling for Case 4 


Case 5: 4 carrier aggregation for 3DL:1UL subframe configuration
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Figure 5: Partial bundling for Case 5


Proposal 3: For DFT-S-OFDM, spatial bundling and partial bundling of A/Ns in time shall be supported for TDD to reduce the A/N feedback to the maximum A/N payload size. 
· A fixed bundling pattern shall be provided for each case. (For each combination of UL/DL configurations and number of aggregated carriers, no more bundling shall be used than is necessary to reduce the number of bits to the maximum A/N payload size.)
· Full A/N feedback is generated for all CCs for the first few (as many as possible) sub-frames.

· Time-domain A/N bundling is applied for the remaining subframes for a subset of CCs.

2.4 A/N Bundling for Format 1b Channel Selection
In RAN1#61bis, it was agreed that for both FDD and TDD, PUCCH format 1b with channel selection will be used for Rel-10 UEs that support up to 4 A/N bits. Also UEs that support more than 4 A/N bits have to support PUCCH format 1b with channel selection for up to 4 A/N bits and can be configured to use PUCCH format 1b with channel selection. 
It seems necessary to clarify what is meant by a TDD UE that supports up to 4 A/N bits. In FDD, a UE that supports up to 4 A/N bits can support 2 aggregated carriers with MIMO. In order to maximise the commonality between FDD and TDD, it seems logical to enable the same functionality to be supported in TDD that do not support DFT-S-OFDM. 

In order to achieve this, we propose that the same rules as outlined above are used:

· Spatial bundling is used

· Full A/N feedback is generated for all CCs for the first few (as many as possible) subframes

· Time-domain bundling is applied for the remaining subframes. 

This is illustrated below:
Case 6: 2 carrier aggregation for 2DL:1UL subframe configuration
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Figure 6: No bundling required for Case 6 for PUCCH Format 1b Channel Selection

Case 7: 2 carrier aggregation for 3DL:1UL subframe configuration
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Figure 7: Partial bundling for Case 7 for PUCCH Format 1b Channel Selection


Case 8: 2 carrier aggregation for 4DL:1UL subframe configuration
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Figure 8: Partial bundling for Case 8 for PUCCH Format 1b Channel Selection

Proposal 4: It shall be possible for a TDD UE to support aggregation of 2 carriers with MIMO using Format 1b Channel Selection, without being configured to use DFT-S-OFDM (as for FDD). For such a case:

· Spatial bundling is used

· A fixed bundling pattern is provided for each case. 
· Full A/N feedback is generated for all CCs for the first few (as many as possible) sub-frames.

· Time-domain bundling is applied for the remaining subframes for a subset of CCs.

3 Conclusions
In this contribution, we discussed the PUCCH A/N channel design for TDD with CA. Based on our observation, we make the following recommendations:
Proposal 1: For TDD, DTX can take the same state as NACK at the UE. 
Proposal 2: The baseline for maximum A/N payload size for TDD is 11 bits. 

· For A/N payload size less than or equal to 11 bits, the (32, O) RM code from Rel-8 is reused.

· A/N payload size of 12 bits is FFS

Proposal 3: For DFT-S-OFDM, spatial bundling and partial bundling of A/Ns in time shall be supported for TDD to reduce the A/N feedback to the maximum A/N payload size.

· A fixed bundling pattern shall be provided for each case. 
· Full A/N feedback is provided for all CCs for the first few (as many as possible) sub-frames.

· Time-domain A/N bundling is applied for the remaining subframes for a subset of CCs.

Proposal 4:  It shall be possible for a TDD UE to support aggregation of 2 carriers with MIMO using Format 1b with Channel Selection, without being configured to use DFT-S-OFDM (as for FDD). For such a case:

· Spatial bundling is used

· A fixed bundling pattern is provided for each case. 
· Full A/N feedback is generated for all CCs for the first few (as many as possible) sub-frames.

· Time-domain bundling is applied for the remaining subframes for a subset of CCs.
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