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1. Introduction  
In LTE, two ACK/NACK feedback modes are supported for TDD by higher layer configuration, namely ACK/NACK bundling and ACK/NACK multiplexing. In LTE-A, two ACK/NACK multiplexing schemes are agreed for FDD, Format 1b with channel selection and DFT-s-OFDM. Therefore, three ACK/NACK feedback modes could be considered for LTE-A TDD. In the last meeting, many contributions [1 - 6] discussed this issue. In this contribution, we discuss these three ACK/NACK feedback modes taking the DAI design and resource allocation into account and give our opinions on the ACK/NACK feedback modes to be supported for TDD in LTE-A. 
2. DAI as a counter 
In LTE TDD, a 2-bit DAI is introduced in the DL assignment as an accumulative number of PDCCH(s) in the current subframe to avoid the error case of DL assignment missing. That is, the 2-bit DAI in PDCCH is encoded in a pure-counter way. In LTE-A TDD, pure-counter DAI encoding could be extended in a straight-forward manner to CC-domain first then time-domain. 

Since the DAI has 2 bits, only 4 states can be indicated. If the number of PDCCH scheduled for a UE in the bundling subframe window is larger than 4, there may be some PDCCHs have same DAI. However, if the detection is also CC-domain first and in a predefined order (i.e. based on the CC index), the same DAI value would not cause any ambiguity. For example, for DAI = [0 0], if it is detected for the first time, the UE would interpret as 
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, if it is detected for the second time, the UE would interpret as 
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, and so on. The same rule is also applied to DAI = [0 1 ], [1 0 ] and [1 1]. Table 1 lists the mapping between the detected DAI and 
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Table 1 Mapping between the detected DAI and 
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	Number of PDCCHs

	Detected DAI
	1st
	2nd
	3rd
	4th
	5th

	0 0
	1
	5
	9
	13
	17

	0 1
	2
	6
	10
	14
	18

	1 0
	3
	7
	11
	15
	19

	1 1
	4
	8
	12
	16
	20


2.1 Bundling mode
Based on the DAI definition mentioned above, if full bundling is supported for TDD, the bundled HARQ-ACK could be obtained in the following way as shown in Figure 1. As the performance loss cause by spatial bundling is negligible, we propose spatial bundling is always enabled in TDD. 

[image: image5]
Figure 1 Bundling way for full bundling in case of DAI as a counter
From Figure 1 we can find that, according to the DAI, we will bundle the HARQ-ACKs with DAI satisfying 
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 as the first bundled HARQ-ACK, and 
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 as the second bundled HARQ-ACK, and then using format 1b to transmit the bundled HARQ-ACK(0) and HARQ-ACK(1).
In order to avoid the error case cause by the last PDCCH missing, the bundled HARQ-ACKs should be transmitted using the PUCCH linked to the last received PDCCH. But the PUCCH resource reservation is excessively large if the number of configured CC and DL subframes for UE is relatively large. If we want to save the PUCCH resource, other alternatives for resource allocation should be taken into account. For example, we can reserve 2 PUCCH resources to transmit the bundled HARQ-ACK, one for the case if the DAI received in the last PDCCH satisfying 
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, and the other for the case if the DAI received in the last PDCCH satisfying 
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. In this case, the last 2 consecutive PDCCHs missing cannot be detected, but we think this is a relatively rare case. If we increase the PUCCH reservation, e.g. 3 PUCCH are reserved, only the last 3 consecutive PDCCHs missing cannot be detected. That is to say, as the PUCCH reservation increases, the probability of the error case becomes smaller, which can be ignored in practical system. 
Therefore, 2 PUCCH resources reserved to transmit the bundled HARQ-ACK may be a reasonable choice, both from the PUCCH overhead and probability of error case point of view. Note that, if the last PDCCH is scheduled in PCell, no additional configured PUCCH resource is needed; the eNB may detect the missing of the last PDSCH based on the PUCCH corresponding to PCell.
2.2 Multiplexing mode
Since format 1b with channel selection can only support up to 4 A/N bits, it can be applied when the bundle ACK is less than or equal to 4. A PUCCH format 3 named DFT-s-OFDM is agreed for larger ACK/NACK transmission. It was also agreed that the codebook selection is based on configured CCs and configured transmission modes for each CC. 
Figure 2 gives an example of the A/N mapping to the configured codebook based on DAI if the number of configured PDSCH is less than or equal to the maximum A/N payload size agreed for TDD in the bundling window. We can see that mapping based on DAI can fully exploit the properties of the (32, O) RM code, which may achieve better performance without any CC-domain bundling.
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Figure 2 example of A/N mapping based DAI

In the case of the number of configured PDSCH is greater than the maximum A/N payload size M agreed for TDD in the bundling window, partial (CC- and/or time-domain) bundling can be enabled. For instance, the feedback could be M-2 partial bundled ACK/NACK bits plus 2-bit detected DAI information from UE. The feedback of UE last detected DAI is to solve the last n missing PDSCH.
3 DAI as a total number

The 2-bit DAI can also be denoted as a total number of PDCCHs within the current subframe. Figure 3 illustrates an example of the ‘total number’ DAI.
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Figure 3 full bundling in case of total number DAI.

3.1 Bundling
As shown in Figure 3, the ACK/NACKs in a bundling window are bundled together. In a bundling subframe, any PDCCH missing can be detected by the ‘total number’ DAI within the subframe. A DTX or NACK will be reported on PUCCH when a UE detects a missing PDSCH. But if the PDCCHs in one subframe are all missing, the UE would not be able to detect this case by the ‘total number’ DAI, since the DAI is independent between bundling subframes. Therefore, we can transmit the number of UE detected subframes through b(0)b(1). At the eNB side, if the number of the detected subframe is not the same as the eNB scheduled, the eNB will know there is at least one subframe is missing. The mapping between multiple bundled ACK/NACK responses and b(0)b(1) is shown in Table 2.
Table 2 Mapping between multiple bundled ACK/NACK responses and 
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	bundled ACK /NACK and number of UE detect subframes  in a bundling window
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	NACK
	0, 0

	ACK(1 subframe)
	1, 1

	ACK(2 subframe)
	1, 0

	ACK(3 subframe)
	0, 1

	ACK(4 subframe)
	1, 1


3.2 Multiplexing 
The number of bundled HARQ-ACKs for each subframe is predefined based on the DL/UL subframe configuration and the partial-CC bundling is dynamic defined based on the detect PDSCH in the subframe. If a PDSCH is lost or not detected in a subframe, the bundled HARQ-ACK will be NACK; otherwise, the bundling way of HARQ-ACK will be determined by the number of ACK/NACK bits and the number of detected PDSCH.
3.2.1 channel selection

Since up to 4 bits can be supported by channel selection, we think if CC or subframe bundling is not enabled, the configured DL CCs and subframes should not exceed 2 if the UE is configured using channel selection for ACK/NACK feedback, Otherwise, some form of bundling should be applied.

A simple example is that a bundled HARQ-ACK per configured subframe and using the corresponding mapping table based on the UL/DL subframe configuration, which is illustrated in Figure 4. 
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Figure 4 channel selection based on CC-bundling

For N_subframe = 2 or 3, there may be some modification to decrease the size of bundling window, which will help the throughput performance. 
Another example is shown in Figure 5. Take N_subframe=2 as an example, there are two bundled HARQ-ACKs corresponding to each subframe. If there is only 2 DL CCs configured for the UE, 4 spatial bundled HARQ-ACKs for each CC in the two subframe are transmitted using PUCCH format 1b with channel selection by M=4 mapping table. And if the number of the configured CC is larger than 2, then partial-CC bundling is applied to make sure that there are only two bundled HARQ-ACKs for one subframe.
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Figure 5 modified channel selection based on CC-bundling

3.2.2 PUCCH Format 3
Figure 6 shows an example of A/N bundling with different bundling window when PUCCH format 3 is used. For N_subframe=4, the number of bundled HARQ-ACKs allowed in each subframe could be 2, 2, 3 and 3; for N_subframe=3, the number of bundled HARQ-ACKs allowed in each subframe could be 3, 3 and 4; for N_subframe=2, the number of bundled HARQ-ACKs allowed in each subframe could be 5 and 5.
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Figure 6 PUCCH Format 3 based on CC-bundling

5. Conclusions 
In this contribution, we discuss several aspects of A/N bundling and DAI design in LTE-A TDD. Considering the system performance, we propose:
· If full bundling is supported on PUCCH format 1b, DAI as a total number of PDCCH in a subframe is preferred; otherwise, DAI as a counter is considered.
· In the case of DAI as a counter, the ACK/NACK mapping shall be based on DAI;

· In the case of DAI as a total number and multiplexing modes are used, the partial bundling shall be considered firstly based on the number of subframes in the bundling window then the number of detected PDSCH in each subframe. 
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