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1 Introduction
Methods for UL ACK/NACK (A/N) transmission for LTE-A TDD have been discussed during RAN1 #62 meeting. It could be seen that opinions of different companies are quite divergent at this stage [1]. The possible schemes are:
· Full A/N bundling,

· A/N multiplexing with partial bundling,
· A/N multiplexing without partial bundling.

This contribution gives a comparison of these schemes. Our preference is also given based on the discussion.
2 Maximum ACK/NACK payload
In LTE-A TDD, UL A/Ns can be from both multiple DL CCs and multiple DL sub-frames, which results in a situation of a much larger A/N payload than that of FDD. For example, for 5 DL CCs with UL:DL sub-frame configuration 2, the A/N payload could be as high as 20 bits even spatial bundling is assumed. This brings a big challenge in the design for UL A/N feedback.
A first issue for LTE-A TDD is the maximum A/N payload. During RAN1 #62 meeting, two values have been proposed for further discussion. One is 10 A/N bits. The other is 20 A/N bits. In general, both downlink throughput and UL coverage should be taken into account when determining the maximum A/N payload. However, since carrier aggregation is mainly proposed for a higher downlink throughput of a UE, downlink throughput is considered to be more important than UL coverage.

For LTE-A FDD, the aspect of maximizing the downlink throughput has been considered to be of most importance when determining the maximum A/N payload. Although it has been shown in [2-3] that the downlink throughput loss caused by spatial bundling is marginal, spatial bundling is still not assumed for FDD. And a maximum payload of 10 A/N bits is supported for the case of 5 DL CCs with SU-MIMO. 
For LTE-A TDD, if only a maximum payload of 10 A/N bits is supported, some kind of partial bundling will be required especially for the case of a large number of DL CCs. The partial bundling could be done either in time domain or in CC domain. When compared with spatial bundling, partial bundling has a more significant impact on the downlink throughput. To maximize the downlink throughput, partial bundling should be avoided as much as possible when determining the maximum A/N payload. For a maximum payload of 20 A/N bits, partial bundling could be avoided and the downlink throughput could be maximized. Hence, it is proposed that,
Proposal 1: To maximize the downlink throughput, a maximum payload of 20 A/N bits should be supported for LTE-A TDD.

3 ACK/NACK transmission schemes
In LTE TDD, two A/N transmission schemes are supported, which are A/N bundling and A/N multiplexing utilizing channel selection. To keep backward compatibility, it is natural that these two schemes shall be supported for LTE-A UEs without carrier aggregation. However, since there is a discussion on redesign the mapping table for channel selection [1], the new mapping table may also be used for LTE-A UEs without carrier aggregation.
For LTE-A UEs with carrier aggregation, several solutions have been proposed, including full A/N bundling, A/N multiplexing with partial bundling and A/N multiplexing without partial bundling. A/N multiplexing could be done either through channel selection or through DFT-S-OFDM. If partial bundling is adopted, it could be done either in time domain or in CC domain. In the rest of this section, a comprehensive analysis of these solutions will be given.
3.1 Full ACK/NACK bundling

Full A/N bundling is mainly proposed for UEs with UL power limitation. This is similar to A/N bundling in LTE TDD, where a logical AND operation is performed per codeword across both DL CCs and DL sub-frames.
For LTE-A FDD, full A/N bundling is not agreed mainly because of the lack of DAI field. If DAI is introduced for FDD, the DCI format size may be increased, which is not preferred by many companies. However, in LTE-A TDD, the situation is totally different. A/N bundling has already been supported with a 2-bit DAI in LTE TDD. So full A/N bundling could be easily supported without increasing the DCI format size in LTE-A TDD.
As discussed in [6], a significant percentage of UEs may not be able to support A/N multiplexing based on PUCCH SINR geometry distribution, especially for the DFT-S-OFDM format with a relatively large A/N payload. For the case of UL power limitation, the DL channel condition may still be good enough to support carrier aggregation. With full A/N bundling, eNodeB can schedule a UE on multiple DL CCs, which achieves a higher throughput than schedule on only one DL CC. Besides, the application of DL carrier aggregation mainly depends on the DL channel condition and the UE traffic requirement (e.g. peak data rate), but has nothing to do with the UL channel condition. So it is preferable that DL carrier aggregation is not tied to PUCCH SINR geometry. In our understanding, full A/N bundling could significantly improve the link budget of A/N feedback and is advantageous on making eNodeB more flexible to configure UE with DL carrier aggregation.
Based on the discussion above, our preference is that,
Proposal 2: Full A/N bundling should be supported for carrier aggregation in LTE-A TDD.
3.2 ACK/NACK multiplexing with partial bundling
For A/N multiplexing with partial bundling, the partial bundling could be done either in time domain or in CC domain. Based on the number of A/N bits after partial bundling, a UE can either be configured with DFT-S-OFDM or PUCCH format 1b with channel selection. However, when compared with DFT-S-OFDM, stringent partial bundling operations would be needed for channel selection to support the same size of non-bundled A/N bits since it can only support up to 4 bits A/N payload.
For the time domain partial bundling, bundling will be done across multiple sub-frames within a CC. Similar to LTE TDD, DAI should indicates a counter within each bundling window as illustrated in Fig. 1(a), to avoid eNodeB predicting resource allocation in the following sub-frames. However, when DAI indicates a counter, missing last PDCCH(s) can not be detected through DAI interpretation.
In LTE TDD, PUCCH resource corresponding to the last detected PDCCH is used by eNodeB for detecting the last PDCCH(s) miss. 
In LTE-A with DFT-S-OFDM, bundled A/N of all bundling windows will be transmitted on an explicitly assigned PUCCH resource. The DFT-S-OFDM resource can not be used for detecting the last PDCCH(s) miss since it is assigned to a UE for carrying all A/Ns.
In LTE-A with PUCCH format1b with channel selection, bundled A/N of all bundling windows will be transmitted on one selected PUCCH resource. The one selected PUCCH resource can only be used for detecting last PDCCH(s) miss of the one bundling window, i.e., the one corresponding to the selected PUCCH resource, but not able to be used for detecting last PDCCH(s) miss of other bundling window(s). 
Take Fig. 1(a) as example, assume UE misses the PDCCH in sub-frame (CC3, TTI2) and generates ACK for both sub-frame (CC3, TTI0) and (CC3, TTI1). If a 1-bit bundled A/N will be fed back with DFT-S-OFDM format for one bundling window, a bundled ACK will be generated. This results in a DTX->ACK problem. To avoid the possible DTX->ACK problem caused by missing last PDCCH(s), a 2-bit bundled A/N representing number of ACKs (i.e. similar to the case when A/N is simultaneously transmitted with SRI or CQI in LTE TDD) needs to be fed back for each bundling window.
For the CC domain partial bundling, bundling will be done across multiple CCs within a sub-frame, as illustrated in Fig. 1(b). Since bundling is done within a sub-frame, DAI could either indicate a counter or a total number within each bundling window. When DAI is a counter, there exists the same DTX->ACK problem as for the time domain partial bundling. A 2-bit bundled A/N is needed for each bundling window. However when DAI is the total number in a bundling window, any PDCCH miss could be detected if a UE detects at least one PDCCH within a bundling window. Take the example shown in Fig. 1(b), UE misses the PDCCH in sub-frame (CC3, TTI2) and successfully detects the PDCCH in sub-frame (CC2, TTI2). Through the DAI in the detected PDCCH, UE knows it has two PDCCHs in the bundling window but only detects one. A PDCCH missing is detected. There will be no DTX->ACK problem and a 1-bit bundled A/N is enough for each bundling window. So it is more appropriate to set DAI as a total number.
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Figure 1 Time domain partial bundling v.s. CC domain partial bundling.
From a system level simulation [4], it is found that the downlink throughput loss is comparable between the two partial bundling schemes when the length of the bundling window is the same. However, a 2-bit bundled A/N is needed for each bundling window in case of time domain partial bundling, while a 1-bit bundled A/N is enough in case of CC domain partial bundling. For the same size of A/N payload fed back by a UE, the length of the bundling window for time domain partial bundling will be twice of that for CC domain partial bundling. So the time domain partial bundling may result in a larger throughput loss.
On the other hand, the time domain bundling could simply be done across all sub-frames within a CC. A 2-bit A/N will be fed back for each CC, which is similar to the case of FDD. Besides, cross-carrier bundling is not needed. All these will lead to an advantage of a common design for both TDD and FDD in some sense. For the CC domain partial bundling, CC grouping and bundling within each CC group may be needed to enjoy the benefit of less throughput loss. However, commonality between TDD and FDD will be lost. Extra burden on CC grouping will be needed in implementation.
In our opinion, whether partial bundling should be supported could be left for FFS. It is also FFS for selecting which scheme if partial bundling will be supported

Proposal 3: It is FFS whether to support A/N multiplexing with partial bundling or not for LTE-A TDD.
3.3 ACK/NACK multiplexing without partial bundling

For A/N multiplexing without partial bundling, neither time domain nor CC domain partial bundling will be needed. Since channel selection can support only up to 4 A/N bits, it is of less meaning to be discussed for A/N multiplexing without partial bundling. The focus of this section is on DFT-S-OFDM.
For DFT-S-OFDM, the (32, O) RM code from Rel-8 with circular buffer rate matching has been agreed to be reused when A/N payload size is less than or equal to 11 bits. To maximize the downlink throughput, partial bundling shall be avoided as much as possible when determining the maximum A/N payload. As discussed in section 2, a maximum A/N payload of 20 bits is important and should be supported for LTE-A TDD. Such an A/N payload could be supported by A/N multiplexing without partial bundling. However, it is still an open issue on how to support A/N payload larger than 11 bits.
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Figure 2Illustration of the double RM code scheme.
As discussed in [5], two schemes could be considered for supporting A/N payload larger than 11 bits. One is the Rel-8 Tail Biting Convolutional Code (TBCC). The other is the double RM code, as illustrated in Fig. 2. In the double RM code based scheme, all A/N information will firstly be equally divided into two parts. Each part of A/N information is encoded by a (32, O) RM code and is punctured to get 24 coded bits. The modulated symbols from the two codewords will be collected alternatively. A detailed analysis and comparison of TBCC and double RM code can be found in [5]. The double RM code based scheme is preferred.
Proposal 4: A/N multiplexing without partial bundling should be supported for LTE-A TDD. The double RM code based scheme is preferred for supporting A/N payload larger than 11 bits.
4 Conclusion
UL A/N transmission schemes are discussed for LTE-A TDD. Based on the discussion, it is proposed that:

· To maximize the downlink throughput, a maximum payload of 20 A/N bits should be supported.
· A/N multiplexing without partial bundling should at least be supported.
· The double RM code based scheme is preferred for supporting A/N payload larger than 11 bits.
· Full A/N bundling should be supported for carrier aggregation.

· It is FFS whether to support A/N multiplexing with partial bundling or not.
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(b) CC domain partial bundling, DAI indicates a total number





(a) Time domain partial bundling, DAI indicates a counter
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