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1. Introduction

During recent RAN1 meetings, several issues of ACK/NAK transmission with CA have been discussed. However, the existing agreements are mainly for FDD, since the TDD characteristics were not taken into account. For TDD, due to the asymmetric UL/DL subframe configuration, the maximum number of ACK/NAK feedback bits in one UL subframe is more than FDD (up to 20 or 40 bits), which impacts the essential design of ACK/NAK feedback, especially on PUCCH. In this contribution, we focus on UL ACK/NAK transmission for LTE-A TDD, and provide our views on aspects including ACK/NAK feedback reduction and ACK/NAK transmission on PUCCH/PUSCH. 
2. ACK/NAK feedback reduction
In order to deal with the error case of DL grant missing, Downlink Assignment Index (DAI) is needed for both time and frequency domain ACK/NAK bundling. In [1], a two-part DAI in DL grant is proposed for TDD. DAI part 1 represents the total number of scheduled PDCCHs in the current subframe. DAI part 2 is a counter, representing the accumulative number of scheduled DL subframes.
For time domain ACK/NAK bundling, N or 2N bundled ACK/NAKs need to be transmitted, where N is the number of aggregated DL CCs. Since the eNB cannot exactly know how many PDCCHs will be scheduled in the “bundling window” on every CC in advance, DAI in time domain shall be a counter, as in Rel-8. Therefore, the following two error cases are observed:
· Case 1: UE does not know whether the last PDCCH(s) has/have been missed. This case occurs when all the PDCCH(s) in one subframe has/have been missed, and at least one of the missed PDCCH(s) in this subframe corresponds to the last scheduled PDCCH on one carrier. An example of such an error case is shown in Figure 1, where UE does not receive the PDCCHs in subframes 2 and 4, and hence cannot determine if there is any DL grant missing.
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Figure 1: Error case 1
· Case 2: UE does not know on which carrier a PDCCH is missed. As shown in Figure 2, UE can determine that one PDCCH has been missed by DAI part 1 in the PDCCH received on CC3 in subframe 4. However, the UE cannot confirm the missed PDCCH belongs to CC1 or CC2.
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Figure 2: Error case 2
For frequency domain ACK/NAK bundling, M or 2M bundled ACK/NAKs need to be transmitted, where M is the number of DL subframes associated with the same UL subframe for ACK/NAK feedback. There is no error case for frequency domain bundling, if DAI part 1 is used in DL grant. However, compared to time domain bundling, the channel/interference condition on different component carriers cannot more uncorrelated than in different subframes, even for contiguous carrier aggregation. Thus, the system performance may be degraded for frequency domain bundling [2].
In Rel-8 TDD ACK/NAK multiplexing, spatial ACK/NAK bundling is used to reduce the feedback overhead. The feedback compression of spatial bundling is limited, since it is only useful for DL MIMO transmission with two transport blocks. Hence, at most half of the feedback payload can be reduced with spatial bundling. However, there is no error case associated with spatial bundling, which makes it is easy to standardize and implement.  It is preferable that spatial bundling is supported in Rel-10 CA for ACK/NAK overhead reduction. 
Since the error case with time domain ACK/NAK bundling is difficult to avoid, frequency and spatial ACK/NAK bundling seems more promising to reduce ACK/NAK feedback bits.
3. ACK/NAK transmission schemes
In Rel-8 TDD, two ACK/NAK feedback modes are supported to meet the different requirements of power-limited and non-power-limited UEs. For power-limited UEs, the PUCCH coverage is most essential. Hence, ACK/NAK bundling with transmission of 1 or 2 bits is supported. For non-power-limited UEs, transmission efficiency is more important, and ACK/NAK multiplexing is used to support multiple ACK/NAK feedback. The above design guidelines are still applicable in LTE-A:
· For power-limited UEs, full ACK/NAK bundling shall be considered. With full ACK/NAK bundling, 1 or 2 ACK/NAK bits are transmitted using PUCCH format 1a/1b, and the ACK/NAK transmission is similar to Rel-8.
· On the other hand, many contributions [2-11] are presented to discuss the ACK/NAK multiplexing schemes for non-power-limited UEs. Considering the system complication, we prefer that only one ACK/NAK multiplexing scheme is supported in LTE-A TDD with carrier aggregation. PUCCH format 2 and DFT-S-OFDM based new format can be considered as possible candidates for any ACK/NAK feedback payload size. 
4. ACK/NAK transmission on PUSCH
Since the PUSCH resource is flexible and abundant, full ACK/NAK feedback shall be supported on PUSCH at least for non-power-limited UEs. Channel coding for ACK/NAK and data shall be performed independently. For ACK/NAK transmission on PUSCH, the following Rel-8 channel coding can be used:
· 1≤OACK≤ 2, Rel-8 ACK/NAK encoding on PUSCH is reused.
· 2< OACK ≤ 11, RM (32,O) coding is used.

· OACK > 11, tail biting convolutional coding is used.
where OACK is the number of ACK/NAK bits.

In Rel-8, ACK/NAK transmitted on PUSCH is located on the 4 SC-FDMA symbols next to the UL DM RS. Given that the ACK/NAK payload in Rel-10 CA is expected to be significantly larger than Rel-8, it deserves further consideration whether ACK/NAK can be transmitted in more than 4 SC-FDMA symbols on PUSCH. This is especially important when the amount of UL data transmission is limited.
5. Conclusions

In this paper, we discuss UL ACK/NAK feedback for LTE-A TDD with carrier aggregation. Currently, we have the following preferences:
· Frequency and spatial ACK/NAK bundling shall be considered to reduce ACK/NAK feedback bits.
· Two ACK/NAK feedback modes shall be supported:
· For full ACK/NAK bundling mode, PUCCH format 1a/1b is used.
· For ACK/NAK multiplexing mode, either PUCCH format 2 or the DFT-S-OFDM based scheme shall be supported.
· Full ACK/NAK feedback shall be supported on PUSCH.
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