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1. Introduction
In RAN1#62, several agreements on ACK/NACK for carrier aggregation were reached. Specifically, the following points were agreed for both FDD and TDD
· ACK/NACK multiplexing

· 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 DFT-S-OFDM and PUCCH Format 1b with channel selection
  For FDD in power limited case, the agreements are as follows: 
· No DAI

· No carrier-domain A/N bundling 
· For the case of channel selection with simultaneous SR or CQI, this is the baseline, to be confirmed.

It remains an open issue as to whether ACK/NAK bundling is needed for power-limited UEs in TDD, and if supported, how to bundle ACK/NAK. In this contribution, our considerations of ACK/ NAK bundling for TDD are provided based on these agreements and then an ACK/ NAK feedback design aiming at reducing the unnecessary retransmission is proposed.
2. Consideration on bundling in LTE-A TDD

When scheduled  in Rel.10 TDD CA system, a UE should feedback HARQ-ACK for PDSCH from multiple CCs and multiple DL sub-frames in a single UL subframe, making it necessary to consider schemes like bundling rather than full multiplexing due to the limited UL feedback capacity. As an essential heritage of Rel.8, bundling and the associated DAI design should be considered for LTE-A because all these methods had gone through careful optimization during Rel.8 standardization. 

With regards to the way of bundling and DAI design for CA system, a vast number of schemes were proposed in the past meetings [1-6]. Generally, two options were provided: full bundling and partial bundling, and the latter option further includes spatial bundling, CC-domain bundling and time-domain bundling. In the following sections, we try to give our considerations on these methods.

2.1. Full ACK/NACK bundling
In CA system, transmission mode can be configured separately for each CC, with the result that it is possible to have different codewords across component carriers. As a way of supporting full bundling, the UE can transmit either single ACK/NACK bit by performing spatial bundling first or more ACK/NACK bits with only time-domain bundling. The DAI design following the same idea as the one specified for Rel.8/9 TDD system could be the same for both targets. In order to reduce the error cases of last DL grant missing within the bundling window, it would be beneficial to number the DAI globally across all transmitted PDCCHs, indexing CC-domain first and then switch to time-domain. One example depicted in [5], presented a method having only one  DTX(ACK error in two CCs case. 
Also noteworthy is the issue of resource allocation. As agreed in #62, PUCCH allocation for ACK/NACK feedback – at least for channel selection – is hybrid. Specifically, PUCCH resources are implicitly reserved for PDCCH on Pcell and explicitly indicated by PDCCH on Scell with ARI bits. We believe it would be advantageous to keep this also in TDD, with ARI bits in each subframe of a Scell indicating either the same resource for low overhead or different resources to further reduce unnecessary retransmission.
Although bundling is an effective way of feeding back ACK/NACK in power-limited cases, it may cause retransmission of all packets within a bundling window even if only one packet goes wrong. Compared with full multiplexing, up to 40% performance degradation can be observed as in [6]. However, this degradation could be alleviated to some extent by taking advantage of information already acknowledged between two sides.
An example shown in Fig.1 reveals our design for full bundling case, where a UE is capable of informing eNodeB of some correctly detected PDSCHs by feeding back ACK/NACK selectively on a particular available PUCCH resource. Assume that the last PDSCH is missed and the result detected by UE is (ACK, ACK, ACK, NACK), which is given in a sequence as the DAI increases. As conducted in normal bundling as the one in Rel.8, a logical “AND” operation is carried out and the result NACK is fed back on PUCCH_C associated with the last detected PDCCH. Apparently, the unnecessary retransmission of the first three PDSCHs results in serious system degradation. 
However, if an ACK is transmitted on PUCCH_B, the first three packets will not be transmitted again and the drawbacks of full bundling can be alleviated considerably, on condition that new defined rule has been reached between UE and eNodeB that PDSCHs transmitted before are correctly detected. On the other hand the DTX(ACK error also can be avoided.
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Fig.1  full bundling with selective ACK/NACK feedback


Also noteworthy is the fact that more information can be fed back if QPSK symbol can be reliably conveyed in some less severe scenarios.
Proposal1: In full bundling, parts of unnecessary retransmission could be avoided by taking advantage of the PUCCH resource available to feedback ACK/NACK selectively.
2.2. Partial ACK/NACK bundling

There are basically two alternatives of partial bundling available for CA system, namely, CC-domain bundling and time-domain bundling. The cons and pros have been carefully analyzed in many proposals [5]. In this section, we mainly present our views in terms of resource allocation and DAI design.
CC-domain scheme depicted in Fig.2 which bundles ACK/NACK across CCs in one subframe can well transform the HARQ-ACK feedback issue of CA TDD system into the same one in Rel.8 TDD system, making it possible to reuse most of the current specifications. Encoded as total number of DL grants within current subframe, the DAI design proposed in [5] is an effective way of handling problems such as the last missed PDCCHs and predictive scheduling, both of which puzzle time-domain bundling greatly. 
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Fig.2 PUCCH resource allocation and DAI design for CC-domain bundling


However, in order to perform channel selection, it is necessary to reserve different PUCCH resources for each PDCCH of a same SCell, resulting in a high overhead of control channel resource. What’s more, the low correlation of channel quality between component carriers further degrades the system performance. Also noteworthy is the agreement reached in #62 – no carrier-domain bundling for FDD system; it would be advantageous to keep the commonality of the two LTE frame structures.
 Proposal2: CC-domain bundling is not preferred for CA TDD system
Time-domain bundling, on the other hand, has all the advantages the CC-domain doesn’t have, for instance, in line with Rel.8 TDD, single PUCCH resource for one SCC, good consistency with CA FDD system. Then, it would be reasonable to make it as a candidate to conduct bundling in CA TDD system, particularly if the DTX(ACK error of last PDCCH can be elegantly tackled. 
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Fig.3 PUCCH resource allocation and DAI design for time-domain bundling


Proposal3: Efforts should be made to solve the DTX(ACK error brought by time-domain bundling to make it a suitable method for CA TDD system
3. Conclusions
In this document, we presented our considerations of ACK/NAK feedback in the context of TDD carrier aggregation. The main idea behind these considerations is to reuse the ACK/NAK bundling and resource allocation schemes specified in LTE Release-8 as much as possible while avoid part of unnecessary retransmission. More specifically, we make the following proposals:

· In full bundling, parts of unnecessary retransmission could be avoided by taking advantage of the PUCCH resource available to feedback ACK/NACK selectively.
· CC-domain bundling is not preferred for CA TDD system
· Efforts should be made to solve the DTX(ACK error brought by time-domain bundling to make it a suitable method for CA TDD system 
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Fig.3 PUCCH resource allocation and DAI design for time-domain bundling
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Fig.1  full bundling with selective ACK/NACK feedback



