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1. Introduction

In RAN1#58bis [1], it was agreed that Rel-10 carrier aggregation supports at most 5 DL component carriers (CC) and one ACK/NAK feedback for each transport block shall be supported. Consequently, a large amount of ACK/NAK feedbacks shall be supported in a sub-frame. In order to deal with the problem of missing DL grants, Downlink Assignment Index (DAI) is needed for both FDD and TDD. During recent meetings, design of DAI in Rel-10 is discussed in [2]-[9]. In this contribution, we provide our views on detailed designs of DAI for both FDD and TDD in LTE-A. 

2. DAI design for FDD
In Rel-8, DAI is not needed for FDD because there is always an UL sub-frame corresponding to a DL sub-frame. In Rel-10 with carrier aggregation, a UE can operate on at most 5 DL CCs simultaneously. Hence, ACK/NAK bundling and/or multiplexing shall be supported for FDD, which requires DAI bits in DL grant for a UE to detect any missed DL grants.
2.1. ACK/NAK bundling 
In Rel-10 FDD, ACK/NAK bundling cross carriers may be applied for power limited UEs. There are some noticeable differences between Rel-8 TDD ACK/NAK bundling across DL sub-frames and Rel-10 FDD ACK/NAK bundling across DL CCs. In LTE TDD, DAI in DL grant was designed as a counter to enable detection of missed DL assignment by a UE, without requiring eNB to perform PDSCH scheduling for multiple sub-frames at once. In Rel-10 FDD with CA, eNB has full knowledge of the exact number of scheduled DL CCs in a sub-frame for a UE. Thus, with up to 5 DL CCs in LTE-A, a fixed 3-bit DAI can be incorporated in DL grants, representing the total number of scheduled PDCCHs in the current sub-frame. 
· ACK/NAK transmission on PUCCH

For ACK/NAK bundling on PUCCH in Rel-10 FDD with CA, the bundled ACK/NAK bits can be transmitted with a Rel-8 PUCCH format 1a/1b resource. In case the DAI represents the total number of scheduled PDCCHs in a sub-frame, UE can detect whether any PDCCH has been missed. Thus, there is no need to restrict the PUCCH resource used for ACK/NAK bundling associated with the last detected DL assignment. UE will perform a DTX on PUCCH if the number of detected PDCCHs is not equal to the DAI value in DL grant.
· ACK/NAK transmission on PUSCH

For ACK/NAK bundling on PUSCH in Rel-10 FDD CA, the Rel-8 TDD transmission scheme can be largely reused. UE will feed back NAK if the number of detected DL grants is not equal to the DAI value in DL grant. Rel-8 TDD ACK/NAK scrambling sequence on PUSCH can be reused for FDD to help eNB distinguish DTX from NAK. Since the DAI in DL grant is a fixed number, there is no need for DAI in UL grant. The number of ACK/NAK feedback bits on PUSCH depends on whether spatial multiplexing is configured or not.
2.2. ACK/NAK multiplexing 
In Rel-10 FDD, ACK/NAK multiplexing shall be supported to reduce unnecessary retransmissions. To be consistent with ACK/NAK bundling, the DAI in DL grants can also be a fixed 3-bit, representing the total number of scheduled PDCCHs in the current sub-frame. 
· ACK/NAK transmission on PUCCH

Similar as Rel-8 TDD ACK/NAK multiplexing, in Rel-10 FDD CA, UE can always generates N (with spatial multiplexing) or 2N (without spatial multiplexing) ACK/NAK feedback bits, where N is the number of configured DL CCs. This can be applicable for any ACK/NAK multiplexing schemes, e.g. extended channel selection for 5 DL CCs [10], PUCCH format 2 [10], or a new PUCCH format [10] is used. Therefore, DAI in DL grant is in theory not necessary for ACK/NAK multiplexing on PUCCH. The ACK/NAK bit location can be determined by the DL CC index. UE shall feed back NAK for the DL CC(s) without DL assignment detected. 

· ACK/NAK transmission on PUSCH

As shown in [10], Rel-8 TDD ACK/NAK multiplexing on PUSCH can be directly reused for Rel-10 FDD with CA. Considering that DAI in DL grant is already a fixed 3-bit representing the total number of scheduled PDCCHs, DAI in UL grant is not necessary. Consequently, there is no need to treat ACK/NAK transmission on PUSCH with and without UL grant separately, which simplifies the design. UE always feeds back N (with spatial multiplexing) or 2N (without spatial multiplexing) ACK/NAK bits. The ACK/NAK bit location can be determined by the DL CC index. NAK shall be fed back for the DL CC(s) without DL assignment detected. The DAI value in DL grant can be used to determine the amount of REs for ACK/NAK transmission on PUSCH, which provides more efficient PUSCH resource utilization. Note that eNB knows the exact number and location of scheduled PDCCHs. Hence, eNB can accurately determine the set of hypothesis testing for the ACK/NAKs transmitted on PUSCH, without impacting the ACK/NAK detection performance. 
Therefore, in order to have a unified DAI design for both ACK/NAK bundling and multiplexing for Rel-10 FDD, we have the following proposal:
Proposal 1: For ACK/NAK transmission in Rel-10 FDD with CA, a fixed 3-bit DAI is included in the DL grants, representing the total number of scheduled PDCCHs in the current sub-frame. DAI in UL grant is not necessary.
3. DAI design for TDD
In Rel-8 TDD, DAI is used as a counter to indicate the number of scheduled sub-frames in the bundling window. Similarly in LTE-A CA, DAI is required by a UE to detect any DL grant missing.
3.1. ACK/NAK bundling 
Since Rel-10 TDD system involves both CA and asymmetric DL/UL sub-frame configurations, per codeword ACK/NAK bundling shall be performed across multiple DL CCs and multiple DL sub-frames. One or two bundled ACK/NAK feedback bits shall be transmitted either on PUCCH or on PUSCH.

The DAI in DL grant shall comprise two parts. The first part, denoted as DAI part 1, is a fixed 3-bit representing the total number of scheduled PDCCHs in the current sub-frame. UE detects at least one DL grant is missed in a sub-frame, if the number of detected DL grants in the sub-frame is not equal to DAI part 1. The second part of DAI, denoted as DAI part 2, represents a 2-bit counter of scheduled sub-frames per DL CC, similar to the DAI in Rel-8 TDD. With DAI part 2, eNB is not required to schedule all DL sub-frames at once.

· ACK/NAK transmission on PUCCH

For ACK/NAK bundling on PUCCH, the bundled 1 or 2 ACK/NAK feedback bits shall be transmitted using PUCCH format 1a/1b.  UE can use DAI part 1 in DL grant to detect whether any PDCCH has been missed in each sub-frame. In addition, DAI part 2 in DL grant is used by a UE to detect if there is any missed DL grant in any sub-frame. In case UE detects a DL grant has been missed, the UE shall perform a DTX on PUCCH. Since DAI part 2 in DL grant is still a counter, the bundled ACK/NAK feedback bits shall be transmitted using the ACK/NAK resource corresponding to the last detected DL sub-frame, to resolve the issue of last DL grant missing similar to Rel-8 TDD ACK/NAK bundling. 
· ACK/NAK transmission on PUSCH
Note that DAI part 2 in DL grant represents a counter of scheduled DL sub-frames, it is necessary to treat ACK/NAK bundling on PUSCH separately for cases with and without UL grant, and the Rel-8 ACK/NAK scrambling sequences shall be reused. UE determines the ACK/NAK REs depending on whether spatial multiplexing is configured or not.
· ACK/NAK transmission on PUSCH with UL grant

DAI in UL grant shall be a fixed 2-bit representing the total number of scheduled sub-frames in the bundling window. UE shall feed back NAK if the number of detected DL sub-frames is not equal to DAI in UL grant. eNB can determine any DL grant missing by the scrambling sequences transmitted on PUSCH . Furthermore, UE shall feed back NAK if the number of received DL grants in a sub-frame is not equal to the corresponding DAI part 1.
· ACK/NAK transmission on PUSCH without UL grant

UE shall feed back NAK if the number of received DL grants in a sub-frame is not equal to the corresponding DAI part 1 and/or if UE detects at least one sub-frame is missed by DAI part 2. eNB can determine whether the last DL grant is missed or not by the scrambling sequences transmitted on PUSCH.
3.2. ACK/NAK multiplexing 
In order to reduce unnecessary retransmissions, ACK/NAK multiplexing shall be supported in Rel-10 TDD with CA. The DAI in DL grants can also contain the same two parts, consistent with ACK/NAK bundling. 

· ACK/NAK transmission on PUCCH
Given the demand of supporting both CA and TDD asymmetric DL/UL sub-frame configuration in Rel-10, a UE needs to generate MxN (with spatial bundling) or 2xMxN (without spatial bundling) ACK/NAK feedback bits, where M is the number of DL sub-frames associated with a single UL sub-frame as in Rel-8, N is the number of configured DL CCs.
If Rel-8 ACK/NAK multiplexing with channel selection is reused for ACK/NAK transmission on PUCCH in Rel-10, ACK/NAK bundling across DL CCs may be used, in order to limit the number of ACK/NAK feedback bits to M. DAI part 1 in DL grant is used to determine any DL grant missing in a sub-frame. Since a UE always generates M ACK/NAK feedback bits (i.e. one for each sub-frame), DAI part 2 in DL grant is not useful.
If PUCCH format 2 or a new PUCCH structure [10] is used, UE can always transmit MxN or 2xMxN ACK/NAK feedback bits. UE can map each ACK/NAK to a corresponding bit location according to the sub-frame index and the DL CC index. UE shall feed back NAK at the bit locations where no DL assignment is detected. Thus, both DAI part 1 and DAI part 2 in DL grant are not useful.
· ACK/NAK transmission on PUSCH
Since DAI part 2 in DL grant represents a counter of scheduled DL sub-frames, it is necessary to treat ACK/NAK multiplexing on PUSCH separately for cases with and without UL grant.
· ACK/NAK transmission on PUSCH with UL grant

DAI in UL grant shall be a fixed 2-bit representing the total number of scheduled sub-frames as in Rel-8. UE always feeds back DAI_ULxN ACK/NAK bits, where DAI_UL is the value of DAI in UL grant. DAI part 1 in DL grant is not used and DAI part 2 in DL grant is used together with the DAI in UL grant to determine the ACK/NAK bit location. UE shall feed back NAK at the bit location without DL grant detected.
· ACK/NAK transmission on PUSCH without UL grant

UE always feeds back MxN (with spatial bundling) or 2xMxN (without spatial bundling) ACK/NAK bits, and ACK/NAK bit location is determined by the sub-frame index and the DL CC index. Thus, both DAI part 1 and DAI part 2 in DL grant are not useful.
Therefore, in order to have a unified DAI design for both ACK/NAK bundling and multiplexing for Rel-10 TDD, we have the following proposal:

Proposal 2: For ACK/NAK transmission in Rel-10 TDD with CA, DAI in DL grant comprises two parts. DAI part 1 is a fixed 3-bit, representing the total number of scheduled PDCCHs in the current sub-frame. DAI part 2 is a 2-bit counter, representing the accumulative number of scheduled DL sub-frames. DAI in UL grant is a fixed 2-bit, representing the total number of scheduled sub-frames.
4. Conclusions

In this contribution, we discuss the DAI design for both FDD and TDD with CA in Rel-10. We currently have the following proposals:
Proposal 1: For ACK/NAK transmission in Rel-10 FDD with CA, a fixed 3-bit DAI is included in the DL grants, representing the total number of scheduled PDCCH in the current sub-frames. DAI in UL grant is not necessary.
Proposal 2: For ACK/NAK transmission in Rel-10 TDD with CA, DAI in DL grant comprises two parts. DAI part 1 is a fixed 3-bit, representing the total number of scheduled PDCCHs in the current sub-frame. DAI part 2 is a 2-bit counter, representing the accumulative number of scheduled DL sub-frames. DAI in UL grant is a fixed 2-bit, representing the total number of scheduled sub-frames.
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