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1. Introduction

In RAN1#53 meeting in Kansas, the followings were agreed for the error case handling in bundled ACK/NACK for TDD [1].

· A Downlink Assignment Index field is added to DCI formats 1, 1A, 1B, 2
· Field denotes a counter of the minimum number of previous and future dynamic downlink assignment transmitted within the bundling window

· This does not preclude using the field as a ”pure counter” with  only previous assignments
· eNodeB may update the index in each DL subframe

· Minimum number covers at least number of previously assigned subframes

· UE uses index in last received/detected DL subframe to check for missed DL assignments

· Size: 2-bit

· UE determines the UL ACK/NACK PUCCH index based on
· Lowest CCE index and downlink subframe number of the last received/detected dynamic assignment

· Bundling error happens when
· UE is assigned N>1 dynamic assignments within the bundling windows

· UE missed last M consecutive grants, M=1,…,N-1
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As shown in the table above, there still remain uncared error cases when the bundled ACK/NACK is combined with other control or data transmissions. We now think that this situation leaves the E-UTRA specification incomplete and we need more concrete treatment to those error cases. In this paper, we suggest two alternative ways both of which are acceptable to us.
2. Alternative ways for error case handling
· Alternative 1. 2-bit downlink assignment field in DCI format 1, 1A, 1B and 2 indicates total number of downlink assignments in a bundling window.
In the current agreement, 2-bit downlink assignment field can be flexibly used to indicate total number of downlink assignments or counter of downlink assignments or somewhere between those two interpretations. In the first alternative, we suggest to fix the definition of the 2-bit downlink assignment field as the total number of downlink assignments in a bundling window.
The advantage of this alternative is that no special care for error case handling is necessary.

The disadvantage of this alternative is that eNB scheduler should make scheduling decision per bundling window, not per subframe. But, this may be acceptable since UE can transmit downlink CQI only by a larger period than the bundling window so that per-subframe dynamic scheduling doesn’t provide so much gain in the downlink throughput aspect.

· Alternative 2. 2-bit bundling information is transmitted on PUSCH when ACK/NACK is transmitted on PUSCH.
If we keep the current agreement of flexible interpretation of the 2-bit downlink assignment field, 2-bit (or 1 bit depending on the downlink/uplink configuration) bundling information can be transmitted on PUSCH when ACK/NACK is transmitted on PUSCH. The bundling information indicates how many downlink assignments the bundled ACK/NACK corresponds to.

In this alternative,
· Performance requirement on the bundling information is relaxed than that for multiple ACK/NACK since NACK to ACK error occurs only when NACK to ACK demodulation error and decoding error of the bundling information which hits the actual number of downlink assignments.
· For the SR+ACK/NACK case, SR is dropped so that ACK/NACK is transmitted via PUCCH resource for ACK/NACK transmission.

· For the CQI+ACK/NACK case, CQI is dropped.

· In practical implementation, if SR or CQI transmission is blocked for a long time, eNB can assign CQI only PUSCH so that CQI or SR can be transmitted with ACK/NACK on PUSCH.

This alternative reduces the ACK/NACK coverage but still provides flexibility of PUCCH ACK/NACK resource management compared with multiple ACK/NACK.

· Alternative 3 (a). 2-bit downlink assignment field in DCI format 0 indicates total number of downlink assignments in a bundling window.
While keeping the current agreement of flexible interpretation of the 2-bit downlink assignment field, UE can be informed of the number of downlink assignments when it transmits ACK/NACK on PUSCH corresponding to the uplink grant with this approach. However, this alternative is partial solution since it cannot handle the PUSCH retransmission without uplink grant and semi-persistent PUSCH transmission.
· Alternative 3 (b). 1-bit field in DCI format 0 indicates existence of ACK/NACK on the corresponding PUSCH.
This approach is under discussion for FDD regarding whether necessity of ACK/NACK DTX detection of ACK/NACK will be removed in case of PUSCH transmission with uplink grant in DCI format 0. Depending on the discussion for FDD, this approach may be combined with alternative 1 so that exact number of downlink assignments are always known by UE with the 2 bits in DCI format 1, 1A, 1B and 2, then DTX to ACK error requirement may be relaxed partially by 1 bit in DCI format 0 in case of  PUSCH transmission scheduled by DCI format 0.
3. Summary
In this paper, we observed three alternative ways to make the error handling in bundled ACK/NACK for TDD more complete. We suggest one of the following two approaches is selected.
· Alternative 1. 2-bit downlink assignment field indicates total number of downlink assignments in a bundling window.
·  maybe, combined with alternative 3(b) to relax the DTX to ACK error requirement partially.

· Alternative 2. 1- or 2-bit bundling information is transmitted on PUSCH when ACK/NACK is transmitted on PUSCH.
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