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1 Introduction
In this contribution, the HARQ timing for downlink is discussed. We consider the link between transmission on PDSCH and the associated ACK/NACK signalling on the PUCCH/PUSCH. Although some issues are still open related to ensuring maximum user data rates and the ACK/NACK functionality for configurations where the amount of DL resources exceed the uplink resources, we believe that timing aspects discussed here are generic and can be agreed. A reason to this is that both single-ACK/NACK and multi-ACK/NACK solutions should minimize HARQ RTT to limit the performance degradation of TDD compared to FDD. 
In the following, the general design constraints for DL HARQ are outlined and a full solution for the timing for the 7 agreed UL/DL configurations is proposed [1]. Discussions on how to convey multiple ACK/NACK and in which form on the PUCCH/PUSCH are discussed in other contributions.
2
General design constraints

In order to reduce the HARQ RTT as well as to increase commonality (as well as avoiding PDCCH blocking and change of DL grant compared to FDD) we have adopted the following design constraints.

· The PUCCH/PUSCH with the associated ACK/NACK is always located at the first available UL subframe taking the UE processing time into consideration.

· A DL grant will always address the same DL subframe in which the PDCCH is located. Although bundling is needed for joint ACK/NACK transmission in uplink, each DL subframe within the bundle window will always contain its own DL scheduling grant.

In the following section, solutions for each of the agreed UL/DL configurations are proposed. Further, we take as assumption that the special time-slot (TS) carries both PDCCH as well as data.
3
Proposed timing solution

In the following Figure 1, a timing solution is proposed that adheres to above guidelines. In the solution set there is no specific proposal to how multiple ACK/NACK is conveyed on the PUCCH/PUSCH in case multiple DL suibframes need be acknowledged. However, it is understood that to support multiple DL subframe transmission to same UE, the acknowledgement (either individual or joint if bundling solution is adopted) will fall in the specified UL subframe. Also note that each DL subframe contains its own DL grant as for FDD. E.g. in DL heavy case, multi-TTI grants are not proposed although similar solution have been proposed for UL heavy case. Due to design and link of PDCCH and PUCCH/PUSCH resource allocation, such a solution is not preferred. Process numbers below are indicative as asynchronous HARQ is used in downlink.
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Figure 1. Illustration of the downlink HARQ timing and the location of associated ACK/NACK placement (on PUCCH marked by Px where x is the process and Px-y denotes the set of ACK/NACK for all processes {x, x+1, …, y-1, y}) and the associated downlink scheduling grant for each process x (Gx).
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