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1. Introduction

The HARQ issue is one of the most important issues in TDD eIMTA. In this paper, we will analysis some remaining the HARQ aspects in eIMTA including UL HARQ timing, as well as PUCCH resource mapping issues.
2. UL Scheduling and HARQ timing
In RAN1#74, it was agreed to let the downlink HARQ timing follow a higher layer RRC configured TDD configuration and discuss further the UL scheduling and HARQ timing between using a higher layer configuration or basing the UL timing on the SIB signaled configuration.  Based on our analysis in [1], we do not see any reason to treat DL and UL differently and for simplicity, the same solution can be used also in the UL.
Proposal 1: Introduce a higher layer RRC configured TDD configuration also for uplink scheduling and HARQ timing
3. PUCCH Resource Mapping
In the LTE TDD system, the HARQ timing and feedback signaling mapping depends on the TDD configuration. Given the agreement in the previous meeting that the downlink HARQ timing follows a higher layer RRC configured TDD configuration, the timing eIMTA UEs may differ from the timing used by legacy UEs that assume the TDD configuration indicated in SIB1. In Figure 5 there is one example showing the ACK/NACK timing for a UE with a reference configuration and a legacy UEs. In this example, the new eIMTA UEs will assume that there are 4 subframes in the DL subframe association set for UL subframe n, while the legacy UEs will assume only a single DL subframe associated with the same UL subframe. 
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Figure 5 HARQ timing for legacy and new eIMTA UEs
With implicit PUCCH resource mapping, the resource for PUCCH is determined by the CCE index used for sending the DL assignment, and for DL association set size M>1, there is interleaving of CCE from different DL subframes to minimize the inefficiency due to “overbooking” of PUCCH resources. Figure 6 shows an example with CCE interleaving in the PUCCH resource mapping for TDD configuration 0 and 2 respectively. In this example, CCEs in subframe (n-6) for legacy UEs and CCEs in subframe (n-7) and (n-8) for new UEs may get the same index and map to the same PUCCH resource, causing PUCCH collision. This problem is also mentioned in [4-5].  Though it is in theory possible to configure a different PUCCH resource offset 
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for the new UEs to avoid such collisions, it will be highly inefficient since the multiplexing between new and legacy UEs in PUCCH region is not possible.
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Figure 6 Example of PUCCH resource collision
To avoid the collision in a more efficient manner, other solutions need to be considered, like the 2 alternatives below:

1. Adopt a new implicit PUCCH resource mapping method for new eIMTA UEs. For example, option2 in [5] proposes to index first the CCEs in the DL subframes that are associated with UL subframe n for both legacy and eIMTA UEs, followed by the remaining DL subframes associated with UL subframe n for  eIMTA UEs only. This way, only a single PUCCH resource in subframe n is reserved for subframe n-6 and the efficiency can be improved compared with using different PUCCH resource offset.
2. Implicit PUCCH resource mapping is only applied to DL subframes that are common for both legacy and eIMTA UEs, i.e for subframe n-6 in the above example, and explicit PUCCH resource allocation is applied to the remaining DL subframes associated with UL subframe n.  This way, collisions can be avoided and signaling overhead is reduced compared to fully explicit PUCCH resource configuration.
Proposal 2: An efficient solution to avoid the PUCCH collision problem should be studied;

4. Conclusions
In this paper we analysed HARQ issues in TDD eIMTA including HARQ/scheduling timeline issue and PUCCH resource mapping issue, and have the following observation and proposals:
Proposal 1: Introduce a higher layer RRC configured TDD configuration also for uplink scheduling and HARQ timing
Proposal 2: An efficient solution to avoid the PUCCH collision problem should be studied;
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