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1. Introduction
In RAN1 #73 meeting, two WFs [1], [2] on HARQ timeline were submitted, but those were not treated due to the lack of time to discuss. For HARQ timeline, it seems that companies support at least one among two alternatives that can be summarized as follows:

·  Alt. 1: Follow HARQ timing of reference configuration

·  How to determine and indicate the reference configuration can be provided by each company 

· Alt. 2: Allow additional mechanisms based on the existing HARQ timing rule 

·  Additional mechanisms can be provided by each company
In this contribution, we provide our views on the HARQ timeline as well as HARQ-ACK feedback issues in TDD eIMTA system.
2. HARQ timeline
Dynamic UL-DL reconfigurations naturally create frequent discontinuity in the actually used UL-DL configurations. So, if the HARQ timeline is also changed along with the UL-DL reconfigurations, it becomes difficult to define PUSCH and UL HARQ-ACK transmission timing when the corresponding UL grant and PDSCH are transmitted in a radio frame with a UL-DL configuration other than the currently used one.
A WF was submitted in RAN1#73 to address the problem of the HARQ timeline discontinuity [1]. By configuring a “HARQ reference configuration,” the eNB and UE can keep a semi-static HARQ timeline irrespective of the UL-DL configuration change indicated by the dynamic signaling. Also, having such a HARQ reference configuration is robust against any error in the UL-DL reconfiguration signaling because of the independency of HARQ timeline and the actual UL-DL configuration. Figure 1 illustrates an example of having such HARQ reference configuration, and UL-DL configuration #1 and #2 are taken as UL and DL reference configurations, respectively.
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Figure 1. An example of UL and DL HARQ reference configurations.

With regard to the reference configuration for UL HARQ, no UL subframe indicated by SIB1 or RadioResourceConfigCommonSCell IE can be changed to a UL subframe if Proposal 1 is adopted. This means that the UL-DL configuration indicated by SIB1 corresponds to the one having the super set of UL subframes among the candidate UL-DL configurations. Therefore, it is straightforward to take the SIB1-indicating UL-DL configuration as the UL HARQ reference. An additional indication is needed for DL HARQ reference configuration, and this reference configuration should have the maximal DL subframes among the candidate UL-DL configurations. In other words, a UL subframe in the DL HARQ reference configuration cannot be used for PDSCH transmissions because no UL HARQ-ACK timing is defined. In case of carrier aggregations, this HARQ reference configuration is first determined for each serving cell, and, if the reference configurations are different in PCell and SCell, then the UE can derive the final reference configuration for each cell’s UL and DL HARQ by using the existing table which determines HARQ timeline of PCell and SCell.
Proposal 1: For each serving cell, UL HARQ reference configuration is the configuration indicated by SIB1 (in case of PCell) or RadioResourceConfigCommonSCell IE (in case of SCell). DL HARQ reference configuration of each serving cell is indicated by high layer signalling.
3. Soft buffer partitioning 
Some solutions need to be considered for soft buffer partitioning for smooth DL HARQ operation across different UL-DL configurations. When TDD configuration is changed, the soft buffer partitioning will be also changed. If a change of soft bit size is occured, it is expected that all contents of the soft buffer are lost. Therefore, it is desirable that the soft buffer partitioning is semi-statically changed to minimize throughput loss. One solution is that the soft buffer partitioning is based on DL HARQ reference configuration. Another method is that the exact partition number of soft buffer can be indicated by high layer signaling.  
Proposal 2: It is desirable that soft buffer partitioning is based on DL HARQ reference configuration. 
4. HARQ-ACK feedback for PDSCH
For HARQ-ACK feedback for PDSCH in TDD systems, when a UE is configured with HARQ-ACK bundling or multiplexing, the corresponding PUCCH resource is determined in accordance to the UL/DL configuration and the (E)CCE index of the DL assignment. If legacy UE follows the configuration indicated by SIB and Rel-12 UE follows DL reference configuration indicated by high layer signalling, different number of associated subframes as well as different order of associated DL subframes in a UL subframe between legacy UE and Rel-12 UE can be occurred. Hence, the PUCCH resource collision between legacy UE and Rel-12 UE is prospective. To resolve the PUCCH resource collision, following options could be considered:
Option 1: Separated PUCCH resource region for legacy and Rel-12 UE
As shown in figure 2, the PUCCH resource region can be separately reserved for legacy and Rel-12 UE. The Rel-12 UE could calculate the offset of PUCCH resource according to the configuration of legacy UE. However, this option has poor PUCCH resource utilization and reserve excessive PUCCH region especially at UL subframe #2 when TDD configuration 5 is used for DL HARQ reference configuration. 
Option 2: Share PUCCH region for the common DL subframes within bundling windows between legacy UE and Rel-12 UE and then separate PUCCH region for remaining DL subframes of Rel-12 UEs.  
In option 2, Rel-12 UE can reorder PUCCH resource packing order within bundling window by comparing DL HARQ reference configuration with SIB configuration, so that total PUCCH region can be reduced compared with option 1. It is desirable to share PUCCH region between legacy UE and Rel-12 UE as much as possible to compress total PUCCH region. For further optimization, the PUCCH region of the remaining DL subframes not overlapped with legacy UE’s DL subframes could be reordered with the subframe with less changing possibility first then the subframes with more changing possibility next as shown in Figure 2. When several last subframes are not configured to DL, the network could configure the unused PUCCH region for PUSCH transmission. 
Proposal 3: It is desirable to share PUCCH region for the common DL subframes within bundling windows between legacy UE and Rel-12 UE and then separate PUCCH region for remaining DL subframes of Rel-12 UEs.
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Figure 2. PUCCH resource determination options for TDD eIMTA
In case of EPDCCH monitoring subframes, different options could be applied since PUCCH resource collision could be resolved by using ARO. Above discussed options could be applied to PDCCH monitoring subframes only.
As one other option, dynamically changing the size of A/N bundling window for a dynamically indicated configuration was considered for Rel-12 UE in [3]. However, for many cases bundling window lies across multiple radio frames, so if a UE misses reconfiguration message for certain radio frame, HARQ-ACK feedback resource ambiguity and PUCCH resource collision to the other UEs can be occurred. Therefore, it is not desirable to change the size of A/N packing window dynamically.
5. Conclusion
This contribution discussed HARQ timeline and HARQ-ACK feedback for TDD eIMTA. The following was proposed as a conclusion of the discussion:
Proposal 1: For each serving cell, UL HARQ reference configuration is the configuration indicated by SIB1 (in case of PCell) or RadioResourceConfigCommonSCell IE (in case of SCell). DL HARQ reference configuration of each serving cell is indicated by high layer signalling.
Proposal 2: It is desirable that soft buffer partitioning is based on DL HARQ reference configuration. 
Proposal 3: It is desirable to share PUCCH region for the common DL subframes within bundling windows between legacy UE and Rel-12 UE and then separate PUCCH region for remaining DL subframes of Rel-12 UEs.
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