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1. Summary
The HARQ-ACK timing is an important issue for eIMTA cell operation and UL/DL reconfiguration. In this contribution, we compare different types of HARQ-ACK timing approaches. In one approach, HARQ-ACK timing is changed from an old UL/DL configuration to a new UL/DL configuration. In another approach, the HARQ-ACK timing is maintained for all reconfigurations based on reference configurations.
Based on the analyses on complexity, flexibility and robustness, we propose to define separate UL-reference and DL-reference UL/DL configurations for an eIMTA cell. An upper layer signalling may be used to define an eIMTA cell, determine the reference configurations and the allowed UL/DL configurations for reconfiguration of the eIMTA cell. The explicit PHY layer signalling can be used to signal the actual TDD UL/DL configuration in each radio frame. 
Separate HARQ-ACK timing and explicit reconfiguration signalling allows great flexibility on subframe usage and minimizes specification impact by maintaining HARQ-ACK timing across UL/Dl reconfigurations following reference UL/DL configurations.
2. Association timings of an eIMTA cell

For a TDD cell operation, it is critical to specify association timings, including PDSCH scheduling and PDSCH HARQ-ACK reporting, PUSCH scheduling and PUSCH HARQ-ACK reporting. The association timing change is one of the major constraints for eIMTA UL/DL reconfiguration. 
In RAN1 #73, a working assumption was made to support explicit PHY layer reconfiguration signalling by UE-group-common (e)PDCCH [1]. With explicit reconfiguration signalling, the UL/DL configuration can be signalled for each radio frame. However, the reliability of the reconfiguration signalling and fallback operations need further study. With known UL/DL configuration in each radio frame, there are two approaches for association timing of an eIMTA cell.
Approach 1: HARQ-ACK timing transition to new UL/DL configuration

In this approach, the HARQ-ACK timing of the actual TDD UL/DL configuration is used whenever possible. Thus, if a UL/DL configuration is kept for a long period, the HARQ-ACK timing is optimized for the given configuration. If the UL/DL configuration of the cell is changed by an explicit reconfiguration signalling, the HARQ-ACK timing needs to be changed as well from an old UL/DL configuration to a new UL/DL configuration. Thus, it requires a transition period and the transition behaviour needs to be defined. 
To support all combinations of UL/DL configurations, the transition behaviour can be very complicated with big specification impact since the transition timing of each pair of UL/DL configurations may be different. 
In RAN1 #73, several methods were proposed with different transition behaviours [2-8], e.g. define new timing for transition, use reference configurations during transition period, limit the usage of some subframes, etc. In all cases, the transition period is at least 10ms. Thus, an eIMTA cell cannot be reconfigured very frequently, and the flexibility of an eIMTA cell is sacrificed. 
Furthermore, the reliability of a reconfiguration signalling has big impact on the system operations because a transition is triggered by a reconfiguration signalling. If a UE misses a reconfiguration signalling, the UE and eNB may assume different UL/DL configurations and behaviours for the HARQ-ACK timing. The error may propagate to future reconfiguration transitions. Thus, the transition approaches are not very robust for misdetection and fallback operations.
Benefits:
· Support of transition between any UL/DL configurations

· Optimized timing for the actual UL/DL configuration after transition

Drawbacks:

· High complexity of transition behaviour 
· Big specification impact
· Large latency for transition period

· Reduced flexibility for cell reconfiguration

· Big impact by the reliability of reconfiguration signalling 

· Low robustness for missed reconfiguration signalling and fallback operations
Approach 2: HARQ-ACK timing based on reference configurations

In another approach, separate DL-reference and UL-reference configurations can be applied on an eIMTA cell [9-19], and the reference configuration timings are maintained regardless of the UL/DL reconfiguration, i.e., 
· A DL-reference UL/DL configuration is used for PDSCH HARQ-ACK timing. Thus, the DL-reference UL/DL configuration should include all flexible subframes as DL.
· A UL-reference UL/DL configuration is used for PUSCH scheduling and HARQ-ACK timing. Thus, the UL-reference UL/DL configuration should include all flexible subframes as UL.
Since the HARQ-ACK timings are unchanged during UL/DL reconfigurations, there is no transition period and transition delay compared with Approach 1. Thus, Approach 2 has simple reconfiguration process and better flexibility. 
The reference configurations for HARQ-ACK timings can be determined based on higher layer signaling, which is more reliable than the PHY layer reconfiguration signaling. Since the HARQ-ACK timing is unchanged for UL/DL reconfiguration within the allowed range, the misdetection of a reconfiguration signaling will not cause major problems as in Approach 1 (e.g. different understanding between eNB and the UE on the HARQ-ACK timing and transition states). Therefore, the reference configuration based approach is more robust with good fallback support. Consequently, the separate reference configurations approach requires minimum specification change.
As a drawback, separate DL and UL reference configurations may not have optimized timing for an actual TDD UL/DL configuration. Especially, if all combinations of UL/DL configurations are supported, Configuration 5 may be used as the DL-reference UL/DL configuration and Configuration 0 may be used as the UL-reference UL/DL configuration. On the other hand, an eIMTA cell only operates within a subset of TDD UL/DL configurations in most cases. Thus, the reference configurations and HARQ-ACK timings can be further optimized by configuring a smaller range of allowed UL/DL reconfigurations
Moreover, the reference configuration approach may need extra higher layer signaling to configure an eIMTA cell. An eIMTA cell may be characterized as a cell with a reconfiguration range. A UL/DL configuration may be signaled with legacy approaches (i.e. SIB 1 in case of PCell and RRCCommon in case of SCell) as a part of eIMTA cell configuration. Legacy UEs use only the legacy signalling to determine the UL/DL configuration of the cell. Extra information may be signaled to define the reference UL/DL configurations and supported UL/DL configurations for reconfiguration in an eIMTA cell. The signal may be configured only once for a UE by higher layer signaling, e.g. RRC signaling.

Benefits:
· Support of transition between any UL/DL configurations

· Further optimization can be made by reducing the range of UL/DL reconfigurations

· Low complexity by maintaining the timing regardless of UL/DL reconfiguration
· Small specification impact
· No latency for reconfiguration transition

· Better flexibility for cell reconfiguration
· High reliability by RRC signalling

· High robustness for misdetection of reconfiguration signalling and fallback operations

Drawbacks:

· The HARQ-ACK timing may not be optimized for a given UL/DL configuration 

· Extra RRC signalling is required to configure the eIMTA cell.

By comparing the approaches above, Approach 2 has minimum specification impact. And the benefits of lower complexity, more flexibility and better robustness in Approach 2 are well justified for the extra one-time higher layer signalling of reference UL/DL configuration setting. 
3. Conclusions
In the contribution, we compare different approaches of HARQ-ACK timing designs for eIMTA cell. Based on the analysis on the system complexity, flexibility, specification impact, reliability and robustness, we propose that

Proposal 1: For HARQ-ACK timing, separate DL-reference UL/DL configuration and UL-reference UL/DL configuration are used for an eIMTA cell.

Proposal 2: The reference configurations are determined by higher layer signaling (including SIB1 and/or RRC Common messages). 
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