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1 Introduction
Studies on “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” (LTE TDD eIMTA) were completed in Rel-11. It was concluded that this feature is beneficial for small cell related TD-LTE deployment scenarios, as shown in TR36.828 [1]. A follow-up Rel-12 work item was then approved in RAN#58 [2]. One of objectives is: 

· Agree on the supported time scale together with the necessary signaling mechanism(s) for TDD UL-DL reconfiguration and specify the necessary (if any) enhancements for TDD UL-DL reconfiguration with the agreed time scale and signaling mechanism(s), e.g.

· HARQ/scheduling timeline, 

· RLM/RRM measurements, 

· CSI reporting;

In this contribution, we focus on the HARQ design and aligned UL-DL reconfiguration timing among cells.
2 HARQ design
Based on the discussion in [3], defining a reference UL-DL configuration for HARQ timeline is necessary for any signaling solution to guarantee the transmission continuity during UL-DL reconfigurations, irrespective of the time scale. It should be discussed which of the current UL-DL configurations shall be used as the UL and DL reference configuration for TDD eIMTA. It is shown in [4] that there is around 10% DL packet throughput loss if UL-DL configuration #5 is not supported with TDD eIMTA. To avoid such performance loss, it is therefore proposed to use UL-DL configuration #5 as the DL reference configuration for HARQ timing. Naturally, UL-DL configuration #0 can be used as the UL reference configuration for HARQ timing. One potential issue with PUSCH transmission is that synchronous HARQ is applied and a PUSCH HARQ process according to the reference UL-DL configuration #0 may occur in a DL subframe. In such a case, the PUSCH HARQ process shall be suspended as an eNB implementation. Alternatively, asynchronous HARQ can also be considered for PUSCH when TDD eIMTA is configured for a UE.
Another issue of HARQ design is the ACK/NACK resource. If UEs configured with TDD eIMTA utilize implicit ACK/NACK resource mapping according to the current specification, ACK/NACK resource collision occurs between legacy UEs and UEs configured with TDD eIMTA due to different HARQ timelines configured. To avoid this collision, ACK/NACK resource for UEs configured with TDD eIMTA can be explicitly configured by higher layers. Considering that TDD UL-DL reconfiguration is mostly suitable for small cells with a limited number of users connected, such a higher layer signaling approach does not lead to significant uplink control overhead.
3 Aligned UL-DL reconfiguration timing among cells
It is deserved consider that whether the radio frame in which UL-DL reconfiguration occurs should be aligned for different cells, especially for UL-DL reconfiguration with time scale larger than 10ms. If the radio frame in which UL-DL configuration is changed is random for different cells as shown in Figure 1, interference in the same subframe among different radio frames can vary significantly, which impacts the accuracy of CSI measurement and degrades the performance consequently. 
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Figure 1: Interference variation due to random UL-DL reconfiguration timing
To avoid to inaccurate CSI measurement, the radio frame in which the TDD uplink-downlink configuration is changed shall be aligned among the cells, as shown in Figure 2. With aligned radio frame timing for UL-DL reconfiguration among cells, large interference variation in the same subframe among different radio frames will only happen around the boundary where UL-DL reconfiguration occurs, which is much less that random UL-DL reconfiguration timing as shown in Figure 1. 
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Figure 2: Interference variation for aligned UL-DL reconfiguration timing
4 Conclusions

In this contribution we discuss HARQ timeline and aligned UL-DL reconfiguration timing among cells with the following proposals:

Proposal 1: UL-DL configuration#5 should be supported in TDD eIMTA and used as the DL HARQ reference configuration. And configuration #0 can be used as the UL HARQ reference configuration.

Proposal 2: To avoid PUCCH ACK/NACK collision between legacy UEs and UEs configured with TDD eIMTA, ACK/NACK resource for UEs configured with TDD eIMTA shall be explicitly configured by high layers.
Proposal 3: For UL-DL reconfiguration time scale larger than 10ms, the radio frame in which the TDD uplink-downlink configuration is changed should be aligned among the cells.
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