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Introduction
In RAN #58, a new WI on “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation (eIMTA)” was agreed [1]. In this WI, the HARQ/scheduling for supporting the HARQ operation for PDSCH and PUSCH transmissions in eIMTA is critical. In this contribution, we will focus on HARQ for eIMTA and give some discussions on it.
Discussion
The performance of eIMTA is highly connected to reconfiguration time scale. According to the discussion in RAN1#73, explicit L1 signalling of reconfiguration by UE-group-common (e)PDCCH[2], which means the time scale of UL-DL reconfiguration will be in tens of milliseconds. However, fast UL-DL reconfiguration time scale will generate lots of boundary frames which is defined as the frames before and after UL-DL reconfiguration. For the extreme case, if UL-DL reconfiguration is happened per 10ms, each frame is boundary frame. Even for 40ms reconfiguration time scale, half frames will be boundary frames. For boundary frames, due to the UL-DL reconfiguration, the HARQ process has to be modified to achieve the largest eIMTA gain. The treatment for HARQ process in boundary frames is related to PDSCH, PUSCH, PUCCH, PHICH and HARQ process number.
DL HARQ
If a new UL-DL configuration is used with more DL frames comparing with previous frame, then some subframes in previous frame might not find out the uplink subframes in the next frames for ACK/NACK feedback. Figure 1 shows an example of this case, in which the UL-DL configuration from configuration 1 to configuration2. Subframes 9 in Frame n can’t feedback in subframes 3 in Frame n+1.

Figure 1 UL-DL reconfiguration from configuration 1 to 2
This mismatch for UL-DL reconfiguration problem has been discussed in TDD inter band CA. Similarly, the solution can be used to solve this problem by introducing a reference configuration to ensure all DL subframes can be used to data transmission.
Proposal 1: a DL reference configuration can be used to solve the PDSCH HARQ problem.
The way to inform the reference configuration also has been discussed in many docs[3]-[5]. Three methods are provided. The first one is to use fixed UL subframes to carry PDSCH ACK/NACK information. The second one is to use SIB information to semi-static configure the reference configuration. The third method is to use PHY layer signaling to dynamic inform UE the reference configuration. Obviously, we should have a joint consideration on the tradeoff between latency and overhead.
Proposal 2: The exact way to inform reference configuration needs FFS. 
Another important problem for DL HARQ is ACK/NACK backward compatible for PUCCH. If legacy UE use UL-DL configuration by SIB1 and eIMTA UE use different UL-DL configuration, PUCCH collision will happen. Extra indication could be used to differentiate the legacy and eIMTA UE ACK/NACK. Besides, some scheduling restriction might also be added to alleviate this problem.
Proposal 3: Extra indication for eIMTA ACK/NACK with scheduling restriction could be considered for PUCCH transmission.
UL HARQ
The UL HARQ of Rel8-11 is synchronized HARQ. Synchronized HARQ requires fixed ACK/NACK feedback and retransmission time. The first problem for ACK/NACK feedback is PHICH-less operation, which has been widely discussed in R-11. Reuse the operation in R-11 when PHICH is not available can avoid more detail discussion. In [6], ePHICH is proposed to make PHICH enhancement. If ePHICH is used to treat this problem, it means more spec changes. Therefore, if ePHICH design can’t bring enough performance gain, PHICH-less operation in R-11 should be used when PHICH is not available. 
Proposal 4: PHICH-less operation discussed in R-11 can be reused to handle UL ACK/NACK feedback in eIMTA.
If retransmission happens in boundary frams and less UL subframes is configured, there is no enough resource for the uplink synchronization HARQ. Many alternatives are provided[7][8][9], like give up the UL subframes with incorrect UL grant, resume the HARQ process after UL subframes are available, or directly use asynchronous HARQ. Obviously, if we leave the retransmission for PUSCH to high layer HARQ, the performance of eIMTA will loss. 
Proposal 5: The detail design for PUSCH retransmission in boundary frames needs FFS.
For UL HARQ, UL scheduling for boundary frames should also be noted. As many companies proposed, a cross frames scheduling according to reference UL configuration should be considered. 
Proposal 6: A cross frames scheduling according to reference UL configuration should be considered for UL scheduling in boundary frames.
HARQ process number
For different UL-DL configurations, the maximum HARQ process numbers is different. When UL-DL reconfiguration happens, UE will have to adjust its HARQ buffer to fit the reconfiguration process. In [10], the detail analysis for HPN is provided and many alternatives to handle this problem are given. 
Proposal 7: HPN needs further study to identify if any spec change is required to help UE’s HARQ buffer adjustment.
Conclusion
In this contribution, we give some proposals on HARQ for boundary frames. They are
Proposal 1: a DL reference configuration can be used to solve the PDSCH HARQ problem.
Proposal 2: The exact way to inform reference configuration needs FFS. 
Proposal 3: Extra indication for eIMTA ACK/NACK with scheduling restriction could be considered for PUCCH transmission.
Proposal 4: PHICH-less operation discussed in R-11 can be reused to handle UL ACK/NACK feedback in eIMTA.
Proposal 5: The detail design for PUSCH retransmission in boundary frames needs FFS.
Proposal 6: A cross frames scheduling according to reference UL configuration should be considered for UL scheduling in boundary frames.
Proposal 7: HPN needs further study to identify if any spec change is required to help UE’s HARQ buffer adjustment.
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