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1 Introduction

In RAN1#74bis, the following working assumption and agreement are confirmed:

· Working assumption: For UE configured with TDD eIMTA, uplink scheduling timing and HARQ timing follow UL-DL configuration signaled in SIB1.

· Agreement:  DL HARQ reference configuration can choose from Rel-8 TDD UL-DL configurations {2, 4, 5}.

Based on the above conclusions, this contribution further discusses HARQ timing for eIMTA carrier in carrier aggregation and UL HARQ details for eIMTA.  
2 Timings for an eIMTA cell in CA
In current CA system, Pcell timing always keeps unchanged compared to standalone operation, which could be extended to CA system with at least one eIMTA cell configured. In detail, for the Pcell, the DL-reference configuration is configured by RRC signalling and the UL-reference configuration is the SIB1 UL-DL configuration of the Pcell, if it is operating eIMTA; otherwise, both DL-reference configuration and UL-reference configuration are the SIB1 UL-DL configuration of the PCell.  We focus the discussion on Scell timing in the following. 
In TDD inter-band CA, for a Scell, a reference configuration is derived based on Pcell/scheduling cell configuration and Scell/scheduled cell configuration. Then, in TDD CA with at least one eIMTA serving cell, the determination of HARQ reference configuration for a Scell could follow the same rules specified for inter-band TDD CA. 
For a non-eIMTA Scell, It is agreed in TDD inter-band CA that the actual UL/DL configuration (i.e. same as SIB1 configuration) is signalled when configuring the Scell. Hereafter, we refer it as RRC signalled SIB1 configuration. While, for an eIMTA Scell, one new UL/DL configuration needs to be further signalled when configuring the Scell, to indicate the supper-set of all possible DL subframes in eIMTA operation, which is equivalent to the DL-reference configuration when the Scell is operating eIMTA standalone. Hereafter, we refer it as RRC configured DL-reference configuration. 
The UL-reference/DL-reference configuration for the Scell can be derived as,
· The UL-reference configuration is the RRC signalled SIB1 configuration of the Scell in self-scheduling. If cross-carrier scheduling is used, the UL-reference configuration is determined by the SIB1 configuration of Pcell (or, RRC configured SIB1 configuration another Scell) and RRC signalled SIB1 configuration of the Scell according to Table 8-0A in [1]. 
· The CA DL-reference configuration for CA operation (denoted as CA DL-reference configuration) is determined by the DL-reference configuration of the Pcell and RRC configured DL-reference configuration of the Scell according to Table 10.2-1 in [1], if self scheduling is used. As to cross-carrier scheduling, the DL-reference configuration is the DL-reference configuration of the Pcell. 
With the above method deriving CA DL-reference configuration for a Scell, UE knows both CA DL-reference configuration and RRC configured DL-reference for the Scell. In case that the two kinds of DL-reference configuration are different, e.g. CA DL-reference configuration is 5, but RRC configured DL-reference is 2, UE could know subframe 6 is special subframe fixedly, and avoid confusion on DL/UL transmission in fallback operation. 
Proposal 1: 

· The determination of HARQ timing for eIMTA CA should follow rules for inter-band TDD CA, with exception that, 
· To derive PDSCH HARQ timing, RRC configured DL-reference configuration for an eIMTA Scell is used to replace SIB1 UL-DL configuration of the Scell.
As to TDD-FDD CA, since there is no agreement on HARQ timing for TDD Pcell case yet, we currently focus discussion on the case with a FDD Pcell below. The agreements so far in WI of TDD-FDD joint operation can be directly extended to the case that at least one Scell is doing eIMTA. In details, 
· the UL-reference configuration is RRC configured SIB1 configuration of the Scell;

· the DL HARQ timing of the Scell follows the Pcell’s timing 

Proposal 2: 

· for TDD-FDD CA with at leat one Scell doing eIMTA, 
· the UL-reference configuration is RRC configured SIB1 configuration of the Scell;

· the DL HARQ timing of the Scell follows the Pcell’s timing
3 PHICH Handling
Due to the dynamic adaptation of a TDD UL/DL configuration, a subframe direction can change from UL to DL. If there is PUSCH retransmission and the subframe direction for the synchronous retransmission changes to DL, the corresponding UL HARQ process will be interrupted. 
Figure 1 gives an illustration for such interruption. UL HARQ reference configuration is UL/DL configuration 1 and DL HARQ reference configuration is UL/DL configuration 2. HARQ-ACK for PUSCH in subframe 8 is transmitted by PHICH in subframe 14. If NACK is transmitted by the PHICH, the UE shall adjust the corresponding PUSCH retransmission in subframe 18, but subframe 18 changes direction to a DL subframe.
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Figure 1: Illustration of PUSCH HARQ process interruption
Assuming that PUSCH is transmitted in subframe n-k, a corresponding HARQ-ACK is transmitted by PHICH in subframe n and the UE shall adjust the corresponding PUSCH retransmission in subframe n+p. UE knows subframe n+p is switched to DL subframe, hence a PUSCH retransmission cannot happen. A similar issue already happens in TDD inter-band CA, but no standardization is done. It is worth noting that the issue in TDD inter-band CA only happens for half duplex UEs and both the eNB and the UE  know the position of the next available UL subframe without ambiguity. However, for eIMTA, even when UE knows subframe n+p is a DL subframe, UE may not have correct knowledge of future UL subframes after subframe n+p for the synchronized HARQ process, since they may rely on future explicit L1 signalling. If such an error case happens, when UE detects a PHICH NACK in subframe n, a non-adaptive retransmission maybe performed inappropriately. Therefore, for robustness, a UE is better to skip decoding of PHICH in subframe n and report an ACK to higher layers. In other cases, if the explicit L1 signaling of UL-DL configuration for subframe n+p isn’t detected, the UE may inappropriately perform a non-adaptive retransmission on subframe n+p when the UE detects a PHICH NACK in subframe n. For these cases, if a PHICH indicates PUSCH retransmission in a flexible subframe, it is better to skip decoding of the PHICH and report an ACK to higher layers. This is known to the eNB that can then resume the UL HARQ process by sending an UL grant with NDI not toggled to trigger an adaptive retransmission when a UL subframe after subframe n+p for the same HARQ process is avaiable.  
Proposal 3: 
· A UE skips PHICH decoding in a subframe and reports ACK to higher layers if the subframe for PUSCH retransmission is used as a DL subframe or a flexible subframe.  
4 Conclusions
This contribution discussed HARQ timing in eIMTA CA and UL HARQ details for eIMTA. The following proposals are made:
Proposal 1: 

· The determination of HARQ timing for eIMTA CA should follow rules for inter-band TDD CA, with exception that, 
· To derive PDSCH HARQ timing, RRC configured DL-reference configuration for an eIMTA Scell is used to replace SIB1 UL-DL configuration of the Scell.
Proposal 2: 

· for TDD-FDD CA with at leat one Scell doing eIMTA, 
· the UL-reference configuration is RRC configured SIB1 configuration of the Scell;

· the DL HARQ timing of the Scell follows the Pcell’s timing
Proposal 3: 
· A UE skips PHICH decoding in a subframe and reports ACK to higher layers if the subframe for PUSCH retransmission is used as a DL subframe or a flexible subframe. 
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