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1 Introduction
In RAN1#75, signaling mechanisms for HARQ design in TDD eIMTA were discussed and the pending issues include [1]:

· FFS at least the following issues:

· Supported PUCCH format(s) for eIMTA enabled UEs and for the supported PUCCH format(s), the corresponding design details. Potential PUCCH formats include:

· ACK/NAK bundling

· PUCCH format 1b with channel selection

· PUCCH format 3

· Whether or not to standardize solutions resolving PUCCH resource collision issues, and if so, detailed solutions

· HARQ-ACK on PUSCH related issues (e.g., DAI handling, ACK/NAK payload size, etc.)

· For UEs configured with eIMTA and CA, how to handle the case when two or more CCs have different HARQ reference configurations for both DL and UL
In this contribution, some of the above remaining issues are discussed.
2 Discussions
2.1 HARQ-ACK on PUSCH
HARQ-ACK can be transmitted on PUSCH where the Downlink Assignment Index (DAI) field of the UL grant is used to determine transmission parameters, i.e. the scrambling sequence for HARQ bundling, the number HARQ-ACK bits for HARQ-ACK multiplexing, the number of feedback subframes for each serving cell for PUCCH format 3, the mapping of HARQ-ACK feedback bits for PUCCH format 1b with channel selection. In current specification, DAI does not exist in the UL DCI format under UL-DL configuration #0 where the 2 bits are re-interpreted as UL index. Since the DL HARQ reference configuration can be different from the SIB-1 configuration (i.e. UL HARQ reference configuration), it shall be discussed and decided how to interpret the 2 bits in the UL DCI formats. Two alternatives can be envisioned, i.e. to interpret the UL DCI format according to the SIB-1 UL-DL configuration or the actual UL-DL configuration indicated by the reconfiguration DCI. The former is preferred since semi-static interpretation of UL DCI format is reused from current releases and it does not cause the ambiguity on the number of PUSCH HARQ-ACK bits. The later alternative potentially requires eNB blind decoding when actual UL-DL configuration is dynamically changed. If UL DAI is not available, the current specification for PUSCH not adjusted based on UL grant can be reused, i.e. the number of HARQ-ACK bits on PUSCH is determined by the bundling window size M. Although the UCI overhead is increased a bit, it may not be a big issue for small cells.
Proposal 1: UL index is used in UL DCI formats when SIB-1 UL-DL configuration is configuration #0 and TDD eIMTA is enabled. 

Proposal 2: When UL DAI is not available in UL grant, UE determines the number of HARQ-ACK bits on PUSCH based on the size of the bundling window M of the reference configuration.
In addition to SIB-1 UL-DL configuration of configuration #0, there are some other cases where UL DAI exists but is problematic, as listed in Table 1. In these particular cases, the UL grant following UL HARQ reference configuration can appear earlier than the last downlink subframe within the bundling window following the DL HARQ reference configuration. How to determine the number of HARQ-ACK bits on PUSCH for these cases shall be discussed and decided.
Table 1: Cases that the UL grant appears earlier than the last downlink subframe within the bundling window
	SIB-1 UL/DL configuration
	DL-reference UL/DL configuration 

	
	Configuration2 
	Configuration4 
	Configuration5 

	Configuration1 
	X 
	
	X 

	Configuration6 
	X 
	X 
	X 


Mainly three solutions were proposed in [2]. The first approach is to reuse the solution in current specification for PUSCH not adjusted by UL grant, i.e. to determine the HARQ-ACK bits according to the bundling window size of the reference configuration. This option simplifies the specification and implementation but would increase some UCI overhead. The second approach is to determine the number of HARQ-ACK bits on PUSCH according to the bundling window size of the UL-DL configuration indicated by the reconfiguration DCI. Similar as previous discussions, this option would cause ambiguities between eNB and UE so that blind decoding for the UCI bits on PUSCH may be required at the eNB side and thus not preferred. The third approach is to leave this as eNB implementation, which requires the eNB to predict the scheduling of the DL subframes within the bundling window later than the UL grant. In this option the UE behavior is not impacted. It should be noted that for other cases where UL DAI is not problematic, nothing is to be changed with respect to the UE behavior on UL DAI.
Proposal 3: For the particular cases where UL grant appears earlier than the last downlink subframe within the bundling window, UE determines the number of HARQ-ACK bits on PUSCH according to the bundling window size of the reference configuration.
2.2 HARQ timing issues
When TDD eIMTA is applied together with carrier aggregation, it is likely that the aggregated carriers are configured with different DL HARQ reference configurations. One typical case is that a UE aggregates carriers from macro eNB and RRH, where eIMTA is only enabled on the Scell (e.g. RRH). For these cases the existing specification for TDD inter-band CA with different UL-DL configurations can be reused, i.e. to use the higher layer configured reference configuration of a TDD eIMTA serving cell during the lookup table process for TDD inter-band CA with different UL-DL configurations to determine the final reference configuration for the serving cell.
Proposal 4: In case TDD eIMTA is used in combination with TDD CA with different UL-DL configurations, the higher layer configured reference configuration of a TDD eIMTA serving cell is used during the lookup table process for TDD CA with different UL-DL configurations to determine the final reference configuration for the serving cell.  
It is FFS whether the following agreements made in RAN1-74b shall be captured in the specification: 
· Under any valid UL & DL HARQ reference configurations, the UE should not expect any subframe configured as UL subframe or special subframe in DL HARQ reference configuration is dynamically used as DL subframe.
It is noted that proper eNB implementation shall ensure that UL subframe or special subframe in DL HARQ reference configuration is not reconfigured as DL subframe. From the UE perspective, having such an error case handling can help UE to identify inconsistent eNB configurations. Hence it is beneficial to include such a statement in the specification. However, any further specification is not needed to specify the exact UE behavior when inconsistent eNB configuration is received. In other words, it is not preferred to further discuss the UE behavior if UL subframe or special subframe in DL HARQ reference configuration is reconfigured as DL subframe.

Proposal 5: Capture the following in the specification, provided that no further UE behavior is specified for this error case handling. 

· For a UE enabled with TDD eIMTA, the UE shall not expect that any UL subframe or special subframe in the DL HARQ reference UL-DL configuration is reconfigured as DL subframe.
3 Conclusions
In this contribution, several remaining issues regarding HARQ design in TDD eIMTA are discussed, with the following proposals:
Proposal 1: UL index is used in UL DCI formats when SIB-1 UL-DL configuration is configuration #0 and TDD eIMTA is enabled. 

Proposal 2: When UL DAI is not available in UL grant, UE determines the number of HARQ-ACK bits on PUSCH based on the size of the bundling window M of the reference configuration.

Proposal 3: For the particular cases where UL grant appears earlier than the last downlink subframe within the bundling window, UE determines the number of HARQ-ACK bits on PUSCH according to the bundling window size M of the reference configuration.

Proposal 4: In case TDD eIMTA is used in combination with TDD CA with different UL-DL configurations, the higher layer configured reference configuration of a TDD eIMTA serving cell is used during the lookup table process for TDD CA with different UL-DL configurations to determine the final reference configuration for the serving cell.
Proposal 5: Capture the following in the specification, provided that no further UE behavior is specified for this error case handling. 

· For a UE enabled with TDD eIMTA, the UE shall not expect that any UL subframe or special subframe in the DL HARQ reference UL-DL configuration is reconfigured as DL subframe.  
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