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1
Introduction
One of the objectives of TDD-eIMTA Work Item is to specify the necessary enhancements for TDD UL-DL reconfiguration with the agreed time scale and signaling mechanism(s), e.g. HARQ/scheduling timeline, while maintaining backwards compatibility and performance of both legacy UEs and UEs supporting flexible UL-DL reconfiguration [1]. In this contribution we discuss issues related to HARQ-ACK feedback on PUSCH. We focus on the following questions being discussed in the email reflector:

 - Discuss whether to use UL DAI or UL index in DCI format 0 and 4, when UL-DL configuration 0 is configured in as UL reference configuration.

- Discuss HARQ-ACK feedback on PUSCH, when UL scheduling grant is transmitted earlier than the latest DL subframe within the bundling window, since UL DAI cannot indicate the total number of the subframes with PDSCH transmissions and with PDCCH/EPDCCH indicating downlink SPS release within the bundling window.

· Companies to provide the solutions including the impacts to other WGs (if any).

In this contribution, we will present our views on these remaining issues.
2
UL index in DCI format 0/4 
According to current specification [1], UL index (2 bits) and UL DAI (2 bits) are alternative to each other, such that UL index exists in DCI format 0/4 in the case of UL-DL configuration#0 whereas UL DAI present in other configurations. The UL index is needed for multi subframe scheduling in configuration#0 whereas UL DAI is used to assist UCI multiplexing on PUSCH.   

In TDD eIMTA, the UL-DL configuration can be changed dynamically by eNB according to the UL and DL traffic status. Hence, there is a need to be clarified which one (UL index or UL DAI) to apply in the cases with different UL reference configuration. First of all, it noted that the question is not relevant for the cases with SIB-1defined (UL-reference) configurations other than configuration #0. 
In the case when SIB-1 defined (UL-reference) UL-DL configuration is #0, the actual UL-DL configuration can vary between configuration #0 (having UL index according to current rules) and configurations #1-6 (having UL DAI), respectively. It is noted that in order to support multi subframe scheduling UL index is needed, it has to be present in the case when UL-DL configuration #0 is selected. For that reason, there are two baseline options available.

· Option #1: Selection between UL index and DAI is made based on dynamically selected UL-DL configuration.
· Option #2:  Selection between UL index and UL DAI is made based on UL HARQ reference configuration.
· Option #3: UL index value is predefined, and UL index is reinterpreted as UL DAI in DCI 0/4.
The benefit of Option #1 is that it maintains the dynamically varying HARQ-ACK codebook size on PUSCH for if the actual configuration is #1-6. On the other hand, with dynamic interpretation of the UL DAI and UL index, there exist severe new error cases when the UE has not correct understanding on the valid UL-DL configuration and the eNB is not aware of that. This means that eNB and UE have different understanding on two bits in UL grant (UL DAI/UL index), which means that UE may report wrong HARQ feedback (( e.g. DTX/NACK to ACK error probability is increased considerably). This will degrade both DL and UL throughput performance. 
The option #1 is also related to fallback mode discussion in last RAN1 meeting, the working assumption is that “If UE does not detect L1 signaling conveying a valid UL-DL configuration for a radio frame, UE shall monitor the non-DRX DL subframes or special subframes for PDCCH or EPDCCH as indicated by SIB-1 configuration”. With the working assumption, the UE behaviour is defined in the fallback mode. Following the same logic, the introduced confusion between eNB and UE on UL index and UL DAI interpretation shall be clarified when UE is in fallback mode. 

Otherwise following option #2, if UL HARQ reference configuration is UL-DL configuration #0, UL index always present within DCI format 0/4, current HARQ-ACK feedback mechanism can be re-used, “For TDD UL-DL configuration 0 or for a PUSCH transmission not adjusted based on a detected PDCCH with DCI format 0/4, the UE shall assume 
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….”[2], the HARQ-ACK payload size is determined by the bundling window size. With option #2, additional error cases due to absence of valid UL-DL reconfiguration indicator can be avoided completely.   
For option #3, there are two alternatives identified in the email discussion. in the first alternative, the 2-bit field in DCI format 0/4 carries UL index in SF #0 and #5, and UL DAI in SF#1 and #6 (with UL index value always set to 01), respectively. The motivation is to balance the UL index and UL DAI usage, and to reduce the UCI overhead by means of UL DAI indication. The ambiguity issue is solved by a predefined UL index value 01. The second alternative is an enhancement of the first alternative where UE assumes that the UL index value is set to be 10 in subframes [0,1], and 01 in subframe [5,6], respectively. Following this principle, UL index can always be interoperated as UL DAI regardless of the dynamically selected UL-DL configuration. The problem of alternative 2 is that subframes [8, 9] can’t be scheduled as shown in Figure 1 (configuration #0). The impacted subframes include subframe#8 with dynamically selected configuration #1 and #6. The first alternative suffers from the similar issue: at most two UL subframes cannot be scheduled depending actually used configuration and UL index setting by eNB. In short, we can summarize two alternatives under option 3 in the following way:
· UL index value is predefined

· UL index (2 bits) is reinterpreted as UL DAI in DCI format 0/4

· Reduced UCI overhead when multiplexed with PUSCH
· No ambiguity on UL index or UL DAI interpretation between eNB and UE

· At most two UL subframes can’t be scheduled 
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Figure 1: UL HARQ timing for UL reference configuration #0 of Alt.1
Based on above analysis, each option has pros and cons, considering the eNB and UE implementation complexity, robustness of the schemes, potential performance impacts and the required standard efforts. For these reasons we prefer Option #2.

Proposal 1: If UL HARQ reference configuration is UL-DL configuration #0, UL index field always present in DCI format 0/4.
3
UL DAI handling
If HARQ-ACK bits transmit on PUSCH and the PUSCH transmission is adjusted based on a detected PDCCH with DCI format 0/4, DAI field in UL grant is applied to determine HARQ-ACK bits. But it could happen “UL scheduling grant is transmitted earlier than the latest DL subframe within the bundling window” in TDD eIMTA. So how to determine the UL DAI value and the number of HARQ-ACK bits seems a problem. As shown in [3, 4], the same issue already exist in Rel.11 Inter-band TDD CA. In the problematic cases, eNB takes care of the UL DAI value, and UE can still determine the number of HARQ-ACK bits based on UL DAI. Basically it’s eNB implementation based solution and no specification impacts. For TDD eIMTA, the same issue is because that the DL bundling window is from DL reference configuration, and the UL grant generally send in the last subframe of bundling window of UL reference configuration, last subframe in two bundling windows is not aligned. There are several eNB implementation approaches can solve the problem,
· eNB determines UL DAI based on scheduled DL subframes. Limitation with this method is the eNB can’t schedule the DL subframes after the UL grant.  
· eNB determines the UL DAI including the DL subframes after the UL grant. If these subframes are scheduled for PDSCH transmission, UE will send the related HARQ-ACK bits in PUSCH according to UL DAI value; otherwise UE will set them as NACK as in current specification.

· eNB assume all DL subframes in the bundling window are scheduled and determine the UL DAI correspondingly. Although UL DAI becomes useless, eNB implementation is simplified a lot.
With above eNB implementation approaches there are no impacts on UE behaviour and specification, UE still use the UL DAI to determine HARQ-ACK bits. And same logic and implementation are applied for both TDD eIMTA and Rel.11 inter-band TDD CA.
Proposal 2: If PDSCH is scheduled after UL DAI signaling, eNB implementation based schemes are adopted and UL DAI setting is up to eNB implementation.
4          Conclusion

In this paper we discuss the issue of UL index interpretation in case of UL reconfiguration 0, and provide our view on how to handle UL DAI when HARQ-ACK is carried on PUSCH and UL DAI is available in UL grant with TDD eIMTA. Based on the discussion, we make the following proposals:

Proposal 1: If UL HARQ reference configuration is UL-DL configuration #0, UL index field always present in DCI format 0/4.
Proposal 2: If PDSCH is scheduled after UL DAI signaling, eNB implementation based schemes are adopted and UL DAI setting is up to eNB implementation.
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