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Introduction
In RAN1#75, agreements for HARQ timing have been made and listed as follows:
· [bookmark: _GoBack]For the case of PUCCH transmission on PCell only:
· For PDSCH/PUSCH transmitted on PCell, scheduling/HARQ timing follows existing PCell timing regardless whether PCell is TDD or FDD carrier
· For PUSCH transmitted on SCell with self-scheduling, scheduling/HARQ timing follows existing Scell timing regardless whether SCell is TDD or FDD
· When Pcell is FDD carrier and SCell is TDD carrier, for PDSCH transmitted on Scell with self-scheduling, HARQ timing follows Pcell timing
· When PCell is TDD carrier and SCell is FDD carrier, for PDSCH transmitted on Scell with self-scheduling, HARQ timing is FFS
In this contribution, we discuss the remaining issues related to PDSCH HARQ timing and PDSCH HARQ-ACK generation in TDD-FDD CA system.
Timing issues for TDD-FDD joint operation based on CA
When PCell is TDD carrier and SCell is FDD carrier, assuming PDSCH is transmitted on Scell with self-scheduling, there are mainly two alternatives for FDD SCell HARQ timing:
Alternative 1: FDD SCell PDSCH timing depends on TDD PCell timing + additional new timing for remaining subframes of FDD Scell
· If UL/DL configuration 5 is used, the number of HARQ processes is less than 17
Alternative 2: The PDSCH HARQ timing of FDD SCell follows the DL reference TDD U/D configuration, where the reference TDD U/D configuration is one of the existing 7 U/D configurations
· The DL reference TDD U/D configuration is configured by higher layers
Generally, alternative 1 has the advantage of scheduling data transmission on DL subframe of FDD Scell which corresponding to UL subframe of TDD Pcell. For instance, as depicted in figure 1, DL subframe#2 and #3 aren’t included in Pcell TDD PDSCH HARQ timing, and new HARQ-timing should be designed for these additionally DL subframes. As can be seen in figure 1, when Pcell is configured with TDD configuration#1, there are three options to design the new timing.
In Rel.8 TDD PDSCH HARQ timing design, one of the criterions is load balance. In another word, the HARQ-ACK feedback should be averaged over the UL subframes. From this perspective, option B and option C are better than option A, and option C is slightly better than option B.
Another consideration in HARQ timing design is “DL scheduling before UL DAI transmission”, which enables UL DAI counts all DL PDSCH/PDCCH/EPDCCH and thus better PUSCH resource efficiency.
Comparing with option B, option C can achieve the “DL scheduling before UL DAI transmission” criterion and the UL DAI in UL grant transmitted in DL subframe#4 on Pcell is capable of counting the DL transmission in DL subframe#2 and #3 in FDD Scell. 


Figure 1: Options of PDSCH HARQ timing for FDD when TDD Pcell is configured with TDD configuration#1

In Rel.11 inter-band carrier aggregation system with different TDD configurations, the similar problem exists, the solution was to set UL DAI with a larger value and thus some PUSCH resource is wasted. Actually, it is impossible to solve the “DL scheduling after UL DAI transmission” issue by using a reference configuration (no introduction of new HARQ timing between different TDD configurations) and thus a work-around solution by using larger UL DAI value is necessary. In alternative 1 for TDD-FDD CA system, it seems like this issue can be resolved by using option C. And since we are adding new timing for remaining FDD DL subframes as depicted in figure 1 and there is no difference in specification effort between option B and option C, it would be better to go with a more efficient solution.
Alternative 2, on the other hand, doesn’t involve any new HARQ timing and a high layer signalling is used to indicate the reference configured for HARQ timing, and thus lower specification impact is expected. What’s more, the probability of HARQ timing ambiguity between eNB and UE for FDD Scell can be lower, because the reliability of high layer configured reference configuration is unrelated to the reliability of Pcell TDD reconfiguration signalling. However, compared to alternative 1, DL data transmission cannot be scheduling in certain additional DL subframe on FDD Scell since the related PDSCH timing is not included in the reference configuration and thus full performance gain from TDD-FDD CA may not be achieved.

Proposal 1: when Pcell is TDD configuration 1 and Scell is FDD, new timing for additional DL subframes should follow the design of option C. 

HARQ-ACK generation
In Rel.10-11 carrier aggregation system (FDD CA or TDD CA), HARQ-ACK bits from serving cell with lower cell index are concatenated first, followed by HARQ-ACK bits from serving cell with higher cell index. In TDD-FDD CA system, when HARQ-ACK is feedback on PUCCH, how to concatenate HARQ-ACK bits from TDD and FDD serving cell, and whether HARQ-ACK needs to be generated for certain UL subframes are still open. 
As illustrated in figure 2, Pcell is eIMTA-enabled serving cell, configured with TDD configuration#2 via reconfiguration DCI. The DL reference configuration (TDD configuration#2) is indicated by high layer signalling, which is used for PDSCH HARQ timing. Assuming FDD Scell also follows the same DL reference configuration for DL HARQ timing, plus new timing for additional DL subframe such as DL subframe#2. UE may fail to detect the reconfiguration DCI and a fall back method by following the legacy SIB-1 TDD configuration is agreed. For instance, at the UE side, SIB-1 TDD configuration#1 is used when TDD configuration#2 included in reconfiguration DCI is missed. As a result, eNB and UE may have TDD configuration ambiguity issue.


Figure 2. Ambiguity of TDD configuration on Pcell between eNB and UE
The ambiguity issue may not be a big issue by considering the low probability of reconfiguration signalling misdetection, and if it happens, the HARQ-ACK for most of other DL/Special subframe can still be detected at the eNB side. In carrier aggregation system, however, the ambiguity problem may not be confined within one cell; In fact, the HARQ-ACK bits from other serving cell may also be misaligned.
Assuming one HARQ-ACK bit needs to be feedback for each DL subframe, as per Rel.10-11 system, at the eNB side, HARQ-ACK(0)~HARQ-ACK (3) are related to 4 DL/special subframe on Pcell and HARQ-ACK(4)~HARQ-ACK(8) are related to 5 DL/special subframe on Scell. At the UE side, however, only 3 HARQ-ACK bits will be generated for Pcell. As a result, 5 HARQ-ACK bits generated for FDD Scell are all misaligned.
Generally, there are two options to solve this issue:
Option1: HARQ-ACK should be generated for flexible subframe which is considered as UL subframe at UE side
Option2: Prioritize the HARQ-ACK concatenation order
For option1, HARQ-ACK is not only generated for DL/special subframe(s) as included in the DL association set of a UL subframe, but also generated for UL subframe in the same DL association set. HARQ-ACK feedback misalignment can be avoided at the cost of the PUSCH/PUCCH efficiency degradation.
On the other hand, option2 requires specification change in terms of the concatenation order of carrier components, for instance, HARQ-ACK bits for DL transmission on TDD Pcell may be concatenated after HARQ-ACK bits for FDD Scell. What’s more, the HARQ-ACK misalignment cannot be completely solved if there is more than one TDD carrier component and one TDD carrier component concatenated before the last one has TDD configuration ambiguity issue.
Proposal 2: When HARQ-ACK is fed back on PUCCH, HARQ-ACK should be generated for flexible subframe which is considered as UL subframe at UE side.

Conclusion
This contribution discussed the HARQ timing and HARQ-ACK generation in TDD-FDD CA system and we have proposals listed as follows:
Proposal 1: when Pcell is TDD configuration 1 and Scell is FDD, new timing for additional DL subframes should follow the design of option C. 
Proposal 2: When HARQ-ACK is fed back on PUCCH, HARQ-ACK should be generated for flexible subframe which is considered as UL subframe at UE side.
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