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Discussion and decision
1 Introduction

In the WID of eIMTA, one objective is to specify appropriated reconfiguration signalling schemes [1]. Meanwhile, HARQ timeline should be considered and enhanced if necessary, which is presented as follows,
· Agree on the supported time scale together with the necessary signaling mechanism(s) for TDD UL-DL reconfiguration and specify the necessary (if any) enhancements for TDD UL-DL reconfiguration with the agreed time scale and signaling mechanism(s), e.g.

· HARQ/scheduling timeline, 

· RLM/RRM measurements, 

· CSI reporting;
In RAN1#73bis meeting, although specific discussion was not developed, some companies had shown their considerations and solutions on the HARQ issue when dynamic TDD UL-DL configuration is enabled. In this contribution, we will make analysis and shown our views on this issue.
2 Discussions
During last several meetings, HARQ issue has received lots of attentions, and some solutions has been proposed for it. In general, there are two kind of views, shown as
· Opt.1: semi-static HARQ timing based on reference UL-DL configurations.
· Opt.2: dynamic HARQ timing based on UL-DL configurations before and after switching.
According to Opt.1, in the set of available UL-DL configurations, the UL-DL configuration with the most DL subframes is selected as the reference UL-DL configuration for DL-HARQ timing, and the UL-DL configuration with the most UL subframes is selected as the reference UL-DL configuration for UL scheduling/HARQ timing, no matter what UL-DL configuration are used actually. The biggest advantage of this option is the lowest complexity due to fixed HARQ timing. In addition, due to fixed HARQ timing, there is no ambiguity on data transmission/retransmission and HARQ-ACK feedback even the updated UL-DL configuration indication is missed by UE.

Generally, in order to achieve the largest gains from dynamic UL-DL reconfiguration, all of 7 UL-DL configurations should be permitted, so according to Opt.1 it can be derived that in this case, UL-DL configuration #5 and #0 will be selected as the reference UL-DL configurations for DL-HARQ timing and UL-scheduling/HARQ timing separately. However, it should be noted that, in case UL-DL configuration #5 is selected as reference configuration for DL-HARQ, the maximum capacity of carrier aggregation is limited to 2 carriers under current specification. That is to say, for R-12 UE, the DL peak transmission rate is limited greatly if dynamic UL-DL configuration mechanism is enabled, even there is only 1/7 possibility to use UL-DL configuration #5 in practice, which is unreasonable from the perspective of system evolution. Moreover, UL-DL configuration #5 will compel too many HARQ-ACK bits to be transmitted on a single UL subframe, which will make restrictions on the coverage of PUCCH. For UL transmission, UL-DL configuration #0 is selected as reference timing. It can be foreseen that UL data retransmission cannot be guaranteed on the UL subframe that has changed to DL subframe, because of the non-10ms RTT feature of such reference configuration. Of course, based on network implement, e.g. feedback ACK through PHICH for a HARQ process and transmit UL DCI to trigger corresponding data retransmission until next available UL subframe coming, no ambiguity will occur, but the data transmission of the HARQ process will be postponed, and the impact of such transmission delay will become more and more serious if the number of UL subframes changing to DL subframes increases.
In Opt.2, HARQ timing is determined according to actual UL-DL configurations before and after switching. Every time when UL-DL reconfiguration occur, both network and UE will be requested to tune the HARQ timing, which might cause ambiguous problem in case reconfiguration indication has not been received by UE. Whereas avoiding such ambiguity has also been considered in the topic of reconfiguration signalling design, and an appropriate design with higher reliability seems like a good solution. The benefit of Opt.2 is that, UL subframes can be utilized effectively to feedback HARQ-ACK, which will improve the reliability and coverage of PUCCH. Although UL-DL configuration #5 can also be used, the limitation of maximum 2 carriers aggregation can be released, if in the set of  DL subframes according to a PUCCH subframe, the number of DL subframes to be scheduled is restricted no more than 4. So that maximum 5 carriers can be configured for Rel-12 UE without any question and the DL peak transmission rate will not be limited.
· Proposal 1: 
For DL-HARQ at least, dynamic HARQ timing based on UL-DL configurations before and after switching is suggested.

In current specification, synchronised HARQ is applied for UL transmission, and the retransmission can be adaptive or non-adaptive. When dynamic UL-DL reconfiguration is enabled, for the case that an UL-DL configuration with less UL-HARQ processes is changed into an UL-DL configuration with more UL-HARQ processes, there seems no serious problems, but if the changing is from an UL-DL configuration with more UL-HARQ processes to an UL-DL configuration with less UL-HARQ processes, some UL-HARQ processes have to be discarded since there is no available UL subframes for their retransmission under synchronised HARQ mechanism. In addition, as mentioned above, for UL-DL configuration #0 and #6, UL-to-DL changing will cause transmission delay for some UL-HARQ processes. However, if asynchronous HARQ is applied on UL transmission, e.g. add an HARQ process number field in UL DCI, these problems will be solved flexibly with less specification effort.
· Proposal 2: 
Asynchronous HARQ is suggested for UL transmission for dynamic UL-DL reconfiguration.
3 Conclusions
In this contribution, we have presented proposals as follows,

· Proposal 1: 
For DL-HARQ at least, dynamic HARQ timing based on UL-DL configurations before and after switching is suggested.

· Proposal 2: 
Asynchronous HARQ is suggested for UL transmission for dynamic UL-DL reconfiguration.
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