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1 Introduction

In RAN1#74, HARQ timing for PDSCH/PUSCH transmission were discussed, and the agreements so far are [1]:

Agreement on DL:

· Downlink HARQ timing follow a higher layer RRC configured TDD configuration
· At least configurations 2 and  5 can be selected

· FFS other configurations

 Conclusion on UL:

· Decide between Alt 1 and Alt 2 after the discussion on DL to UL subframe conversion concludes.

· Alt1: Uplink scheduling timing and HARQ timing follow configuration signaled in SIB1
· Alt2: Uplink scheduling timing and HARQ timing follow a higher layer RRC configured TDD configuration 

Observation: 
· Uplink and downlink scheduling and HARQ feedback timing is not dependent on explicit L1 signaling
In this contribution, we provide our views on the remaining issues for PDSCH/PUSCH HARQ timing for eIMTA. 
2 Discussion 
2.1 PDSCH HARQ timing
According to the agreement in RAN1#74, RRC signaling is used to configure the DL-reference configuration for PDSCH HARQ transmission and at least configurations 2 and 5 can be configured. 
One proposal is to fix the DL-reference to configuration 5, but this is associated with tight restrictions. For example, always using configuration 5 may require increased PUCCH resource overhead in a single UL subframe (SF#2) and result to maximum HARQ-ACK payload. Allowing for configuration 2 alleviates the above shortcomings but they are not sufficiently avoided as the number of UL subframes is only increased by one. For example, with configuration 2, the bundling window size is 4 and the maximum HARQ-ACK payload size is 16 bits when considering DL CA with only 2 cells. 
In general, the only benefit in using only configurations 5 and 2 as DL reference ones is a 2-bit savings for RRC signaling and it is rather meaningless. However, although configurations 5 and 2 are indeed the more likely ones in practice, a network is unnecessarily constrained to always use them. For example, considering PUCCH overhead and HARQ-ACK payload size, a network may choose configuration 1 having a maximum bundling window size of 2 and 4 UL subframes offering more balanced allocating of UCI transmissions. Considering that a 2-bit RRC signaling optimization is meaningless when it is associated even with minor network restrictions, a 3-bit RRC signaling allowing for and of the 7 existing configurations to be configured as DL-reference is preferable (even if some configurations, e.g. configuration 0, are meaningless). 
Proposal 1: A 3-bit RRC signaling indicates the reference configuration, from the existing 7 configurations, for DL HARQ signaling.
2.2 PUSCH HARQ timing
For the UL-reference configuration, it is to be decided whether the SIB1 configuration is used or additional RRC signaling configures the UL-reference configuration. The SIB1 configuration is more UL heavy than an adapted configuration. Hence, all potential UL subframes are schedulable by adopting the SIB1 configuration as the UL-reference one. However, this also results in limitations for PUSCH transmissions. For example, configurations 0 and 6 are the most suitable SIB1 configurations for eIMTA but both have a non 10ms RTT, which causes a scheduling limitation for synchronized HARQ retransmission. 
As shown in Figure 1, if the SIB1 configuration is configuration 0 and, in an extreme but not unlikely case, the configuration indicated by explicit reconfiguration signaling is configuration 5, a HARQ retransmission can only happen at least 70ms later. 
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Figure 1: Enlarged HARQ delay when configuration 0 is the UL reference one and configuration 5 the adapted one.
An RRC configured UL reference configuration can avoid the above shortcoming and can also provide the following merits: 
· Reduced HARQ retransmission delay
In case there is more DL traffic in the system, an eNB can configure a DL heavy configuration that in turn limits the number of UL subframes in adapted UL-DL configurations. To avoid a negative impact on PUSCH, the eNB may configure a UL-reference configuration such as configuration 1 to enable an efficient HARQ operation. With a 10ms RTT for the UL-reference configuration, HARQ delay for PUSCH is reduced from 70ms to 10ms, thereby significantly improving UL performance. 
· Use of UL DAI to control HARQ-ACK transmission on PUSCH;
If configuration 0 is used as UL reference one, it is unclear whether a UE can assume the existence of UL DAI in the UL DCI formats. Without UL DAI, HARQ-ACK transmission on PUSCH has to assume the maximum bundling window size, thereby resulting to unnecessarily large overhead. However, whether UL DAI can be used when configuration 0 is actually used as UL reference one requires further discussion.
· Reduced blind detection number for DCI format 4;
For the first flexible subframe(s) after a UL-DL reconfiguration, if used as UL, the related UL grant can be located in DL subframe(s) before the reconfiguration. However, when UE tries (e)PDCCH detection at those DL subframe(s), UE may not know the exact duplex direction of the first flexible subframe(s) after reconfiguration, if L1 reconfiguration signalling is transmitted in the first subframe (i.e. subframe 0) after reconfiguration, which allows quick adaptation with traffic changes. As a result, UE has to do blind detection on DCI 0/4 in the DL subframe(s) conservatively, to have enough time processing probable UL grant(s). By RRC configuring a more proper UL-reference with less UL subframes than SIB1 configuration, the blind detection on DCI 4 for a UL subframe which is in SIB1 configuration but is not in UL-reference configuration is avoided. 

· Some dedicated DL resource with improved spectrum efficiency;
As discussed in [2], CRS may be completely removed in a flexible subframe while maintaining a backward compatible carrier. If using SIB1 configuration 0, up to 5 subframes, i.e. subframes 3/4/7/8/9, can be flexible subframes and may have no CRS. By configuring a UL-reference different from SIB1, e.g. configuration 1, a UE knows that an eNB will schedule at most 4 UL subframes, i.e. 2/3/7/8, and also knows that subframes 4/9 can only be used as DL. One merit of such a configuration is that there is no impact on UL; while in DL, CRS may be removed in subframes 4/9 in a backward compatible manner.  
Based on the above analysis, a RRC configured UL-reference configuration is preferable. Similar to the discussion on DL-reference timing, all 7 existing configurations can be supported. 
Proposal 2: A 3-bit RRC signaling indicates the reference configuration, from the existing 7 configurations, for UL HARQ signaling. 
3 Conclusions
This contribution discussed PDSCH HARQ timing and PUSCH HARQ timing in eIMTA. The following proposals are made:
Proposal 1: A 3-bit RRC signaling indicates the reference configuration, from the existing 7 configurations, for DL HARQ signaling. 
Proposal 2: A 3-bit RRC signaling indicates the reference configuration, from the existing 7 configurations, for UL HARQ signaling. 
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