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Background
In an effort to address packet data latency and round trip delay to the E-UTRAN radio system, latency reduction was studied in 3GPP RAN1 and RAN2. Among the conclusions it was found that reducing the TTI and processing time can significantly reduce the user plane latency, and improve TCP throughput. In RAN plenary #72, a work item was approved on shortened TTI and processing time for LTE. As a part of the work item, processing time for legacy 1ms TTI is prioritized [1][2].
In this contribution, we discuss the potential impacts of processing time reduction for legacy TTI on PDSCH and PUSCH operations in FDD cells, and some considerations on backward compatibility. 

Considerations of reduced processing time 
With legacy TTI and processing time, FDD based timing follows a rule of 4ms, or 4 TTI sizes. Thus, the PDSCH HARQ-ACK feedback is 4 TTI after a PDSCH is detected. And a PUSCH is transmitted 4 TTI after an UL grant is received. The processing time for a PDSCH HARQ-ACK feedback and/or a PUSCH transmission depends mainly on the UE capability and processing power.
Additionally, the 4ms processing time is also applied to a PDSCH retransmission or new data transmission after a HARQ-ACK feedback, and a PUSCH HARQ-ACK feedback from on a PHICH or an updated (E)PDCCH scheduling. The processing time for a PDSCH retransmission and/or a PUSCH HARQ-ACK feedback depends mainly on the eNB processing power.
As described in the WI, RAN1 should specify support for a reduced minimum timing compared to legacy operation between UL grant and UL data and between DL data and DL HARQ feedback for legacy 1ms TTI operation, reusing the Rel-14 PDSCH / (E)PDCCH / PUSCH / PUCCH channel design [2]. 
This applies at least for the case of restricted maximum supported transport block sizes for PDSCH and/or PUSCH when the reduced minimum timing is in operation, and if agreed by RAN1 for the case of unrestricted maximum supported transport block sizes.
If reduced minimum timing is supported for legacy 1ms TTI, the reduced processing time will be smaller than 4ms, e.g. 3ms or 2ms. Due to different UE processing power, the reduced minimum processing time may be different for different UEs. Furthermore, the complexity of PDSCH decoding and PUSCH encoding is also different, and the reduced processing time can be configured separately for a PDSCH HARQ-ACK feedback and/or a PUSCH scheduling.
Since an eNB is more powerful than a UE, the reduced processing time for a PDSCH retransmission and/or a PUSCH HARQ-ACK feedback should also be supported, and may be configured independently from the reduced processing time for a PDSCH HARQ-ACK feedback and/or a PUSCH scheduling.
Proposal 1: The reduced processing time and parameters may be configured separately for PDSCH and PUSCH operations.

Processing time reduction signaling and potential issues
If maximum supported transport block sizes are defined for different reduced processing times, the TB thresholds need to be configured. Thus, the processing time may be dynamically adjusted for different PDSCH and PUSCH transmissions. Even if reduced processing time is agreed for unrestricted maximum supported transport block sizes, the eNB may find some benefits to use legacy processing time for a certain DL or UL transmissions in some cases. Thus, fallback mode operation should be supported even if a UE is configured with reduced processing time, i.e. the legacy processing time may be applied in some cases.
For a UE that is capable of supporting reduced processing time for legacy TTI, some mechanisms are needed for the UE to identify whether a reduced processing time or a legacy processing time is applied for a DL or UL operation. RAN1 should further study the methods of reduced processing time signaling, esp. in case of dynamically indication of a transmission.
Proposal 2: Legacy processing time may be used in some cases even if reduced processing time is configured. FFS on detailed switching mechanism between the reduced processing time and the legacy processing time.
If a serving cell supports both legacy and reduced processing times, there are some coexistence issues. Use PDSCH HARQ-ACK feedback timing as an example, several collision issues may occur. 
First, a UE with legacy processing time and a UE with reduced processing time may report HARQ-ACK in the same UL subframe with the same PUCCH resource if the existing implicit PUCCH resource mapping is applied. Secondly, if a UE performs legacy and reduced processing times concurrently, a HARQ-ACK feedback of a PDSCH with legacy timing may collide with a HARQ-ACK of a PDSCH transmission with reduced processing timing. Therefore, 
Proposal 3: RAN1 should specify methods to deal with potential HARQ-ACK feedback collision issues raised by reduced processing time.
Conclusion
In this contribution, we consider the reduced processing time on legacy 1ms TTI, and analyze potential issues with coexistence of legacy and reduced processing timings. And we propose
Proposal 1: The reduced processing time and parameters may be configured separately for PDSCH and PUSCH operations.
Proposal 2: Legacy processing time may be used in some cases even if reduced processing time is configured. FFS on detailed switching mechanism between the reduced processing time and the legacy processing time.
Proposal 3: RAN1 should specify methods to deal with potential HARQ-ACK feedback collision issues raised by reduced processing time.
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