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1 Introduction
In RAN #72 meeting, new work item on Shortened TTI and processing time for LTE were made [1]. For 1ms TTI latency reduction, some issues for study are listed below:
For Frame structure types 1, 2 and 3 for legacy 1ms TTI operation: [RAN1, RAN2, RAN4] (until RAN1#88)

· Specify support for a reduced minimum timing compared to legacy operation according to [2] 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 [RAN1, RAN2]
· 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. 
· Specify support for a reduced maximum TA to enable processing time reductions

· Note that the size of the reduction in minimum timing may be different between UL and DL cases.

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

· Study and specify, if agreed by RAN1, asynchronous HARQ for PUSCH with reduced processing time [RAN1, RAN2]
This contribution discusses the asynchronous HARQ for PUSCH, the switching between 1ms-TTI legacy operation and 1ms-TTI latency reduction operation, and TBS restriction for shortened processing time.
2 Asynchronous HARQ for PUSCH 

From the HARQ delay point of view, asynchronous HARQ has more flexible timing and the synchronous HARQ has its timing as the special case of asynchronous HARQ. In general, the PUSCH-to-ACK delay in the synchronous HARQ is designed to exceed the optimum (shortest) values corresponding to the maximum eNB/UE processing capabilities to guarantee the support from all eNB/UE vendors. In other words, if asynchronous UL-HARQ has no PHICH and the PUSCH retransmission is triggered by UL grant, the PUSCH-to-grant delay that is per implementation can be less than what would be specified for PUSCH-to-ACK delay. Therefore, the asynchronous UL HARQ can be faster than synchronous UL HARQ because UL grant for PUSCH retransmission in asynchronous UL HARQ could be transmitted ahead of PHICH in synchronous UL HARQ. Therefore, asynchronous UL HARQ may have advantages from the latency reduction point of view. 
If UL HARQ is maintained synchronous for 1ms TTI latency reduction operation with PHICH used for PUSCH ACK/NACK feedback, the PHICH resource in one subframe may correspond to PUSCHs transmitted in different uplink subframes for legacy operation and latency reduction operation, which may lead to PHICH resource collision. Although such PHICH resource collision can be avoided by implementation, i.e., the eNB can allocate different PRBs or different CS for the PUSCH transmitted in different uplink subframes, it may bring restrictions into eNB scheduling. Another alternative to solve PHICH resource collision is to use UL grant for PUSCH retransmission, but the benefit of synchronous UL HARQ in signalling overhead saving is lost. 
If asynchronous UL HARQ that is recommended for sTTI shorter than 1ms is adopted for 1ms TTI latency reduction operation, the UL HARQ process number and RV should be introduced in UL grant, which has already been supported in eLAA, NB-IoT and eMTC. Therefore, the standard effort to support asynchronous UL HARQ for 1ms TTI latency reduction operation is not significant. 
Proposal 1: The asynchronous HARQ for PUSCH is applied for 1ms TTI latency reduction operation. 
3 Switching between legacy and latency reduction operations
The second issue is whether the switching between 1ms-TTI legacy operation and 1ms-TTI latency reduction operation should be dynamic or semi-static. In case of dynamic switching, more considerations should be taken for the HARQ-ACK feedback for PDSCH, especially for TDD. It also needs to consider how to dynamically indicate the UE which processing time should be used for the corresponding PDSCH and PUSCH. 
With the dynamic switching between two 1ms-TTI operations, it can happen that the HARQ-ACK for the later-scheduled PDSCH with reduced processing time is transmitted prior to the HARQ-ACK for the legacy PDSCH that is scheduled earlier. This phenomenon of "earlier feedback for later scheduled", which can occur in both FDD and TDD, is shown in Figure-1 for an example, with k=2 for the reduced processing time. Such phenomenon is intentionally prevented in earlier LTE specification. Even though such phenomenon may anyway need to be discussed in RAN1 because sTTI<1ms is already agreed to be dynamic, it still puts a big burden to RAN1 to complete the specification solution before RAN1 #88. On the other hand, this phenomenon of "earlier feedback for later scheduled" can be avoided by eNB scheduling, i.e., skipping some subframes for either grant or data packet transmission as shown in Figure-2, which certainly complicates the eNB implementation or lead to resource waste.  
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Figure-2: Example of “earlier feedback for later scheduled”
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Figure-3:  Methods to solve “earlier feedback for later scheduled”
Other issues including HARQ-ACK feedback mode and determination of bundling window size should also be considered. Currently, for FDD configured with single cell, PUCCH format 1a/1b is used for HARQ-ACK transmission. But if dynamic switching between the two 1ms-TTI operations is supported, an FDD uplink subframe may need to feedback the HARQ-ACK for multiple DL subframes corresponding to different latency. Therefore, the feedback mode for FDD configured with single cell should be changed. HARQ-ACK multiplexing as defined for TDD may also need to be supported for FDD in this case. But due to the difference between FDD and TDD, the way to support HARQ-ACK multiplexing in TDD may not be reused directly in FDD. Therefore the standard effort may not be negligible. 

For TDD, the determination of bundling window size may be difficult if dynamic switching between the two 1ms-TTI operations is supported. Figure-4 gives an example of the size of bundling window varies according to the scheduling. This will complicate the UE procedure for HARQ-ACK feedback. Significant standard efforts may be needed. 
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Figure-4: dynamic bundling window for dynamic scheduling for 1ms-TTI latency reduction 
With all above analysis taken into account, the semi-static configuration is preferable to switch between the two 1ms TTI operation.
Proposal 2: Due to limited RAN1 study time for 1ms-TTI latency reduction, the switch between 1ms-TTI legacy operation and 1ms-TTI latency reduction operation is semi-statically configured.
4 TBS restriction for shortened processing time
The processing time of eNB/UE counts for many factors including TTI duration, DL/UL grant demodulation, channel estimation, IFFT/FFT operation, turbo encoding and decoding delay, HARQ-ACK transmission, and etc. According to [3], the turbo encoding/decoding, channel estimation and IFFT/FFT can consume considerable portions of total processing time. While TBS directly relates to the processing complexity in channel coding/decoding, the number of allocated PRBs is the immediate factor influencing the processing complexity in IFFT/FFT and channel estimation. Therefore, beside the restriction of the maximum TBS, the limiting of maximum number of allocated PRBs can also be helpful to reduce the minimum processing time.   
Proposal 3: The reduction of minimum processing timing can also be achieved by limiting the maximum number of allocated PRBs. 
5 Conclusion

According to the analysis given above, we have the following observations and proposals:
Proposal 1: The asynchronous HARQ for PUSCH is applied for 1ms TTI latency reduction operation. 
Proposal 2: Due to limited RAN1 study time for 1ms-TTI latency reduction, the switch between 1ms-TTI legacy operation and 1ms-TTI latency reduction operation is semi-statically configured.
Proposal 3: The reduction of minimum processing timing can also be achieved by limiting the maximum number of allocated PRBs. 
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Figure-5: Time consumption of each eNB and UE step in DL transmission (Figure 2 in [3])
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Figure-6: Time consumption of each UE and eNB step in UL transmission (Figure 3 in [3])
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