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1
Introduction
A Rel.14 WI “Uplink Capacity Enhancement for LTE” was approved in RAN#71 meeting at March 2016, and one of the objectives of this WI is shown below [1].
· UL support of PUSCH transmission in special subframe [RAN1]

· Specify mechanism for supporting PUSCH transmission in special subframe with DwPTS of 6 OFDM symbols, GP of 2 OFDM symbols. [RAN1, RAN2]
· Introduce applicable RF requirements [RAN4]
· Backward compatibility with legacy UEs is maintained

In this contribution, we discuss the HARQ timing aspects for PUSCH transmission in special subframe.
2
HARQ timing for PUSCH on UpPTS 
In legacy releases the PUSCH can only be transmitted on the normal UL subframes. With this new WI, the PUSCH could be transmitted on UpPTS in special subframes, e.g., in subframe 1 or 6. Thus the HARQ timing for new PUSCH transmission need to be considered further. For the new HARQ process(es), several aspects need to be considered, e.g., adaptive or non-adaptive HARQ, synchronous or asynchronous HARQ, RTT for the new HARQ processes, etc.
Similarly as in Rel.8, the new UL HARQ process can apply synchronous HARQ. Thus no additional bits are needed in UL grant for HARQ process ID indication. In addition, multi-subframe scheduling is still limited in subframe 0/1 and 5/6 for UL/DL configuration 0, and the standard effort is reduced. Adaptive and non-adaptive HARQ are also applicable to the newly introduced HARQ process(es) to keep the same scheduling flexibility as with PUSCH transmission on normal UL subframe.  

Proposal 1: Adaptive and non-adaptive synchronous HARQ are applied to the newly introduced HARQ process(es) for PUSCH in UpPTS.
Seven UL/DL configurations are defined since Rel.8 to provide a different number of UL and DL subframes. The RTT is 10ms for UL/DL configuration 1-5, but for UL/DL configuration 0 and 6, the RTT could be 11ms or larger for different HARQ processes. If PUSCH transmission in special subframe is supported, for UL/DL configuration 1-5, the RTT for PUSCH transmission in special subframe can be 10ms which is the same as the RTT of PUSCH transmission on normal UL subframes. For UL/DL configuration 0 and 6, if the HARQ timing of PUSCH transmission in special subframe is following the timing of PUSCH in normal UL subframe, it could cause the legacy PUSCH re-transmission falling into special subframe, or the re-transmission of PUSCH on UpPTS could happen in normal UL subframe. The PUSCH transmission and re-transmission efficiency would get worse for both cases, as the valid REs for PUSCH transmission is different between normal UL subframe and special subframe. To improve the UL capacity more efficiently, the RTT for newly introduced HARQ processes in subframe 0 and 6 can be 10ms. Thus the UL grant for new HARQ process will be sent in a DL subframe with fixed subframe number, and the first PUSCH transmission in special subframe and the corresponding re-transmission are always in the special subframe. In other words, the new introduced HARQ process(es) and exiting HARQ processes are operating independently. 
Proposal 2: RTT for PUSCH transmission on UpPTS is fixed to 10ms for all UL/DL configurations.

Regarding the HARQ scheduling and HARQ ACK/NACK feedback procedure for the new introduced HARQ process(es), Rel.8 principles can be re-used. E.g., PHICH resources can be reserved for the new HARQ process to save the DL control resources. The UL grant and PHICH for the same HARQ process are assigned in the same subframe.  

For UL/DL configuration 0, the multi-subframe scheduling is applied in legacy releases. Some of the HARQ processes can be scheduled by both subframe 0 and 1 or subframe 5 and 6. The new HARQ process can replace the existing HARQ process in subframe 1 or subframe 6, and introduce new PHICH resources correspondingly. In this way, the legacy HARQ process scheduling is not impacted.
For UL/DL configuration 1-5, the scheduling and HARQ ACK/NCK feedback for new HARQ process could use the same principles as release 8, such as keepping the PUSCH scgheduling delay at 4 subframes and keepping the RTT at 10ms.

For UL/DL configuration 6, there are more UL subframes than DL subframes in case new UL HARQ processes are introduced. Similarly as with UL/DL configuration 0, multi-subframe scheduling is required, and the UL index field need to be introduced into UL grant. The PUSCH on subframe 6 can be scheduled in subframe 0 with the legacy HARQ process. The PHICH resource also needs to be reserved for new HARQ process. 
The UL grant and the PUSCH transmission timing is shown in table 1 (updated table of Table 8-2 in 36.213). “UE shall upon detection of a (E)PDCCH with uplink DCI format and/or a PHICH transmission in subframe n intended for the UE, adjust the corresponding PUSCH transmission in subframe n+k, with k given in Table 8-2 ” in 36.213 [2], the UL grant in subframe with red colour will schedule the new HARQ process.
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Table 1: UL grant and PUSCH transmission timing with new introduced HARQ process

The PHICH and PUSCH transmission timing is shown in table2 (updated table 9.1.2-1 in 36.213). “If PUSCH is scheduled in subframe n, the corresponding PHICH resource is determined in subframe n+K_PHICH, Which is defined in table 9.1.2-1” in 36.213[2]. The PHICH resource is reserved in subframe with red colour for new introduced HARQ process.
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Table 2: PHICH and PUSCH transmission timing with new introduced HARQ process

Proposal 3: Multi-subframe scheduling is supported for newly introduced HARQ process(es) in UL/DL configurations 0 and 6, and PHICH resources are reserved for newly introduced HARQ process(es) for all UL/DL configurations.
3
Conclusion
In this contribution, we discussed the HARQ aspects for PUSCH transmission on UpPTS. Based on our analysis, the following proposals are made. 
Proposal 1: Adaptive and non-adaptive synchronous HARQ are applied to the newly introduced HARQ process(es) for PUSCH in UpPTS.
Proposal 2: RTT for PUSCH transmission on UpPTS is fixed to 10ms for all UL/DL configurations.

Proposal 3: Multi-subframe scheduling is supported for newly introduced HARQ process(es) in UL/DL configurations 0 and 6, and PHICH resources are reserved for newly introduced HARQ process(es) for all UL/DL configurations.
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