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1 Introduction

The objectives of the work item on shortened TTI and processing time for LTE include reduced processing time for 1ms TTI for FS1, FS2, FS3, as quoted below from [1]. 
For Frame structure types 1, 2 and 3 for legacy 1 ms 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]
In this contribution, we discuss the need for asynchronous HARQ for uplink retransmissions in case of 1ms TTI operation and reduced processing time. 
2 Discussion
2.1 Need for asynchronous HARQ

PHICH collisions

During the study item on latency reduction, asynchronous HARQ for UL transmission was recommended for short TTI operation (sPUSCH). Asynchronous HARQ in UL enables to handle more flexibly and more efficiently the different expected processing times for sPUSCH of different lengths. Similar situation occurs with 1ms TTI and shorter processing time. In a given cell short TTI capable UEs using shorter processing time stand along non-short TTI capable UEs. An eNB thus has to provide HARQ feedback to these UEs based on different timings. Figure 1 illustrates an example where UE1 uses the legacy HARQ timing and there is a 4ms processing time between PUSCH and PHICH while UE2 is short TTI capable and expects a 3ms delay between PUSCH and PHICH. Because of the different processing delay, Figure 1 shows that PHICH to UE1 can occur in the same subframe as PHICH to UE2. This collision has negative consequence on the user throughput if the same PHICH index/number is used for these UEs that originally were not scheduled in the same UL subframe. 
Observation: PHICH collisions may occur with synchronous HARQ and UEs with different processing times for 1ms TTI
The PHICH collision problem can be avoided with asynchronous HARQ for UL transmission with reduced processing delay. This way the eNB schedules retransmission at the best suitable time based on PDCCH assignment.
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Figure 1
Example of PHICH collisions with synchronous UL HARQ and two different processing delays

PHICH resources in FS2

In FS2, PHICH is not present in every DL subframe and special subframe. Table 6.9-1 of 36.211 specified which DL subframes (or special subframes) carry PHICH. Figure 1 shows the DL subframes not carrying PHICH resources in case of TDD configuration1. PDCCH can use more resources in subframes not carrying PHICH. If asynchronous HARQ is maintained for reduced processing time, HARQ feedback for PUSCH still has to conform to the specified presence or absence of PHICH resources in given subframes. This limits the gains of reduced processing time for FS2 unnecessarily as visible in the example depicted in Figure 2. Case (a) in Figure 2 is the legacy behaviour with a PHICH timing of n + k with k >= 4 for an UL transmission in subframe n. Case (b) represents the case where k is reduced to e.g. 3. The UL HARQ feedback is available in subframe 5 but due to lack of PHICH resource in subframe 5, the HARQ feedback is sent later and follows the same behaviour as in the legacy case. There is thus no benefit of defining reduced processing time of n + 3 in that example if synchronous HARQ is maintained. Case (c) shows the case of reduced processing time and asynchronous HARQ. There the 2nd UL transmission attempt can be scheduled in the DL subframe 5 and the retransmission occurs in 4ms earlier than in case (b).

Observation: the lack of PHICH resources in all DL subframes reduces gains of reduced processing time with 1ms TTI for FS2
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Figure 2
TDD configuration 1 for different PHICH timings n + k, where k >= 4 in (a), k >=3 in (b), and for PHICH-less asynchronous HARQ in (c)
Channel availability in FS3 scenarios
This work item should cover reduced processing time with 1ms TTI for FS3 as well. In case of unlicensed band operation (LAA), asynchronous HARQ is a very important feature. Because unlicensed band is shared with other systems and other nodes of the same system, there is no guarantee that the eNB can grab the channel at the exact time given by synchronous HARQ mechanism to send PHICH. This issue is intensified at medium to high load where many other nodes contend for accessing the channel. Introducing asynchronous HARQ for LAA with 1ms TTI and reduced processing time gives full flexibility to adapt to the channel conditions for scheduling UL retransmissions. The need for asynchronous HARQ for LAA UL operations has been identified in Rel 14 work item on enhanced LAA. It is thus highly recommended to follow the same direction for the work on processing time reduction for 1ms TTI.
Observation: asynchronous UL HARQ with 1ms TTI and reduced processing time is needed to overcome uncertainties of channel access with unlicensed band operations.

Proposal: Support asynchronous HARQ for short TTI capable UEs served with 1ms TTI and reduced processing time
2.2 Asynchronous HARQ mechanism
The DL HARQ principles identified can be the basis for the design, with adjustment done for the needed number of HARQ processes. 

UL retransmissions can be scheduled in any UL TTI by indicating the HARQ process ID (PID) in the UL DCI, similarly as for DL DCI in current LTE. New DCI format for UL with an additional HARQ PID field of 3 bits is needed. 
Proposal: To support UL asynchronous HARQ for PUSCH with reduced processing time, a bit field for indicating the HARQ process ID needs to be added in the UL DCI(s) for FS1 and FS2.
Since the UE anyway needs to decode the UL DCI to be able to know the HARQ process ID, the HARQ ACK/NACK can be indicated by using only NDI, which is contained and transmitted on the UL DCI. 

Proposal: The HARQ ACK/NACK is indicated by NDI in the UL DCI. PHICH is not used for HARQ feedback for PUSCH with reduced processing time.

3 Conclusion

Based on the discussion in section 2 we made the following observations:

· PHICH collisions may occur with synchronous HARQ and UEs with different processing times for 1ms TTI 
· The lack of PHICH resources in all DL subframes reduces gains of reduced processing time with 1ms TTI for FS2 
· Asynchronous UL HARQ with 1ms TTI and reduced processing time is needed to overcome uncertainties of channel access with unlicensed band operations.
We thus propose the following:
· Support asynchronous HARQ for short TTI capable UEs served with 1ms TTI and reduced processing time
· To support UL asynchronous HARQ for PUSCH with reduced processing time, a bit field for indicating the HARQ process ID needs to be added in the UL DCI(s) for FS1 and FS2
· The HARQ ACK/NACK is indicated by NDI in the UL DCI. PHICH is not used for HARQ feedback for PUSCH with reduced processing time
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