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1
Introduction
The SI on Latency reduction techniques for LTE [1] was closed at RAN#72 and based on the outcome documented in the TR [2], a follow-up WI was approved in [3]. The main objectives of the WI in [3] are given by: 

The objective of this work item is to specify shortened TTI operation and shortened processing time for both legacy (1ms) TTI and shortened TTI. The specified solution should cover the case of carrier aggregation and non-carrier aggregation. Aim for a similar design as possible independent of frame structure.

The detailed objectives are:

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 present our considerations on reduced processing times with 1-ms TTI taking into account especially the HARQ-operation. HARQ-operation with shortened TTI is discussed in [4].
2
UL HARQ with reduced processing times
Considering latency reduction with 1-ms TTI, one of the issues related to PUSCH operation is the UL HARQ procedure. The legacy UL HARQ is operated in a synchronous manner as shown in Figure-1, where both the DL feedback transmission (on PHICH or implicitly with an UL grant) and the PUSCH re-transmission are received at a fixed timing (4 subframes in FDD) after the corresponding PUSCH transmission and DL feedback transmission. The UL HARQ process ID can be implicitly derived based on the timing of PUSCH transmissions. The reason for the 4-subframe delay between the transmission of an ACK/NACK message on PHICH, or an UL grant, and the corresponding PUSCH retransmission is due to the processing time budget assumption around 3 ms considered at both eNB and UE receiver. 
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Figure 1: Legacy UL HARQ Operation
Legacy DL PHICH channel is always present in each TTI of 1ms. Considering the case of non-adaptive UL HARQ in FDD LTE, the legacy PHICH channel is available in each subframe (N+4) after the initial or retransmission of PUSCH. However, with shortened processing times and e.g. N+2 or N+3 timing, there would clearly be a chance for collisions between the PHICH resources for legacy UEs, and the ones operating in reduced latency mode. Therefore the DL PHICH channel would need to be enhanced, or strict scheduling restrictions would need to be applied if synchronous non-adaptive UL HARQ was supported with sTTI operation.

Observation #1: PHICH enhancements or scheduling restrictions would be required if synchronous non-adaptive UL HARQ was supported with low latency operation for 1-ms TTI. 

On the other hand, the utilization of asynchronous UL HARQ has been agreed in Rel-13 eMTC, as well as LAA / FS3 UL. Moreover, the recommendation from the SI phase “It is recommended to support PHICH-less asynchronous UL HARQ for PUSCH scheduled in a short TTI (i.e. for sPUSCH).” already highlights that asynchronous HARQ will be applied with sTTI transmission. Therefore it is logical to adopt asynchronous UL HARQ operation also for 1-ms TTI case when reduced processing times are in use.

Proposal #1: UL operation with reduced processing times for 1-ms TTI is based on asynchronous HARQ.
3
DL HARQ with reduced processing times

In the DL side, reduced processing times mean that HARQ-ACK feedback for DL TBs associated with different processing times may collide. From a single UE point of view, this can occur when the UE is scheduled with legacy processing times (N+4) in one subframe, and reduced processing time (N+2 or N+3) in a following one. 

Observation #2: A HARQ-ACK collision may occur in the case of PDSCH scheduling with legacy processing in one subframe, and PDSCH scheduling with reduced processing times in a following subframe.

There are two basic ways of mitigating the collisions. The simplest option would be to apply scheduling restrictions, such that UE may assume that HARQ-feedback for two different DL subframes will never collide. Other alternative is to allow for multiplexing of possibly colliding HARQ-ACKs. RAN1 should further consider whether scheduling restrictions are a sufficient way of avoiding HARQ-ACK collisions, or not. 

Proposal #2: RAN1 should decide whether scheduling restrictions are a sufficient way of handling potential HARQ-ACK collisions between HARQ-ACK feedback corresponding to PDSCHs with different processing times or not.

4
Conclusions
In this contribution we have presented our high-level views regarding HARQ operation with 1-ms TTI and reduced processing times. We make the following observations and proposals.
Observation #1: PHICH enhancements or scheduling restrictions would be required if synchronous non-adaptive UL HARQ was supported with low latency operation for 1-ms TTI. 
Proposal #1: UL operation with reduced processing times for 1-ms TTI is based on asynchronous HARQ
Observation #2: A HARQ-ACK collision may occur in the case of PDSCH scheduling with legacy processing in one subframe, and PDSCH scheduling with reduced processing times in a following subframe.

Proposal #2: RAN1 should decide whether scheduling restrictions are a sufficient way of handling potential HARQ-ACK collisions between HARQ-ACK feedback corresponding to PDSCHs with different processing times or not.
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