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1
Introduction
In this contribution, we provide some design details for downlink processing timeline reduction for TTI shortening.
2
Discussion
In this contribution, we consider some downlink design details for shortened TTI particularly focusing on the following issues:
· Shortened PDSCH Channel HARQ Operation 

· TDD Specific Design

2.1  Shortened PDSCH Channel HARQ Operation 

Shortening the TTI will also raise the question of enhanced HARQ operation. One natural way of cutting down the turnaround time of the HARQ operation is to have proportional down-scaling between the TTI duration and the turnaround time. This is based on the fact that with shorter TTI, the number of payload bits reduces proportionally, and the time it takes for the receiver to process the data also reduces.

As an example, assuming a 1-symbol TTI, an 8 symbol turnaround time can be considered. Similarly, for a 2-symbol TTI and 1-slot TTI, a scaled turnaround time of 16 symbols and 4ms, respectively, can be considered. An example of the 1 symbol TTI case is shown in Figure 1.
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Figure 1: HARQ Turnaround Time for the 1 symbol TTI case

Proposal 1: Shortened HARQ RTT should be considered, e.g., scaled proportionately with the TTI length.
Having faster RTT has the extra benefit of supporting faster rate adaptation, if we allow CSI updates to be transmitted together with A/N in sPUCCH. This is extensively studied in [1].
2.2 TDD Specific Design
In shortened TTI for TDD, the DL/UL switching can be more dynamic. It will be hard to design a fixed pattern to ACK the sPDSCH. A more dynamic group A/N structure might fit the use case better.

Proposal 2: Consider supporting group A/N for sPDSCH HARQ operation.
For TDD, some DL subframes cannot be converted to UL transmission. As an example, for the uplink-downlink configuration 0 as shown in Figure 2, while 8 out of every 10 subframes can be configured as “A” subframe to support low latency operation, the subframe 0 and subframe 5 are always DL only. 
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Figure 2: Reconfiguration of TDD subframes to support low latency

When we have inter-band CA, we can fix this problem by setting the two CCs with different subframe offset to make sure each subframe has at least one CC in “A”, as shown in Figure 3.

[image: image3.emf]D A A A A D A A A A

CC0

D A A A A D A A A A

CC1

Offset between two CCs


Figure 3: Reconfiguration of TDD subframes to support low latency

3
Conclusions 
Based on the discussion presented in the paper, we outlined specific issues that need to be considered for the low latency downlink operation. In particular, we propose:
Proposal 1: Shortened HARQ RTT should be considered, e.g., scaled proportionately with the TTI length.
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Proposal 2: Consider supporting group A/N for sPDSCH HARQ operation.
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