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Introduction
Former discussion [1] about the HARQ procedures on eMBB data channel made following agreements:
Agreements:
· At least asynchronous and adaptive HARQ is supported for eMBB.
· NR supports at least UL transmission of at least single HARQ-ACK bit.
· Consider whether/how to support more than one HARQ-ACK bits per TB.
· Consider whether/how to support single HARQ-ACK bit per multiple TBs, e.g., HARQ-ACK bundling.

This contribution suggests a model of HARQ procedure to give better latency performance in the scenarios of different length of scheduling unit between UL and DL in NR. The issues are highly related in handling multiple HARQ-ACK/NACK messages in a single slot.
HARQ operations for multiple transmission blocks
Many scenarios can be assumed that makes single HARQ process need to handle multiple TBs. There are mainly three approaches to handle these requirements.
(1) Treat ACK/NACK feedback messages of each TB individually. This approach increases the total length of HARQ messages almost linearly along the number of TBs.
(2) Make all TBs to a single HARQ process. In this case, the HARQ message does not increase apparently. However, unnecessary retransmissions can be occurred frequently when little parts of blocks in the group are failed.
(3) Use compressed multiple ACK/NACK messages. In general, the probability of ACK is much higher than of NACK. The simplest idea is indicating the positions of NACK bits, and it can be transmitted than shorter message than the approach in (1) if the probability is sufficiently biased and the number of TBs is sufficiently large.
Scenarios in different slot length
We consider a scenario that UL and DL has different slot length in time domain. As an example, it occurs when UL and DL operate in different numerology. More practically, it can be assumed that the UL uses 15kHz subcarrier spacing (SCS) while the DL uses 60kHz. In this case a slot of the UL needs to handle at least four HARQ processes of the DL. Another example is the situation that DL uses mini-slot while the UL does not.
All the approaches from (1) to (3) can be assumed. Since the approach of design of (2) and (3) are quite straightforward, the rest of this contribution focuses on the scenario (1).
Positioning of multiple HARQ ACK/NACK feedback messages
To handle multiple A/N messages, it is required to determine suitable positions carrying each message. In LTE, multiple bits are bundled, coded, and transmitted at once to handle HARQ A/N messages of multiple TBs like the situation of multi-layer reception. However, in scenarios of 2.1, things become inefficient since the early block need to wait until all the following blocks to get decision. This is illustrated in Figure 1 using the example in 2.1.
On the other hand, the A/N messages can be carried at evenly dispersed positions. If each A/N message can be decoded independently, the procedure can decrease the surplus delay of early blocks. We call this as dispersed model. This is illustrated in Figure 2.
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Figure 1. An example of HARQ ACK/NACK feedback message of multiple TBs with single position
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Figure 2. An example of HARQ ACK/NACK feedback messages of multiple TBs with dispersed positions

Observation 1: Dispersed model can decrease average HARQ delay.
Although the length of each A/N message of dispersed model is shorter than of single model, the sum of them may be larger. This is because the grouping usually gives more efficiency to coding, even more if the group size becomes larger.
Observation 2: Dispersed model may require longer length of total HARQ ACK/NACK feedback message to achieve same error performance.
Based on these observations, we give following proposals.
Proposal 1: Consider adopting the dispersed model in HARQ procedure of NR.
Proposal 2: Study designing the frame structure that is suitable applying the dispersed model.
Conclusion
The following summarizes the observations and proposals in this contribution.
Observation 1: Dispersed model can decrease average HARQ delay.
Observation 2: Dispersed model may require longer length of total HARQ ACK/NACK feedback message to achieve same error performance.
Proposal 1: Consider adopting the dispersed model to HARQ procedure of NR.
Proposal 2: Study designing the frame structure that is suitable applying the dispersed model.
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