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1 Introduction

The use of hybrid ARQ to enable good and robust link performance in NR is currently being discussed in RAN1. From RAN1#86bis meeting, it has been agreed how L1 transmits the UL HARQ feedback
	Agreements:
· Timing relationship between DL data reception and corresponding acknowledgement can be (one or more of, FFS which ones)

· dynamically indicated by L1 signaling (e.g., DCI)

· semi-statically indicated to a UE via higher layer

· a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI)

· FFS: minimum interval between DL data reception and corresponding acknowledgement

· FFS: common channels (e.g. random access)


And in RAN2#95 the following was agreed:

Agreement

1
From MAC perspective it is preferable for NR to support only asynchronous HARQ in UL and DL

In this paper we discuss further the RAN2 impact of the HARQ in NR.
2 Discussion

In NR, it is being proposed to support a significantly shorter round trip time for HARQ as compared to LTE, e.g. by introducing a feedback message in the end of the downlink subframe. In the upper part of the figure below the UE receives DL (blue) and responds with HARQ feedback (UL, red) in the end of the same subframe.

However, all scenarios would not benefit from such frequent feedback, e.g. in TDD where guard times are needed in each link switch, therefore also an aggregated feedback mode is proposed where feedback for multiple subframes is included [1]. See lower part of the figure below where the UE receives several DL subframes (blue) before transmitting the associated HARQ feedback followed by UL transmissions (red).
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Figure 1: Proposed feedback modes for NR.
The immediate ACK mode can easily be realized in FDD and would be useful for URLLC. The multi-subframe ACK mode (which is similar to TTI bundling in LTE) is more suitable for TDD. There is a need to study both feedback modes for HARQ in NR. The agreement to only support asynchronous HARQ in NR adds an additional component to the study for HARQ.

In LTE the difference between how HARQ feedback is transmitted in FDD and TDD is almost transparent in MAC. We think this is an important property which simplifies the models used in MAC and it should be kept in NR.

Proposal 1 From MAC perspective it is preferable if the HARQ feedback transmission scheme is made transparent.

We foresee that the HARQ feedback scheme in NR offers a great deal of flexibility. This is beneficial as it allows the network to adapt the HARQ configuration to various conditions (e.g. services and channel conditions). The drawback is that the UE must be configured with a dedicated HARQ configuration. During the initial access, the UE does not have any dedicated HARQ configuration, so there must be a default HARQ configuration for the UE at this stage. The HARQ configuration may include the number of HARQ processes, the feedback scheme etc. Then at a later stage, the eNB could configure a dedicated HARQ configuration for the UE based on e.g. the system status and service QoS requirement. 

Proposal 2 RRC supports configuration of HARQ through both common (for the default HARQ configuration) and dedicated signalling.
3 Conclusion
Based on the discussion we propose the following:

Proposal 1
From MAC perspective it is preferable if the HARQ feedback transmission scheme is made transparent.
Proposal 2
RRC supports configuration of HARQ through both common (for the default HARQ configuration) and dedicated signalling.
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