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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. It has been agreed to support asynchronous HARQ in both uplink and downlink and different HARQ feedback methods are being discussed. 
	Agreements:
•       NR should support at least asynchronous hybrid ARQ in the DL and UL to avoid fixed timing relationship between initial transmission and re-transmission
 


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

2.1 HARQ operation mode

As discussed in introduction, RAN1 has agreed to support asynchronous HARQ both in UL and DL. As a comparison, current LTE supports asynchronous HARQ in DL where for UL, both modes, synchronous and asynchronous modes are standardized. The latter one is added due to eMTC, NB-IoT and LAA operation. The having a single mode simplifies the MAC design in the beginning simplifies the MAC specification.

Proposal 1 MAC in NR should support (only) asynchronous HARQ in UL and DL
2.2 HARQ feedback methods
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. See the upper part below; the UE receives DL (blue) and responds with HARQ feedback 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 before transmitting the associated HARQ feedback.
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Figure 1: Proposed feedback modes for NR.
We believe that different feedback modes for HARQ do not have so big impact on MAC design similar to current HARQ feedback bundling in TDD.

Observation 1 It is expected that different HARQ feedback methods do not have major impact on MAC design
Since different feedback modes are needed for different scenarios, the number of HARQ processes that needs to be utilized in downlink to fully utilize the link depends on the scenario and the processing capability in both network and UE. 

Observation 2 The number of required HARQ processes in uplink and downlink depend both on scenario and processing capabilities.  
As said, for uplink data transmission, asynchronous HARQ is agreed. For this case no explicit HARQ feedback is needed but rather NDI is used to indicate whether a new transmission should be done (by a toggled NDI) or a retransmission is needed (by a non-toggled NDI). It is proposed to support a frame structure where the uplink data transmission can occur in the same subframe as the downlink DCI granting the transmission. This provides for very short latency but also higher overhead. Similar to what was introduced for eLAA, it is also proposed to support granting of multiple uplink subframes [2].  
With the lack of explicit feedback channel for uplink data transmission, the support for non-adaptive retransmissions supported in LTE is no longer available. The UE assumes the process is ACKed unless an explicit retransmission request is received. With the lack of non-adaptive retransmissions there is no longer a strong need for configuring the maximum number of retransmissions, since this is left up to network control.

Observation 3 MAC in NR does not need to be configured with a maximum number of retransmissions.  
3 Conclusion

In section 2 we made the following observations:

Observation 1
It is expected that different HARQ feedback methods do not have major impact on MAC design
Observation 2
The number of required HARQ processes in uplink and downlink depend both on scenario and processing capabilities.
Observation 3
MAC in NR does not need to be configured with a maximum number of retransmissions.


Based on the discussion in Section 2 we propose the following:

Proposal 1
MAC in NR should support (only) asynchronous HARQ in UL and DL
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