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1. Introduction
In RAN1 86bis meeting, the following agreement regarding the HARQ was reached [1]:

	· At least asynchronous and adaptive HARQ is supported for eMBB


In RAN1 87 meeting, one agreement was achieved regarding HARQ timing [2]:
	· It should be possible to dynamically indicate (at least in combination with RRC) the timing between data reception and hybrid-ARQ acknowledgement transmission as part of the DCI


In RAN1 NR AdHoc meeting in June 2017, the following agreements were reached [3]:

	· One TB is mapped to one DL/UL carrier.
· Re-transmission of a TB cannot take place on different carrier than the initial transmission.
· Working assumption:

· Re-transmission of a TB cannot take place on different numerology than the initial transmission in Rel. 15.
·  When uplink CBG-based (re)transmission is configured, the UL grant indicates which CBG(s) of a TB is/are retransmitted


In RAN2#98 meeting, the following agreements regarding the HARQ were reached [4]:

Agreements:

1. RAN2 aims to keep Multi-bit HARQ feedback and CBG-based retransmission transparent to the MAC for one TB

2. A single HARQ process supports one TB when the physical layer is not configured for downlink/uplink spatial multiplexing.

3. A single HARQ process supports one or multiple TBs when the physical layer is configured for downlink/uplink spatial multiplexing.

4. One HARQ entity should be supported in one carrier

In this contribution, we provide our considerations on HARQ in NR, especially the HARQ configurations in support of multiple numerologies.
2. Discussion
In NR, more types of services and numerologies are supported compared to LTE. It has been agreed that different numerologies can be multiplexed in TDM or FDM pattern within one single carrier. It was also agreed in RAN2 that the only one HARQ entity should be supported within one carrier, where a single HARQ entity might need to handle multiple numerologies. In LTE, the maximum number of HARQ retransmissions for UL-SCH is configured per MAC entity, while other HARQ parameters (e.g. number of HARQ processes) are just pre-defined in the specification. Therefore, there is only one HARQ configuration per HARQ entity. One of the issues needs to be resolved in NR is whether and how to support multiple HARQ configurations within one HARQ entity.
2.1. HARQ timing

Compared to LTE, more flexible HARQ timing and scheduling is supported in NR. RAN1 agreed that the timing between DL data reception and corresponding acknowledgement, denoted by K1, is indicated by a field in the DCI from a set of values and the set of values is configured by higher layer [2]. 
Observation 1: HARQ timing candidates in terms of sets of K1 shall be configured by dedicated RRC signalling.
The suitable values for the HARQ timing might be different considering different numerologies/TTI. For example, in LTE sTTI Work Item, the HARQ timing for sTTI is not determined yet with two candidate options: n+4 and n+6, in order to handle the Timing Advance on uplink channels, whilst we only have n+4 HARQ timing for the legacy TTI in LTE. Therefore, although the HARQ timing is controlled by the DCI dynamically, the set of values configured by higher layer could be configured independently for each numerology/TTI. Others may argue that a set of all possible values can be configured per UE and the network can avoid using some of the values for certain numerologies/TTIs by not indicating these values in the DCI. However, we think that more configured values within the set would require more bits in the DCI to indicate which value is used. Therefore, the size of the set of configured value should be minimized to reduce the DCI overhead. As a result, the set of HARQ timing values for each numerology/TTI should be configured independently and only contains the value of validity for the corresponding numerology/TTI.

Proposal 1: The set of values for the HARQ timing should be configured with a finer granularity, e.g. per numerology, in order to further reduce DCI size.
2.2. Maximum number of HARQ transmissions
In LTE, the parameter maxHARQ-Tx is used to control the maximum number of times an UL-SCH transmission is transmitted if the UE does not receive an ACK, only for synchronous HARQ procedure. On the other hand, if UE is configured with asynchronous HARQ, whether or not to perform new transmission on allocated UL resource is controlled by the network via NDI field in the DCI. Therefore, maxHARQ-Tx is not needed in asynchronous HARQ. In NR, only asynchronous and adaptive HARQ is supported for eMBB for the moment, and therefore it is not needed to introduce the maxHARQ-Tx in NR for at least asynchronous HARQ operations.
Proposal 2: maxHARQ-Tx is not needed for asynchronous HARQ operations in NR.
2.3. Maximum number of HARQ processes

FDD-LTE uses 8 HARQ parallel processes on both UE and eNB for both UL and DL. In TDD, the maximum number of HARQ processes in UL and DL depends on UL/DL configuration. Although the exact value of the maximum number of HARQ processes should be left for RAN1 by taking into account of the HARQ Round Trip Time, RAN2 can still discuss whether the maximum number of HARQ processes can be defined per numerology/service. We think it is enough to have a maximum number of HARQ processes defined per HARQ entity and HARQ processes can be shared among different numerologies within a HARQ entity. 
Proposal 3: The maximum number of HARQ processes should be defined per HARQ entity.
2.4. HARQ feedback

Multiple HARQ feedback formats and configurations will be supported in NR. RAN1 agreed that NR will have long PUCCH format for the UE with poor coverage compared to the short PUCCH format. Such configuration should be configured per MAC entity. Furthermore, RAN1 supports code block group (CBG) based HARQ feedback and retransmission, where there is one ACK/NACK feedback for each CBG. Whether to use the CBG feedback scheme should be configured per MAC entity as well. 
In LTE, the NACK to ACK error can be detected at RLC layer and RLC retransmission usually incurs a delay of tens of milliseconds. Even if the scheduling interval can be reduced at PHY in NR, the delay may still be unacceptable. Therefore, the reliability of HARQ feedback should be improved to guarantee the increased reliability requirement for some services in NR. However, it is noted that higher reliability of HARQ feedback with long PUCCH format increases feedback overhead. The high reliability PUCCH resource for ACK/NACK feedback should only be used when necessary. Multiple HARQ feedback formats and resources can be configured per MAC entity and the gNB can dynamically indicate one of the configured format/resource, according to the requirements of the services whose data included in the TB.
Proposal 4: The HARQ feedback format/scheme/resource should be configured per MAC entity. 

3. Conclusion
In this contribution, we provide our considerations on HARQ in NR, especially the HARQ configurations, considering multiple numerologies, and we have the following observations and proposals:
Observation 1: HARQ timing candidates in terms of sets of K1 shall be configured by dedicated RRC signalling.
Proposal 1: The set of values for the HARQ timing should be configured with a finer granularity, e.g. per numerology, in order to further reduce DCI size.
Proposal 2: maxHARQ-Tx is not needed for asynchronous HARQ operations in NR.

Proposal 3: The maximum number of HARQ processes should be defined per HARQ entity.

Proposal 4: The HARQ feedback format/scheme/resource should be configured per MAC entity. 
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