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1 Introduction
In RAN2#Ad Hoc meeting, the MAC entity supporting multiple numerologies was discussed. The agreements are as follow: 

Agreements

1: a single logical channel can be mapped to one or more numerology/TTI duration. 

2: ARQ can be performed on any numerologies/TTI lengths that the LCH is mapped to. 

3: The RLC configuration is per logical channel without dependency on numerology/TTI length.

4: Logical channel to numerology/TTI length mapping can be reconfigured via RRC reconfiguration.

5:
RAN2 will leave RAN1 to decide whether HARQ retransmission can be performed across different numerologies and/or TTI durations. 

6: wait for more details from RAN1 to decide whether HARQ configuration, if any, needs to be numerology/TTI duration specific.

7: a single MAC entity can support one or more numerology/TTI durations. 

8: LCP takes into account the mapping of logical channel to one or more numerology/TTI duration. Details of LCP will be discussed in the WI phase

In this contribution, HARQ entity over multiple numerologies will be discussed. we go further to provide more detailed discussion and possible enhancement on the HARQ procedure in NR.
2 HARQ with multiple numerologies
MAC PDU
In legacy system, MAC generates MAC PDUs and may transmit them with different transmission modes. However, an entire MAC PDU should not be split to several transmission modes for transmission. As similar, MAC generates MAC PDUs and may transmit them over different numerology with different TTIs or subcarrier spacing in NR. There is challenge in decode the TBs (MAC PDUs) in different TTI or subcarrier spacing. So, an entire MAC PDU should not be split to several numerologies for transmission. Different MAC PDUs can be transmitted per TTI over different numerology. The transmission of MAC PDUs over different numerology should be separated as well. 

Proposal 1: An entire MAC PDU should not be split to several numerologies for transmission.

HARQ entity
In LTE, there is one HARQ entity at the MAC entity for each Serving Cell which maintains a number of parallel HARQ processes. Each HARQ process is associated with a HARQ process identifier. The HARQ entity directs HARQ information and associated TBs received on the DL-SCH to the corresponding HARQ processes.
In NR, multiple numerologies are introduced to adaptive different requirement for user case. We analyze HARQ entity in two cases: in a single CC and across CCs respectively.
In a single CC

In this situation, similar to LTE there should be one HARQ entity at the MAC entity. HARQ entity should be support multiple numerologies. It is seems that using the different numerology/TTI for retransmission would improve the reliability and efficiency of transmission. When retransmission happened, it mean that the channel conditions in this numerology may deteriorate. It is a better choice that using the other numerology with better channel quality for retransmission than using the same numerology. HARQ entity should be responsible for selecting the suitable numerology for initial transmission and retransmission. HARQ transmissions could be switched to different numerologies in some case. For example, when the UE moving, the channel conditions for different numerology may be different, the optimal numerology may be variable. Therefore the HARQ entity should support multiple numerologies. 
Across CCs

It is seems that using the different numerology/TTI for retransmission across different CCs would increase the reliability and efficiency of transmission. At the meantime, the HARQ control across CCs will be more complicated than in a single CC. This requires the gNB to indicate the HARQ information such as process id and corresponding cell id for initial transmission. 
Proposal 2: HARQ entity should support multiple numerologies.

Proposal 3: In order to improve the reliability and efficiency of transmission, HARQ retransmission can be performed across different numerologies and/or TTI durations.
HARQ process identifier
Because different TTIs may be adopted in different numerologies, the HARQ timing over different numerologies may be different. Asynchronous HARQ is suitable for multiply numerologies. Based on asynchronous HARQ, a single HARQ entity supporting multiply numerology/TTI duration can be easily realized. As discussed in proposal 2, a single MAC PDU with a separate HARQ process identifier should transmit only over certain numerology. In the case of retransmission over different numerology, it is necessary for HARQ entity to control the HARQ process identifier across different numerology and notify the UE the relationship between retransmission HARQ processing identifier and initial transmission HARQ processing identifier. Whether HARQ processing identifier should be per numerology or not is FFS.

Proposal 4: In order to realize retransmission over different numerologies, the HARQ entity should select a new HARQ processes identifier for retransmission across different numerologies. It is FFS that whether HARQ processing identifier should be maintain per numerology or not.
3 Conclusions
In this paper, we have discussed HARQ entity over multiple numerologies for NR. We propose:
Proposal 1: An entire MAC PDU should not be split to several numerologies for transmission.

Proposal 2: HARQ entity should support multiple numerologies.

Proposal 3: In order to improve the reliability and efficiency of transmission, HARQ retransmission can be performed across different numerologies and/or TTI durations.
Proposal 4: In order to realize retransmission over different numerologies, the HARQ entity should select a new HARQ processes identifier for retransmission across different numerologies. It is FFS that whether HARQ processing identifier should be maintain per numerology or not.
