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1. Introduction
RAN2#95 agrees that it is preferable for NR to support only asynchronous HARQ in UL and DL [1]. In this contribution, we provide some initial consideration and possible enhancement on the asynchronous HARQ procedure in NR.
2. Discussion
2.1.  Initial consideration on asynchronous HARQ in NR

RAN2#95 agrees that it is preferable for NR to support only asynchronous HARQ in UL and DL, in which there is no restriction of retransmission timing. In LTE DL HARQ procedure which is asynchronous and adaptive, the retransmission is identified by NDI and HARQ process ID in the PDCCH. For UE power saving, a HARQ RTT timer is introduced to allow the UE not to monitor the PDCCH for HARQ retransmission before the timer expires. Meanwhile, the DRX mechanism is updated to include a drx-RetransmissionTimer to specify the maximum number of consecutive PDCCH subframes the UE should monitor until receiving a DL retransmission. In LTE Rel-13 and Rel-14, eMTC, LAA and NB-IoT support asynchronous UL HARQ procedure. In LTE, study of asynchronous UL HARQ procedure takes asynchronous DL HARQ procedure as baseline. Consequently, the UL retransmission grant is indicated explicitly by PDCCH carrying NDI bit and HARQ process ID. HARQ RTT timer and DRX retransmission timer are introduced per HARQ process for uplink as well. 
In synchronous HARQ procedure, the HARQ process ID can be deduced by the TTI timing. In asynchronous HARQ procedure, the HARQ process ID should be informed by the network, e.g. via PDCCH in LTE. In RACH procedure, the UL grant for Msg3 is provided in the RAR, yet the HARQ process ID is not included. However, in asynchronous HARQ procedure, a HARQ process ID should be included in the PDCCH to indicate which HARQ process the UL grant belongs to. To support asynchronous Msg3 retransmission, RAN2 finally decided that a pre-defined HARQ process identifier 0 is used for Msg3.

It seems that the asynchronous DL and UL HARQ have been discussed thoroughly in LTE. Hence, the asynchronous HARQ mechanism in LTE should be taken as baseline.
Proposal 1: asynchronous HARQ mechanism in LTE should be taken as baseline.
In RAN1#84bis, it was agreed to support multiple air interface numerologies. In particular, the TTI length of different numerologies might be different. RAN1 also agreed that TDM and/or FDM multiplexing of different numerologies within a same NR carrier bandwidth are supported in NR. 
Hence, an issue in NR is whether a HARQ process can be operated across multiple numerologies. A cross-numerology HARQ process solution may offer flexibility and efficiency. For example, a possibility of retransmission on different numerologies allows the network to transmit packets of a service in shorter TTI, if they have been waiting in the queue for a long time. However, supporting HARQ process across different numerologies introduces some new challenges as well. Figure 1 illustrates an example of cross-numerology HARQ process operation, assuming TDM-based numerology multiplexing. The TTI length of numerology one is assumed to be twice the TTI length of numerology two, and the UL HARQ RTT timer is set to 4 subframes. Then there may be ambiguity whether PDCCH monitoring should start at subframe n+4 or at subframe n+6.
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Figure 1 cross-numerology HARQ process
Alternatively, separate HARQ processes can be defined for different numerologies. This may simplify the system design and implementation, at expense of flexibility and efficiency. 
Proposal 2: Asynchronous HARQ process over different numerologies should be studied to understand its gain and complexity.
2.2. MAC CE or MAC PDU for HARQ ACK/NACK feedback

With asynchronous HARQ procedure, it is possible to use MAC CE or MAC PDU to carry HARQ ACK/NACK feedback. This may improve the feedback reliability and flexibility. If there are DL data waiting for UE, the HARQ feedback MAC CE can be multiplexed with those DL data and thus does not need to be scheduled by extra PDCCH. The MAC CE for HARQ ACK/NACK feedback should carry the information bits to identify the corresponding HARQ process. The MAC CE may also carry the UL grant for the adaptive HARQ retransmission. However, the transmission of MAC PDU may fail and retransmission might happen. The feedback and UL grant information in the MAC CE might become invalid if it is not decoded successfully at the first attempt.

An alternative solution is to design a new MAC PDU for HARQ ACK/NACK feedback similar to the MAC RAR PDU in the LTE. The new MAC PDU contains one or more HARQ feedbacks. A HARQ feedback may consist of identity of the UE, the NDI bit, the HARQ process ID, and/or the UL grant. There is no retransmission mechanism for the HARQ MAC PDU and the failure of decoding of the HARQ MAC PDU can be handled by the network implementation. A new RNTI will be used on PDCCH when the HARQ MAC PDU is transmitted. In this way, HARQ feedbacks for multiple UEs are multiplexed and are controlled by a single PDCCH.
Compared to L1-based HARQ feedback, the above methods save PDCCH resource, but increase the processing delay of HARQ feedback.
Proposal 3: It should be studied if HARQ ACK/NACK feedback can be carried in MAC CE or MAC PDU.
3. Conclusion
In this contribution, we analyse further the support of asynchronous HARQ procedure in NR, and we have the following proposals:
Proposal 1: Asynchronous HARQ mechanism in LTE should be taken as baseline.
Proposal 2: Asynchronous HARQ process over different numerologies should be studied to understand its gain and complexity.
Proposal 3: It should be studied if HARQ ACK/NACK feedback can be carried in MAC CE or MAC PDU.
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