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1. Introduction
In this paper, we discusses some remaining issues on the HARQ entity and HARQ information with multiple numerologies from RAN2 perspective in NR.
In RAN2#97bis meeting, the following working assumption is agreed [1]:

Agreements on HARQ:

-
RAN2 aims to make the L1 HARQ feedback transmission scheme (PUCCH, mapped to PUSCH, timing) transparent to MAC specification.

-
Working assumption: One HARQ entity should only serve one carrier. 

-
HARQ information shall at least include the NDI, TBS, RV, and HARQ Process ID
-
A UE not using DL spatial multiplexing shall expect at most one TB per HARQ process.

-
A UE can transmit at most one TB per UL HARQ process per TTI.
2. Discussion
The first issue we need to discuss following the agreements in RAN2#97bis meeting is to confirm the working assumption on the number of HARQ entities. In LTE, there is only one HARQ entity per cell, since cross-carrier HARQ retransmission is not permitted. However, there will be multiple numerologies/TTIs within a single cell in NR. A numerology/TTI specific HARQ entity may be needed if retransmission is restricted within a single numerology/TTI. To simplify the implementation when cross numerology/TTI is desired, a single HARQ entity per carrier is required.
Proposal 1: At most one HARQ entity should be supported in one carrier. 
Based on the current specification, HARQ information is provided from PHY to MAC and then to the corresponding HARQ entity to perform a new transmission or a retransmission. Therefore HARQ information is just the information to be passed to a HARQ entity, not all information carried in DL scheduling/UL grant for HARQ operation. HARQ information is only visible in MAC and used for HARQ operation.  
Observation 1: HARQ information is the information passed to a HARQ entity, not all information carried in DL scheduling/UL grant for HARQ operation.
In LTE, the HARQ information for DL-SCH transmission consists of New Data indictor (NDI), Transport Block (TB) size, and HARQ process ID. The HARQ information for UL-SCH transmission includes NDI, TB size, HARQ process ID and Redundancy Version (RV). For uplink transmission, RV is needed to be delivered to the corresponding HARQ entity and HARQ process to instruct the PHY to transmit a TB according to the RV contained in the HARQ information. For the downlink transmission, the PHY layer can derive the RV from the DCI received and used for decoding. The RV is not needed for HARQ operation and MAC is not required to know about RV, therefore the RV will not be informed to the corresponding HARQ process as a part of HARQ information. The motivations to include NDI, TB size and HARQ process ID in HARQ information for both DL-SCH and UL-SCH are also valid in NR. In addition, based on the above analysis, the RV is only necessary in the HARQ information for UL-SCH transmission. Therefore, we propose that
Proposal 2: HARQ information for DL-SCH at least consists of NDI, TBS and HARQ process ID.

Proposal 3: HARQ information for UL-SCH at least consists of NDI, TBS, RV and HARQ process ID.
With introduction of multiple numerologies/TTIs, the information on the UL grant regarding the numerology/TTI should be informed to the MAC to support LCP procedure at least. In NR, the mapping between the logical channels and the numerologies/TTIs is known at the MAC. The MAC layer should also know the numerology/TTI of the UL grant for new transmission to select the logical channels to be served on this UL grant. Therefore, the UL grant for UL-SCH also includes the numerology/TTI duration.
Proposal 4: UL grant for UL-SCH should also include numerology/TTI duration.
3. Conclusion
In this contribution, we analyze some remaining issues on HARQ entity and HARQ information support the introduction of multiple numerologies, and we have the following observations and proposals:
Observation 1: HARQ information is the information passed to a HARQ entity, not all information carried in DL scheduling/UL grant for HARQ operation.
Proposal 1: At most one HARQ entity should be supported in one carrier.

Proposal 2: HARQ information for DL-SCH at least consists of NDI, TBS and HARQ process ID.

Proposal 3: HARQ information for UL-SCH at least consists of NDI, TBS, RV and HARQ process ID.

Proposal 4: UL grant for UL-SCH should also include numerology/TTI duration.
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