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Introduction
NR will support hybrid ARQ retransmissions using multiple hybrid-ARQ processes in a similar way as done for LTE. However, the number of hybrid-ARQ processes have not yet been decided upon, which impact the number of bits for the hybrid-ARQ process number in the DCI as well as (indirectly) the amount of soft buffer memory in the UE and gNodeB.
Discussion
Retransmissions are scheduled in a similar way as the original transmission. Hence, upon reception of a negative acknowledgement (for downlink data transmissions) or detection of incorrectly received uplink data (for uplink data transmission), the gNodeB needs to schedule a retransmission.
The number of hybrid ARQ processes depends on the overall roundtrip time. For downlink data transmission this includes the UE processing time to generate the acknowledgement, network-side processing time for scheduling the retransmission, and front-haul delays in case remote radio units are used to separate the baseband processing from the actual transmission site. 
The speed of light in an optical fiber is approximatively 2·108 m/s. Hence, for a 15 km distance, which is not an unlikely distance, the two-way delay is 150 μs. The scheduling delays can be in a similar range, depending on implementation, network load, scheduling complexity in terms of quality-of-service handling, exploitation of channel conditions, multi-user MIMO aspects, etc. As a comparison, the slot length is 125 μs assuming 14 symbol slots and 120 kHz subcarrier spacing.
From the simplified discussion above, it is seen that the time from transmission to retransmission can be in the order of several slots, motivating multiple hybrid-ARQ processes. At the same time it is beneficial to keep the number of hybrid-ARQ processes small. Furthermore, supporting different number of hybrid-ARQ processes for different numerologies would complicate the overall structure and a single number is preferable. It is therefore recommended to support 8 hybrid-ARQ processes in NR, i.e. use 3 bits for the hybrid-ARQ process number in the DCI.
The amount of soft buffer memory in the UE increases with increased roundtrip time. The amount of memory required in a UE can be determined based on a smaller number of HARQ processes than the maximum possible given by the number of bits in the HARQ process number. This would allow operation with a larger number of processes when motivated at the cost of reduced incremental redundancy gain. In principle, there may not be any need to mandate how to split the soft buffer memory across the hybrid ARQ processes in RAN1 but leave this to the UE implementation.
Conclusion
Proposal:
· 3 bits are used for hybrid ARQ process number in the DCI (i.e. 8 hybrid ARQ processes)
