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1	Introduction
This contribution relates to the open items on HARQ operation and the number of HARQ processes supported by 5G new radio (NR) for both non-CA (i.e., single carrier) and CA (carrier aggregation) operation. Reference [1] discusses various parameters that influence the necessary soft buffer size for HARQ operation including the TTI duration, processing times at the UE and the gNB, fronthaul link delay from the baseband unit to the radio unit, targeted peak rate, etc. It also presents several observations and proposals for non-CA operation regarding the minimum requirements for number of HARQ processes and baseband processing times in both UE and gNB for the 5G NR.

Regarding carrier aggregation in NR, the following agreements have been made in RAN1 #87:
Agreements: (RAN1 #87)
· NR should provide support for carrier aggregation, including different carriers having same or different numerologies
Reference [2] discusses a possible HARQ design approach in case of carrier aggregation to aid one of the NR architectural options with Centralized/Cloud RAN deployment and remote radio head.  
2	Avoiding HARQ stall by using configurable number of HARQ processes
2.1	Configurable number of HARQ processes in LTE NR (single carrier or non-CA operation)
A minimum number of HARQ processes is needed to keep the channel utilized continuously. This number is affected directly by the HARQ RTT. The number of HARQ processes has impact on the necessary soft buffer size of the communicating nodes. The HARQ RTT in 5G NR can potentially undergo wide variance due to factors such as agreed support for multiple TTI sizes, non-uniform fronthaul latencies, ability to flexibly choose transmission direction (in case of dynamic TDD), flexible frame structure, non-uniform processing latencies, CoMP operation [1], [2]etc. Please refer to [3] for details. Such round trip time (RTT) variations can potentially leave 5G NR prone to HARQ stalling. Therefore there is a need to allow for atleast a semi-static configurability of the number of HARQ processes per cell/carrier in NR. 
Following the observations above on different parameters affecting HARQ timing we propose the following to be considered in 5G NR.
· [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Proposal 1: The number of HARQ processes per cell/carrier shall be configurable semi-statically in order to support different deployment scenarios.
2.2	Semi-static configuration of HARQ processes per carrier in 5G NR carrier aggregation
We propose that a common pool of HARQ processes be maintained per UE across all the carriers that it is being served from. This would allow for dynamic allocation of HARQ buffers per serving carrier, while keeping the total number of HARQ-processes-per-UE constant. To enable having separate HARQ entities per carrier, we could use a simple semi-static split of the pool of HARQ processes and allocate non-overlapping HARQ processes to the different carriers and adapt to the different RTTs and loads of the carriers.  
HARQ process pooling can better accommodate time-varying HARQ RTT across multiple cells as the UE moves from the coverage of one cell to another. References [4], [5] discuss the concept of HARQ process pooling in case of NR carrier aggregation in detail. They also contain the corresponding simulation results.
· Proposal 2: 5G NR should support HARQ process pooling for NR Carrier Aggregation and support either semi-static or dynamic partition of the pooled HARQ processes between carriers.
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The contribution is concluded by summarizing the observations and the initial proposals for HARQ enhancements towards efficient handling of large transport block transmission, as follows:
· Proposal 1: The number of HARQ processes per UE shall be configurable statically or semi-statically in order to support different deployment scenarios.
· Proposal 2: 5G NR should support HARQ process pooling for NR Carrier Aggregation and support either semi-static or dynamic partition of the pooled HARQ processes between carriers.
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