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1. Introduction
In this contribution, we discuss aspects related to number of HARQ processes in NR and some related aspects which were discussed in the email discussion topic [88b-14].
2. Discussion on Number of HARQ Processes 
In LTE, a single numerology, slot duration, fixed processing time-budgets (or round-trip) and fixed UL-DL configurations (in case of TDD) were assumed to determine the number of HARQ processes, which yielded a single value for FDD (8) , and a fixed value for each of the TDD configurations (ranging from 4 to 15). 
While we think some of the same principles from LTE can be re-applied, for NR there is a lot of configurability (e.g. numerology, processing time-budgets, UL and DL transmissions), which can potentially lead to wide-variation in the number of HARQ processes at the UE side, leading to a maximum number of HARQ processes which is relatively large, and which may not be applicable to the typical configurations at which the UE is expected to operate. 
Typically, the number of HARQ processes are determined such that the UE pipe can be kept full while each process is waiting for HARQ feedback in the SAW protocol. In TDD systems especially, this can lead to increased number of HARQ processes for various reasons, including limited uplink feedback occasions, gNB scheduling freedom, UE processing time, etc. While increased number of HARQ processes can lead to increased control overhead (e.g. increased payload on DCI and uplink control feedback), its impact on HARQ buffer at the UE side can be ameliorated using soft buffer management techniques (such as overbooking, etc). 
The factors impacting the maximum number of HARQ processes include:
· UE and gNB processing times for data channels
· UE processing time for DL control channel decoding
· Relates to DL control channel monitoring occasions, overall PDCCH blind decoding load, relationship between PDCCH and scheduled PDSCH (i.e., if the PDCCH needs to be decoded in order to receive the PDSCH)
· UE processing time for preparation of UL transmission
· Operation point w.r.t. throughput. For instance, the maximum number of HARQ processes may only correspond to peak data rate operation in certain configurations. The relationship to throughput/data rates, in turn, influenced by:
· Maximum TBS sizes
· HARQ RTT (incorporating data channel duration and scheduling/HARQ delays)
· Numerology
· Propagation delays and backhaul/fronthaul delays (i.e., dependency on deployments)

[bookmark: _GoBack]The maximum number of HARQ processes can be different for different UEs, depending on their capabilities.
To determine the maximum number of HARQ processes, it may be natural to consider the maximum possible HARQ RTT configuration. However, a reasonable balance is necessary between the resulting UE complexity, gNB scheduling flexibility, and expected performance (e.g., achievable data rates) in determining suitable combination(s) for the values of K0 through K3 that may be used to guide the maximum number of HARQ processes.
The maximum number of HARQ processes would impact the DCI design via the HARQ process index field (extra some states could be reserved or unused). It is noted that peak rate need not be supported by the UE if the number of HARQ processes used is relatively larger than a certain reference suitable reference configuration(s) for that UE e.g.  in that case it causes excessive soft buffer blocking, or UE would support a lower data rate, etc.
For example, a processing time of two slots with SCS 30kHz, and a peak TBS bits of 100,000 bits per TB, and two 2 TBs per slot of 0.5ms, and a 50% LBRM, yields four as a reference number of HARQ processes supporting a peak data rate of 400 Mbps and 1,200,000 soft buffer locations [1]. In this case the maximum number of HARQ processes may be set to 4 (or to a slightly larger number such as 6, if some margin is allowed). In case of a slight margin, the UE may be able to support the peak data rate using soft buffer overbooking method without increased blocking. However, requiring UE to support peak data rate for a very large number of maximum HARQ processes shall be avoided as it will also require increase soft memory. Further, the number of HARQ processes and peak data rates can be different depending on numerology and timing relationships.
The maximum HARQ processes may be different between DL and UL.
A small number of HARQ processes (such as [8]) can be arranged to the UE depending on UE capability and the HARQ feedback timeline n+k configured to the UE. 
The maximum number of HARQ processes does not necessarily mandate a certain UE soft buffer requirement dependent on that number i.e. the UE soft buffer requirement may not linearly increase with the number of HARQ processes. For scheduling flexibility, the system may operate with more addressable HARQ processes than what the UE can fully store in its HARQ buffer.
Proposal: 
· A small number of HARQ processes (such as [8]) can be arranged to the UE depending on UE capability and the HARQ feedback timeline n+k configured to the UE 
3. Summary
This document presented our views on number of HARQ processes. The following is a summary of our proposals in this contribution.
Proposals:
· A small number of HARQ processes (such as [8]) can be arranged to the UE depending on UE capability and the HARQ feedback timeline n+k configured to the UE 
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