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Introduction
In determining the number of HARQ processes there are multiple factors to consider such as the processing requirement on the UE and gNB, softbuffer memory, fronthaul delay and so forth. In this contribution we highlight the corresponding aspects to be able to start the discussion on the number of HARQ processes for both DL and UL. 
[bookmark: _GoBack]Discussion
When determining the number of HARQ processes available in both UL and DL there are many aspects to consider. First, it relates to the UE processing time and the turn-around time. It is noted here already that the eNB processing together with the turnaround time can vary depending on the deployment scenario that is used. In a small cell the turnaround time can be quick but in a C-RAN deployment the turn-around-time can be longer due to the delay of the fronthaul. In the design work for NR, it is important that we consider a wide range of scenarios including deployments with significant fronthaul delay along with  deployments wherein that is not the case (baseband is placed at the same location as the antennas). This aspect is further described below. Moreover, when discussing the processing time, it is important to consider that there are aspects that scale with reduced transmission duration and aspects that do not scale. 
An aspect to consider is the maximum allowed timing advance. When the timing advance needed is lower than the maximum allowed timing advance, the timing advance could potentially be used to assist in compensating for the fronthaul delay in some cases which can in turn potentially reduce the need to increase the number of HARQ processes due to large fronthaul delays. Timing Advance is related to the cell size supported, i.e. assuming that the baseband unit of the base station is located at a distance from the antenna connector that is typically ignored from a propagation delay point of view. Current maximum timing advance within LTE, TA, 0.67ms, is dimensioned for a maximum cell size of 100km. For NR there is however a target on larger cell sizes than LTE. It can be observed, however, that the highest possible data rates may strictly not be required to be supported on the cell edge of such large cells. But, it is important to note that maximum TA has also an impact on network deployment flexibility.
Indeed, with centralized-RAN (C-RAN) type deployments, the baseband unit (BBU) can be allocated several km from a remote radio unit (RRU), in which case the propagation delay over the fiber also needs to be considered. In case of RRU deployments, the timing advance is typically set so as to compensate the overall two-way propagation delay between the UE and central unit which thus includes the two-way propagation delay between RRU and central unit. Note that due to the lower propagation speed in fiber than in the air, a 20km distance between RRU and BBU results in a 200us two-way propagation delay.


[bookmark: _Ref467501793]Figure 1: Impact on cell size supported with a certain TA in different deployments
As can be seen, if the maximum TA is too small, the actual cell size supported might be too small for practical deployments, or even not feasible (if already the fiber delay between BBU and RU is larger than the maximum TA supported). 
Even though the timing advance can be used to compensate for having a lower number of HARQ processes, there is also the possibility to introduce more HARQ processes to support the RRU type of deployment. It is desirable to keep the maximum TA as an independent design aspect to consider for large cell sizes. It can also be noted that the UE memory requirement does not necessarily scale linearly with the number of HARQ processes if it is assumed that the network operates with an initial BLER target significantly lower than 100% errors, e.g. 10% BLER. Therefore, increasing the number of HARQ processes can potentially be done without put inordinate requirements on the UE soft buffer.
Based on the discussion above it is proposed to continue the discussion for NR on the number of HARQ processes also considering the case where there is a significant fronthaul delay to be able to support C-RAN deployments. 
Conclusion
· Proposal: 
· Determine the number of HARQ processes in NR considering
· Supported cell sizes
· Fronthaul delay
· UE processing time
· eNB processing time
· Different numerologies
· Soft buffer memory strategy in the UE
· Number of HARQ processes stored
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