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1 Introduction

The number of HARQ processes that a NR UE needs to support and the soft buffer partitioning were discussed in RAN1#88bis and RAN1#89 and the following were concluded.
Conclusion:

· Consider further following two aspects for the number of HARQ processes:

· Maximum number of HARQ processes per carrier

· Soft-buffer size/dimensioning/partitioning

· Open questions:

· What RAN1 specification impacts the above two aspects will have?

· What factors impacts on each of the aspects, and how much?

· For which types of UEs the peak data rate is desirable?

· What is the relation between these two aspects and flexible scheduling/HARQ-ACK feedback timings?
· How/whether different between downlink and uplink?

Agreements:
· A set of reference parameters is used for the purpose of soft buffer dimensioning

· A reference set of parameters includes at least DL HARQ RTT [Y ms] and data rate(s) of X Gbps 

· FFS: values of X and Y
· FFS: other conditions
· This does not imply UE has to have a HARQ-ACK timing based on the reference HARQ RTT

· FFS: how different UE categories are defined

· LBRM is taken into account

· Maximum number of HARQ processes per carrier supported in NR is 8 or 16 

· This is at least for the single numerology case and a slot-level scheduling and single-TRxP transmission

· FFS: down-selection of 8 or 16

· FFS: soft-buffer handling

· FFS: the value may be different depending on a certain condition (e.g., subcarrier spacing) 

This contribution considers soft buffer partitioning aspects in NR. A companion contribution [1] considers the number of HARQ processes in NR. 
2 Soft Buffer Partitioning
The soft buffer size itself, defined in LTE as the total number of soft channel bits for the DL and UL in TS36.306, can be part of the UE category discussions and be considered towards the end of the NR WI as it does not directly affect soft buffer partitioning or the number of HARQ processes from a RAN1 perspective.  

LTE specifies the soft buffer partitioning according to the number of HARQ processes and the number of cells [2]. This implies that all HARQ processes and all cells are equivalent in terms of data TBs scheduled to a UE. Although the number of actual HARQ processes is independent per cell, the maximum number is same for all cells. This association was determined in LTE Rel-10 where a system bandwidth (and hence the TBS) was assumed to be substantially same for all cells, the target BLER was also assumed to be same, and the focus was macro-cell operation where scheduling patterns for a UE was similar in all cells and RTT was assumed to be same for all cells.   
The LTE static split and linear relationship among soft buffer bits and number of HARQ processes or number of cells, with the same maximum number of HARQ processes per cell, is not appropriate in NR. For example, different cells can have significantly different operating BW and use different numerologies resulting to different scheduling intervals (TTI lengths). Even for a same cell, the scheduling interval can be different and can range from one or few OFDM symbols to more than ten of OFDM symbols (maximum value is FFS). Further, a target PDSCH BLER can be different among different cells. 
The HARQ RTT can also affect the soft buffer partitioning. For example, depending on the front-haul delay in a cell, the corresponding soft buffer partitioning needs to be adjusted to accommodate a larger number of HARQ processes. However, the maximum number of HARQ processes should not be provisioned for the larger front-haul delay among cells (should not design for worst-case scenario). It is also possible that the HARQ RTT does not directly depend on the numerology on a given cell as HARQ-ACK may be provided on a different cell (e.g. for LTE-NR coexistence with shared UL or for NR CA where HARQ-ACK is provided on a cell operating at sub-6 GHz instead of a cell operating at above 6 GHz).
It is not expected that the actual number of HARQ processes on a cell (to a number smaller than the maximum number determined from the number of bits in the HARQ process number field in the DCI) can be of material importance for the UE soft buffer partitioning. A corresponding configuration can actually be detrimental as it limits gNB scheduler flexibility. For example, the number of HARQ processes may need to be same for two cells but corresponding maximum data TBS can typically be substantially different even when the cells have a same BW (e.g. one cell is a macro serving multiple UEs where a given UE experiences large path-loss while another cell is a small cell where the UE experiences small path-loss). Also, the UE implementation can allocate data for different HARQ processes in the soft buffer as those HARQ processes materialize by scheduling. From a RAN1 perspective, it is sufficient to define the maximum number of HARQ processes per cell through the configuration of the size (number of bits) for the HARQ process number field in DCI formats. 
Ultimately, the most appropriate soft buffer partitioning can be determined by the network for a UE of a given category as the scheduler resides at the network and the network knows the global parameters in a cell, ranging from scheduling prioritization for supported service types, target BLERs, maximum typical TBS, scheduling delays, number of UEs in a cell, etc. Similar to LTE, it can be up to the UE implementation to apply soft buffer overbooking based on the time varying conditions on the soft buffer utilization.  

Based on the above discussions, the following observations and proposal apply.

Observation 1: A fixed soft buffer split among HARQ processes does not need to be specified in NR.

Observation 2: Configuring a number of HARQ processes for a cell, other than the maximum number of HARQ processes determined by the HARQ process number field in the DCI format, is unnecessary and can be detrimental.
Proposal 1: A UE is configured per cell a percentage of the soft buffer.

3 Conclusions

This contribution considered UE soft buffer partitioning aspects in NR and proposes the following. 
Proposal 1: A UE is configured per cell a percentage of the soft buffer.

In addition, the following are observed.

Observation 1: A fixed soft buffer split among HARQ processes does not need to be specified in NR.

Observation 2: Configuring a number of HARQ processes for a cell, other than the maximum number of HARQ processes determined by the HARQ process number field in the DCI format, is unnecessary and can be detrimental.
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