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1 Introduction

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

Further in RAN1#90, the following was concluded:

Agreements:
· NR specification should decouple the transmit (or RV) buffer from soft buffer size of the UE receiver.

· Note: transmit (or RV) buffer refers to the PDSCH rate-matching buffer

This contribution considers soft buffer size and partitioning aspects in NR and the definition of the soft buffer size for LTE-NR DC. A companion contribution [1] considers the number of HARQ processes and HARQ-ACK feedback procedures in NR. 
2 Soft Buffer Size and Partitioning
The soft buffer size, 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. Fundamentally, there is no difference between the soft buffer size requirements in LTE and NR. The total number of soft channel bits at a UE is proportional to the product of the maximum number of DL-SCH bits the UE can receive in a TTI and the maximum number of HARQ processes required by the UE (depending on the delay between PDSCH reception and corresponding HARQ-ACK transmission). Obviously, the larger the maximum number of HARQ processes or the larger the maximum data rate supported by a UE, the larger the required soft buffer size or, for a given soft buffer size, the larger the maximum data rates supported by the UE, the smaller the maximum number of HARQ processes.

In LTE, due to the predetermined HARQ delays and TTI lengths, all UE categories support the same number of maximum HARQ processes and the soft buffer size has a 1-to-1 mapping with the maximum supportable data rate and is reported as part of the UE category. Soft buffer was dimensioned accordingly based on a fixed number of HARQ processes, peak data rate, and soft buffer reduction mechanisms (LBRM) and soft-buffer overbooking was assumed for almost all UL/DL TDD configurations through statistical multiplexing of incorrectly decoded soft bits. 
In NR, as different UE categories can support different HARQ decoding latencies and the TTI size can be variable, a UE needs to report (implicitly or explicitly) to the network as part of the UE category both the HARQ latency (for a given numerology that the UE supports) and the soft buffer size. It is assumed that the UE category also includes information about the maximum channel BW and the maximum number of cells that a UE supports. From the UE HARQ decoding latency and the soft buffer size for a given numerology, the network can determine the number of HARQ processes the UE can support as the remaining parameters affecting the number of HARQ processes are known to the network.  
Proposal 1: A UE reports its HARQ decoding latency and soft buffer size as part of the UE category.

LTE CA specifies equal soft buffer partitioning in the cell domain (across configured carriers) [2] while LTE TDD allows for soft buffer overbooking through statistical multiplexing in the time domain (across subframes). Typically, the soft buffer is underutilized as PDSCHs are received at or below the target BLER even when the target BLER is above 10%. This assumes proper link adaptation. As link adaptation is cell-specific, soft buffer utilization is typically light in most cells (with relatively accurate link adaptation) and heavy in remaining cells (with relatively inaccurate link adaptation, e.g. due to channel variations). Further, different cells can operate with different BW, different target BLER, different TTI length, different number of HARQ processes, etc. This motivates relying on the UE to manage the soft buffer across cells, as for across subframes in LTE TDD where statistical multiplexing is actually more difficult than across cells due to higher correlation of PDSCH errors in time, and not having a hard-coded partitioning of the soft buffer in the specification. The benefit is improved spectral efficiency and simplified UE implementation with potentially reduced cost.

Proposal 2: Soft buffer partitioning across cells for CA operation is up to UE implementation.

It is not expected that a configuration for the maximum 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 or data BLERs or scheduling likelihood can be 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, UE implementation can allocate data for different HARQ processes in the soft buffer as those HARQ processes materialize by scheduling and can share the soft buffer across cells. 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 the DCI formats. 
Observation 1: 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.
3 Soft Buffer Partitioning for LTE-NR DC
The key difference between CA operation and DC operation is the decentralized schedulers of the latter. With CA, a UE can partition the soft buffer among the configured cells and the maximum TBS per cell does not depend on the number of configured cells thereby enabling flexible and opportunistic scheduling on each cell according to respective link conditions as the centralized scheduler can avoid the sum of the DL-SCH TBs (or UL-SCH TBs) exceeding the UE capability. In DC, some splitting of the UE capability of “Maximum number of DL-SCH transport block bits received within a TTI” and “Maximum number of UL-SCH transport block bits transmitted within a TTI” between the MCG and SCG is necessary to reduce a probability of overflowing the UE’s soft buffer for decoding data. The actual splitting can be decided by the MeNB and can be such that the sum is equal to or exceeds the UE capability (although the latter can occasionally have negative consequences, it can otherwise allow for increased data rates). It can be left to UE implementation how to handle an overflow (no need to specify prioritization rules).

For LTE-NR DC, one additional issue is whether the soft buffer sizes are defined separately for the MeNB and the SgNB or whether the soft buffer size is defined as the sum of LTE and NR ones [3]. With the former approach, the soft buffer partitioning between the MeNB and the SgNB is hard-coded as determined by the LTE soft buffer size and the NR soft buffer size. With the latter approach, the partitioning of the total soft buffer size between the MeNB and the SgNB can be flexible and can be left to UE implementation. 
Observation 2: Defining the soft buffer as the sum for LTE and NR allows for LTE-NR soft buffer sharing and for flexible soft buffer partitioning at the UE. 
A semi-static partitioning of the UE soft buffer so that the UE capability is not exceeded can introduce unnecessary limitations especially when factors determining the soft buffer requirements on the MCG and the SCG can change at a faster rate. For example, the soft buffer requirements on a CG can depend on the number of cells or the cell BW used for CA on the CG and if the number of cells or the BW can dynamically change, such as for example for switching the UE between a narrowband and a wideband operation for UE power savings, the buffering requirements can accordingly change. Other such factors impacting the soft buffer partitioning are the PDSCH transmission mode, the UL/DL configuration for TDD systems (as it may be adapted by the slot structure indicator in GC-PDCCH), and the potential for fast DRX or for unpredictable DRX patterns due to the independent schedulers that can introduce independent DRX timers for start-up and expire. Therefore, over-dimensioning of the UE soft buffer and allowing for statistical soft buffer multiplexing, as in LTE TDD when the number of HARQ processes is larger than 8, can result to improved operation albeit with an occasional overflow. 

Proposal 3: Soft buffer size is defined as the sum of LTE and NR. 

Proposal 4: It is up to the UE implementation how to share the soft buffer between LTE and NR. 
Similar, for the peak data rate that determines the soft buffer requirements for decoding within a TTI, the sum of the peak rates for LTE and NR can be considered. Determining the soft buffer size and the peak data rate as the sum for LTE and NR, instead of a separate determination, enables a similar operation as in LTE and the NR gNB (or the LTE eNB) is fundamentally viewed as a LTE eNB (or a NR gNB).  
4 Conclusions

This contribution considered UE soft buffer partitioning aspects in NR and proposes the following. 
Proposal 1: A UE reports its HARQ decoding latency and soft buffer size as part of the UE category.

Proposal 2: Soft buffer partitioning across cells for CA operation is up to UE implementation.

Proposal 3: Soft buffer size is defined as the sum of LTE and NR. 

Proposal 4: It is up to the UE implementation how to share the soft buffer between LTE and NR. 

In addition, the following are observed.

Observation 1: 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.
Observation 2: Defining the soft buffer as the sum for LTE and NR allows for LTE-NR soft buffer sharing and for flexible soft buffer partitioning at the UE. 
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