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Introduction
In RAN1 NR AH#3, the soft buffer management was discussed with the agreements from the summary of offline discussion [7] in the following, 

· RAN1 aims to finalize details of transmit buffer rate-matching (for PDSCH/PUSCH) in RAN1#90bis
· FFS UE soft buffer dimensioning especially in relation to UE capability/category
· FFS NR soft buffer management
· FFS LTE-NR soft buffer dimensioning and management, especially in relation of UE capability/category

This document is the revision of R1-1715828 submitted to RAN1 NR AH#3.  We discuss soft buffer management for NR in this contribution.   
Soft Buffer Management
Soft Buffer Design in LTE 
The soft buffer design and management for carrier aggregation was discussed in LTE Rel-10 when CA feature was introduced.  New categories 6, 7, 8 were introduced in Rel-10 along with legacy categories 1 to 5 to support CA.   Two types of soft buffer designs were proposed; they are equal partition and overbooking.   
· Equal partition soft buffer design - The principle of equal partition soft buffer design for CA is to partition the total buffer equally for each configured carrier.   Each carrier has same amount of soft buffer allocated for its HARQ processes.  The soft buffer size is computed based on sum of buffers of the maximum number of carriers supported for each UE categories.    Equal partition soft buffer design is similar to soft buffer design for Cat-1 to Cat-5 UEs in Rel-8.   

· Overbooking soft buffer design -The principle of overbooking is to have one soft buffer shared by all configured carriers dynamically and expects that the soft channels bits used by each carrier are independently.   The overbooking soft buffer design takes the advantage of statistically independent traffic arrival.   The soft buffer size could be allocated based on average number of soft channel bits, which is smaller than the sum of maximum number of soft channel bits of HARQ processes from each carrier.   When soft channel bits of one carrier is more than the average soft buffer size of each carrier, it could use the soft buffer in the resource pool for the other carrier until the whole buffer pool is overflew.  The soft buffer allocation for the HARQ processes of each carrier follows first come first serve principle.   If the number of soft channel bits is more than the soft buffer size, the buffer is overflew.  Some soft channel bits need to be discarded.   

A compromised solution of equal partition and overbooking was agreed in RAN1#65 as follows,
· For Cat 8 UEs, soft channel bits per CC is 1/5 of the total soft channel bits
· For other cats:
· Soft buffer sizes given by Table 1 in [3] are  assumed for rate matching at eNB
· UE first attempts decoding based on all received soft bits
· If decoding fails, 
· UE may discard soft bits that exceed the numbers in Table 2 in [3]; specify details of which bits may be discarded

The compromised solution is to have soft buffer bits equally partitioned for each carrier. The soft buffer size of each UE categories is based on maximum number of soft channel bits of N carrier aggregation, e.g. N=2 for Cat-6, 7 UEs. If more than N carriers are aggregated, the soft buffer size for each carrier is equally partitioned as shown in equation below and the amount of soft channel bits is less than the maximum number of soft channel bits per transport block of each cell.  The soft buffer size per transport block after equal partition among cells might not be sufficient for rate matching at transmitter for limit buffer rate matching (LBRM) when the maximum number of soft channel bits per transport block is over the dimensioned buffer size. For LBRM, the UE would be based on the limited buffer size for rate matching instead of total number of scheduled REs and MCS.   The insufficient soft buffer size for limited buffer rate matching would effectively increase the code rate and reduce the efficiency of resource utilization.   



LTE Rel-13 eCA supports carrier aggregation up to 32 component carriers.   Equal partitioned soft buffer design was used to determine the UE categories for new UE categories (Cat-16, Cat-17, Cat-18, Cat-19 UEs).   The soft buffer size had been increased in proportion for large number of carrier aggregation with equal partitioned soft buffer designed is used for new UE categories.  . 

LTE UE categories are designed to optimize soft buffer size targeting a certain number of DL CCs and the corresponding DL peak rates based on equal partitioned soft buffer design.  Although existing UE categories can be configured to support up to 5 carrier aggregations.  Most of Cat-6 and Cat-7 UEs are assumed to support up to 2 carrier aggregation.  The soft buffer management is similar to that of equal partition soft buffer design.  The soft channel bits calculations for Rel-11 and Rel-12 UE categories 9-14 are all optimized up to 4 carrier aggregations based on equal partitioned soft buffer design, which is inefficient as the number of carriers increased in carrier aggregation.   LTE Rel-13 eCA follows the same principle of soft buffer design to support 32 carriers for Category 17 UEs with data rate up to 25 Gbps.  
Soft Buffer Design for NR
NR supports system bandwidth up to 400 MHz and up to 16 carriers in aggregation.   If equal partitioned soft buffer design in LTE is continuously used for NR, the soft buffer size will increase dramatically for NR UE categories.   The effective code rate might increase for LBRM if the dimensioned soft buffer size is not sufficiently large .   In particular, supporting such large system bandwidth and large number of carrier aggregations imposes large number of soft buffer size if equal partitioned soft buffer designed is used. 
It is desired to have more efficient soft buffer management for large system bandwidth and large number of carrier aggregation.  The equal partitioned soft buffer design would not have the flexibility of soft buffer management.    The overbooking soft buffer design with a resource pool dynamically shared to each carrier as proposed by [4] in Rel-10 should be used as the foundation of the soft buffer management and peak data rate calculation for supporting up to 16 carrier aggregation. In order to support overbooking soft buffer management, the soft channel bits should be calculated based on the number of dimensioned DL cells   instead the number of configured DL cells   as equation below. The dimensioned DL cells    is the number of carriers dimensioned with maximum number of soft channel bits per transport block at each UE category.  If the configured number of cells  is large than the number of cells dimensioned, the UE would still use the full dimension of soft buffer size. The principle of soft buffer size and associated peak data rate for NR UE categories should be laid out clearly.  



Proposal 1: Overbooking soft buffer design should be used as the soft buffer management for NR.
Proposal 2: The soft buffer should be set based on the maximum number of soft channel bits per transport block dimensioned for the UE category regardless how many configured DL cells.   
Conclusion
In this document, we discussed the principle of soft buffer design for NR.  In order to have efficient soft buffer design for large number of carrier aggregation, we propose the soft buffer management and soft buffer size for NR as follows,
· Proposal 1: Overbooking soft buffer design should be used as the soft buffer management for NR.
· Proposal 2: The soft buffer should be set based on the maximum number of soft channel bits per transport block dimensioned for the UE category regardless how many configured DL cells.   
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