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1. Introduction
In RAN1#82, soft buffer design for large number of carrier aggregation was discussed in [1] and [2].   The soft buffer is related to the UE receiver design for storage of soft channel bits of HARQ processes and the calculation of the peak data rate.  When the number of carriers increases in carrier aggregation in Rel-13 eCA, the number of soft channel bits increases in proportion.   The soft buffer design is critical to the UE memory cost and the introduction of the Rel-13 eCA feature.     In this document, we discuss soft buffer management for Rel-13 eCA.   

2. Discussion

1. 
2. 
Soft Buffer Design for Rel-10 CA
The soft buffer design and management for carrier aggregation was discussed in 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 is based on maximum number of soft channel bits of the reference number of carrier aggregation in the UE category.   If more than the reference number of carriers is aggregated, the soft buffer size for each carrier is less than the total number of soft channel bits, which is similar to overbooking.   Some soft channel bits would be discarded if buffer is overflowed.  

The existing UE categories are designed to optimize soft buffer size targeting a reference 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 based on overbooking soft buffer design.  Most of Cat-6 and Cat-7 UEs are assumed to support up to 2 carrier aggregation with maximum TBS.  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.   

Soft Buffer Design for Rel-13 eCA

Rel-13 eCA assumes the support of carrier aggregation up to 32 component carriers.   If equal partitioned soft buffer design is continuously used, the soft buffer size will increase dramatically once additional carrier(s) are added in the new UE categories.   In particular, supporting such large number of carrier aggregations imposes large number of soft buffer size if equal partitioned soft buffer designed is used for new UE categories.  . 
It is desired to have more efficient soft buffer management for 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 32 carrier aggregation.  The principle of soft buffer size and associated peak data rate for new UE categories should be laid out clearly.  
The overbooking principle is to have complete soft buffer sharing with soft channel bits discarding rule when soft buffer overflows.  Rel-13 soft buffer management with overbooking principle for operation in both licensed and unlicensed band is as follows,

· The soft buffer design follows Rel-10 principle to specify the total soft buffer size based on the maximum TBS of the reference number of CCs in a given UE category without buffer overflows.   
· The UE assumes soft buffer size of 8 HARQ processes per CC for both TDD and FDD 
· The number of soft channel bits per HARQ processes is determined by the maximum TBS size (TM mode, maximum of spatial multiplexing, and highest modulation scheme).   The size of the soft buffer used for storage of a HARQ process is determined by the actual MCS transmitted in a given subframe when CRC fails.  
· Soft buffer is overbooked if the number of configured CCs is higher than the reference number of CCs.   Soft buffer overbooking has the potential of buffer overflow.  
· The UE will keep the systematic bits and discard parity bits of each HARQ process of the selected CC based on the priority rule when soft buffer overflows. 
· The priority rule could be explicitly specified in the specification, signaled by the eNB or determined by the UE implementation.  

Proposal 1: Overbooking soft buffer design should be used as the soft buffer management for Rel-13 eCA.
3. Conclusion
In this document, we discussed the principle of soft buffer design for CA.  In order to have efficient soft buffer design for large number of carrier aggregation, we propose overbooking soft buffer design should be used as the soft buffer management for Rel-13 eCA.

4. Reference

[1]. [bookmark: _Ref430885014]R1-153860, “Potential enhancements to physical layer procedure other than DL and UL control”,	Qualcomm Inc.
[2]. [bookmark: _Ref430885017]R1-154006, “On number of soft channel bits and soft buffer management for CA with up to 32 component carriers	“, Intel Corporation
[3]. [bookmark: _Ref430889858]R1-111322, “Soft buffer handling for Rel-10 UEs”, 	Ericsson, ST-Ericsson
[4]. [bookmark: _Ref430897817]R1-111633, “Further evaluation of soft buffer partitioning for CA”, NTT DOCOMO
[5]. R1-155186, “Soft buffer design for large number of carrier aggregation”, 	CATT
[6]. R1-156184, “Way forward on the soft buffer management for eCA”, Intel






1

