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1 Introduction

Soft buffer partitioning needs to be revisited due to Carrier Aggregation (CA) capabilities of the new UE categories defined in Rel-10. In defining these categories, factors including DL MIMO, UL MIMO, and CA Rel-10 enhancements were examined in RAN1#62. This contribution discusses the proposed soft buffer partitioning methods in terms of their performance, complexity, standards impact, and testing.
2 Comparison of Proposals for Soft Buffer Partitioning
The soft buffer partitioning methods under consideration in the contribution are
· The equal partitioning method where the rate matching parameter Nsoft is divided equally per component carrier (CC);
· The full overbooking method where Nsoft is the same as the single CC case regardless of the number of configured CCs.

Also considered are

· The proportional partitioning method where Nsoft is a function of the bandwidth of each CC. This method is a generalization of the equal partitioning method;
· The overbooking with discarding method where the UE can discard soft bits if there is overflow in the soft buffer.
2.1 Performance with Equal and Non-Equal Bandwidth CCs
As shown in [1], the performance of various soft buffer partitioning methods was compared for CA scenarios of CCs with equal and non-equal bandwidth. Based on these comparisons, the following observations can be drawn:
· With equal bandwidth CCs, the performance of equal partitioning is almost the same as the other more complicated solutions. 
· With non-equal bandwidth CCs, there is a performance degradation with equal partitioning. However, the performance of proportional partitioning is almost the same as the other more complicated solutions.

· With the full overbooking approach, there is a performance degradation under certain assumptions. The degradation is larger in TDD systems.

· The performance of overbooking with discarding at the UE appears acceptable for certain scenarios.
Note that these simulations were conducted under extreme assumptions, such as the highest modulation and code level, full bandwidth utilization, high rank MIMO transmission, etc., in order to quantify performance differences. Despite these extreme assumptions, equal partitioning and the proportional partitioning have acceptable performance. Furthermore, proportional partitioning has the added benefit of having acceptable performance in configurations such as 5+15 MHz CCs. 

2.2 Complexity and Standards Impacts

Considering both standards impacts and implementation at the eNB and UE, the methods examined may be ordered from least to most complexity/impact as follows: 
· The standards impact of equal partitioning is small in RAN1 specifications. Equal partitioning has the lowest implementation complexity for the case of equal bandwidth CCs. With non-equal bandwidth CCs, the effective mother code rate for each CC is different. For certain MCS and transport block sizes combinations, the code rate can be high or even larger than 1. Since the UE can decide not to decode when the code rate is above 0.930 [4], the number of retransmissions can increase.  
· The standards impact of proportional partitioning is similar to equal partitioning. Regardless of the bandwidth ratio of the CCs, the code rate can be maintained at a reasonable level with proportional partitioning. The UE has slightly higher implementation complexity than equal partitioning to handle proportional splitting of the soft buffer when the bandwidth of the carriers is different, rather than always equally splitting. 

· The standards impact of full overbooking is very limited or none. However, since the UE behaviour is not specified for managing the soft buffer, the eNB does not know which soft bits are kept. In addition, a more intelligent design for managing of the soft buffer compared to equal partitioning is needed at the UE which increases complexity.
· The standards impact of overbooking with discarding is the most significant of the options, as the UE behaviour of which soft bits are discarded must be specified. From the eNB perspective, the implementation must consider this discarding for retransmissions. The UE must also implement a discarding procedure when storing soft bits.
The solution with less complexity/impact is preferred.
2.3 UE Testing Issue

Testing of UE behaviour is another important aspect to consider when selecting the soft buffer partitioning method for CA. For methods that divide the soft buffer among the CCs at the UE, testing of the soft buffer limit can be accomplished by a per-CC based approach. However, partitioning methods that allow dynamic sharing of soft buffer across CCs may require new test method to determine whether the design is implemented properly at the UE. In addition, it is likely that RAN4 will only define very limited cases to test the soft buffer design at the UE. Currently, 10+10 MHz and 20+20 MHz CA scenarios are the most common cases being considered for CA testing in RAN4 [3]. 
With the current consideration of CA testing in RAN4, the following can be observed for different partitioning methods assuming 2 CCs for CA:
· For equal partitioning with 2 CCs, the soft buffer size per each CC is then fixed for a certain UE category. The main aspect to test is the ratio of the bandwidth of the CCs and the soft buffer size per CC. There may be a limited number of test cases for typical CC bandwidths.
· For proportional partitioning with 2 CCs, the soft buffer size for each CC depends on the ratio of the bandwidths of the 2 CCs. Although the ratio between the bandwidth and the amount of soft buffer of the CC remains relatively stable, there may multiple test cases for typical CC bandwidths. Note that with 10+10 MHz and 20+20 MHz CA scenarios for testing, proportional partitioning is the same as equal partitioning.
· In order to test the proper implementation of full overbooking scheme, the per-CC metric for testing may not be appropriate. Its testing thus needs new performance requirements.
· Since overbooking with discarding at the UE also divides the soft buffer among the CCs, the per-CC metric for testing is applicable. However, its testing may need additional performance requirements. 
Therefore, the requirements created by RAN4 may focus on simple implementations to specify the impact of soft buffer sizes. Methods that dynamically share the soft buffer, such as both overbooking methods, may require RAN4 to devise more complex testing procedures and requirements.
Conclusions
Based on the above discussions, a simple approach which requires less implementation, standardization, and testing work should be adopted. If CA scenarios with non-equal bandwidth CCs are not deemed important cases for Rel-10, then equal partitioning should be adopted in Rel-10 while more advanced approaches can be considered for Rel-11. However, if CA scenarios with non-equal bandwidth CCs are deemed important, then proportional partitioning should be adopted. 
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