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1. Introduction
RAN1 has agreed the basic principle of UE categories/capability to support LTE-A features [1]. Three new UE categories were introduced to utilize LTE-A features, and the details of those new Rel-10 UE categories can be found in [2].

In addition, it is also permitted to apply carrier aggregation to UE categories 1-5 using additional UE capability signalling. For example, 10MHz + 10MHz CA can be supported with Cat 1-5. The main motivation of allowing CA with UE categories defined in Rel-8 is for utilization in HetNet scenarios in order to mitigate inter-cell interference, especially for the control region (a.k.a CA-based eICIC).  
In this document, we discuss a remaining issue, namely how to partition the total HARQ soft buffer bits between multiple TBs when carrier aggregation is configured. 

2. Soft buffer partitioning in Rel-10

When carrier aggregation is configured, parallel HARQ processes are operated in multiple CCs (Component Carrier).  Consequently, the total number of soft buffer bits should be partitioned across multiple CCs as well as across multiple HARQ processes per CC, which means CC-related parameter(s) should be included in the equation for soft buffer size calculation.
In RAN1 #63 meeting, two approaches were introduced as follows.

· Approach 1: Soft buffer size is calculated as a function of the number of configured CCs [3].
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is the number of configured CCs.

· Approach 2: Soft buffer size is scaled with the system BW of each CC and the number of layers of configured CCs [4].
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is the number of PRBs (or bandwidth) of nc-th CC and Lmax(nc) : maximum number of DL MIMO layers on nc-th CC
If all CCs have the same BW and the same maximum number of MIMO layers, then the two equations produce the same results. However, there could be a scenario where CCs having different BWs or different maximum numbers of MIMO layers are aggregated. 
As an example, the soft buffer size of a TB (
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) is calculated in the following cases assuming that a 5 MHz (25 PRBs) CC and a 15 MHz (75 PRBs) CC are aggregated for a Cat-5 UE. Cat-5 UE has 3667200 soft bits as a total soft buffer size. Note that the number of layers per CC is assumed to be the same in this example, with a value of 4 layers. 
· Case 1

· 2 TB: both CCs are configured to transmit 2 TBs 

· Case 2
· 1 TB: both CCs are configured to transmit 1 TB 

	
	Case 1
	Case 2

	
	Approach 1
	Approach 2
	Approach 1
	Approach 2

	5 MHz
	114600
	57300
	229200
	114600

	15 MHz
	114600
	171900
	229200
	343800


Table 1: soft buffer size for a TB
2.1. Impact on the effective code rate

In order to assess the impact of the different soft buffer sizes, we calculate the effective code rate of the maximum TBS (TB size) in each case.  Due to the limited soft buffer size, the effective code rate is higher than the mother code rate (1/3) for the maximum TB size case. Such a higher effective code rate would affect the performance because less IR gain from HARQ retransmissions can be obtained. 
The effective code rate is defined by Reff = maximum (TBS/soft buffer size, 1/3). 

	
	
	Case 1 (2 TBs per CC)
	Case 2 (1 TB per CC)

	 
	Max TBS
	Approach 1
	Approach 2
	Approach 1
	Approach 2

	5MHz
	36696
	0.33
	0.64
	0.33
	0.33

	15MHz
	110136
	0.96
	0.64
	0.48
	0.33


Table 2 : Effective code rate
Looking at the above calculations, approach 1 increases the effective code rate for the 15MHz CC.  In case of 2 TB, the effective code rate with approach 1 is almost as high as 1, while the effective code rate with approach 2 is 0.64.

There was analysis about the impact of the limited buffer rate matching (LBRM) on PDSCH performance [5]. If the target operating point is around 10%, the effective code rate =0.67 with LBRM does not give any loss in throughput. However, if the target operating point is 1 (i.e. at least one HARQ retransmission will always be required), SNR degradation with LBRM is 1~2dB in case of the effective code rate=2/3. In case the effective code rate is 0.96, the performance degradation would be larger. 
2.2. Implementation complexity
Both approaches require soft buffer size recalculation and repartition when a CC is added or removed with RRC reconfiguration. In addition, there is no repartition of soft buffer size in case of the transmission mode change because the soft buffer size is calculated with the number of CC and bandwidth and then, divided with the number of TBs. It means that there is no difference in calculation of soft buffer size from UE implementation point of view. 
Another aspect is the handling of different soft buffer sizes. As shown in Section 2, approach 1 provides the same soft buffer size across all CCs, while approach 2 provides potentially different soft buffer sizes across CCs depending on BW and/or the maximum number of layers for each CC. Soft buffer sizes would involve setting the appropriate memory pointers (i.e. a pointer for each buffer to indicate where that buffer starts in memory) and buffer lengths. Therefore, the incremental implementation complexity of allowing different soft buffer sizes across different CCs should not be significant.   
3. Conclusion

Based on discussion in Section 2, the following is observed. 
· Approach 1 results in a higher effective code rate in the CC having the larger BW as compared with approach 2. 

· There would be no significant implementation complexity involved with approach 2 as compared with approach 1. 

We would like RAN1 to take into account the above observation in deciding the soft buffer size calculation. 
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