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1. Introduction
In RAN1#62 meeting, UE categories for Rel-10 were discussed, and the WF [1] was agreed; meanwhile, the agreed LS [2] was sent to RAN2/4. In the following RAN#49 meeting, endorsed CR [3] was also agreed for TS36.212 incorporating the LTE-A features: carrier aggregation (CA), DL MIMO enhancements and UL MIMO.
In this contribution, we discuss the specification work in TS36.212 related with new defined Rel-10 UE categories.
2. Soft buffer size allocation for Rel-10 UE
In TS36.212 section 5.1.4.1.2 “Bit collection, selection and transmission”, the soft buffer size allocation is done for Rel-8 UE categories, as below:
“The circular buffer of length 
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 for the r-th coded block is generated as follows:
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Denote the soft buffer size for the transport block by NIR bits and the soft buffer size for the r-th code block by Ncb bits. The size Ncb is obtained as follows, where C is the number of code blocks computed in section 5.1.2:
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for downlink turbo coded transport channels
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where NIR is equal to:
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where:

Nsoft is the total number of soft channel bits [4].

KMIMO is equal to 2 if the UE is configured to receive PDSCH transmissions based on transmission modes 3, 4 or 8 as defined in section 7.1 of [3], 1 otherwise.

MDL_HARQ ​is the maximum number of DL HARQ processes as defined in section 7 of [3].

Mlimit ​is a constant equal to 8.
……”
In Rel-10, multiple carriers (10MHz or 20MHz) can be supported by UE category 3, 4 and 6-8 [1] for carrier aggregation feature. In case of carrier aggregation, if the maximum number of HARQ processes is still limited to 8, the soft buffer for each transport block will be insufficiently used, since the maximum number of DL-SCH bits per transport block per TTI of each HARQ process is much smaller than the UE capability. On the other hand, the maximum number of HARQ processes linearly increases with the number of aggregated carriers, therefore, many error transport blocks will be dropped and ARQ will be performed when the error processes are more than 8 for both FDD and TDD, which directly impacts the system throughput.  To solve the above problems, we propose that:

· The number of HARQ processes stored in the buffer should be linearly increased with the number of aggregated carriers, and
· The soft buffer size allocation needs to be redefined for LTE-A UE.
With the agreed new UE categories for Rel-10 [1], also taking backward compatible and specification work into account, we give two solutions on fixing soft buffer size allocation for Rel-10 UE. Firstly, the parameters are denoted as following:

Nsoft is the total number of soft channel bits.
Ncarrier is the total number of UE-specific aggregated carriers.

KMIMO(nc) is equal to 2 if the UE is configured to receive PDSCH transmissions on the nc-th carrier, based on transmission modes 3, 4, 8 or 9 as defined in section 7.1 of [3], 1 otherwise.
MDL_HARQ ​is the maximum number of DL HARQ processes as defined in section 7 of [3].
Mlimit ​is a constant equal to 8.
Solution 1:  Separate soft buffer size management
The soft buffer is equally divided by aggregated carriers, and the soft buffer sizes for the transport blocks are separately derived for each carrier. For the nc-th carrier, the soft buffer size for the transport block, NIR(nc), is equal to:
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Solution 2: Joint soft buffer size management
The soft buffer is shared by multiple carriers and the soft buffer sizes for all the transport blocks are same, which is equal to:
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Assuming two carriers, CC1 and CC2, are configured to a UE for carrier aggregation, and the maximum number of HARQ processes is 8 for each carrier. Two codewords are transmitted on CC1, and one codeword is transmitted on CC2. With the above solutions, the buffer is divided into 24 parts, and one part is used to store one transport block. 
For Solution 1, the soft buffer size of each transport block for CC2 is twice as that of CC1, since the maximum number of transport blocks for CC1 is twice as that of CC2, as shown in Figure 1. 
For Solution 2, the soft buffer size of each transport block is same, as shown in Figure 2.
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Figure 1 Soft buffer allocation for Solution 1
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 Figure 2 Soft buffer allocation for Solution 2
Comparing with Solution 1, the advantages of Solution 2 are:

· The HARQ combination gain is uniform for every transport block. For Solution 1, the soft buffer size of the transport block on the carrier with two codewords transmission is smaller, thus the efficient coding rate after combining of different redundancy versions from retransmissions is higher.
· For TDD, when the number of HARQ processes is more than 8 on each carrier, the number of dropped blocks is less. Since for Solution 1, when the error blocks are more than 16 for CC1 or 8 for CC2, the next error block will be dropped. However, for Solution 2, only when the total number of error blocks is more than 24, the error block will be dropped. 
However, comparing with solution 2, solution 1 is much simpler from standardization point of view and easier implementation from soft buffer management point of view.
3. Conclusions

In this contribution, we discuss the soft buffer size allocation for Rel-10 UE, and provide two solutions for discussion. We propose that:

· The maximum number of HARQ processes stored in soft buffer should be linearly increased with the number of aggregated carriers for rel-10 UE category 1-8.

· Adopting one of above solutions with the goal to successful completion of the specification work in Rel-10.
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