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1
Introduction
The inter-band carrier aggregation of TDD component carriers (CCs) with different configurations will be supported in Rel-11. This paper discusses one of the remaining issues related to determining the number of DL HARQ processes to calculate soft channel bits storage in TDD inter-band CA. 
2
Discussion
2.1 

Calculation of Soft Channel Bits Storage
In Rel-10, the minimum number of soft channel bits storage is calculated as follows:
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where MDL_HARQ ​is the maximum number of DL HARQ processes.

In Rel-11 TDD CA of different UL-DL CC configurations, the MDL_HARQ may be different among the serving cells. The Rel-10 formula needs to be adjusted to take that into account. However, it is also desirable that the calculation for the PCell does not get impacted by the configuration dependent MDL_HARQ of the SCells. Note that such dependency would result in the PCell buffer changes every time a SCell changes UL-DL subframe configuration. Hence, two principles need to be accommodated in the soft buffer calculation

· Maintain Rel-10 soft buffer management behavior on PCell
· Optimize the soft buffer management for SCells (when there are 2 or more SCells), taking into account SCell’s MDL_HARQ values.
Based on that, we propose the following:

· For PCell calculate the storage for soft buffer bits based on PCell MDL_HARQ
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· For SCells calculate the storage for soft buffer bits based on the number of HARQ processes across SCells, excluding the buffer portion designated for PCell. The leftover storage (after the storage for PCell is accommodated) is distributed equally among the aggregated HARQ processes of all SCells. Note that if the number of HARQ processes across SCells is not the same, the split of the soft buffer is no longer the same across SCells.
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where MDL_HARQ_i ​is the maximum number of DL HARQ processes for the SCell i.

2.1 

Maximum Number of DL HARQ Processes
As specified in 7.1.8 of TS36.213, the soft channel bits storage are function of the maximum number of DL HARQ processes (MDL_HARQ).  When carriers of different TDD configurations are aggregated, the corresponding MDL_HARQ may be different among the serving cells, and so it is not clear which value to choose for the calculation. Several proposals were discussed. In case when SCell follows DL HARQ timing specified by reference UL-DL configuration which is different from UL-DL configuration indicated by SIB1 on the SCell (at least in DL Case A), the value of MDL_HARQ could be determined as:
· Alt1-1: Rel-8 defined MDL_HARQ of SIB1 indicated UL-DL configuration on the SCell
· Alt1-2: Actual number of DL HARQ processes
· Alt1-3: Rel-8 defined MDL_HARQ of the agreed reference UL-DL configuration.
Alt1-1 does not seem to be a good choice as it leads to frequent mismatch between assumed and actual number of HARQ processes.

Alt1-2 is efficient for the HARQ operation and soft buffer utilization, but it involves additional standardization and implementation effort. Namely, the table for the maximum number of HARQ processes would have to be extended to capture new values that may be an outcome of different TDD configuration combinations, and incorporated into the calculation for minimum buffer size calculation. It seems that effort may not justify possible benefits offered by this approach. 
Finally, Alt1-3 seems to offer a good trade-off between the standardization/implementation effort and efficient operation. This alternative is simple and the value range of MDL_HARQ is the same as Rel.10, but the used value is not always optimized as in Alt.1-2. In case of cross-carrier scheduling, SCell MDL_HARQ would adopt the value specified for PCell TDD configuration. For the UL heavy PCell, the adopted value is appropriate, since the same number of DL subframes on PCell and SCell can be scheduled. On the other hand, this approach is suboptimal when the PCell is DL heavy as the number of HARQ processes for the SCell is overprovisioned. In case of self-scheduling, SCell MDL_HARQ would adopt the value specified for its own TDD configuration and hence Rel-10 behavior applies.
We believe that if there is a mismatch, it is better to have fewer HARQ processes assumed than the real number of HARQ processes. Maximizing the actual memory utilization is very important for CA, where the loss of memory due to overprovisioning of what is actually needed is especially pronounced. Hence, the scheme to be adopted needs to abide to the following principles:

· No HARQ process overprovisioning, i.e. number of HARQ processes MDL_HARQ for a SCell is not larger than the actual number of HARQ processes of that cell for a specific TDD CA
· No new values for MDL_HARQ are introduced in Rel-11.

In order to merge the best features of the alternatives, we propose the following: 

· Denote the actual number of HARQ processes on an SCell with 
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for this SCell is determined as: 
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Alternatively, instead of the set of {4,6,7,9,10,12,15}we can consider the set {4,6,7,8} to upfront account for the limit of 8, imposed in the calculation as defined in TS36.213, section 7.1.8. 
Again, we note that when there is a mismatch between assumed and actual number of HARQ processes for an SCell, it is in general better to apply overbooking, i.e. 
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.  This is because the latter sets aside soft buffer memory that cannot be used. 

3
Conclusions 

In this document we addressed the remaining issues related to calculating the soft channel bits storage in TDD inter-band CA. 
We propose to adopt the following principles for soft channel bits storage calculation:

· Maintain Rel-10 soft buffer management behavior on PCell
· Optimize the soft buffer management for SCells (when there are 2 or more SCells), taking into account SCell’s MDL_HARQ values.
To calculate the MDL_HARQ values, we propose to adopt the following principles:
· No HARQ process overprovisioning, i.e. number of HARQ processes MDL_HARQ for a SCell is not larger than the actual number of HARQ processes of that cell for a specific TDD CA configuration
· No new values for MDL_HARQ are introduced in Rel-11.

Any allocation method that is simple and that follows the above simple rules could be adopted.  In particular, we propose the following: 
Proposal 1

· For PCell, the storage for soft buffer bits is determined as: 
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where MDL_HARQ  ​is the maximum number of DL HARQ processes for the PCell.
· For SCells, the storage for soft buffer bits is determined as: 
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where MDL_HARQ_i ​is the maximum number of DL HARQ processes for the SCell i.

Proposal 2
Denote the actual number of HARQ processes on an SCell with 
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for this SCell is determined as: 
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