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1 Introduction
In the RAN#66 plenary meeting a Rel-13 work item on carrier aggregation (CA) enhancements was approved [1]. The main objective of the work item is to specify CA operation for up to 32 downlink component carriers. One of the important aspects of UEs supporting such CA configuration is the total number of soft channel bits that the UE receiver should be capable of storing in case of erroneous PDSCH reception. In the case of Release 8-12 UE categories (which may support CA with up to 5 downlink CCs), the number of soft channel bits has been linearly scaled with the maximum data rate to guarantee sufficient amount of memory for storing the received channel bits from all HARQ processes (in FDD) of all supported CCs. Additionally, the total available memory should be equally split among the CCs to guarantee the same HARQ efficiency on all CCs. In principle, the same approach may be reused for Rel-13 UE categories supporting more than 5 CCs. However, considering that one of the main use cases of the enhanced Re-13 CA with more than 5 CCs would be LAA (LTE in unlicensed spectrum), the existing approach for choosing the soft buffer size should be revisited considering link adaptation and efficiency of HARQ operation in the unlicensed carriers. The management of the soft buffer should be also updated accordingly.
2 Discussion on the number of soft channel bits 
Figure 1 illustrates the dependency of the soft buffer size (total number of soft channel bits a UE should be able to store) on the data rate values supported by the UE for the most commonly used UE categories. It can be seen that the total memory size for storing soft channel bits is linearly scaled with the maximum data rate supported by the UE (except for Rel-12 UE category 13).
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Figure 1: Total number of soft channel bits vs. maximum data rate for Rel. 8-12 UE categories

While this approach may be kept for new Rel-13 UE categories and beyond, further justification and study of keeping the same principle is required due to relative high cost of supporting larger memory size. More specifically, the use of CA with more than 5 CCs implies that some of the CCs would be configured in the unlicensed spectrum in the context of LAA and, therefore, would be mostly protected from inter-cell interference by the used LBT (Listen Before Talk) mechanism. The LBT mechanism typically reduces the link adaptation errors that occur due to bursty interference. The contribution of the channel variance due to Doppler in the possible link adaptation errors would also be limited on such carriers because of the low mobility expected from the involved UEs. It should be also noted that the contention-based access on unlicensed carriers might require the significantly lower target BLER to be selected by the eNB than typically used for licensed carriers. The lower target BLER value would be helpful in order to minimize the packet delivery delays which could be higher in unlicensed carriers than in licensed carriers due the contention-based access mechanism to the medium. Considering also that RAN2 had no consensus on introducing moving HARQ retransmissions to other carriers [2], the existing approach for choosing soft buffer size by allocating the same amount of memory for unlicensed carriers as for licensed carriers is not well founded. Furthermore, considering more general scope of supporting CA with up to 32 CCs only in the licensed carriers, it seems almost unlikely to observe situation when the PDSCH transmission on all CCs and 8 HARQ processes simultaneously fails to justify memory allocation beyond certain limit. Therefore, other cost-efficiency approaches, e.g., “reduced” soft buffer size”, to support Rel-13 UE categories with more than 5 CCs should be considered. For example, the total number of soft channel bits Nsoft’ for storing the received bits may be kept constant regardless of the maximum data rate supported by the UE and selected, for example, in accordance to the soft buffer size for the reference UE category, e.g., Rel-12 UE category 16 supporting 5 CCs with Nsoft’ = 12789504. Since the total memory would be constrained regardless of the number of CCs, the unequal soft buffer partitioning in different CCs needs to be considered w.r.t. link adaptation accuracy and HARQ. In consequence, a new soft buffer management rule for storing soft channel bits should be also considered.
3 Discussion on the soft buffer management for storing received bits
The soft buffer management of the UE is defined in TS 36.213 and supports equal partition of the total available memory across all HARQ processes (in FDD) and CCs. The current rule for storing soft channel bits also implies that all CCs would have similar priority w.r.t storing the received soft channel bits. 
	7.1.8
Storing soft channel bits

For FDD, TDD and FDD-TDD, if the UE is configured with more than one serving cell or if the UE is configured with a SCG, then for each serving cell, for at least 
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 transport blocks, upon decoding failure of a code block of a transport block, the UE shall store received soft channel bits corresponding to a range of at least 
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 are defined in subclause 5.1.4.1.2 of [4]. 
MDL_HARQ is the maximum number of DL HARQ processes. 


At the same time, if the total number of soft channel bits would be constrained as proposed in Section 2, the existing approach of equal memory splitting should be revisited. More specifically, as discussed above, due to LBT the link adaptation accuracy on the unlicensed carriers would be better than on the licensed carrier. In addition, due to contention based access, that target BLER for the initial transmission on the unlicensed carriers would be significantly reduced by the eNB to minimize the possible packet delays. In this case, the probability of retransmission and, therefore, the importance of HARQ optimization w.r.t to the memory size for the unlicensed carriers are reduced compared to the licenced carriers.
One approach to modify the existing soft buffer management scheme is to perform equal memory partition across limited (instead of all) number of CCs (e.g., 5) that may correspond, for example, to the maximum number of licensed carriers. Such memory partition would guarantee a sufficient (i.e., same as in Rel-12) amount of memory for HARQ operation for the reference carriers. The possible alternatives for the number of reference carriers may depend on the actual UE category to be defined in Rel-13 and beyond. Therefore, the reference number of carrier for storing soft channel bits can be decided during UE category discussion.

To better control the storing procedure of the received soft channel bits from different CCs at the UE, some prioritization rules may be defined. For example, storing the received channel bits from the CCs of the licensed carriers may be given a higher priority. With the proposed approach the received channel bits from CCs of unlicensed carriers can be also stored, but only when the corresponding memory of the reference carriers is not used. The priority for storing the received channel bits may be also configured via higher layer signalling to support more general enhanced CA framework in the licensed carriers only.
The illustration of the conventional approach based on equal memory partition across all CCs and the proposed approach based on equal memory partition across a reference number of CCs is shown in Figures 2a and 2b, respectively. In Figure 2 CA with 3 CCs is assumed, where the first 2 CCs (shown in yellow and green) are the reference carriers (i.e., correspond to the licensed band). As it can be seen from Figure 2b, the memory allocation size for the reference CCs would be increased to the size supported by the Rel-12 UE categories and the storing of soft channel bits form those CCs would be performed with higher priority. The storing of received soft channel bits from the 3rd (not reference) CC corresponding to the unlicensed carrier is also performed by using unused memory which is not allocated to the first 2 reference CCs.
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(a) Rel-12 soft buffer management








(b) Proposed soft buffer management

Figure 2: Illustration of the equal soft buffer memory partition scheme
4 Summary

In this paper, we discuss the issue of the total number of soft channel bits for Rel-13 and beyond UE categories supporting more than 5 component carriers. It is proposed to further discuss whether new Rel-13 UE categories should have their soft memory size selected linearly with the highest data rate (i.e., follow the UE category definition principles used up to Rel-12). Based on the discussion, it is recommended to limit the soft memory size in accordance to some reference number of CCs in order to reduce the UE cost. Since the number of reference carriers may depend on the actual UE category, the number of reference carriers for storing soft channel bits can be decided during UE category definition. At the same time given that the total memory would be constrained and different CCs in Rel-13 may not be equivalent w.r.t link adaption accuracy and HARQ operation, we propose to define a new soft buffer management scheme for storing soft channel bits. The scheme should support unequal priorities for different component carrier w.r.t to storing the received channel bits in case of decoding failure.
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