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1 Introduction
Carrier aggregation has been discussed to support transmission bandwidths larger than 20MHz in LTE-Advanced [1]

 REF _Ref206213287 \r \h 
[2]

 REF _Ref206213288 \r \h 
[3]. In this contribution, the mapping of transport blocks onto component carriers and the related PDCCH signaling are discussed. 
2 Discussion   

Below, two alternatives for the transport block mapping on aggregated carriers and for the related PDCCH signaling are discussed. 
Alternative 1: transport blocks mapped within component carriers
A simplified transport block processing chain (for non-spatial multiplexing) is illustrated in Figure 1. In case of spatial multiplexing, multiple transport blocks are transmitted in a component carrier. 
This alternative allows link adaptation (MCS/Rank selection) per component carrier. Because channel conditions of each component carrier are not correlated especially for non-contiguous aggregation case (i.e. aggregation of carriers on different frequency bands), this allows for efficient link adaptation. 
HARQ is performed within a component carrier. This achieves efficient HARQ operation because transport blocks are retransmitted per component carrier and new data can be transmitted on the remaining component carriers. Since the error probabilities of the carriers are not correlated due to the different channel/interference conditions, separate HARQ operations would be more suitable. On the other hand, the ACK/NACK signaling increases. However, since the data rate is increased, the increased ACK/NACK overhead seems to be reasonable. 
Another merit is that the design of the release 8 components can be reused in more efficient way compared to other alternatives. This could reduce the time for the standardization and the time for the commercialization of LTE-A.
One possible demerit is the distribution of a small allocation across multiple component carriers. In this case, the channel coding and diversity gain could be reduced. However, this is not considered as a drawback since the (small) RB allocation could be done within a single component carrier, which results in one larger transport block mapped on larger number of RBs. Note that the difference of coding gain is small for data size larger than several hundred bits and the overall loss on system level would be negligible. 
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Figure 1: TB mapped within component carrier (alternative 1)

For this alternative, we compare two PDCCH signaling schemes. In one scheme, individual PDCCHs are used to indicate the individual transport blocks mapped on the different component carriers. The transmission/reception of multiple PDCCHs per UE is required, but the DCI formats defined for LTE may be reused. 
In another scheme, one PDCCH assigns multiple transport blocks on multiple component carriers. Then the overhead for the CRC (UE ID) bits can be reduced. Possibly also the overhead for other PDCCH fields can be reduced. However, for sure new DCI formats need to be defined. The payload size varies depending on the bandwidth of each component carrier and additionally depending on the aggregation size. Since we assume that the carrier aggregation size depends on the UE capability and is additionally semi-statically configured for each UE for downlink and uplink, large varieties of PDCCH payload sizes need to be handled. 

Alternative 2: one transport block mapped across aggregated carriers
The simplified transport block processing chain is illustrated in Figure 2. 

One transport block is mapped across all configured component carriers. Therefore, the transport block size can be maximized. This is beneficial from a channel coding point of view. However, as mentioned above, this is not a significant merit because it is not necessary to allocate RBs on multiple carriers when only a small transport block is transmitted.
One HARQ process is performed in a subframe. Since a resource block allocation can span multiple carriers, the transport block size can be very large. Then, it is inefficient that the whole transport block is retransmitted although only selected code blocks may be in error, as discussed in [4].  A potential benefit is that only a single ACK/NACK is needed. 
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Figure 2: TB mapped across aggregated carriers (alternative 2)
For this alternative, one PDCCH assigns one transport block (in case of non-spatial multiplexing). Therefore, it is necessary to extend the resource block assignment field in each DCI format to support allocations larger than 20MHz. Although only one PDCCH is necessary, even when multiple component carriers are configured to a UE, it will occur that only a small number of RBs on one carrier is assigned. In this case, the PDCCHs containing large resource block assignment fields are not efficient. 
3 Conclusion
In this contribution, we discuss the mapping of transport block onto component carriers and the related PDCCH signaling for carrier aggregation in LTE-Advanced. We discussed two alternatives with respect to signaling overhead and performance. For the first alternative, where transport blocks are mapped within component carriers, link adaptation and HARQ can be performed efficiently. For the second alternative, where one transport block is mapped across component carriers, the link adaptation and HARQ is less efficient. However, ACK/NACK and PDCCH overhead would be minimized in case of large transport block sizes. We currently have a slight preference on alternative 1, however, we would like to continue the discussion. 
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