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1. Introduction

In TR36.913 ‎[1], it is stated that LTE-Advanced should support wider bandwidth than LTE Rel-8, up to 100 MHz. Typically contiguous spectrum is used but ‎[1] states that non-contiguous spectrum should be supported considering reasonable UE complexity. Furthermore, it is stated that operation of LTE and LTE-Advanced should be possible in the same spectrum. This is similar to R99 and HSPA terminals sharing the same carrier.
Component carriers can in principle be of any bandwidth in the range from 6 to 110 resource blocks. Thus, at this stage, there is no reason to prohibit aggregation of component carriers also for spectrum allocations less than 20 MHz. 

The rest of this paper discusses some high-level design aspects on carrier aggregation, equally applicable to FDD and TDD.

2. MAC-PHY interface

With carrier aggregation, the single data stream at some point needs to be divided across the different component carriers. From a MAC perspective, (at least) two alternatives can be foreseen:

1. Aggregation of the data streams on the component carriers is done at the MAC layer

2. Aggregation of the data streams on the component carriers is done at the physical layer

The two alternatives are illustrated in Figure 1.
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Figure 1: Two alternatives for carrier aggregation.

The two alternatives have different properties. Properties of alternative 1 include:

· One transport block per component carrier (two transport blocks in case of spatial multiplexing) 

· Allows for link adaptation per component carrier (different modulation schemes, different coding rates, different transmission rank). This is especially useful in combination with non-contiguous component carriers.

· Hybrid-ARQ retransmissions per component carrier. TDD-like mechanism can be used to either “bundle” the acknowledgements into a single message or to feed back multiple individual acknowledgements.

· Maintains the physical layer design for each component carrier

· Small specification impact (same transport-block sizes, etc). LTE implementations (hardware, software) can be reused.

Properties of alternative 2 include:

· One transport block in total (two transport blocks in case of spatial multiplexing)

· No (or limited) possibilities for link adaptation per component carrier.

· Hybrid-ARQ retransmissions done across all component carriers

· Some redesign of the physical layer

· Additional standardization effort. May impact the possibility to reuse existing LTE Rel-8 implementations.

From an implementation and standardization perspective, alternative 1 is clearly preferably as it allows for a greater reuse of existing structures and decisions. Furthermore, allowing for link adaptation, including rank adaptation, in the frequency domain, i.e., adaptation per component carrier, becomes increasingly important if the component carriers are located in vastly different parts of the spectrum. This speaks in favor of alternative 1.  Also, the very large transport block sizes resulting from a single transport block across all component carriers as in alternative 2, may not be efficient from a hybrid-ARQ protocol point-of-view in all scenarios. Thus, it is recommended to focus the work on structure 1 for further work on LTE-Advanced.

Proposal: Adopt alternative 1 for LTE-Advanced (hybrid-ARQ per component carrier). 
3. Uplink transmission scheme

A LTE-Advanced terminal obviously needs to be able to access a base station implemented according to the Rel-8 specifications. Therefore, the Rel-8 transmission scheme (DFTS-OFDM) as well as the Rel-8 uplink control signaling structure need to be supported by all LTE-Advanced terminals when transmitting on a single component carrier. 

Two techniques have been discussed for extending the Rel-8 uplink transmission scheme to multiple component carriers: Nx-DFTS-OFDM, where the DFT precoding is done per component carrier, and clustered DFTS-OFDM (CL-DFTS-OFDM), where the DFT precoding is done across the component carriers. The two alternatives are illustrated in Figure 2.

Both of these schemes provide good cubic metric properties with CL-DFTS-OFDM being slightly better than Nx-DFTS-OFDM for contiguous spectrum (i.e. when a single PA is used for multiple component carriers). However, CL-DFTS-OFDM is less suitable for non-contiguous spectrum as a single PA is an underlying assumption behind the CL-DFTS-OFDM structure. Nx-DFTS-OFDM is clearly a better alternative in this case. Furthermore, Nx-DFTS-OFDM allows for a reuse of Rel-8 specification and implementations. It is also better matched to alternative 1 in Section ‎2 and allows for adaptation per component carrier. Therefore, it is proposed to use Nx-DFTS-OFDM when extending Rel-8 uplink transmission to multiple component carriers.

Proposal: Adopt Nx-DFTS-OFDM for LTE-Advanced (one DFT per component carrier). 
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Figure 2: Uplink transmission schemes.
4. Conclusions

It is proposed to capture the following in the RAN1 technical report on LTE-Advanced:

· Alternative 1 is used for LTE-Advanced (hybrid-ARQ per component carrier). 
· Nx-DFTS-OFDM is used for LTE-Advanced (one DFT per component carrier).
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