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1. Introduction
The support of up to 100MHz system bandwidth is required for LTE-Advanced to meet the ITU-R requirements. For this purpose, the support for carrier aggregation was agreed in RAN1#53b [1]:
Carrier aggregation, where two or more component carriers are aggregated, is considered for LTE-Advanced in order to support downlink transmission bandwidths larger than 20 MHz. 

A terminal may simultaneously receive one or multiple component carriers depending on its capabilities:

· An LTE-Advanced terminal with reception capability beyond 20 MHz can simultaneously receive transmissions on multiple component carriers.

· An LTE Rel-8 terminal can receive transmissions on a single component carrier only, provided that the structure of the component carrier follows the Rel-8 specifications.

In general, our preferences on carrier aggregation numerology are

· Carrier aggregation numerology shall comply with Rel-8 to support backward compatibility.

· The existence, as well as the size, of guard band between component carriers is a RAN4 issue.

· Asymmetric carrier aggregation in DL and UL can be supported for FDD, to enable flexible deployment scenarios. Asymmetric DL/UL carrier aggregation for TDD is less motivated since TDD already has asymmetric DL/UL subframe configurations.  

· From the perspective of RAN1 specifications, the support of higher bandwidth should be agnostic with respect to contiguous or non-contiguous carrier aggregations. 

· All component carriers shall be possibly configured to be Rel-8 compatible.

In this contribution, we discuss several additional issues related to carrier aggregation: 
· Transport block (TB) mapping and HARQ
· Downlink control signaling
· Uplink control signaling

We assume that backward-compatibility with Rel-8 is maintained as much as possible.
2. Transport Block Mapping
For the Rel-8 E-UTRA, up to two transport blocks (TBs) can be supported for a scheduled UE depending on the number of transmission layers. For one-layer transmission, however, only one TB can be assigned per UE within the system bandwidth (≤ 20-MHz). To support carrier aggregation of multiple component carriers, two schemes that are illustrated in Fig 1 have been considered [2, 5, 6] assuming one-layer transmission:
· Scheme 1: One TB and HARQ entity  per component carrier
· Scheme 2: One TB and HARQ entity for the entire aggregated component carriers
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Figure 1. Two schemes for TB and HARQ mapping (figures are taken from [5])
As argued in [8], scheme 1 is preferred for downlink:

· Scheme 1 is expected to offer more robust HARQ performance. In addition, it comes with extra link adaptation flexibility.

· Compared to scheme 1, scheme 2 offers marginal frequency diversity gain for practical channels. In addition, the additional coding gain due to the reduced occurrence of small TBs is significant only for a limited number of scenarios.
· Scheme 1 incurs marginal impact on RAN1 specifications.
· The smaller number of TBs and HARQ entities for scheme 1 may be appealing especially for L2. At the same time, multiple HARQ ACK/NAK feedback in UL corresponding to DL transmissions on multiple component carriers can be accommodated by the methods of ACK/NAK bundling and ACK/NAK multiplexing, similar to Rel-8 TDD. 

For uplink, the TB segmentation scheme is largely dependent on the choice of UL multiple access for LTE-A. It is apparent that scheme 1 possesses a greater affinity with Nx SC-FDMA compared to the clustered DFT-SOFDMA. Since our preference is Nx SC-FDMA, scheme 1 is also preferred for uplink.
3. Downlink Control Signaling
For TB mapping scheme 1 (one TB per component carrier), it is possible to either:

· Assign one L1/L2 control entity (including PCFICH, PHICH, and PDCCH) for each of the assigned component carriers (alternative 1), or 
· Assign a single L1/L2 control entity which carries the control information associated with all the component carriers (alternative 2) [4 – 7]. 
The first alternative incurs minimum L1 specification impact for LTE-A since the currently defined DCI formats and L1/L2 control channel design can be reused for each component carrier. On the other hand, the number of PDCCH blind decodes scales with the number of component carriers. In addition, assuming per component carrier HARQ ACK/NAK feedback, each ACK/NAK bit has three hypotheses, i.e. ACK/NAK/DTX. With N component carriers, the maximum number of UL ACK/NAK hypotheses is therefore 3^N.

The second alternative composes a single L1/L2 control entity from concatenating those from different component carriers, which requires a new DCI format. Assuming per component MCS and HARQ, the size of the new DCI format for LTE-A may be substantially larger than those of Rel-8. On the other hand, one of the benefits of the second alternative is that the maximum number of ACK/NAK hypotheses in UL is 2^N + 1, since ACK/NAK DTX occurs on all scheduled component carriers.   

In addition, a mechanism which allows the UE to monitor only one component carrier is beneficial in terms of UE power consumption (see, e.g. [6]). Since the UE power consumption is dominated by the RF/analog front-end, not having to monitor all the component carriers seems quite important especially when the UE does not always receive PDSCH/PUSCH assignments in all of the component carriers.  
Given the above consideration, a third alternative illustrated in Figure 2 is preferred. An LTE-A UE monitors a semi-dynamic triggering PDCCH on its designated component carrier. The designated component carrier is UE-specific and can be signalled via higher layers. The contents of the semi-dynamic triggering PDCCH on subframe n may contain the following information, which is effective from subframe n+k, where 
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· The set of active component carriers, where the RF/analog front-end shall be activated 
· Valid duration of the active component carriers

· CCE aggregation level on each active component carrier.
Therefore, upon detecting the semi-dynamic triggering PDCCH on subframe n, the LTE-A UE shall actively monitor the PDCCH on the set of activated component carriers, until the valid duration times out. In addition, a single LTE-A PDCCH containing all scheduling information on multiple component carriers is preferred. The single LTE-A PDCCH can be transmitted in multiple component carriers (as shown in Figure 2), or transmitted in one component carrier (as shown in Figure 3). 
The benefits of the third alternative are
· An LTE-A UE only needs to monitor the active component carriers, which are signalled in the semi-dynamic triggering PDCCH. Thereby power savings are achievable since the UE is not required to always operate its analog front-end assuming the reception of all component carriers. Further, by default (i.e. without a valid semi-dynamic triggering PDCCH), the LTE-A UE shall only monitor its designated component carrier for semi-dynamic triggering PDCCH and other scheduling information.
· The CCE aggregation level on each active component carrier is explicitly signalled, thereby reducing the number of blind decodes.

· The number of UL ACK/NAK feedback hypotheses is reduced, which possibly enables more reliable ACK/NAK DTX detection as well as UL ACK/NAK feedback design in LTE-A. 

Regarding synchronization signals and PBCH, it is preferred to transmit PSS, SSS, and PBCH on each component carrier as suggested in [2, 7]. As the additional overhead is small, this avoids restricting Rel-8 UEs to a certain designated 20-MHz component carrier (where PSS, SSS, and PBCH are located) since Rel-8 UEs are not designed to assess PSS, SSS, and PBCH in another component carrier. 
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Figure 2. Example of LTE-A PDCCH design, single LTE-A PDCCH transmitted on multiple component carriers 
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Figure 3. Example of LTE-A PDCCH design, single LTE-A PDCCH transmitted on one component carrier 

4. Uplink Control Signaling

Carrier aggregation for PUCCH and for PUSCH can be considered independently from each other since PUCCH and PUSCH occupy separate RBs as specified in Rel-8 E-UTRA. To maintain the backwards compatibility constraint for PUSCH, there are two possible alternatives:
1. An LTE-A network can reserve certain portions of the bandwidth for PUCCH-only transmission of LTE-A UEs. Depending on the allocation strategy, different alternatives of downlink signalling such as RRC, SIB, or PDCCH can be used to inform the LTE -A UE which resources to use for PUCCH. Implicit allocation can also be used (e.g. via CCE index mapping). Consequently, LTE-A UEs are permitted to transmit PUCCH either in this reserved resources, or alternatively, in the PUCCH resources shared by Rel-8 UEs as well. In this solution, multiplexing between LTE and LTE-A UEs can be purely FDM, even for PUCCH. This option is attractive because it leaves the most flexibility for defining and optimizing new formats for LTE-A PUCCH transmission. Despite the flexibility, the following two issues need to be further studied:
a. Backwards compatibility issue whenever an LTE-A UE connects to a Rel-8 LTE network. If such type of backward-compatibility is to be supported, an LTE-A UE shall fall back to the Rel-8 PUCCH transmission formats. 

b. A certain amount of inefficiency in multiplexing between LTE and LTE-A UEs would remain. For example, even if a single Rel-8 UE is connected to an LTE-A network, at least one separate resource shall be reserved for PUCCH transmission of the Rel-8 UE. Consequently, FDM multiplexing of LTE and LTE-A UEs on separate PUCCH resources can lead to inefficiencies.

2. No dedicated resources are allocated for PUCCH transmission of LTE-A UEs. For example, for dynamic ACK/NAK signalling, the mapping function of CCE to resources used for PUCCH remains the same for LTE and LTE-A UEs. With such solution, following issues remain for consideration.

a. Simultaneous transmission of PUCCH on multiple RBs (up to 5 RBs) may then need to be supported. Thus, the constraint of backward-compatibility could be more restrictive for PUCCH transmission in this case, since the existing Rel-8 PUCCH formats need to be reused. For example, typically, a number of UEs will be CDM multiplexed on PUCCH for Rel-8 E-UTRA. Consequently, it appears that the transmission format for LTE-A UEs shall follow the same CDM multiplexing inside Rel-8 component carries (or RBs). Since simultaneous transmission on multiple RBs may need to be supported, this will result in PAPR increase and consequently coverage reduction. Thus, PAPR reduction techniques shall be considered.

b. If simultaneous transmission of PUCCH on multiple RBs is not supported, then issues of multiple ACK/NAK transmission resurface even for FDD. Here, techniques with ACK/NAK bundling and PUCCH format 1b with channel selection can be considered.         

5. Conclusion

This contribution shows our current preferences on carrier aggregation for LTE-A, including the following aspects: 

· Transport block (TB) mapping and HARQ: For both downlink and uplink single-layer transmission, one TB and HARQ entity per component carrier is preferred.
· Downlink control signaling: An LTE-A semi-dynamic triggering PDCCH on an LTE-A UE-specific designated component carrier is preferred, where the triggering PDCCH indicates a set of active component carriers. Further, a single PDCCH containing all scheduling information on multiple component carriers is preferred.
· Uplink control signaling: Whether a dedicated PUCCH resource is allocated for LTE-A-only UEs should be further studied.
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