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1. Introduction
In this contribution, some high-level principles related to downlink control signaling are discussed.
2. Downlink Control Signaling
2.1. PCFICH

Two alternatives can be envisioned for the size of the control region on each component carrier: either all component carriers always have the same size of the control region (same PCFICH value enforced) or the control region can be adjusted individually per component carrier (independent PCFICH values). Enforcing the PCFICH value to be the same for all component carriers imposes restrictions on scheduling of Rel-8 terminals on the component carriers and may lead to inefficient resource utilization. Therefore, the size of the control region should be independently selected per component carrier as illustrated in Figure 1.
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Figure 1: Different control region sizes for different component carriers.

2.2. PDCCH
Two general approaches for PDCCH downlink control signaling can be envisioned (Figure 2):

· Separate coding
· Alternative I: multiple PDCCHs, one per component carrier scheduled. Each PDCCH is transmitted on the same component carrier as the corresponding PDSCH (in essence the Rel-8 structure duplicated for each component carrier)

· Alternative II: multiple PDCCHs, one per component carrier scheduled. Each PDCCH may be on a different  component carrier than PDSCH.

· Joint coding
· Alternative III: single PDCCH pointing to resources on all scheduled component carriers
· Alternative IV: single PDCCH spanning full system bandwidth and pointing to resources on all scheduled component carriers
The different alternatives have different pros and cons. However, alternative IV should be avoided as it requires the terminal to monitor a very wide bandwidth which is detrimental from a power-consumption perspective ‎[1]. Hence, a PDCCH should not be transmitted across multiple component carriers.

The control signaling overhead depends on the detailed design in each of the alternatives, but for decent designs, no major difference in overhead in between separate and joint coding is expected. Separate coding may result in a slightly higher overhead as some information fields, mainly the RNTI, is duplicated across multiple PDCCHs intended for the same terminal. This is, however, not a major disadvantage as assigning multiple component carriers to a single terminal is expected to be used primarily for very high data rates where the total control signaling is small relative to the payload. Note that, in all approaches, individual new-data indicators (and possibly/likely individual MCS and  HARQ process number fields) are required as a consequence of the MAC-PHY interface decision made at RAN1#55.

In all cases except downlink assignments in alternative I, indication of which component carrier the PDCCH relates to is required. This information could either be included implicitly in the CRC (i.e. the terminal is allocated multiple RNTIs indicating which component carriers the information applies to) or explicitly transmitted. Depending on the decisions taken on other LTE-Advanced features, additional DCI fields may be needed,.

For separate coding, the number of blind decoding attempts in the terminal scales with the number of component carriers. For joint coding, multiple DCI formats, one for each number of component carriers scheduled, may be required which negatively impacts the number of blind decodings. Which of these two schemes that requires the largest number of blind decodings depends on the detailed design. However, it should be kept in mind that a terminal supporting multiple component carriers most likely is a high-end terminal, capable of several hundred Mbit/s in which case the Turbo decoding complexity is significantly larger than the complexity from monitoring the PDCCHs. From a specification perspective, separate coding is likely to require less modification to the Rel-8 structure, while joint coding may imply a larger redesign of the PDCCH structure.

Finally, it can be noted that alternative I may be beneficial in case of aggregation of multiple non-contiguous TDD carriers with different asymmetries is supported. 
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Figure 2: Downlink control signaling.
2.3. PHICH

No modifications to the PHICH transmission structure are foreseen due to carrier aggregation. The RB-to-PHICH mapping rules need to be revised.
3. Conclusion
The following proposals are made:
· The size of the control region should be independently selected per component carrier (i.e. each component carrier has its own PCFICH)

· Each PDCCH transmitted is on a single component carrier only (i.e. a PDCCH is not transmitted across multiple component carriers)
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