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1. Introduction

Carrier aggregation is one of the key features of LTE-A to support wider bandwidth than supported by Rel-8 LTE [1]. In Rel-8 LTE FDD, PDCCH transmission on a DL carrier corresponds to the PDSCH scheduling in the same DL carrier or the PUSCH scheduling in the corresponding UL carrier. However, in LTE-A, there may exist multiple DL component carriers and multiple UL component carriers in a cell and eNB should be able to schedule multiple DL/UL component carriers to a UE in a subframe. In this paper, we discuss the basic options of the PDCCH structure for scheduling multiple DL/UL component carriers for LTE-A and we suggest a baseline for the PDCCH structure.
2. PDCCH structure for multiple component carriers
The following is an agreement as the baseline for non-MIMO PDSCH/PUSCH scheduling in LTE-A.
· One TB and HARQ entity per component carrier
· A UE may be scheduled over multiple component carriers simultaneously 
Under those assumptions, following three basic design of PDCCH for PDSCH/PUSCH scheduling can be considered in general.
· Option 1) PDCCH transmission per scheduled component carrier

With this option, PDCCH in one component carrier schedules PDSCH/PUSCH in one component carrier for a UE. That is, multiple PDCCH should be separately encoded and transmitted to schedule PDSCH/PUSCH in multiple component carriers for a UE in a subframe. It is FFS whether there should be fixed mapping between the DL component carrier carrying PDCCH and the DL/UL component carrier scheduled by the PDCCH.
With this option, effect of the reception error of a PDCCH is restricted to PDSCH/PUSCH in the corresponding component carrier. That is, reception of the PDSCH/PUSCH scheduled in different component carriers to a UE is independent to each other. In addition, depending on the design of the mapping between DL component carrier carrying PDCCH and the DL/UL component carrier scheduled by the PDCCH, eNB scheduler may select better DL component carrier for PDCCH transmission dynamically. 
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Figure 1  PDCCH transmission per scheduled component carrier

· Option 2) Single PDCCH transmission for multiple scheduled component carriers

With this option, the scheduling information for a UE for multiple component carriers is encoded jointly and transmitted by a single PDCCH on a DL component carrier. Therefore, this option reduces PDCCH CRC overhead when compared with option 1) in case of multiple component carrier scheduling. For more details, we consider three sub-options as follows.
· Option 2-a) PDCCH can be transmitted on any one of the DL component carriers for a UE.
· Option 2-b) UE searches for PDCCH in a single DL component carrier in a subframe. For this operation, single DL component carrier can be semi-statically fixed for the PDCCH transmission for each UE. As another approach, DL component carrier for PDCCH transmission for each UE may hop subframe by subframe following a predefined hopping pattern for more frequency diversity.
· Option 2-c) PDCCH transmission is interleaved over multiple DL component carriers.
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Figure 2  Single PDCCH transmission for multiple scheduled component carriers

Among the options above, option 2-a) requires too much blind decoding for a UE since a UE should detect all the possible sizes of PDCCHs according to the possible number of component carriers to be scheduled, for all the DL component carriers. Therefore, option 2-a) is not preferable.

Option 2-b) may not increase UE blind decoding. However it provides less flexibility in PDCCH scheduling when compared with option 1) since eNB cannot select DL component carriers for PDCCH transmission dynamically considering the channel condition of each DL component carrier.
Option 2-c) will cause restriction to the PDCCH search space usage when there are UEs with different DL component carrier aggregation capabilities. Since Rel-8 LTE itself has PDCCH scheduling restriction due to the PDCCH search space overlapping and various CCE aggregation levels for PDCCH, inducing further restriction doesn’t seem desirable. Therefore, it is questionable if the PDCCH structure interleaved over multiple component carriers will provide gain in the actual deployment while it will complicate the specification.  
Suggestion
According to the discussion so far, PDCCH transmission per scheduled component carrier (option 1) seems to be the preferable way which prevent the PDCCH error propagation while minimizing the divergence from LTE Rel-8 PDCCH structure at the same time. Therefore, we suggest taking option 1 as the baseline of PDCCH structure for LTE-A, which means multiple PDCCHs are transmitted for the scheduling of multiple component carriers to a UE and each PDCCH spans within each downlink component carrier.

3. Summary
In this paper, we discussed the basic options of the PDCCH structure for scheduling multiple DL/UL component carriers and we suggest the followings.
· REG interleaving within DL control region should be within each component carrier and same with that of LTE Rel-8. That is, one PDCCH spans within a single component carrier
· Multiple PDCCHs are transmitted for the scheduling of multiple component carriers to a UE. However, PDCCH structure in case of asymmetric DL/UL carrier aggregation or introducing a primary type of component carrier [2] is FFS.
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