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1. Introduction

Carrier aggregation is being considered as one of the key features of LTE-A (LTE advanced) system. So far, many options for the implementation of the carrier aggregation have been introduced [1]-[9]. In this paper, we introduce our views on the carrier aggregation and the corresponding control signal design.
2. Carrier aggregation
We suggest the followings as basic concepts of the carrier aggregation for LTE-A system.
· Multiple aggregated 20 MHz LTE f-blocks (frequency blocks) are located on 100 kHz frequency raster for both DL and UL as in figure 1.
· Aggregation of 10 MHz f-blocks is FFS
· Null subcarriers (19 subcarriers) are inserted between f-blocks to keep 100 kHz frequency raster. These subcarriers can be used as special RB(s) for LTE-A UEs.
· In case of single f-block in a LTE-A cell, bandwidth of that f-block is scalable as in LTE system.
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Figure 1  20 MHz f-block aggregation in a LTE-A system

3. Bandwidth related capabilities for LTE-A UE

We consider two LTE-A UE capabilities as related to LTE-A bandwidth, that is, soft-buffer (decoding) capability and bandwidth (RF & FFT) capability.
· Multiple soft-buffer capabilities (ex. corresponding to the full data reception over 20, 40, 60, 80, 100 MHz bandwidths) are allowed considering LTE-A UE cost.
· Soft-buffer capability corresponding to 20 MHz bandwidth or less should be defined.
· Multiple bandwidth (RF & FFT) capabilities (ex. 20, 40, 60, 80, 100 MHz) are allowed considering LTE-A UE cost.
· Bandwidth capability corresponding to 20 MHz bandwidth or less should be defined.
· Different soft-buffer and bandwidth capabilities for a UE may not be allowed for simplicity.
4. SS/PBCH/SI-x structure with aggregated f-blocks
We suggest the following as SS (synchronization signal), PBCH and SI-x transmission over multiple aggregated f-blocks. 
· LTE SS/PBCH/SI-x can be transmitted in multiple f-blocks 
· It is FFS whether LTE SS/PBCH/SI-x is to be transmitted in all the f-blocks or it should be configurable.
· LTE-A specific PBCH contents or extra PBCH may not be employed to keep backward compatibility with LTE UEs. 
· SI-x can be extended for LTE-A and LTE UEs may ignore the extended part as done in different releases of UMTS specifications.
· However, it should be studied further if LTE-A specific PBCH contents or extra PBCH can provide benefits while keeping backward compatibility with LTE UEs.
5. PDCCH structure with aggregated f-blocks
We suggest the followings as basic assumptions for PDCCH structure with aggregated f-blocks.
· Resource assignment schemes and PDCCH structure of LTE are reused as much as possible.
· REG interleaving within DL control region should be within each f-block for backward compatibility with LTE UEs.

· A LTE-A UE can be scheduled with PDSCH/PUSCH in multiple f-blocks at a same time.
· No more than 1 (in non-MIMO case) Transport block in a f-block is scheduled to a LTE-A UE as in LTE system.
· CFI values in different f-blocks are independent to optimize the DL resource utilization.
There have been discussions on several options of relating PDCCH and f-blocks in LTE-A system. Here, we consider two basic options as follows and discuss the details of the two options.
· Full Nx structure (figure 2)
· PDCCH in a f-block can assign PDSCH in the same f-block only

· PDCCH in a f-block can grant PUSCH in the corresponding f-block only

· As a result, multiple PDCCHs should be transmitted to a UE to schedule PDSCH/PUSCH in multiple f-blocks to that UE.
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Figure 2  Illustration of full Nx structure

· Flexible structure (figure 3)
· Only one PDCCH (for the scheduling of PDSCH and PUSCH respectively) is transmitted to a UE in a TTI

· Single PDCCH schedule PDSCH/PUSCH in any f-block and multiple f-blocks to a UE.
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Figure 2  Illustration of flexible structure

· Details of the two options
· Full Nx structure

· Almost same PDCCH format with LTE can be maintained.
· Effect of PCFICH decoding error in a f-block is restricted to the PDSCH/PUSCH reception/transmission in the corresponding f-block.
· HARQ process operation should be restricted within each f-block. Therefore, retransmission is restricted to single f-block and more number of HARQ process may be necessary.
· PDCCH search spaces for a LTE-A UE should be allocated to every f-block, which increases the number of blind decoding or scheduling restriction.
· PDCCH overhead may be worse when multiple f-blocks are scheduled to a UE due to the repeated UE-ID (CRC) overhead over the scheduled f-blocks. On the other hand, PDCCH overhead may be better when single or small number of f-blocks are scheduled.
· Flexible structure

· New PDCCH format should be designed for LTE-A UEs.
· PCFICH decoding error results in failure of all the scheduled PDSCH/PUSCH for a UE in a TTI

· Scheduling flexibility is better assuming a same number of blind decoding with Nx structure.
· PDCCH signaling overhead may be better when multiple f-blocks are scheduled to a UE. On the other hand, PDCCH overhead may be worse in case of e.g. single f-block scheduling.
· Options for TrBlk/HARQ process allocation over multiple f-blocks
· Single TrBlk/HARQ process over all f-blocks

· Independent TrBlk/HARQ process in each f-block

· Allowing partial f-block aggregation for one TrBlk/HARQ process

· Options for signaling of scheduling information
· Signaling scheduling information for the scheduled f-blocks only
· Signaling overhead is optimized, but number of UE blind decoding increases due to the various scheduling information sizes. 
· Signaling scheduling information for all the f-blocks always
· Signaling overhead is larger, but UE number of UE blind decoding does not increase.
At this stage, we think those details should be discussed before selecting one of the two control signaling options.
6. Summary
In this paper, we suggest basic assumptions for carrier aggregation and control signal structure for LTE-A system. Agreeable points of them may be set as basic assumptions of LTE-A study. We also suggest more details as described in this paper should be discussed further for the selection of basic control signaling scheme of LTE A system.
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