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1. Introduction

Carrier aggregation is being considered as one of the key features of LTE-A to support wider bandwidth than supported by Rel-8 LTE. So far, many options for the implementation of the carrier aggregation have been introduced [1]-[17]. In this paper, we introduce our views and the issues 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 component carriers are located on 100 kHz frequency raster for both DL and UL while 15 kHz subcarrier spacing in LTE system is kept.
· Bandwidth of the component carriers can be variable from 6 RBs up to 110 RBs as in LTE system.
· Number of aggregated component carriers in downlink can be different from that in uplink.
Then, we think the following issues to be discussed.
· Whether can the potential unused subcarriers between component carriers be used for LTE-A or not?
· This can be discussed further after RAN4 input regarding the requirement for the guard subcarriers in case of carrier aggregation.
· Whether can the bandwidths of the aggregated component carriers in downlink (or uplink) be different to each other or not?
· Basically, specification may allow full freedom of the bandwidth of each component carrier. On the other hand, there may be specification issues especially in case of asymmetric aggregation where for example, two different bandwidths downlink component carriers are paired to one uplink component carrier.
· Range of the asymmetric aggregation
· It should be decided whether to support larger number of uplink aggregated component carriers than in downlink since this has an impact on the control signal structure.
· Decision on the Min/Max ratio of the numbers of the aggregated component carriers between downlink and uplink will be helpful for the decision on the control signal structure.
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 rate data reception over 20, 40, 60, 80, 100 MHz bandwidths) are allowed considering LTE-A UE cost.
· Multiple bandwidth (RF & FFT) capabilities (ex. 20, 40, 60, 80, 100 MHz) are allowed considering LTE-A UE cost.
· Different soft-buffer and bandwidth capabilities for a UE may not be allowed for simplicity.

· Minimum UE bandwidth capability should be decided since this can be one of the key factors in designing initial access, handover and SS/PBCH/SI-x structure.
· Decision on the UE bandwidth capabilities may also be related to the other UE capabilities such as, for example, support of NxSC-FDMA and/or OFDMA 
4. SS/PBCH/SI-x structure with aggregated component carriers
We suggest the following as SS (synchronization signal), PBCH and SI-x transmission over multiple aggregated component carriers. 
· LTE SS/PBCH/SI-x can be transmitted in multiple component carriers. Two options can be considered 
Option 1) LTE SS/PBCH/SI-x is transmitted in all the aggregated component carriers to support access of LTE UEs to all the component carriers.

Option 2) Transmission of LTE SS/PBCH/SI-x is configurable per component carriers for network to have flexibility of supporting or not supporting LTE UEs in each component carrier.

· It should be studied what is the benefit of configuring component carriers which are not backward compatible. Currently, there may be the following two potential benefits.
· The BCH overheads can be reduced if all the components don’t need to transmit the same BCH. 

· Design of the new network components such as relay, CoMP, etc. can be more flexible. Anyhow, this may assume restriction to the backward compatibility for those new network components.
5. PDCCH structure with aggregated component carriers
We suggest the followings as basic assumptions for PDCCH structure with aggregated component carriers.
· A LTE-A UE can be scheduled with PDSCH/PUSCH in multiple component carriers at a same time.
· No more than 1 (in non-MIMO case) Transport block in a component carrier is scheduled to a LTE-A UE as in LTE system.
· REG interleaving within DL control region should be within each component carrier for backward compatibility with LTE UEs.

There have been discussions on several options of relating PDCCH and component carriers in LTE-A system. Here, we consider two basic options as follows and discuss the details of the two options.

· Nx structure (option 1, figure 2)
· PDCCH in one component carrier can assign/grant PDSCH/PUSCH in one component carrier only in a given subframe.
· There can be two sub-options under Nx structure
· Option 1-a: PDCCH in a component carrier can assign/grant PDSCH/PUSCH only in the same/paired component carrier.
· Option 1-b: PDCCH in a component carrier can assign/grant PDSCH/PUSCH in any component carrier (but only in a single component carrier in a given subframe).
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Figure 1  Illustration of the Nx structure

· Flexible structure (option 2, figure 2)
· One PDCCH can assign/grant PDSCH/PUSCH in multiple component carriers in a given subframe.
· There can be two sub-options with flexible structure
· Option 2-a: One PDCCH is transmitted within one downlink component carrier in a subframe.
· Option 2-b: One PDCCH is transmitted over multiple downlink component carriers in a subframe.
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Figure 2  Illustration of the flexible structure

· Details of the two options
· Nx structure (option 1)
· (Almost) same PDCCH structure with Rel-8 LTE can be maintained with LTE-A.
· A transport block can be allocated to only a single component carrier.
· PDCCH overhead is larger when multiple component carriers are scheduled to a UE due to the repeated UE-ID (CRC) overhead over the scheduled component carriers.
· Flexible structure (option 2)
· New PDCCH structure should be designed for LTE-A UEs.
· Scheduling flexibility is better assuming a same number of blind decoding with Nx structure.
· PDCCH signaling overhead is smaller when multiple component carriers are scheduled to a UE. Here, we assume PDCCH size can be different per number of component carriers scheduled and a UE blindly detects that.
At this stage, we think those two basic options, that is, Nx and flexible structures can be discussed first, then the corresponding sub-options can be narrowed down after the decision on one of the two basic options.
6. Summary
In this paper, we proposed basic assumptions for carrier aggregation and control signal structure for the LTE-A system. Agreeable points of them may be set as basic assumptions of LTE-A study. We also suggest more detailed issues introduced in this paper be discussed further.
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