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1. Introduction
In LTE-Advanced, the transmission concept of a shared channel and control channel based on a component carrier (CC) unit was agreed upon for wider bandwidth transmissions than 20 MHz [1]. By the RAN1#55 meeting in Ljubljana, following parallel signal structure for the shared data channel was agreed upon such as resource block (RB) assignment within one CC for single transport block (TB) transmission. Based on this agreement, this contribution presents our views on the control channel structure for LTE-Advanced. 
2. Views on LTE-Advanced Radio Interface
2.1. Options for Carrier Aggregation in Contiguous Frequency Spectrum
Figure 1 shows the two options for carrier aggregation in contiguous frequency spectrum. 
· Option-1: Layered transmission band assignment [2]
· Optimize wider-band transmission beyond CC bandwidth
· Prioritize high performance through a high frequency diversity gain for the LTE-Advanced UEs

· Rather complicated RB assignment over multiple CCs while maintaining CC-based RB assignment for the Rel-8 LTE UEs

· Option-2: Parallel transmission band assignment
· Optimize easy backward compatibility with Rel-8 LTE
· Prioritize easy RB assignment (i.e., implementation) considering support of Rel-8 LTE

· No performance gain per Hz from Rel-8 LTE and gain is only from N-times extension of transmission bandwidth
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Figure 1 – Options for carrier aggregation in contiguous frequency spectrum
Option-1, which employs layered transmission band assignment, optimizes wider-band transmission beyond CC bandwidth, at the expense of rather complicated RB assignment over multiple CCs to keep CC-based RB assignment for the Rel-8 LTE UEs. Meanwhile, Option-2 optimizes simple implementations of eNB and UE equipments to achieve backward compatibility with Rel-8 LTE at the expense of performance gain per Hz from Rel-8 LTE in radio access.
For the shared data channel, we evaluated the improvement by employing Option-1 compared to Option-2 [3]. In [3], TB assignment and dynamic scheduling over multiple CCs, i.e., the CC-common scheduling and TB assignment scheme was proposed. In this scheme, frequency-domain channel-dependent scheduling is performed over the entire bandwidth, and then, the best RBs for one TB to each UE are selected from all the CCs as shown in Fig. 2. As a consequence, a high frequency diversity gain is achieved through channel-dependent scheduling and RB assignment over the entire system bandwidth. We showed the large gain such as approximately 20% cell throughput and approximately 40% cell-edge user throughput improvement for 16 UEs in Urban micro channel model is obtained compared to the current working assumption with semi-static CC allocation [3]. 
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Figure 2 – TB assignment and dynamic scheduling over multiple CCs
For the control channel, layered control channel structure was proposed which employs the control signal mapping over multiple CCs for the LTE-Advanced UE and a new mapping scheme keeping the same CCE structure as that in Rel-8 LTE. By this structure, the improvements in performance due to increasing frequency diversity gain and in reduction of control signaling overhead is expected associated with joint coding [4],[5]. 
On the other hand, Option-2 employs the parallel signaling structure of Rel-8 LTE, which prioritizes keeping the Rel-8 LTE functionalities and easy implementation. In the scheme, both data and control channel structure of Rel-8 LTE is duplicated, i.e., one TB is mapped onto one CC and the downlink control channel spans only in one CC. 
2.2. Current Agreement in RAN1

By the RAN1#55 meeting in Ljubljana, following parallel signal structure for the shared data channels are agreed upon [1].
· RB assignment within one CC for single TB transmission (not wideband RB assignment over multiple CCs for one TB) in the downlink.
· N-times DFTS-OFDM (not wideband SC transmission beyond 20 MHz) in the uplink. In addition, OFDMA was not introduced.

This agreement indicates that the current RAN1 decision follows Option-2 described in Section 2.1 prioritizing the simple implementation for channel-dependent scheduling and RB assignement. However, this agreement for applying parallel signaling structure for the shared data channels indicates the followings.
· No performance gain per Hz including capacity (i.e., cell throughput) and cell-edge user throughput from REl-8 LTE with respect to radio interface 

· Gain is only from N-times extension of entire transmission bandwidth, which contributes only to improvement of peak data rate
It should be noted that the requirements regarding capacity and cell-edge user throughput, which directly contribute to system performance improvements are more important than peak values including peak data rate and peak frequency efficiency. In this sense, the agreed conclusion doesn’t offer actual gain to the system performance improvement regarding radio access. Meanwhile, simple implementations of eNB and UE supporting full backward compatibility with Rel-8 LTE are also important from the viewpoints of operator and user perspectives. Hence, although this option is not our original one, we agreed to the current working assumption since LTE achieves nearly the requirements of IMT-Advanced.
However, alternative techniques such as coordinated multi-point transmission/reception (CoMP), Mutiuser (MU)-MIMO with more antennas, and adaptive beamforming, are necessary to satisfy IMT-Advanced (and LTE-Advanced) requirements, since no performance gain in spectrum efficiency is obtained by radio interface.

3. Views on Control Channel Structure for LTE-Advanced
Remaining issue for wider transmission bandwidth is control signaling structure. Although we originally proposed the layered control channel structure [4],[5], improvement of control signals is quite slight based on the following reasons.
· No improvement through frequency diversity is obtained for the shared data channels

· Cell size of LTE-Advanced will be shorter than that of LTE
Therefore, our current view for the control signaling structure is that parallel control signaling structure [6] as shown in Fig. 3 is sufficient. 
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Figure 3 – Parallel control signaling structure

Joint coding of control signals may reduce control signal overhead. However, in separate coding based on parallel signaling structure, control signaling overhead per CC is identical to that of Rel-8 LTE. Hence, following the current CC based data channel structure, we consider that the simple control signal structure should be prioritized to minimize the change of radio interface from Rel-8 LTE.
4. Conclusion

This contribution presents our views on the control channel structure for LTE-Advanced. Following the current parallel data channel transmissions for multiple CCs, our current view is that parallel control signaling structure is sufficient (i.e., wider band transmission provides no system merit).
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