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1. Introduction
At the RAN1#53bis meeting in Warsaw, it was agreed that aggregation of multiple component carriers would be employed in order to support downlink transmission bandwidths larger than 20 MHz [1]. This contribution describes our views on the downlink layered control channel structure for a wider transmission bandwidth in LTE-Advanced.
2. Downlink Control Channel Structure for Wider Bandwidth in LTE-Advanced
This section describes our views on the downlink L1/L2 control channel structure.
2.1. Physical Control Format Indicator Channel (PCFICH)
Regarding the transmission scheme for the physical control format indicator channel (PCFICH) for a wider bandwidth, two options are considered. Figure 1(a) shows Option 1. In Option 1, the number of OFDM symbols for the physical downlink control channel (PDCCH) is common to all component carriers and the same PCFICH signal is transmitted from all component carriers in parallel. Thus, the LTE-Advanced UE with a wider reception bandwidth capability can assume the same PDCCH region size over the aggregated received bandwidth. Therefore, it can simplify the wider bandwidth reception and provide better detection performance of the control channels for LTE-Advanced UEs. Figure 1(b) shows Option 2. In this option, the number of OFDM symbols for the PDCCH is allowed to be different for different component carriers. The benefit of the option is that it optimizes the PDCCH overhead especially when the traffic load among component carriers is different. However, when the LTE-Advanced UE receives a wider bandwidth using multiple component carriers, all PCFICH signals must be correctly decoded.
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(a) Option 1 – Common PCFICH

[image: image2.emf]TTI

Independent PCFICH


(b) Option 2 – Independent PCFICH
Figure 1 – PCFICH transmission schemes for wider bandwidth

2.2. PDCCH for Common Control Information

Common control information such as the dynamic BCH (D-BCH), paging, and random access channel (RACH) responses must be received by multiple UEs with different UE capabilities including those in Rel-8 LTE. Furthermore, each component carrier should be accessible to Rel-8 UEs. Thus, as shown in Fig. 2, the scheduling grant for the common control information sent in the common search space, i.e., Format 1C, should be transmitted from each component carrier in parallel or independently. Each PDCCH indicates radio resources for the common control information in each component carrier.
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Figure 2 – PDCCH for common control information
2.3. PDCCH for Downlink / Uplink Scheduling Grant
(1) Layered L1/L2 control channel structure

Straightforward extension of the L1/L2 control signal format of Rel-8 LTE to LTE-Advanced is “Parallel Rel-8 PDCCH” [2] as shown in Fig. 3. The parallel Rel-8 PDCCH structure employs an independent control channel structure for each component carrier, which supports only the physical downlink shared channel (PDSCH) belonging to the same component carrier. In this contribution, the parallel Rel-8 structure is called “Option 1.”
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Figure 3 – Parallel Rel-8 PDCCH structure

In order to optimize the signaling overhead at a wider transmission bandwidth, we proposed the layered L1/L2 control signal formats [3] as shown in Fig. 4. 
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Figure 4 – Downlink layered L1/L2 control channel structure

The features of the layered L1/L2 control signal format are given below.

· By using the same control channel element (CCE) structure as that for Rel-8 LTE within one component carrier, high commonality with the control signal formats in Rel-8 LTE is achieved.
· The transmission bandwidth of the layered L1/L2 control signal formats is set to basically the same as that for the assigned transmission bandwidth to achieve efficient control signal transmission for LTE-Advanced.
· Joint coding of the control information of multiple component carriers is applied to reduce the control signaling overhead. Therefore, it is suitable to the structure that multiple transport blocks are mapped onto multiple component carriers as discussed in [4].
· The CCE location of multiple component carriers is predetermined to reduce the number of blind decoding.
In order to accommodate both the control channel structure for Rel-8 LTE and that for LTE-Advanced, an interleaver structure that achieves efficient multiplexing of the PDCCH for Rel-8 LTE and LTE-Advanced is proposed as shown in Fig. 5 [3]. In the proposed interleaver, the PDCCH for the Rel-8 LTE UE is transmitted using CCEs within one component carrier and that for the LTE-Advanced UE is transmitted using CCEs over the assigned bandwidth. As shown in the figure, since the same interleaver as that for Rel-8 LTE is applied within one component carrier, the Rel-8 LTE UEs can receive their own PDCCH. 
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Figure 5 – CCE interleaver structure to support layered L1/L2 control signal format
(2) Comparison of transmission methods
In the layered L1/L2 control channel structure, the following three options are considered as shown in Fig. 6.
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(a) Option 2                              (b) Option 3                              (b) Option 4
Figure 6 – Layered L1/L2 control channel transmission method
We discuss the merits and demerits of the four options.
· Option 1: “Parallel Rel-8 LTE”
In Option 1, the PDCCH for multiple component carriers is separately encoded and transmitted in the respective component carriers. 

Merits:

· The same downlink control information (DCI) format may be reused, if no additional control information is introduced to LTE-Advanced.
· The same CCE structure is employed to achieve high commonality to Rel-8 LTE.

· The same blind decoding structure is employed to achieve high commonality to Rel-8 LTE.

Demerits:

· The signaling overhead is large (linearly increases according to the transmission bandwidth). 
· The number of blind decoding is large (linearly increases according to the transmission bandwidth).
· Frequency diversity of greater than 20 MHz is not obtained.

· Option 2: PDCCH transmission in one component carrier

In Option 2, the PDCCH for multiple component carriers is jointly encoded and transmitted in one component carrier. 

Merits:

· The signaling overhead is small (does not linearly increase according to the transmission bandwidth).
· The number of blind decoding is small (does not linearly increase according to the transmission bandwidth).
· The same CCE structure is employed to achieve high commonality to Rel-8 LTE.
· The same blind decoding structure is employed to achieve high commonality to Rel-8 LTE.
Demerits:

· New DCI formats must be defined to indicate the RB assignment of multiple component carriers.
· Frequency diversity of greater than 20 MHz is not obtained.
· Option 3: PDCCH transmission in multiple component carriers with same CCE structure to Rel-8 LTE
In Option 3, the PDCCH for multiple component carriers is jointly encoded and the same CCE structure in Rel-8 LTE is reused for LTE-Advanced. For example, by using the same CCE number in multiple component carriers for LTE-Advanced when multiple CCE aggregation is assigned as shown in Fig. 7, the number of blind decoding can be reduced. In addition, a larger frequency diversity effect is obtained when multiple CCEs are assigned to the LTE-Advanced UEs.
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Figure 7 – Example of CCE structure for Option 3
Merits:

· The signaling overhead is small.
· The number of blind decoding is small.
· The same CCE structure is employed to achieve high commonality to Rel-8 LTE.

· Frequency diversity of greater than 20 MHz is obtained when multiple CCE aggregation is assigned.

Demerits:

· New DCI formats must be defined to indicate the RB assignment of multiple component carriers.

· A new blind decoding structure is required to aggregate multiple CCEs in different component carriers.
· Option 4: PDCCH transmission to multiple component carriers with new CCE structure
In Option 4, the PDCCH for multiple component carriers is jointly encoded and a similar CCE structure to Rel-8 LTE is defined for the LTE-Advanced UE so that one CCE is distributed to multiple component carriers. By employing this structure, a larger frequency diversity effect is obtained even when one CCE is assigned to the LTE-Advanced UEs. Figure 8 shows one example of the new CCE structure.
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Figure 8 – Example of CCE structure for Option 4

Merits:

· The signaling overhead is small.
· The number of blind decoding is small.
· Frequency diversity of greater than 20 MHz is obtained.
Demerits:

· New DCI formats must be defined to indicate the RB assignment of multiple component carriers.

· A new CCE structure is required.

· A new blind decoding structure is required to aggregate multiple CCEs in different component carriers.
Table 1 summarizes the tradeoff relationships in the four options. Our current preferences are Options 2 – 4, since it is suitable to the structure that multiple transport blocks are mapped onto multiple component carriers the signaling overhead can be optimized for a wider transmission bandwidth. 
Table 1 – Comparison of four options
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3. Conclusion

This contribution proposed a layered L1/L2 control channel structure for the downlink control channel for a wider transmission bandwidth in LTE-Advanced and a CCE structure for the layered L1/L2 control channel structure. 
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