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1 Introduction

The summary of the technical discussions in RAN1#53Bis illustrated to consider carrier aggregation approach for a wider bandwidth greater than 20MHz in the downlink transmissions [1]. The carrier aggregation combines multiple frequency blocks into a desired transmission bandwidth depending on the LTE-Advanced UE capability. It is believed that the downlink control structure will play a crucial role the efficiency of the carrier aggregation approach, therefore the downlink control structure has to be investigated for LTE-Advanced system. 
In this contribution, we discuss the downlink control structure for LTE-Advanced in conjunction with the carrier aggregation approach. 
2 Physical Layer Interface to MAC-layer
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The design of the downlink control structure mainly depends on the type of interface between the physical layer (L1) and the MAC-layer (L2). So, we need first to enlighten the possible L1-to-L2 interfaces for LTE-Advanced taking into account the mandatory backward compatibility of LTE Rel’8 terminals. So far, there are three possible options of interfacing L1 to L2 as shown on Figure 1 below. The first two options were discussed [3] in the previous RAN1 meeting.
Figure 1. Three options of interfacing physical layer to MAC-layer.
Option 1 breaks down the data stream into multiple transport blocks, corresponding to multiple of frequency blocks at the MAC layer where each frequency block carries only one transport block for non-MIMO case and possibly more transport blocks for MIMO case.
Pros:

· Link Adaptation is done per frequency block where modulation and coding scheme is chosen for each frequency block, i.e. maximises user throughput.

· Transmission rank is chosen for each frequency block.
· MIMO transmission is for each frequency block.

· Each frequency block is identical to Rel’8 which means almost all functionalities of Rel’8 and its implementation can be reused.

Cons:

· Control signalling overhead is large as there is a PDCCH transmission on each frequency block where some of the transmitted information is redundant such as CRC, UEID, etc. However, it is possible to apply single PDCCH that can assign resources across all frequency blocks for LTE-Advanced UEs only. 
· Multiple Transport blocks (TrBlks) in no-MIMO case resulting in multiple HARQ processes.
Option 2 has one transport block from MAC layer mapped to all frequency blocks in non-MIMO case where all frequency blocks have same link adaptation. In MIMO case, there could be two or more TrBlks assigned on the same resources across all the frequency blocks. 
Pros:

· Control signalling overhead is significantly reduced as only one PDCCH is transmitted assigning resources across all frequency blocks.
· One HARQ process.
· Physical layer interface to MAC layer is almost identical to that LTE Rel’8. 
Cons:

· Poor Link Adaptation as a single modulation and coding scheme is chosen for all frequency blocks, i.e. reduction of user throughput.

· Transmission rank is chosen for all the frequency blocks.
· MIMO transmission can be done across all the frequency blocks.

Option 3 has one transport block from MAC layer mapped to all frequency blocks in non-MIMO case and each frequency block has its own link adaptation. For MIMO case, there could be two or more TrBlks assigned on the same resources for each frequency blocks.
Pros:

· Control signalling overhead is significantly reduced as only one PDCCH is transmitted assigning resources across all frequency blocks.

· One HARQ process.
· MAC interface is somewhat identical to that LTE Rel’8, but larger TrBlks need to be defined, resulting smaller modification to Rel’8 implementations.
· Improved link Adaptation compared to option 2, i.e. maximises user throughput.

· Common channel coding block for all the frequency blocks

· Modulation scheme is chosen for each frequency block

· Transmission rank is chosen for each frequency block
· MIMO transmission can be done per frequency block.
Cons:

· Link Adaptation performance may slightly degrade compare to Option 1. But there could be some methods to improve Link Adaptation performance.
3 Downlink Control structure 

The downlink control structure mainly depends on the type of interface chosen between the physical layer and the MAC-layer as was discussed in the previous section. Based on that, there are five possible alternatives for LTE-Advanced shown on Figure 2. Alternatives 1-4 were discussed [3] in the previous RAN1 meeting.
 
Figure 2. Five Alternatives for Downlink Control Structure

Alternative 1 provides a control channel in each frequency block complementing to option 1 of L1-to-L2 interfacing.
Pros:

· Reusing the existing PDCCH and DCI formats, i.e. backward compatible.
Cons:

· The control signalling on each frequency block has to be decoded seperately
· Large overhead of control signalling as some of the information in each carrier frequency block are redundant.
Alternative 2 provides a control channel in one frequency block assigning PDSCH data to all frequency blocks where each frequency block has its separate PDCCH channel complementing to option 1 of L1-to-L2 interfacing.
Pros:

· The control signalling located on only one frequency block needs to be decoded
· Reusing the existing PDCCH and DCI formats in one of the frequency blocks, i.e. backward compatible.
· Control signalling overhead is still an issue as some of the information for each frequency block is redundant.
Cons:

· Since only one frequency block is used for PDCCH transmission to all UEs, the bandwidth available for PDCCH may become a limiting factor
· Possibly new DCI formats need to be defined to include the assigned frequnecy block number
Alternative 3 provides a control channel in one frequency block where one PDCCH channel can assign PDSCH data to all frequency blocks applicable to options 1/2/3 of L1-to-L2 interfacing.
Pros:

· PDCCH and DCI formats are located only one frequnecy block

· No redundant information in the control signalling

· Only the control signalling in one frequency block is decoded in a given subframe.
· It is backward compatible.
Cons:

· Since only one frequency block is used for PDCCH transmission to all UEs, the bandwidth available for PDCCH may become a limiting factor.
· New DCI formats need to be defined
· The new DCI formats will increase the blind decoding attempts

Alternative 4 provides a control channel which spans across all frequency blocks where one PDCCH channel can assign PDSCH data to all frequency blocks applicable to options 1/2/3 of L1-to-L2 interfacing.
Pros:

· PDCCH and DCI formats span accross on all the frequency blocks

· No redundant information in the control signalling

· The bandwidth available for PDCCH is wide enough for all LTE-Advanced UEs
Cons:

· It is not backward compatible, so LTE terminals are not able to use it.
· The control signalling on all frequency block is jointly decoded
· New DCI formats needs to be defined
· The new DCI formats will increase the blind decoding attempts
Alternative 5 provides a control channel in each frequency block where one PDCCH channel can assign PDSCH data to all frequency blocks applicable to options 1/2/3 of L1-to-L2 interfacing.
Pros:

· Depending on the UE capabilty and its configured bandwidth for PDSCH transmission, the PDCCH and DCI formats are located on same bandwidth as for PDSCH transmission where each PDCCH in each frequency block is decoded separately
· UE  monitors only some of the frequency blocks  and the control signalling on each monitered frequency block is decoded seperately  

· Significant signalling overhead reduction and there is no redundant information transmitted.
· It is backward compatible, LTE terminals are able to camp in any of the frequency blocks
· The bandwidth available for PDCCH is wide enough for all UEs
Cons:

· New DCI formats need to be defined
· The new DCI formats will increase the blind decoding attempts
4 Conclusion
In this contribution, we have discussed the downlink control structure for LTE-Advanced in the context of the carrier aggregation approach. It is shown that the downlink control structure heavily depends on the type of interface chosen between the physical layer and the MAC-layer where three options of interfaces are envisioned in this contribution. Option 2 provides poor Link Adaptation performance as single MCS scheme is applied across all frequency blocks. It is expected that Options 1 and 3 will show potential Link Adaptation improvements compare to Option 2, so we propose RAN1 to study further these two options.
For the downlink control structure, the merits and demerits of five different alternatives were discussed in this contribution. Alternative 5 is best suited to options 1 and 3 above, so we propose RAN1 to adopt Alternative 5 for LTE-Advanced system.  
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