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1 Introduction

In RAN1 #53bis meeting, it was agreed that [1]:
Carrier aggregation, where two or more component carriers are aggregated, is considered for LTE-Advanced in order to support downlink transmission bandwidths larger than 20 MHz. 

A terminal may simultaneously receive one or multiple component carriers depending on its capabilities:

· An LTE-Advanced terminal with reception capability beyond 20 MHz can simultaneously receive transmissions on multiple component carriers.

An LTE Rel-8 terminal can receive transmissions on a single component carrier only, provided that the structure of the component carrier follows the Rel-8 specifications
In this contribution, we further provide some considerations for downlink control structure for LTE-A based on the above assumptions.

2 MAC-PHY interface for LTE-A
If a component carrier is Rel-8 compatible, it should has its own SCH/BCH, PCFICH, PHICH, PDCCH which are defined in LTE, thus both LTE and LTE-A UEs can access this carrier .
With carrier aggregation, two kinds of MAC-PHY interface were proposed in [2]:

A. Aggregation of the data streams on the component carriers is done at the MAC layer i.e. one transport block (two in case of spatial multiplexing) per component carrier.
B. Aggregation of the data streams on the component carriers is done at the physical layer i.e.  One transport block(two in case of spatial multiplexing) in total
The two options are illustrated in Figure 1[2].
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      Figure 1. Three options of interfacing physical layer to MAC-layer.
Some considerations and the pros and cons of each option have been provided in [2]
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Data traffic is an important issue when we design the MAC-PHY interface. LTE-A had set a high goal to support a wide range of services which have different Qos and data rate requirements. Under such requirements, UE will need highly diversified services from low data rate service e.g. VOIP, to extreme high data rate services e.g. HDTV (which may require larger TB sizes than Rel-8 defined). Thus, the MAC-PHY interface should be flexible to handle various traffic requirements. Also, to achieve requirements approved in TR36.913, We think that LTE-A should be optimized at wider transmission bandwidth by exploiting higher frequency diversity gain and multi-user diversity through scheduling. On the other hand, from the viewpoint of HARQ efficiency and the relative overhead, multiple HARQs on a component carrier will result in overhead burden especially when UL/DL asymmetric carrier aggregation applied. Regarding the issues above, we consider option3 with the following properties,also mentioned in [7],as illustrated in Figure 2:
· Multiple TBs and HARQ entities should be supported;

· A Transport block can be divided into multiple fragments after channel coding. Each fragment can be mapped to a component carrier, with:

· One HARQ process ;
· Modulation scheme is chosen for each component carrier involved;
· Transmission rank is chosen for each component carrier involved;
· MIMO transmission can be done per component carrier involved.

· A component carrier will allow only one Transport block or Transport block fragment at a time;

· HARQ-processes can "jump" between component carriers.
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Figure 2. Option-3
With the proposed method, we can get well adaptation of different data requirement with the size of the TB and the number of the carriers, and also the link adaptation compared to option (2).On the other hand, the overhead of the PDCCH could be reduced compared to option (1).

There are several issues need further consideration:
· The balance between flexible adaption for different TB sizes, traffic characteristic and the introduced complexity (scheduling, implementation, specification process, etc)
· The balance between higher frequency diversity gain including multi-user diversity through scheduling and the scheduling complexity plus signaling overhead.
3 Downlink Control Signaling
In order to make full use of the carrier aggregation in LTE-A, the physical layer control signaling mechanism need to be extended.
The arrangement of downlink control signaling and data transmission can be deployed in different ways. So far there are mainly four different alternatives [2], illustrated in Figure 3:
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Figure 3: Control signaling for carrier aggregation
Some considerations and the pros and cons of each alternative have been provided in [2] [3] [4] [5] [6]. 
Power consumption is an important issue when we design the PDCCH in LTE-A especially with the increased bandwidth. According to [2], the power consumed can be divided into three parts: analog front-end, analog-to-digital conversion and baseband processing when a UE is scheduled among several component carriers. However if all component carriers are processed by on RF chain, the whole RF chain and A/D conversion circuit may have to be switched on. Thus, the only possible part for reduction of power consumption in this case is baseband processing. From the current design in LTE, blind detection occupies the greatest ratios of the whole PDCCH process. How to optimize the PDCCH to keep the blind detection complexity limited within a reasonable scale will be more important for power saving. Compatibility with LTE is also one of a mandatory requirement and should be considered as another important issue for PDCCH designing. LTE UEs must also access to the LTE-A systems. Modification or enhancement of PDCCH for LTE-A must be transparent to LTE UEs. Regarding the two issues above, we consider the following two aspects:
1. Primary and secondary carrier structure for LTE-A UEs. Some detailed descriptions related to it are listed as following:

· Primary carrier is defined as one that LTE-A UEs keep monitoring while LTE UEs only keep monitoring its own carrier where they are camping;

· Only one kind of new PDCCH format is introduced in primary carrier (temporarily called the primary format) which is an index (may contain some other information to accelerate the blind detection) to inform LTE-A UEs to find which carrier or carriers the detailed (temporarily called the secondary format) PDCCH are located in. The secondary PDCCH for LTE-A UEs can either reuse the formats defined in LTE or define some new formats exclusive for LTE-A UEs. It is noted that primary and secondary PDCCH can be transmitted simultaneously and LTE UEs will not “see” the primary format and the new defined LTE-A related secondary PDCCH formats;
· LTE-A UEs only need monitor the primary carrier. If they have not detected any index format associated with them, they will not search any secondary PDCCH in any other component carriers. LTE UEs only need monitor the carrier where they are camping.
2. Secondary PDCCH for LTE-A: Some general options are listed for secondary PDCCH design illustrated in Figure 4. Each one has its own pros and cons. 
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Figure 4:  primary/secondary PDCCH for LTE-A
· Option a: primary PDCCH (may contains other information to accelerate the blind detection of the secondary PDCCH) informs LTE-A UEs to find where the secondary PDCCH is located in. It is noted that LTE UEs will not “see” this kind of PDCCH format. In option a, we do not need to define one new format for the secondary PDCCH. We can reuse the formats defined in the R8 specification. The advantages of this option are simple specification process; higher flexibility in different component carriers. However, on the other hand, more overhead of this option may be needed. 
· Option b: primary PDCCH (may contains other information to accelerate the blind detection of the secondary PDCCH) informs LTE-A UEs to find where the secondary PDCCH is located in. It is also noted that LTE UEs will not “see” this kind of PDCCH format. In option b, one or some new formats are needed to be defined for LTE-A exclusively. Also, these new formats need to be transparent to LTE UEs. The overhead in option b may be reduced while it will loose the component carrier adaption gain for secondary PDCCH. 
· Option c: primary PDCCH (may contains other information to accelerate the blind detection of the secondary PDCCH) informs LTE-A UEs to find where the secondary PDCCH is located in. It is also noted that LTE UEs will not “see” this kind of PDCCH format. In option c, one or some new formats are also needed to be defined for LTE-A exclusively. Also, these new formats need to be transparent to LTE UEs. The overhead in option c may be also reduced and it will also loose the component carrier adaption gain for secondary PDCCH while more frequency diversity gain will be obtained in this option.
4 Conclusion
In this contribution, we provide our view on MAC-PHY interface for LTE-A and suggest to allow HARQ-processes “jumping” among different component carriers. We also propose one primary/secondary PDCCH structure for LTE-A exclusively. With this structure, LTE-A UEs can not only save power but also accelerate the blind detection of PDCCH associated with them. Some optional designs for secondary PDCCH for LTE-A are also provided.
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