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1 Introduction

In RAN1 #55bis meeting, it was agreed that:
· There is one transport block (in absence of spatial multiplexing) and one HARQ entity per scheduled component carrier (from the UE perspective)
· A UE may receive multiple component carriers simultaneously
Also, it is proposed that [1]:
· It shall be possible to configure all component carriers LTE Release 8 compatible, at least when the aggregated numbers of component carriers in the UL and the DL are same. Consideration of non-backward-compatible configurations of LTE-A component carriers is not precluded
In this contribution, we discuss some principles of assigning multiple component carriers to a LTE-A UE and provide some considerations of PDCCH design for LTE-A based on the above assumptions.

2 Assignment of mutiple component carriers
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 .
When a LTE-A UE accesses a LTE-A system with multiple Rel-8 compatible component carriers, it will mostly act like a LTE Rel-8 UE during the initial access procedure .there are several issues need further attention: 

· When and how a LTE-A UE identify the system as LTE-A or LTE:
· a possible solution is utilizing the reserved bits in the MIB;
· When and how a LTE-A UE gets the system information of carrier aggregation e.g. carrier locations, bandwidths, pairing, designation (UL/DL) etc.
· a LTE-A UE can get the information during or after the initial access procedure
· the information can be broadcasted on each component carrier or some particular component carriers e.g. anchor carriers mentioned in[2]

· When a LTE-A UE informs eNB about its capability e.g. supportable bandwidth, frequency band ,transceiver structure ,etc
· The UE may transmit a higher-layer message after the initial access procedure, or via RACH message 3 as mentioned in [3].
Different solutions may lead to different access procedure. However, there should be only one pair DL/UL component carriers assigned to a LTE-A UE during access procedure for simplicity and overhead reduction.
Also，when a LTE-A terminal is in idle mode, or in RRC connected mode with low data rate traffic, it just camps on one component carrier for power saving and overhead reduction, whether this component carrier should be a cell-specific anchor carrier or UE-specific anchor carrier is FFS.
When LTE-A terminal is in RRC connected mode with high data rate traffic which requires larger bandwidth, it will be required to monitor multiple carriers, and the number of the monitored carriers depends on the UE capability, traffic Qos requirements, and component carrier load balancing. The assignment of multiple component carriers to a UE may include some necessary parameters such as component carrier indexes, transmission mode and CQI report mode of each component carrier etc, and should be carried by higher layer signaling for high reliability. However, constantly receiving signals on all assigned component carriers is not power efficient. Some schemes should be introduced to adapt requirements of different traffic, for example:
· DRX mode: One possibility is to set DRX independently for different component carriers as mentioned in [4].
· Trigger mode: the activation/deactivation of each component carrier should be informed by high layer signaling.
· Timing mode: a UE should monitor an activated component carrier for a period of time configured by high layer and then shut down.
To balance the power consumption, overhead and schedule flexibility efficiently, a layered control mechanism may be needed. For example, a LTE-A UE should be assigned multiple component carriers by higher layer semi-statically (or a relative long term), then L2 control signaling can “switch on/off” some of the assigned component carriers dynamically to balance between schedule flexibility and monitored bandwidth
3 PDCCH Design
There are two fundamental approaches i.e. separate and joint PDCCH for the PDCCH structure, as illustrated in figure 1:
a) Separate PDCCH in each configured component carrier 

Alternative I.  Each PDCCH in the same component carrier with respective PDSCH 

Alternative II.  All PDCCH in a single component carrier

b) Joint PDCCH over the configured component carriers
Alternative III. All PDCCH a single component carrier
Alternative IV. PDCCH over all configured component carriers for PDSCH
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Figure 1 PDCCH Design for carrier aggregation
3.1  some issues about PDCCH structure

When evaluating these alternatives, some issues should be considered:

a) Compatibility with LTE Rel-8
This means that the Rel-8‘s CCE structure and the blind detection pattern should be kept as much as possible. From this point of view, alternative I and alternative III would be more suitable. 
b) Blind detection complexity
As mentioned in [5], How to optimize the PDCCH to keep the blind detection complexity limited within a reasonable scale will be important for power saving. Furthermore, since one possible transceiver structure of LTE-A may be composed of parallel LTE Rel-8 module; the number of blind decoding of each component carrier may have a similar limit as LTE Rel-8.
c) Payload Size
Total payload size of joint PDCCH is smaller than that of separate PDCCH when the UE is scheduled from all the assigned component carriers. However, on the other hand, if the joint PDCCH uses a fixed DCI format combination, the payload size could be excessive whenever the UE is scheduled only on some of the component carriers. Some mechanisms should be introduced to inform the UE about the actual DCI formats of the joint PDCCH.

d) Performance
Without considering other factors, the effect on throughput is not expected to be significant between the separate and joint PDCCH approaches. The performance difference of having separate/joint PDCCH should be further studied considering the overall system operation regarding e.g. the scheduling strategy.
e) Common Control Information
To be backwards compatible with LTE Rel-8, the same structure of common control channels (BCH, RACH response, and paging) should be maintained as LTE Rel-8 in each component carrier. Therefore, separate transmission of the common control channels is assumed 
3.2 Prime and secondary PDCCH

Regarding the 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 a LTE-A UE keeps monitoring. It can be the anchor carrier or designated by high layer signaling. Secondary carriers are defined as other component carriers assigned to the UE.
· The PDCCH format in primary carrier (temporarily called the primary format) is composed of the DCI of the prime carrier and an index (may contain some information to accelerate the blind detection) which is used 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
· When a UE is assigned multiple component carriers, it should be informed the location of the primary carrier and the primary format by high layer signaling. After decoding the prime PDCCH, LTE-A UEs find where the secondary PDCCH is located in and decode it according to the index.
· Since the index can be composed of a small amount of bits, it will not cause a significant overhead increase and deteriorated performance, assumed the same CCE aggregation level is used as the DCI format without the index in most cases.
· Prime format should be located in UE-specific search space. DL and UL grant in prime carrier both can be the prime format and contain the relative DL/UL grant index of the secondary PDCCHs.

· Some general options are listed for secondary PDCCH design illustrated in Figure 2
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Figure 2 Primary/Secondary PDCCH for LTE-A
· Option a: primary PDCCH informs LTE-A UEs to find where the secondary PDCCH is located in. Basically, 2 bits per component carrier will be enough to inform the LTE-A UE about the DCI format of the relative component carrier. The advantages of this option are simple specification process; higher flexibility in different component carriers; less number of blind decoding .However, on the other hand, it will suffer a little higher miss probability. 
· Option b: primary PDCCH informs LTE-A UEs to find where the secondary PDCCH is located in. It is noted that the secondary PDCCH were joint coded. 2 bits per component carrier will be enough to inform the LTE-A UE about the DCI format of the relative component carrier and dynamic payload size of joint coded PDCCH can be realized. The advantages of this option are simple specification process; higher flexibility in different component carriers; less number of blind decoding and less overhead. Also, it will suffer a little higher miss probability.
2. Primary and secondary PDCCH blind detection method. Some detailed descriptions related to it are listed as following:

· As mentioned above, the number of blind decoding of each component carrier may have a similar limit as LTE Rel-8.if UE begun to decode the secondary PDCCHs after the prime PDCCH detected, the total number of blind decoding may exceed the limit.
· To solve this problem, different blind decoding order should be applied to prime carrier and secondary carriers: in prime carrier, UE should first search the UE-specific search space and then the common search space; in secondary carriers, UE should first search the common search space for common control information and then search the UE-specific space. After decoding the prime PDCCH, LTE-A UEs find where the secondary PDCCH is located in and decode it according to the index. In this way, the maximum number of blind decoding would not exceed the limit, assumed the similar decoding procedure as LTE Rel-8.
· Some mechanisms should be introduced to mitigate the miss probability, for example: If the prime PDCCH detection failed, UE should continue to decode the secondary PDCCH according to the most recent index.
4 Conclusion
In this contribution, we provide our view on multiple component carriers scheduling and suggest using a layered control mechanism to balance the power consumption, overhead and schedule flexibility efficiently. We also discuss some issues about PDCCH structure and 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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