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1 Introduction

In LTE-Advanced, extension of bandwidth beyond single Release 8 system bandwidth is achieved by carrier aggregation. The main purpose of carrier aggregation is to provide higher peak data rate to the UE [1]. 

Several decisions have been made in previous RAN1 meetings regarding bandwidth extension [2]:

· LTE-A supports asymmetric UL/DL component carriers

· Separate coding of DL assignments and UL grants for each component carrier based on DCI format(s) of single carrier
· Carrier indicator field (CIF) of 0-3 bits is provided to indicate the CC allocation of the respective PDCCH. 
The Carrier indicator field allows the allocation of traffic channels in the CCs that may be different from the CC on which PDCCH is transmitted, giving flexibility in carrier selection for PDCCH transmission. This feature is particularly useful for asymmetric multi-carrier systems. However, current assumption would require the UE to decode PDCCH for all CCs in the coverage area to obtain UL/DL allocation. It would be beneficial for the UE to reduce the number of PDCCH blind decoding attempts.
In this contribution, we introduce a framework for a low-overhead component carrier allocation. A solution for indicating CCs with active PDCCH transmission is proposed. 
2 Component Carrier Structure
Multiple carriers can be configured as ‘Release-8 mode’ or ‘LTE-A mode’. 
· Backward compatible configuration mode: Each of the component carriers are configured as Release-8 carrier. This mode allows strictly backward compatible operation of each of the carriers with Release-8 terminals.

· LTE-A mode: In this configuration, the set of carriers are configured with one anchor carrier and multiple non-anchor carriers.

The concept of anchor carrier was introduced by some companies [4][6]

 REF _Ref233100099 \r \h 
[7] to support efficient multi-carrier resource allocation. The anchor carrier is the one that the UE first acquires synchronization, system information, and does the initial access. In our view, the anchor carrier is distinguished from the non-anchor carriers in a few aspects:
· The anchor carrier contains Release-8 overhead channels such as PSCH, SSCH, Release-8 broadcast channel, paging and access channels

· Anchor carrier supports Release-8 compatible UEs

· Support of overhead channels in the non-anchor carrier may be turned on/off. The configuration of the non-anchor carrier may be defined by higher layer signalling. 
· When the overhead channel is turned off in the non-anchor carriers, low overhead LTE-A operation is feasible. Since the overhead channels are transmitted only in the anchor carrier, the remaining non-anchor carriers are used primarily for traffic channels, resulting in high peak throughput.

· When the overhead channel is turned on, Release-8 compatible operation on the non-anchor carriers is supported. 
· Both the anchor and the non-anchor carriers contain channels to support ongoing traffic channels once the call is established. These channels include PDCCH, PHICH, PDSCH in the DL and PUCCH and PUSCH in the UL. 

· The anchor carrier carries system information about the non-anchor carriers:
· Active non-anchor carriers in the cell

· Frequency and bandwidth and UL/DL allocation for the available multi-carriers
· Release 8 compatible PDCCH

· PDCCH for resource allocation on the anchor carrier for LTE-A UE

· Both the anchor carrier and a subset of non-anchor carriers can be dynamically allocated to LTE-A UEs.

Dynamic allocation/deallocation of component carriers is useful for multi-carrier operation especially when the multi-carriers are configured in the same frequency band. The non-anchor carrier can be scheduled dynamically, depending on the buffer status and the power/interference condition, providing further efficiency and flexibility in resource usage.
3 Component Carrier Allocation and Indication

Carrier indicator field allows the CC of the traffic channel which may be scheduled in a CC different from the PDCCH CC. However, when the UE is allocated resources in multiple CCs, the UE has to blindly search all CCs for PDCCHs in each of the CCs and need to do blind decoding for up to 44 different PDCCH hypotheses for each CC. This operation will increase UE complexity and power consumption, as the number of CCs increases.

In this section, a two-step procedure is introduced to reduce UE blind decoding attempts.
The resource allocation for the anchor carrier is signalled in the PDCCH transmitted in the anchor carrier. Additionally, anchor carrier PDCCH for LTE-A UE carries additional bits indicating non-anchor PDCCHs. The additional bits serve as a pointer to the non-anchor carriers with active PDCCH transmission. Here, we call these bits ‘active (non-anchor) component carrier indicator (ACCI).’ By decoding the ACCI, UE would know the non-anchor CCs to attempt PDCCH decoding. 

UE procedure for PDCCH decoding is shown in Figure 1. UE first attempts PDCCH decoding on the anchor carrier. After successful decoding of PDCCH in the anchor carrier, UE can decode PDCCHs in non-anchor CCs indicated by the ACCI.

Figure 2 illustrates the principle of the ACCI by an example. In the example, we assume that
· There are 5 component carriers in the cell coverage area. One is an anchor carrier and the other four are non-anchor carriers.

· For simplicity of illustration, we assume that PDCCH in each CC carries resource allocation for its own CC. 
· At the particular subframe, UE is allocated resources in the anchor carrier and non-anchor component carriers NCC1 and NCC3.
Figure 2 (a) shows the DL allocation. The PDCCH in an LTE-A DCI format for DL allocation contains the ACCI indicating that NCC1 and NCC3 have active PDCCHs. After PDCCH blind decoding in NCC1 and NCC3, UE retrieves the resource allocation for PDSCH decoding on these carriers.
The same principle applies to UL scheduling as shown in Figure 2 (b). The PDCCH in an LTE-A DCI format for UL scheduling contains the ACCI indicating that NCC1 and NCC3 have active PDCCHs for UL. After PDCCH blind decoding in NCC1 and NCC3, UE retrieves the resource allocation for PDSCH decoding on these carriers.

Table 1 shows possible usage of ACCI bits, depending on the number of bits available. To support 5 CCs with full flexibility for non-anchor CC allocation, a 4-bit ACCI field is recommended. An example of bitmap construction for the ACCI field to support 5 CC allocation is shown in Table 2.
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Figure 1: UE procedure for decoding PDCCH in multiple CCs
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Figure 2: Illustration of active component carrier indication in PDCCH for (a) PDSCH allocation (b) PUSCH scheduling

Table 1: Possible usage of ACCI field depending on number of bits (Example: maximum of 5 CCs, 2 active CCs allocated in a subframe)
	Number of bits
	Usage
	Number of PDCCH blind decodes
	Max number of CCs allocated

	1
	Indicates additional allocation in one other CC
	Up to (4
	1 (anchor) + 1 (non-anchor)

	2
	Indicates index of one other CC allocated
	Up to (2
	1 (anchor) + 1 (non-anchor)

	3
	Indicates indices of two other CCs allocated
	Up to (2
	1 (anchor) + 2 (non-anchor)

	4
	Indicates indices of all other CCs allocated
	Up to (2
	1 (anchor) + 4 (non-anchor)


Table 2: Bitmap of the ACCI field indicating the active non-anchor component carrier (NCC) in a cell with 5 CCs

	ACCI field
	Active non-anchor component carriers

	0000
	Reserved

	0001
	NCC1

	0010
	NCC2

	0011
	NCC3

	0100
	NCC4

	0101
	NCC1 + NCC2

	0110
	NCC1 + NCC3

	0111
	NCC1 + NCC4

	1000
	NCC2 + NCC3

	1001
	NCC2 + NCC4

	1010
	NCC3 + NCC4

	1011
	NCC1 + NCC2 + NCC3

	1100
	NCC1 + NCC2 + NCC4

	1101
	NCC1 + NCC3 + NCC4

	1110
	NCC2 + NCC3 + NCC4

	1111
	NCC1 + NCC2 + NCC3 + NCC4


4 Summary
In this contribution, we introduced a framework for a low-overhead component carrier allocation. 

· For PDSCH and PUSCH CC indication, dynamic resource allocation in multiple carriers is beneficial to adapt to varying traffic and channel conditions. To facilitate this, a two-step procedure for indicating the PDCC component carriers is introduced. We propose to introduce a 4-bit ‘active component carrier indicator (ACCI)’ field in the LTE-A DCI format transmitted in the PDCCH of the anchor carrier.

The proposed solution allows flexible, low overhead multi-carrier resource allocation with reduced UE PDCCH blind decoding attempts.
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