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1 Introduction

In LTE-Advanced, extension of bandwidth beyond single Release 8 system bandwidth is achieved by carrier aggregation. To support UL/DL asymmetric carrier aggregation, UE specific component carrier sets were introduced:
UE DL Component Carrier Set:

· The set of DL component carriers configured by dedicated signalling on which a UE may be scheduled to receive the PDSCH in the DL.

UE UL Component Carrier Set: 

· The set of UL component carriers on which a UE may be scheduled to transmit the PUSCH in the UL.

· FFS whether the definition of the UL CC set will be needed in the specifications

The component carrier sets define the component carriers that the UE shall be able to transmit PUSCH and receive PDSCH, with possibly different sizes in case of asymmetric UL and DL aggregations. Dedicated signalling is used after RRC connection establishment to configure/activate additional component carriers [2].
However, no further agreement has been made regarding transmission of overhead channels and monitoring of control channels. In this contribution, we discuss flexible and efficient mechanisms for
· transmission of overhead channels (P-SCH, S-SCH, PBCH, paging, RACH, and SI)

· monitoring of control channels (PUCCH and PDCCH)
and describe the notions of ‘default carrier’ and ‘anchor carrier.’
2 Carrier Types
The ‘anchor carrier’ concept was proposed by some companies [3]
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[10] to support carrier aggregation. Considering requirements to support cell-specific and carrier-specific system information for aggregated carriers, while allowing flexibility in control channel configurations, it may be beneficial to distinguish between the ‘default carrier’ and the ‘anchor carrier.’ These new concepts allow control channel configurations required to support flexible deployment scenarios with aggregated carriers, while minimizing the overhead channels.
2.1 Default Carrier
The default carrier is the one the UE first acquires synchronization, system information, and does the initial access. 

· Default carrier is specific to the spectrum of each operator and designated by the operator when the system is deployed.
· The default carrier contains overhead channels such as PSCH, SSCH, Release-8 PBCH, and paging channel.
· There is one default DL carrier per cell.

· PSCH, SSCH and Release-8 PBCH are transmitted in the default DL carrier. 
· Both default carrier and other carriers (ie non-default carriers) can contain channels to support ongoing traffic channels once the connection is established. These channels are PCFICH, PDCCH, PHICH, PDSCH in the DL and PUCCH and PUSCH in the UL.

· Default carrier carries cell-specific information that is common to all UEs in the cell. These include
· Default UL carrier frequency and UL bandwidth for LTE-A

· Available non-default DL and UL carriers and carrier specific information for LTE-A.
· Default mapping between DL CC and UL CC for initial access and control channel monitoring.

· The default mapping may be defined as one UL carrier for each of DL carriers.

· Additional SIB may be required for carrying system information specific to carrier aggregation.

· SI (such as SIB1) is transmitted on the default carrier.
· The carrier on which SI is transmitted can be indicated in the CIF in the corresponding PDCCH.
Proposal 1a: PSCH, SSCH and Release-8 MIB are transmitted in the DL default carrier. The default carrier is specific to the spectrum available to the operator. All UEs accessing the cell monitors the default DL carrier to gain access to the system.
Proposal 1b: Default UL carrier (carrier frequency and bandwidth) common to all UEs are sent in the broadcast message. 
· Available non-default DL/UL carriers and carrier specific information are broadcast in the default carrier.

· Default mapping between the DL CC and UL CC are defined and signalled in the default carrier.
2.2 Anchor Carrier

Anchor carrier is configured after initial system acquisition. The anchor carrier is configured by higher layer signalling. The anchor carrier can be configured semi-statically per UE by eNB, based on the UE radio conditions, cell edge or non-edge detection, and/or UE speed as well as application requirements and traffic loading for each carrier. 
· There is one DL anchor carrier and one UL anchor carrier per UE

· Once the initial access is successful, default carrier is the anchor carrier for the UE. The anchor carriers may be used by UEs to transmit/receive control channels during connected mode and idle mode.
· The DL anchor carrier allows transmission of at least one PDCCH for each UE

· All PDCCH’s corresponding to a UE may be transmitted in the same (anchor) carrier that has the most favourable radio conditions. This scenario is useful for control channel ICIC in heterogeneous network deployment, where relatively small number of UEs (hence PDCCH’s) are scheduled simultaneously in a given subframe [6].
· Additional PDCCH’s for the same UE may be transmitted in the anchor carrier or in other carriers to balance PDCCH loading among multiple carriers
· The anchor carrier may be used to send assistance information to reduce UE blind decoding of PDCCH’s in non-anchor carriers [3]. This issue could be discussed during WI phase.
· The UL anchor carrier allows transmission of at least one PUCCH for each UE

· When multiple A/N’s are transmitted in the absence of PUSCH, all A/N’s for a UE may be transmitted on the UL anchor carrier.

· When simultaneous transmission of A/N’s on multiple carriers is desired, at least one A/N is transmitted on the UL anchor carrier.
· The SR is transmitted on the UL anchor carrier.

· Periodic CSI corresponding to multiple DL carriers are transmitted on one UL carrier according to RAN1#58bis agreement
. In this scenario, the periodic CSI is transmitted on the UL anchor carrier. 
· Reconfiguration of anchor carrier can be signalled by dedicated signalling. There may be latency associated with anchor carrier reconfiguration. This may be typically 20 ms considering HARQ process and may take longer if RLC AM mode is considered for anchor carrier reconfiguration.
Proposal 2: Anchor carrier is configured semi-statically per UE basis. There is one DL anchor carrier and one UL anchor carrier per UE. 

· Once initial access is successful, anchor carrier is the default carrier of the cell

· After connection setup, anchor carrier can be allocated and reconfigured by dedicated signalling. 
· DL anchor carrier supports transmission of at least one PDCCH per UE.

· UL anchor carrier supports transmission of at least one PUCCH per UE.

2.3 PDCCH Monitoring
In Release-8, PDCCH resource is scarce especially in macro cells with large number of UEs. In macro-cell deployments, there is need to distribute PDCCH resources among multiple component carriers in the DL CC set.
· In normal operation, PDCCH is transmitted on the same carrier as the carrier used for PDSCH transmission. CIF is not needed in this case.
· In carrier aggregation scenario supporting PDCCH-less transmission, PDCCH may be transmitted on one or a subset of carriers. The CIF in a new DCI format indicates the CC on which PDSCH/PUSCH is transmitted.

In LTE-A, dynamic scheduling of traffic within the UE DL/UL CC set is allowed, depending on the buffer status and the power/interference condition, providing efficiency and flexibility in resource usage. PDCCH may be monitored in a subset of UE DL CC set. With dynamic scheduling of traffic channel with individually coded PDCCH, significant variation in PDCCH loading is expected. Semi-static reconfiguration of PDCCH resources among multiple component carriers may result in control channel imbalance. To adapt to this PDCCH resource requirements, it is beneficial to allow dynamic selection of the CC for PDCCH transmission.

Proposal 3a: The PDCCH may be transmitted in one or multiple DL CCs per UE in a give sub-frame. Dynamic CC allocation for PDCCH transmission shall be supported.

PDCCH may be monitored in all carriers or a subset of carriers of UE DL CC set. Release-8 PDCCH scheme requires blind decoding of PDCCH on each of the component carriers. Therefore, it may be beneficial to define PDCCH monitoring set to reduce the number of blind decodings required at the UE. The PDCCH monitoring set contains at least the anchor carrier. Error! Reference source not found. illustrates the relation between the DL component carriers defined per UE.
· When there is at least one PDCCH transmission for a UE in a subframe, the PDCCH is transmitted on the DL anchor carrier.

· When there are more than one PDCCH for a UE in a subframe, additional PDCCHs may be transmitted on the non-anchor carriers.
· DL CC set includes the default carrier to allow reception of system information transmitted on the default carrier.

Proposal 3b: PDCCH monitoring set is defined as a subset of UE DL CC set. PDCCH monitoring set contains at least the anchor carrier.
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Figure 1: Relation between DL component carriers configured for UE. UE DL CC set is used for transmission of PDSCH. PDCCH monitoring set for UE to monitor PDCCH. 
2.4 PUCCH Transmission

PUCCH may be transmitted in one or more CCs in the UE UL CC set.

· In case PUCCH is transmitted on single UL carrier, the PUCCH CC may be configured per UE by higher-layer signalling. 
· In case PUCCH is transmitted on multiple UL carriers, the association between DL CC for traffic channel and the PUCCH CC may be defined per UE by higher-layer signalling. The association per UE allows flexibility in PUCCH load among multiple carriers, and particularly useful for asymmetric UL/DL carriers.

Proposal 4: The association between PUCCH CC and UE DL CC set is defined semi-statically by higher layer configuration. UE specific association is supported.
· For ACK/NAK transmission, one-to-one or many-to-one mapping between DL CC and UL PUCCH CC is defined semi-statically per UE.
· SR is transmitted on one UE specific UL anchor CC. 
· CSI for up to 5 DL CCs may be mapped to one UE specific UL CC.  
3 Summary
In this contribution, we discussed flexible and efficient mechanisms for
· transmission of overhead channels (P-SCH, S-SCH, PBCH, paging, RACH, and SI)

· monitoring of control channels (PUCCH and PDCCH)

We introduced notions of ‘default carrier’ and ‘anchor carrier.’ These new concepts allow control channel configurations required to support flexible deployment scenarios with aggregated carriers, while minimizing the overhead channels.
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� This agreement can apply for non-backward compatible carriers. For BC carriers, CQI may be transmitted in multiple UL CCs and needs FFS.
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