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1. Introduction

At the RAN1#57bis meeting, the terminology of carriers for LTE-A was determined as following [1].

· Backwards compatible carrier:

· A carrier accessible to UEs of all existing LTE releases. 
· Can be operated as a single carrier (stand-alone) or as a part of carrier aggregation. 
· For FDD, a backwards compatible carriers always occur in pairs, DL and UL. 
· Non-backwards compatible carrier: 
· If specified, a carrier not accessible to UEs of earlier LTE releases, but accessible to UEs of the release defining such a carrier. 
· Can be operated as a single carrier (stand-alone) if the non-backwards compatibility originates from the duplex distance or otherwise as a part of carrier aggregation. 

· Extension carrier: 

· If specified, a carrier that cannot be operated as a single carrier (stand-alone), but must be a part of a component carrier set where at least one of the carriers in the set is a stand-alone-capable carrier.

The extension carrier cannot be operated in stand-alone. It may have no control region (e.g. PDCCH, PHICH, PCFICH) and it is not supposed to transmit MIB, SIB, and Paging over the extension carrier.  Therefore, we have to be careful to employee and activate the extension carrier in LTE-A systems.  In this document we describe our view on a potential problem caused when handling extension carriers. 
2. Discussion

Coverage-hole Problem
Due to lack of contiguous component carriers, the carrier aggregation can be extended to non-contiguous component carriers in separate spectrum bands.  The carriers operating on different spectrum bands have different propagation characteristics in terms of transmission range, penetration loss, reflection effect, and so on.  Therefore, in case of non-contiguous carrier aggregation, the service coverage of each component carrier could be different from the others.  Depending on the deployment scenario, their mismatched service coverage may result in a “coverage-hole”.
Coverage-hole: An area in which only extension carriers are available to LTE-A UEs. 
Figure 1 shows an example of the coverage-hole.  In this example, the extension carrier has wide transmission range and low penetration loss compared to non-extension carrier.  So, the coverage-hole could be created in the cell boundary or behind big and high buildings, etc. 
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Figure 1. Example of coverage-hole
Even though only extension carriers (without PDCCH, PHICH, and PCFICH) are available to LTE-A UEs in a coverage-hole, the LTE-A UEs could be “in service”.  That is, they can receive downlink SPS data from the eNB according to the scheduling information received on PDCCH already.  They could return HARQ feedbacks on PUSCH and report CSI to the eNB based on downlink reference signals.  It means that we cannot say they are out of service range. 
However, LTE-A UEs cannot get any feedback on UL data from the eNB.  They also cannot detect any modification of system information or the configuration of existing bearers.  They also cannot establish a new radio bearer or remove old one anymore. 
Thus, when deploying extension carrier, we have to take into account:
Proposal 1: In order to avoid the coverage-hole problem, at least one of non-extension carriers should have the propagation conditions very similar to or better than the extension carriers. 
Stand-alone carrier linked to Extension Carriers
Extension carrier must be a part of a component carrier set including at least one stand-alone carrier.  When activating an extension carrier, if a LTE-A UE has a set of activated carriers, one or more stand-alone carriers in the set will be linked to the extension carrier.  Then, the linked carrier(s) will carry control information and broadcast system information to the LTE-A UE on behalf of the extension carrier. 
Even though LTE-A systems provide one or more stand-alone carriers satisfying proposal 1, LTE-A UE could still experience the carrier-hole problem depending on spectrum band of the stand-alone carrier(s) linked to the extension carrier.  Figure 2 shows an example. 
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Figure 2. Stand-alone carrier linked to the extension carrier
In this example, UE-1 and UE-2 are activating the extension carrier.  We note that there is a stand-alone carrier, CC-1, in the same spectrum band as the extension carrier.  But, the stand-alone CC-2 is operating on different band.  In Case 1, regardless of its location, UE-1 that already camped on CC-1 would have no restriction to receive any information of the extension carrier on CC-1 and transmit/receive data to/from the eNB on the extension carrier according to the information.  On the other hand, in case 2, UE-2 camping on CC-2 may have carrier-hole problem due to the different propagation condition between CC-2 and the extension carrier, unless it configures CC-1 additionally. 
Thus, when activating extension carrier, we have to take into account:
Proposal 2: In order to avoid the coverage-hole problem, the extension carriers should be activated only for LTE-A UE that already camped on or configured non-extension carriers having the propagation condition very similar to or better than the extension carriers. 
3. Conclusion
As discussed above, our proposals are shown below:

Proposal 1: In order to avoid the coverage-hole problem, at least one of non-extension carriers should have the propagation conditions very similar to or better than the extension carriers. 
Proposal 2: In order to avoid the coverage-hole problem, the extension carriers should be activated only for LTE-A UE that already camped on or configured non-extension carriers having the propagation condition very similar to or better than the extension carriers. 
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