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1 Introduction

In RAN1 #57bis meeting, three carrier definitions are proposed to aid the future discussions on carrier aggregation 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, backwards compatible carriers always occur in pairs, i.e. 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.
 In this contribution, we provide our views on these definitions.
2 Discussion
2.1 Carrier definitions 
We can see that the first two definitions contain the term “accessible”, which is not defined clearly yet. if accessibility of a cell concerns whether a UE is allowed to camp on that cell, and whether the cell provides sufficient information such that the UE can get access to the services offered by the network, accessibility of a carrier can be defined as: A carrier upon which it is possible to configure cells that are accessible to UEs, i.e. cells upon which UEs are allowed to camp, as discussed in [2].

If accessibility of a carrier is defined as such, the carrier definitions may cause some confusion. For example, cells on backwards compatible carriers may be barred if SystemInformationBlockType1 indicates that the cell is barred, then this carrier is not accessible to UEs of all LTE releases and will violate the carrier definitions. It can be seen that the cell accessibility is not necessarily an inherent property of the carrier type. Furthermore, a carrier can be operated as a single carrier (stand-alone) means that cells upon such a carrier can be configured. So we think that whether a carrier can be configured as a cell and the capability of this cell to provide services to UE of different releases should be the characteristics of a carrier. For example, we can revised the carrier definitions as following:
Backwards compatible carrier:

· A carrier upon which cells should be configured and the cell can provide services 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, backwards compatible carriers always occur in pairs, DL and UL.
Non-backwards compatible carrier:
· If specified, a carrier upon which cells should be configured and the cells can not provide services to UEs of earlier LTE releases ,but can provide services to UEs of the release defining such a carrier 
· Can be operated as a single carrier (stand-alone) or as a part of carrier aggregation.
Extension carrier: 

· If specified, a carrier upon which no cells should be configured, but must be a part of a component carrier set where at least one of the carriers in the set upon which cells should be configured.
2.2 considerations of carrier types
Based on the revised carrier definitions mentioned above, we provide some considerations of these carrier types.
Backwards compatible carrier
Since backwards compatibility is mandatory in LTE-Advanced, Backwards compatible carrier is obviously necessary. For FDD, only a band specific default Tx-Rx separation should be supported to decide the corresponding uplink carrier frequency for this type of carrier. For UEs of an existing LTE release, cells upon such a component carrier should have the full functionality of a corresponding release cell. 
Backwards compatible radio layers (including layer 1, 2, 3) are necessary to support this backwards compatible carrier. 
This backwards compatible carrier will be the baseline type of a component carrier.
Non-backwards compatible carrier
As an asymmetric aggregation scenario is one of the Prioritized Deployment Scenarios for LTE-Advanced, at least for now on, Non-backwards compatible carrier is necessary due to the default Tx-Rx separation tested by the current RAN4 conformance specifications. Besides, if some bandwidths undefined in Rel-8 would be introduced in Rel-10, Non-backwards compatible carrier is also necessary. However, from spectrum efficiency point of view, Rel-8/9 UEs should be able to access carriers like LTE-A UEs as much as possible. It seems preferable to have non-backward compatibility only if it cannot be avoided, e.g. for different BW or different duplex distance.
It is necessary to avoid Release 8/9 UEs accessing non-compatible CCs to comply with the Tx-Rx separation and accelerate the access procedure. There are several options for this type of carrier:
· option1:The same radio layer1 as Backwards compatible carrier and modified upper layers which are different from that of backwards compatible carrier (E.g. modified MIB and /or SIBs)
· Option2: modified radio layer1 which is different from Backwards compatible carrier (E.g. modified SCH ,RS,etc) and the same upper radio layers 

· Option3: modified radio layer1 which is different from that of Backwards compatible carrier and modified upper layers which are different from that of backwards compatible carrier 
Option1 seems to be a straightforward solution for standardization and implementation simplicity .however, if some skillful new designs with relative low complexity can improve system efficiency greatly, other options are still preferable.
Extension carrier:
An Extension carrier can be a data only carrier and can only be operated as part of carrier aggregation. There are two major motivations for extension carrier as proposed in [3]:

· throughput improvement:
· An extension carrier without control region (PDCCH, PHICH, and PCFICH) is possible to transmit the PDSCH from the first OFDM symbol. This is beneficial especially for an operation scenario with a small number of UEs in the system (e.g. home eNB, hotspot), where the PDCCH region on the remaining DL CCs is sufficient to accommodate the required PDCCHs, providing a throughput improvement. However, in other cases, spectrum efficiency loss may be caused by some factors e.g. increasing PDCCH blocking probability due to the increasing amount of scheduling requirement on the carrier which conveys the scheduling information of the “PDCCH-less” carrier, unbalanced load between component carriers, etc.
· An extension carrier with reduced system information may help to imporve throughput. however, the gain from not providing system information is quite trivial.(~ 1% in typical cases), as illustrated in[4] 

· ICIC:
· Different coverage /interference characteristics are expected due to different propagation conditions (e.g. different path loss) or multicarrier operation in heterogeneous network deployment as proposed in[5]

 REF _Ref237692806 \r \h 
[6]. An extension carrier without control region may be beneficial to enable semi-static/adaptive ICIC to manage interference on control channels and achieve better spectrum efficiency. However, since many aspects of heterogeneous network deployment are not very clear right now, further investigation is needed to evaluate the gains brought by this kind of carrier. 
Besides, since extension carrier is only available for UE with multi-carrier capability, from the viewpoint of spectrum efficiency, following issues should be taken into account when evaluating the necessity of extension carrier:
· Introducing extension carrier result in fixed partition of resource between Rel-8 and LTE-A UEs. Since it is difficult to estimate the ratio of LTE-A to Rel-8 UE, this will easily lead to inefficient spectrum usage, particularly in symmetric aggregation scenarios.
· Some low-end LTE-A handset may not be capable of carrier aggregation, and thus not possible to access those partial signaled carrier. For LTE-A UE with multi-carrier capability, it would not always demand multi-carrier transmission/reception.

It seems that the potential benefits of introducing extension carrier depend on the distribution of UE categories and the network deployment Scenarios. At this stage, since so many aspects of LTE-A system are unclear, the necessity of this type of carrier needs further investigation.
On the other hand, if extension carrier is specified, a universal channel structure for different deployment Scenarios is needed to standardization and implementation simplicity. However, different optimized channel structures seem to be suitable for different deployment Scenarios. For example, not transmitting SCH is an option for extension carrier [3]. But a component carrier without SCH would have to be located close to a component carrier with SCH for reliable synchronization and probably not suitable for inter-band non-contiguous carrier aggregation. Not transmitting control channels (e.g. PDCCH/PHICH/PCFICH) is another option for extension carrier [3]. It may be beneficial for an operation scenario with a small number of UEs in the system (e.g. home eNB, hotspot), where the PDCCH region on the remaining DL CCs is sufficient to accommodate the required PDCCHs, but for other operation scenarios with a large number of UEs (e.g. Marco eNB), the shortage of PDCCH resource may result in system efficiency loss. So the operation scenarios and deployment strategy of extension carrier should be clarified to make the decision of whether it should be specified and what kind of channel structure it should be if specified. 
Proposal1: Backwards compatible carrier and Non-backwards compatible carrier are the basic CC types; whether the extension carrier should be specified needs more investigation. 
3 Conclusion

In this contribution, we discuss the carrier definitions and try to clarify the ambiguity of the definitions as following:

Backwards compatible carrier:

· A carrier upon which cells should be configured and the cell can provide services 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, backwards compatible carriers always occur in pairs, DL and UL.
Non-backwards compatible carrier:
· If specified, a carrier upon which cells should be configured and the cells can not provide services to UEs of earlier LTE releases ,but can provide services to UEs of the release defining such a carrier and the UEs 
· Can be operated as a single carrier (stand-alone) or as a part of carrier aggregation.
Extension carrier: 

· If specified, a carrier upon which no cells should be configured, but must be a part of a component carrier set where at least one of the carriers in the set upon which cells should be configured.
And based on the revised definitions, we propose:

· Backwards compatible carrier and Non-backwards compatible carrier are the basic CC types; whether the extend carrier should be specified needs more investigation.
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