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1 Introduction

At the RAN1#57bis meeting, the following three component carrier types are defined.
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.
Since each component carrier type has different properties and accessibility, carrier type indication is necessary so that UEs can find the right component carrier for access. In order to enable fast cell camping and handover, it is recommended to design an efficient scheme of component carrier type indication, which allows UEs to identify the component carrier type in the early stage of cell camping and handover. This contribution describes our views on several candidate solutions.
2 Carrier Type Indication
According to the definition in RAN1#57bis, there are three possible types of component carriers for bandwidth extension in LTE-Advanced. Without component carrier type indication, UEs may not be able to choose the right component carrier for access without excessive power wasting. There are two possible solutions to indicate component carrier types. Our views on these two solutions are described as follows.
1. Indicate component carrier type in MIB/SIB ─
Additional field can be added in the MIB/SIB to indicate the type of this component carrier.

· Pros:

- No additional hardware complexity is needed: Only several additional bits are required.
        - No backward compatibility issues: The indicator can utilize the reserved or extension bits in existing fields so that there is no serious backward compatibility issue.
· Cons:
- Long cell camping or handover latency: UEs have to complete the whole synchronization procedure before decoding the indication field in MIB/SIB. UEs may have to give it several tries to find the right component carrier for access. This prolongs the latency of network entry or handover if there are a number of component carriers and some of them are extension carriers.
- Power consumption waste: Since UEs have to complete the whole synchronization procedure before decoding the indication field, they may waste power in failed tries.
2. Indicate component carrier type in synchronization channel ─
Apply different synchronization channel configurations to different carrier types for indication.
· Pros:

- Short cell camping or handover latency: Since UEs don’t have to complete the whole synchronization procedure before the identification of the carrier type, the time they spend on a specific component carrier is much shorter, compared to solution #1.
- Better power efficiency: Since UEs can identify the carrier type before completing the whole synchronization procedure, they don’t have to waste the power on some useless entry steps.
· Cons:

- Additional hardware complexity may be needed: Since synchronization procedure is conducted in physical layer, additional hardware may be required so as to enable the capability to differentiate different synchronization channel configurations for various carrier types.
- There may be backward compatibility issues: Since additional hardware complexity may be required to differentiate different synchronization channel configurations, UEs of all existing LTE releases may not be able to understand the meaning of each configuration and it may results in unexpected behavior due to misunderstanding.
From above discussion, an easier way is to apply solution #1. It’s safer but it may not be able to meet the requirement of handover latency, especially when there are multiple component carriers. A more practical way is to figure out a way to resolve the backward compatibility issues of solution #2 and apply both solution #1 and #2 to enhance cell camping and handover latency as well as increase the reliability of carrier type indication. In our views, it is suggested to apply this hybrid method for the carrier type indication in LTE-Advanced if the backward compatibility issues can be resolved for solution #2.
3 Synchronization Channel Configuration for Carrier Type Indication

There are three possible candidate solutions if synchronization channel configuration is adopted for carrier type indication. The key problem is the backward compatibility. They are discussed as follows.
1. Apply no synchronization channel in the non-stand-alone component carrier (or extension carrier) so as to differentiate it from the stand-alone-capable one.
· Pros:
- No additional hardware complexity: UEs (both LTE and LTE-Advanced) can just switch to another component carrier if it can not find any synchronization channel in current one. The only complexity which may be introduced is that UEs of LTE-Advanced have to understand the meaning of this configuration.
- No backward compatibility issues: For UEs of all LTE releases, they can just follow the normal synchronization procedure and then they can find the right component carrier for access.
· Cons:
- Latency issues: UEs (both LTE and LTE-Advanced) may need several rounds to confirm that there is no synchronization channel and thus it may induce longer latency to find the right carrier for access.
- Synchronization issues: For contiguous frequency bands, the frequency synchronization information from component carriers with synchronization channels can be reused for those component carriers without synchronization channels. However, for non-contiguous frequency bands, the related information may not be reused. No synchronization channel in some component carriers may results in the difficulty of frequency synchronization.
- Link quality measurement issues: Without synchronization channels, it is difficult for UEs to measure the link quality and report to eNode B. It will require other reference signals to take this job.
- No full cell ID information in an extension carrier: Without synchronization channels, there is no way to obtain this information in extension carriers.
2. Reserve several code sequences or cell IDs of the synchronization channels for the indication of carrier type.
· Pros:
- No additional hardware complexity: The only complexity which may be introduced is that UEs of LTE-Advanced have to understand the meaning of the reserved code sequences or cell IDs.
- No synchronization issues
- No link quality measurement issues
- Full cell ID information in an extension carrier
· Cons:

- Backward compatibility issues: Since UEs of all existing LTE releases may not be able to understand the meaning of these reserved code sequences or cell IDs, they will misunderstand the meaning of reserved code sequences or cell IDs and continue the procedure of network entry or handover.
- Latency and power consumption waste issues: Since UEs of LTE-Advanced can only identify the carrier type and decide whether to continue the component carrier searching after the whole synchronization procedure is completed, this induces longer latency and larger power consumption waste.
3. Apply different configurations of synchronization channel types for carrier type indication. For example, only apply secondary synchronization channel in extension carriers.
· Pros:
- No additional hardware complexity: The only complexity which may be introduced is that UEs of LTE-Advanced may have to understand the meaning of this configuration. For UEs of all existing LTE releases, they only have to know this component carrier is not allowed for them to access and then switch to another carrier component for access.

- Short latency and less power consumption waste: UEs (both LTE and LTE-Advanced) can switch to another component carrier if primary synchronization channel can not be detected. Since primary synchronization channel detection is the first step in synchronization procedure, it can enable fast carrier type identification and avoid useless computations on one component carrier.
- No backward compatibility issues: For UEs of all LTE releases, they can just follow the normal synchronization procedure and then they can find the right component carrier for access.
- No synchronization issues
- No link quality measurement issues
· Cons:

- No full cell ID information in extension carrier: The shortcoming in this scheme is that UEs can not obtain full cell ID information in the extension carrier. 
From above discussion, each solution has its own strength and weakness. However, considering all the pros and cons, solution #3 is relatively a better way for the indication of carrier type. 
4 Conclusions
In this contribution, different solutions for the indication of carrier type are discussed and our views on each solution are presented. Two points can be concluded as follows.
Proposal 1: For better reliability and efficiency, it is recommended to indicate the carrier type in both MIB/SIB and synchronization channel.
Proposal 2: To indicate carrier type in synchronization channel, configuration of synchronization types in each component carrier can be utilized. 
Proposal 3: Only secondary synchronization channel exists in extension carriers while both primary and secondary synchronization channel exist in other carrier types.
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