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1. Introduction

In previous meetings, RAN1 agreed on carrier aggregation where two or more component carriers are aggregated to support transmission bandwidths up to 100 MHz for LTE-Advanced. In the last meeting RAN2 started to discuss carrier aggregation. This contribution treats some further details of carrier aggregation.

The following section presents our view on component carrier categories in regard to system information availability. In more detail we discuss our thinking on synchronization channel, MIB and SIB presence, PDCCH availability, and reference signals and the resulting types of component carriers. At the end of the section we give a compact overview on our current perspective.
2. Discussion

In order to achieve larger transmission bandwidths up to 100 MHz, LTE Advanced UEs will have the ability to aggregate two or more carriers. Such carriers are referred to as component carriers. In the last meeting, RAN2 agreed that component carrier aggregation is supported for cells which include the same coverage area as is illustrated in Figure1. Further aggregation scenarios, where component carriers are having a different coverage area are FFS.
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Figure 1: component carrier aggregation for cells which include same coverage area

This document discusses the requirements in regard to system information that needs to be provided by a component carrier. As discussed in [1], based on UE behaviour for cell search and system information acquisition, we think that it would make sense to have different component carrier categories as far as presence of a synchronization channel and the amount of system information is concerned.

UE attach procedure

In order to categorize the above matter, we analysed the Rel-8 cell attach procedure. We identified the following major steps a UE takes in order to camp on a cell.

1. UE uses cell search procedure in order to detect carriers. Component carriers providing a synchronization channel are detected.

2. MIB is acquired by UE by reading BCH. System bandwidth is obtained.

3. Using the system bandwidth and other information over MIB, UE tries to receive PDCCH for SIB1. After receiving PDCCH, UE tries to receive SIB1 mapped on DL-SCH.

4. Additional system information (SIB2 to SIB9) is acquired by UE.

Backward compatible component carrier

A component carrier providing all the necessary information for the UE in order to carry out all the steps mentioned above is the most obvious type of component carrier. We called it as a “backward compatible component carrier”, since Rel-8/9 UEs as well as Rel-10 UEs can measure and camp on such a component carrier. Furthermore, since full system information of MIB and SIB 1-9 is provided, such a component carrier has the full functionality of a Rel-8 cell. This backward compatible component carrier will be baseline type of a component carrier. Additionally, it is our thinking that UEs in RRC_IDLE need to camp on such a component carrier, unless special handling is introduced for system information modification procedure and paging reception. 

Non-backward compatible component carrier

Component carriers not allowing all of the above steps for UE attachment are consequently “non-backward compatible component carriers”.  The most drastic step is to introduce a component carrier supporting none of the above mentioned steps of UE attaching to a cell. This concludes that such a component carrier does not provide means for UEs to camp on this carrier. At the same time such a component carrier would provide the largest reduction of overhead in terms of synchronization channel and system information.

If a synchronization channel is not provided in such a component carrier which does not allow UE to camp on, this would have benefit for initial cell selection behaviour, since a UE does not detect such a component carrier and therefore does not check for existence of system information.

A component carrier as described above is intended for aggregation of bandwidth by Rel-10 UEs which means they can only be accessed by Rel-10 UEs in RRC_CONNECTED that receive a message to aggregate the component carrier.

On the other hand, a component carrier without any synchronization channel would have the restriction to be located close to a component carrier that is providing means for synchronization of the UE. Both component carriers would need to be time synchronized. In our view, for carrier aggregation of component carriers in the same frequency band this can be achieved without introducing additional control information. Therefore, it might be advantageous to only allow a component carrier without any synchronization channel when there is an adjacent component carrier with synchronization channel within the same frequency band.

Non-backward compatible synchronization channel

A further option would be to introduce a new non-backward compatible synchronization channel that is only detectable by Rel-10 UEs. We see that investigation in such a component carrier could be advantageous for scenarios like a future MBMS dedicated carrier. On the other hand, we don't see the merit for any further scenarios.

The impact and merit of component carriers having no synchronization channel should be further analysed and additionally discussed with RAN1 and RAN4.

System information
If no synchronization channel is provided, we also don't see the need of providing MIB in the component carrier. Since UEs with aggregation capability at least in the same frequency band could be common within the Rel-10 time frame, these UEs can obtain SFN which can be considered as same among component carriers for aggregation from the backward compatible component carrier. For DL bandwidth and PHICH configuration which might be different among component carriers for aggregation, UE can receive information for each component carrier by dedicated RRC signalling e.g. during state transition from RRC_IDLE to RRC_CONNECTED or receive information from backward compatible component carrier.
SIB1 provides access control information like TAC, PLMN and access related information. Taking into account the assumptions for non-backward compatible component carriers made above, it is not necessary to provide this information to the UEs aggregating such a component carrier, since these information are considered as same as that of a backward compatible component carrier or it’s not necessary for RRC_CONNECTED UE. Therefore, it is our view that providing SIB1 in a non-backward compatible component carrier has no benefit.

The necessity of providing other SIBs like SIB2 in a non-backward compatible component carrier needs further discussion for each parameter especially for physical channel related information like RACH configuration and PDSCH/PUSCH configuration. However, currently our view is that this could be handled by dedicated RRC signalling similar to the handling of handover (i.e. all information for connectivity with target cell is provided in handover command message) or receive information from backward compatible component carrier.
Downlink control channel 

A further thought is whether all component carriers need to provide PDCCH in order to schedule assignments for DL-SCH and UL-SCH or if it is sufficient that only selected component carriers provide PDCCH scheduling assignments. In such a case those component carriers with a DL PHY control region thus being able to provide PDCCH, deliver the scheduling assignments for the “PDCCH-less” component carriers as well. It should be noted, that this is closely related to system information handling, since the system information which is mapped on DL-SCH requires a PDCCH in order to be received by a UE.  How to define the component carriers, which shall provide PDCCHs, should be a RAN1 decision.

Reference signal

We further would like to study reference signal aspects. If non-backward compatible component carriers are not used for mobility, there is no specific need to apply constant power to the cell common reference signal. Depending on the coordination, the transmission power of common reference signal may be changed subframe by subframe. Another option would be to rely only on the reference signal discussed for CoMP.
Our current view
As discussed in the previous paragraphs the following is a wrap-up of our current view on synchronization channel and system information for component carriers.
· Component carriers are categorized in “backward compatible component carriers” and “non‑backward compatible component carriers”.
· Rel-8/9 UEs as well as Rel10 UEs measure and camp on “backward compatible component carriers”. “Backward compatible component carriers” shall provide all necessary information for this behaviour.
· It should be possible that LTE-A PHY improvements (e.g. CoMP, relay, 8 TX antenna MIMO) are available in “backward compatible component carriers”. “Non-backward compatible component carriers” can be used for further efficiency improvements (refer also to [2]).
· “Non-backward compatible component carriers” may have the following simplifications and properties:
· No synchronization channel
· No access from Idle mode UE.
· No MIB and no SIB1. Other SIBs are FFS.
· No PDCCH
· No assumption on the constant transmission power of CRS (or rely only CoMP related RS)
· Only accessible in RRC_CONNECTED state and from UEs which support band aggregation 
· Timing synchronization to a “backward compatible component carrier”
The need of such component carriers and the related properties should be discussed during the study item phase in RAN1/2/4.
3. Conclusion

This document discusses and analyses synchronization channel and system information for carrier aggregation. Our current view is as follows:
· Component carriers are categorized in “backward compatible component carriers” and “non‑backward compatible component carriers”.
· Rel-8/9 UEs as well as Rel10 UEs measure and camp on “backward compatible component carriers”. “Backward compatible component carriers” shall provide all necessary information for this behaviour.
· It should be possible that LTE-A PHY improvements (e.g. CoMP, relay, 8 TX antenna MIMO) are available in “backward compatible component carriers”. “Non-backward compatible component carriers” can be used for further efficiency improvements.

· “Non-backward compatible component carriers” may have the simplifications and properties which are discussed in section 2. The need of such component carriers and the related properties should be discussed during the study item phase in RAN1/2/4.
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