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1 Introduction
LTE Release 8 supports a simple handover procedure for handovers within one carrier or from one carrier to another carrier. Inter-eNB handover when carrier aggregation is configured needs different considerations. The principal difference is that in order to continue aggregation after handover, multiple carriers need to be accounted for in the handover. This contribution analyzes whether any changes/generalizations are needed to support handover with carrier aggregation.
2 Discussion

Inter-eNB handovers in the presence of carrier aggregation can be classified into the following three scenarios:

1. The same CCs are used for carrier aggregation in both the source and the target eNB.
2. There is at least one CC common between the sets of CCs used for aggregation in the source and the target eNB.
3. There are no CCs in common between the sets of CCs used for aggregation in the source and the target eNB.
It is highly desirable to have a single handover procedure that supports all the three scenarios above. 
Two approaches can be considered for handover during CA:

A. Reducing to a single CC before performing handover and then performing handover; and

B. Performing handover of multiple CCs.
For approach A, the following sequence of events is expected: (a) eNB recognizes a need to handover a UE to a neighboring eNB; (b) eNB reduces the CC set (either the activated set or both the configured set and activated set) to a single CC (which can be the PCC); and (c) eNB sends handover command identifying a single CC on the target eNB.
This procedure is likely to allow maximum re-use of the release 8 handover procedure. However, it may imply significant overhead. If the configured set is reduced to a single CC, significant additional signaling is required to re-configure the configured set after handover (especially in cases where the configured set remains the same or almost the same). 

If the activated CC set is reduced to a single CC, additional CCs would need to be activated after the handover is completed. However, this is inefficient. Multiple CCs are activated when there is a substantially large amount of data for the UE. If a handover occurs when multiple CCs are activated, and the handover only carriers over one CC, then the data transfer rate is considerably lower until the additional CCs are activated after handover. Given that aggregation is done for transfer of large amounts of data, a handover procedure that does not carry over multiple carries reduces the benefits of carrier aggregation.
For approach B, the following sequence of events is expected: (a) eNB recognizes a need to handover a UE to a neighboring eNB; and (b) eNB sends handover command that indicates a set of CCs to be configured on the target eNB and a set of CCs to be activated on the target eNB. 
So approach B allows for carrying over a set of CCs with the handover, so that aggregation is enabled upon handover. We think this is a relatively simple approach, but will require some changes to the handover procedure. Based on the above observations, the following proposals are made:
Proposal 1: A single handover procedure shall support all handover scenarios in the presence of carrier aggregation.
Proposal 2: The handover command shall be able to signal a set of component carriers to be configured upon handover to a target eNB.
Proposal 3: The handover command shall be able to signal a set of component carriers to be activated upon handover to a target eNB. 

Providing information relevant to multiple carriers in the handover command naturally brings up the issue of handover command size. One could think that signaling information for n carriers will require the handover command to be n times the size in release 8. However, for practical situations this is unlikely to be the case. First of all, only essential information needs to be sent in the handover command. Much of the information may be the same for all CCs at the target eNB. Anyway, a detailed analysis of what information for each CC needs to be included and what information can be compressed needs to be conducted. 
3 Summary
The primary difference between a handover in the presence of carrier aggregation and a Release 8 handover is that it in the carrier aggregation case, it is preferable to configure/activate multiple CCs of the target eNB at handover. The following proposals have been made:
Proposal 1: A single handover procedure shall support all handover scenarios in the presence of carrier aggregation.

Proposal 2: The handover command shall be able to signal a set of component carriers to be configured upon handover to a target eNB.

Proposal 3: The handover command shall be able to signal a set of component carriers to be activated upon handover to a target eNB.
RAN2 is requested to discuss and agree on the above proposals.
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