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1. Introduction
Many new technical concepts such as introduction of RN (Relay-Node), CoMP (Coordinated multipoint transmission), and Carrier Aggregation have been proposed to enhance the performance in LTE-A. In addition to these technologies, handover in active mode is also important topic. Although introductions of each new technology may impact the handover functionality, we initially have studied LTE HO handover principles.
2. Discussions
We assume that LTE-A HO is based on network-controlled UE-assisted handovers as specified in LTE. With this assumption, the discussion points are Data Continuity (Sec.2.1), Backward HO vs. Forward HO (Sec.2.2), or Synchronous HO (2.3).
2.1. Data Continuity
Data continuity is an important consideration for achieving high throughput and low latency. In LTE, the discussion was based on the concept of seamless/lossless handover in active mode, where the data forwarding and bi-casting scheme were proposed and discussed. We think these two schemes (data forwarding or bi-casting) are candidates for the LTE-A handover scheme, but that LTE-A should adopt data forwarding due to backward compatibility consideration. However, in this early stage of the discussions, we think bi-casting is also FFS.
Proposal 1: The LTE-A handover schemes should adopt data forwarding due to maintaining the backward compatibility consideration. The feasibility study of bi-casting is still FFS in the early stage.
2.2. Backward Handover vs. Forward Handover

Definition

Backward handover or forward handover should also be part of the study item. In this contribution, we think that backward handover is that the UE changes to the target cell with the preparation such as the UE context in the network. In addition, we think that the forward handover is that the UE changes to the target cell without any preparation in the network and basically the forward handover is triggered by the UE.
Consideration on backward handover

In both LTE and UMTS, the handover procedure is based on backward handover, because generally if the handover procedure is based on forward handover, then there is the difficulty in recovering from a failed handover because the old connection may be already lost. Also it may be difficult to support continuity of encryption because the security keys must be transferred from the source eNB to the target eNB.
Consideration on forward handover

The forward handover could just be used when a backward handover has failed, for example when the connection is lost suddenly due to a rapid change in propagation conditions. In LTE, a similar procedure is RRC re-establishment procedure [1] in that it allows the UE to trigger mobility or handover to another cell. In this procedure, however, the target eNB must be a prepared eNB i.e. one which has admitted the UE during the procedure. So this procedure is still backward handover because the UE context is already available in the target cell.
Handover mechanism in LTE-A

We think that handover for LTE-A should be, for those reasons and to maintaining backward compatibility, based on backward handover. We also think that forward handover might be a candidate handover mechanism in LTE-A because it might provide low latency compared to backward handover, considering that low-latency system for LTE-A is highly desirable. Although we should study how he UE could perform the handover to the target cell without UE context, we think that forward HO should be left FFS in this early stage and might be discussed in the SI phase.
Proposal 2: The LTE-A handover should be to the cell with the UE context (i.e. backward handover) due to maintaining backward compatibility. The feasibility study of the handover to the cell without the UE context (i.e. forward handover) is FFS.
2.3. RACH-less handover
In LTE-A, the RACH-less HO can be also a study topic. Considering that the cell coverage may decrease and that the introduction of “Type-X Relay-Node” other than Type-1 RN might be agreed in RAN1, the HO-related signalling between Donor-eNB and RN or among RNs probably increase. So the issue is that how to reduce HO related signalling as well as the HO latency. One solution to this issue is the introduction of RACH-less HO.
One use case of RACH-less HO is for the CoMP. In CoMP, it might be desirable that the cells which have the ability of providing CoMP might be synchronized with CoMP UEs prior to actually transmitting/receiving the data from/to which the CoMP UEs would receive/transmit due to the latency reduction.
Another use case of RACH-less HO is for the handover among physically synchronized cells. For example, if two LTE-A cells are physically synchronized, it is not needed to perform the RA procedure to the target cell. Another example is that if a cell composed of RN is synchronized to the cell composed of Donor-eNB and the LTE UE moves from the RN cell to the DeNB cell, then it is also not need to perform the RA procedure.
We think that, as discussed in LTE, the contention-free RA procedure is enough. And we think the contention-free RA procedure should be introduced in LTE-A due to maintaining backward compatibility. However, considering the above scenarios, we think that the RACH-less procedure seem to be effective.
Proposal 3: The contention-free RACH procedure is still enough for LTE-A, but we suggest that RAN2 could study the RA-less handover mechanism.
3. Conclusions

In this contribution, we discussed the basic handover principle or concept for LTE-A　in active mode. With above discussions, we propose:
Proposal 1: The LTE-A handover schemes should adopt data forwarding due to maintaining the backward compatibility consideration. The feasibility study of bi-casting is still FFS in the early stage.
Proposal 2: The LTE-A handover should be to the cell with the UE context (i.e. backward handover) due to maintaining backward compatibility. The feasibility study of the handover to the cell without the UE context (i.e. forward handover) is FFS.
Proposal 3: The contention-free RACH procedure is still enough for LTE-A, but we suggest that RAN2 could study the RA-less handover mechanism.
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