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1. Introduction

In RAN2#66, carrier aggregation (CA) is discussed and several conclusions are made. Some company also has mentioned the impact upon mobility introduced by carrier aggregation [1]. In this contribution, we will further discuss the potential handover procedures in CA and analyze the pros and cons of them. 
2. Discussion

In Rel-8，there is only one carrier in a cell. In handover command, target eNB informs UE about the carrier information of target cell and UE then accesses the target cell on this carrier. But in Rel-10, there is more than one carrier in a cell, if UE is in CA transmission in the source cell, it is difficult for UE to decide through which carrier UE could access target cell and which carriers UE could use for continuing CA in target cell. To resolve this problem, we propose two solutions:
Solution 1): 
In handover preparation procedure, source eNB provides only one carrier to target eNB for UE accessing. In handover command, target NB also provides only one carrier through which UE could access the target cell. After UE establishes RRC connection with target cell, CA transmission should be re-activated by dedicated RRC signalling.

Solution 2): 
In handover preparation procedure, source eNB provides a set of recommended component carriers to target eNB, and target eNB chooses the whole or a subset of the recommended carriers for UE to continue CA transmission in the target cell. In handover command, besides providing the carrier that UE could access target cell, target eNB also informs UE of component carriers which should be activated for CA transmission after RRC connection establishment in the target cell.
The details of these two solutions are shown below.
2.1. Solution 1
UE is assumed in CA transmission (e.g. carrier 1 + carrier 2) in source cell, and according to UE’s measurement report, source eNB decides to perform handover, and sends the target cell ID (and target carrier’s frequency if target cell has multiple component carriers) to target eNB during handover preparation procedure. If UE is allowed to be admitted in the target cell, the target eNB shall reserve necessary resources and notify UE the carrier (e.g. carrier 1) that it could establish RRC connection with. This information should be included in handover command and sent to UE via source eNB. This procedure is similar to Rel-8. However, since there is more than one carrier in the source cell, it should be considered which carrier is the basic of delta configuration, and the details are discussed in [2]. Once establishing RRC connection with target cell, UE should be re-activated to use multiple component carriers (e.g. carrier 1 + carrier 3) for CA transmission through dedicated RRC signalling (RRC connection reconfiguration).

Figure 1 provides a high level message sequence chart of such procedure.
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                         Figure 1  Handover procedure in solution 1

2.2. Solution 2

UE is assumed in CA transmission (e.g. carrier 1 + carrier 2) in source cell, and according to UE’s measurement report, source eNB decides to perform handover. In this solution, besides the information of target cell for handover, source eNB will inform target eNB the recommended component carriers (e.g. carrier 1 + carrier 3) for UE to use in the target cell for CA transmission during handover preparation procedure. Note that source eNB can determine the recommended component carriers by measurement results, and send them to target eNB by X2/S1 interface message or RRC container. If UE is allowed to be admitted in the target cell and target eNB decides to reserve necessary resources (e.g. carrier 1 + carrier 3) for CA transmission and to use carrier 1 for UE to access target cell, it shall include this information in handover command and send it to UE via source eNB. Note that target eNB can determine the aggregated carriers to be used in the target cell, and the final chosen carriers can be the same or a subset of the recommended component carriers from source eNB. When UE receive this handover command, it can initiate random access on carrier 1 and start CA transmission on carrier 1 + carrier 3 after RRC connection establishment without any additional dedicated RRC signalling for CA activation in target cell. This approach makes it possible for UE to monitor all its component carriers immediately after access to the target cell, and the data transmission delay is reduced. 

Figure 2 provides a high level message sequence chart of such procedure.
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Figure 2  Handover procedure in solution 2
2.3. Comparison of proposed solutions

Below are the major issues which should be considered before deciding the solutions:
1) Both the solutions would introduce additional parameters (e.g. frequencies information) to the existing interface or RRC specifications, solution 2 needs a little more information to be transferred.

2) In TS 36.913 [3], it has been proposed that LTE-A should target the cell edge user throughput to be as high as possible and a special focus should be put on improving the cell edge performance. Based on the requirements, solution 2 is better considering the handover procedure maintaining the carrier aggregation, and this can provide higher data rate and lower latency for UE. 

3) If UE need not transmit on multiple carriers, solution 2 could be simplified to solution 1 with only providing the carrier used for accessing target cell.

As analysis above, we prefer solution 2 if carrier aggregation needs to be maintained through handover.
Proposal: In order to maintain the carrier aggregation through handover, solution 2 is preferable.
3. Conclusion

As discussed above, our proposal is shown below: 

Proposal: In order to maintain the carrier aggregation through handover, solution 2 is preferable.
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