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1. Introduction

In LTE REL-8, based on UE measurement report, if eNB decides to alter the serving cell of UE, eNB will select a new cell and inform UE to handover to the prepared new cell. In LTE-A, LTE-A UE may communicate with multiple cells simultaneously. When eNB wants to change the CA cell configuration of LTE-A UE, if the same way as the serving cell alteration of LTE REL-8 is adopted, i.e. triggering UE to handover, it would interrupt the data transmission frequently and may impact user experience seriously. Although the relative issues of cell change in CA have been discussed in some contributions [1]-[4] and an agreement has been made that “It shall be possible at intra-LTE handover to configure multiple CCs in the “handover command” for usage after the handover” in RAN2 #66bis meeting, the scenarios of cell change in CA are still not clear. In this contribution, we discuss potential cell change scenarios in CA to get the baseline/way forward of the study in this field and provide some solutions to perform cell change. 
2. Discussion
2.1. The deployment scenario of CA systems
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Fig. 1 An assumed deployment scenario of CA systems
A deployment of CA systems is assumed in Fig.1. To facilitate description, two definitions are given as below:

CA_capable cell set: the set which consists of cells that can be aggregated for CA transmission, abbreviated as cell set in Fig. 1.

CA cell of UE: the cells UE uses to communicate with eNB in CA mode. 
Being consistent with the agreement in RAN2 meeting, here, one cell corresponds to one transmission in only one backward compatible or non-backward compatible carrier.
In Fig.1, eNB1 and eNB2 include three CA_capable cell sets respectively, and each CA_capable cell set consists of one or multiple cells. Different color represents different frequency layer which is also a cell within each CA_capable cell set. The eNB can use all cells in each CA_capable cell set to transmt/receive data to/from one LTE-A UE simultaniously; the LTE-A UE can aggregate all or part of cells in each CA_capable cell set based on UE capability. 
2.2. The scenarios of cell change in CA
From Fig. 1, many potential cell change manners in CA can be found. Here, we briefly classify the potential cell change manners into three categaries: 
· Cat1: the CA cell of UE change between different CA_capable cell sets;

· Cat2: the serving cell(s) of UE change within one CA_capable cell set;

· Cat3: cell(s) except the serving cell change within one CA_capable cell set. 
Table 1 lists the possible cell change scenarios in CA.
Table 1 Cell change scenarios in CA systems
	Cat 1:
The CA cell of UE change between different CA_ capable cell sets
	1.1: The former and the later CA_capable cell sets have different coverage area.  

e.g. in Fig.2, the CA cell of UE transform from cell1, cell2 and cell4 of CA_capable cell set 1 to cell2 and cell3 of CA_capable cell set2. CA_capable cell set 1 and CA_capable cell set 2 are located in different place. 
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Fig2. An example for scenario 1.1
Analysis:
Similar with the scenarios of intra-eNB and inter-eNB handover in LTE Rel-8, scenario 1.1 is a general cell change scenario in CA.

	
	1.2: The former and the later CA_capable cell sets have the same coverage area.
e.g. in Fig.3, CA_capable cell set1 and CA_capable cell set2 are deployed in the same place. Then, one example of scenario 1.2 can be the CA cell of UE transform from cell1 and cell2 in CA_capable cell set1 to cell1 and cell2 in CA_capable cell set2.
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Fig3. An example for scenario 1.2
Analysis:

In overlap coverage case, this scenario is possible for e.g. load balance, and different coverage of component carrier.

	Cat 2:
The serving cell(s) of UE change within one CA_ capable cell set.
	2.1: The serving cell change within the CA cell of UE.
e.g. in Fig.4, the CA cell of UE are cell1 and cell2 and the connection between UE and the serving cell marked with red line. UE changes its serving cell from cell2 to cell1 within the same CA_ capable cell set.
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Fig.4 An example for scenario 2.1
Analysis:

Due to the change of channal quality or load of serving cell, eNB may need to change the serving cell(s) of UE within its CA cell. 
Hence, scenario 2.1 is also possible in CA.

	
	2.2: The serving cell change within the CA_capable cell set but not within the CA cell of UE.
e.g. in Fig.5, the original CA cell of UE are cell1 and cell2 and the connection between UE and the serving cell marked with red line. UE changes its serving cell from cell2 to cell3, then, the CA cell of UE are also changed.
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Fig.5 An example for scenario 2.2
Analysis:

When eNB needs to change the serving cell(s) of UE and meanwhile other cell within the CA cell of UE can not meet the requirements to be serving cell, eNB may have to alter the serving cell(s) of UE to other cell(s) which is within the CA_capable cell set but not within the CA cell of UE. 
Therefore, this scenario is also possible due to the reason of load balance or different coverage.

	Cat3:
Other cell(s) except the serving cell change within one CA_capable cell set 
	3.1: Delete cell(s) from the CA cell of UE 
e.g. in Fig.6, the cell3 is deleted from the CA cell of UE.
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Fig.6 An example for scenario 3.1
Analysis:

The number of cells in the CA cell of UE should depend on the amount of data for receiving or transmitting. If the amount of data of UE decreases, eNB can remove some cells from the CA cell of UE, 
Thus, scenario 3.1 should be supported in CA.

	
	3.2: Add cell(s) in the CA cell of UE 
e.g. in Fig.6, the cell3 is added in the CA cell of UE.
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Fig.7 An example for scenario 3.2
Analysis:

With the similar reason of that in scenario 3.1, if the amount of data of UE increases, eNB can add some cells to the CA cell of UE. 
Therefore, scenario 3.2 should also be supported in CA.


In LTE REL-8, if eNB wants to alter the serving cell of UE, eNB will trigger UE to handover. The GCI and {PCI, DL_FREQ} of the serving cell for UE will change, then eNB and UE need to re-calculate AS key, re-establish PDCP, RLC, and reset MAC entity.
For all the above cell change scenarios, if the same way as the serving cell alteration of LTE REL-8 is adopted, i.e. triggering UE to handover, the possibility of data transmission interruption of LTE-A UE caused by handover in LTE-A may be more higher than that of LTE REL-8 UE, which may impact the experience of LTE-A UE serously.  
2.3. Possible solutions for cell change in CA
In LTE REL-8, handover procedure is used to support intra-E-UTRAN-access mobility for UEs in ECM-CONNECTED, and the RRC connection reconfiguration procedure is used to modify the RRC connection, e.g. to establish/ modify/ release RBs, to setup/ modify/ release measurements, and to modify configuration of UE transmission entity, such as PDCP, RLC and MAC entities. Handover is also implemented by RRC connection reconfiguration procedure by carrying mobilityControlInfo in RRCConnectionReconfiguration message. When handover occurs, eNB and UE need to re-calculate AS keys with the {PCI, DL_FREQ} of new serving cell, re-establish PDCP and RLC entities, and reset MAC entity. When RRCConnectionReconfiguration message does not include the mobilityControlInfo IE, the RRC connection reconfiguration procedure will not trigger re-establishment of PDCP and RLC entity, reset of MAC entity or re-calculation of AS keys. 
In CA, handover can certainly be used to perform CA cell change of UE, but, as mentioned above, handover can lead to data transmit interruption and data loss. Another possible method to perform the CA cell change of UE is to adopt enhanced RRCConnectionReconfiguration message which does not include mobilityControlInfo. In order to distinguish it from the handover procedure, we called it as cell reconfiguration procedure. This procedure can change the serving cell of LTE-A UE, delete/add cell(s) from/to the CA cell of UE, etc. During cell reconfiguration procedure, UE configures the related entity for changing its CA cell according to the enhanced RRCConnectionReconfiguration message but does not re-establish PDCP and RLC entity, reset MAC entity or re-calculate AS keys.
About Cat1: 
For 1.1, the former and latter CA_capable cell sets are deployed in different geographical position, refering to the implementation of LTE REL-8, handover is required. For 1.2, although these two CA_capable cell sets have the same coverage area, in order to uniform the behaviour for the cell change between different CA_capable cell sets, we prefer adopting handover for scenario 1.2 too.
About Cat2: 
Although the characteristic of serving cell in CA is still under discussion, we think define a serving cell for LTE-A UE is necessary, considering reference for mobility measurement, paging receiving, AS key re-calculation during handover, etc. 

In LTE REL-8, the serving cell change will trigger handover procedure. To gurantee forward security, eNB and UE should re-calculate AS keys with the {PCI, DL_FREQ} of new serving cell in inter-eNB handover, which leads to the reestablishment of PDCP and RLC entities, and the reset of MAC entity. In order to uniform the behaviour of eNB for handover procedure, the same operations as those for inter-eNB handover is also adopted to intra-eNB handover, but these operations is unnecessary. That is to say, although the {PCI, DL_FREQ} of serving cell are essential elements to calculate AS key, but serving cell change is not must change the AS key, such as in intra-eNB handover. 
As mentioned above, handover will lead to data transmit interruption and data loss, since eNB and UE re-calculate of AS keys, re-establish PDCP and RLC entities, and reset MAC entity. Therefore, in CA, if it is only required to change the serving cell of LTE-A UE within one CA_capable cell set and there is no need to change AS key. we prefer adopting cell reconfiguration procedure to reconfigure the serving cell of LTE-A UE to avoid the interruption of data transmission and reduce data loss caused by handover. After complete the reconfiguration of serving cell, UE continue to use its previous AS key and security algorithm to cipher/decipher the user plane and control plane data, and to integrity protect/verify the control plane data.
About Cat3: 
UE only needs to add or delete related HARQ/multiplexing entity for the added or deleted cell. Therefore, cell reconfiguration procedure can be employed. 
In addition, if the cell can also corresponses to the transmission of extend carrier as well as the transmission of the backward compatible or non-backward compatible carrier, the configuration/ reconfiguration of extend carrier can also be performed through cell reconfiguration procedure.
Table 2 summarizes the methods for different cell change scenarios.
Table 2 Methods for cell change in CA
	Cat 1: 
	Handover procedure

	Cat 2:
	Cell reconfiguration procedure

	Cat 3:
	Cell reconfiguration procedure


The detailed behaviours of handover and cell (or carrier) reconfiguration procedure are listed in table 3.
Table 3 The details of handover and cell (or carrier) reconfiguration procedure
	Handover:
	1） Update AS key based on {PCI,DL_freq} of serving cell;

2） Reestablish PDCP and RLC entity;
3） Reset and reconfigure MAC entity;
4） Perform RA and transmit handover complete to target (serving) cell.

	Cell (or carrier) reconfiguration procedure:
	1） Not update AS key;
2） Not reestablish PDCP and RLC entity;
3） Not reset MAC entity. When the CA cell of UE changes, reconfigure the MAC entity according to the modified CA cell of UE, such as: add the HARQ entity for new cell; delete the HARQ entity for unused cell.
4） Perform RA if needed.. 


Based on the above analysis, we propose: 
Proposal 1: Adopt handover procedure for cell change of Cat 1.
Proposal 2: Adopt cell (or carrier) reconfiguration procedure for cell change Cat 2.
Proposal 3: Adopt cell (or carrier) reconfiguration procedure for cell change Cat 3.
3. Conclusion
In this contribution, we give the following proposals:

Proposal 1: Adopt handover procedure for cell change of Cat 1.

Proposal 2: Adopt cell (or carrier) reconfiguration procedure for cell change of Cat 2.

Proposal 3: Adopt cell (or carrier) reconfiguration procedure for cell change of Cat 3.
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