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1 Introduction 

In this document, we aim to build out basic functionalities of CC management procedure, which should be essential to support carrier aggregation. 
2 Discussion 
2.1 General
Discussion of CC management should consider several issues, e.g., 1) what kind of scenario regarding CA should be supported, 2) how linkage between DL CCs and UL CCs are defined, and 3) how measurement model and functionalities are extended to CA. Each issue is closely related with each other. To Jointly progress with those issues, it should be also discussed what CC functionality shall be supported. This document is based on [1] that was submitted in RAN2#68bis. 
In the following sections, it is investigated what basic functionalities should be supported by CC management procedure for carrier aggregation. 
2.2 Basic CC management functionalities
Q. What functionalities should be supported by CC management?

To answer the question, we can consider the scenario where there are multiple frequencies that can be configured for CA, and antenna directions among those frequencies are tilted to fill up weak coverage (scenario 3 in [2]). This is illustrated in Figure 1.
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Figure 1. CA deployment considered 
While UE is moving from P1 to P2, UE experiences varying quality of each frequency. The exemplary track of radio quality of each CC is illustrated in Figure 2. In this example, three frequencies (A, B, C) are configured for measurement. The cells on frequency A is referred to as a#, and cells on frequency B as b#, and so on. The element in the bracket means a configured CC, i.e., CC list of the UE. 

In order to provide best set of CCs for the UE as much as possible, it is assumed that measurement reports are sent to network at proper moment. In response to those measurement reports, network would issue CC management command (referred to as CC mgt # in the Figure 2) to UE. It is also assumed that network configures two CC at maximum to the UE for the simplicity reason.  
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Figure 2. Example of measured quality of three carrier frequencies

For each point of CC mgt in the Figure 1, the following behaviour can be expected:
· CC mgt1: Network commands UE to add frequency A and B into CC list, since a1 and a2 provide sufficiently good quality. (If UE has been camping on frequency A, then eNB adds frequency B only)
· CC mgt2: Network commands UE to replace serving cell b1 with another cell on the same frequency B, b2, since b2 provides better quality than b1. Then the cell b1 as CC_B is replaced with another cell b2 as new CC_B. 
· CC mgt3: Network commands UE to replace CC_A (cell a1) with new CC_C (cell c1) from CC list, since cell c1 provides better quality than a1. 

· CC mgt4: Network commands UE to remove frequency b2 from CC list since b2 no longer provides sufficiently good quality. 

From the above example, we identify following functionalities of CC management command for each point of CC mgt: 
· CC mgt1:
CC Addition 

· CC mgt2:
Cell replacement within a configured CC( maybe it would be better to call this ‘CC replacement on the same frequency’) 
· CC mgt3:
CC replacement, i.e., CC Removal and CC Addition in sequence  
· CC mgt4: 
CC Removal
Note that CC mgt 1, 3 and 4 are related to managing CC list of UE. CC mgt2 is related to a change of property of a specific CC within CC list. 
Based on the scenario above in Figure 1&2, it is seen that four functionalities mentioned above are useful to provide UE with best set of CC, and thus need to be supported. CC addition and removal are already supported. We only need to propose remaining two:
Proposal 1 CC replacement should be supported by a single RRC procedure

It is noted that CC mgt 2 (cell replacement within a CC) can be supported by CC mgt 3, i.e., CC replacement command, since cell replacement within a CC is almost identical to CC replacement. 
Proposal 2 Cell replacement within in a configured CC should be supported by CC replacement command

2.3 Requirements of each functionality

2.3.1  CC addition/removal
Q. Addition/removal of DL CC only is possible? What about UL CC only?
This question is whether it should be possible to configure addition of DL CC (or UL CC) only without addition of UL CC (or DL CC) at CC addition? From our understanding, what is necessarily required at CC addition is that proper linkage should be designated for feedback signal transmission [4]. For example, at DL CC addition, DL to UL CC linkage should be designated, and the linkage from added CC can be directed toward an existing UL CC. That is, addition of DL CC does not need corresponding addition of UL CC. Same argument applies for UL CC addition. 
Proposal 3 Addition of DL CC only or UL CC only is supported

For CC removal, situation would be mostly the same with CC addition: proper re-linkage may be needed for CC removal. 
Proposal 4 Removal of DL CC only or UL CC only is supported

Q. What should be included in CC addition/removal command?
To indicate CC to be added, the indication should include CC identifier and cell identifier. CC identifier may be absolute frequency (E-ARFCN) or some other form like, e.g., measurement-related identity.

Proposal 5 CC addition command shall indicate the CC to be added by including 1) CC identifier (e.g., ARFCN), 2) cell identifier (e.g., PCI) of the CC
Proposal 6 CC removal command shall indicate the CC to be removed by including 1) CC identifier (e.g., ARFCN) or cell identifier (e.g., PCI) of the CC
2.3.2  CC replacement/cell replacement within CC
Q. What should be included in CC replacement command?
CC replacement is a basically simultaneous action of CC removal and CC addition. Then what needs to be included in CC replacement command should span what needs to be included in both CC addition and CC removal command. 
Proposal 7 CC replacement command shall include what CC addition command and CC removal command includes. 
Cell replacement shall indicate which CC is concerned for this command, and new cell identifier to replace old cell on the concerned CC. 
Proposal 8 Cell replacement command shall include 1) CC identifier of concerned CC where CC cell is replaced, 2) cell identifier to be newly added
It should be noted that, in addition to the information suggested in these proposals, more information should be included in CC management command, e.g., essential system information and CC linkage relationship, which is out of scope of this contribution.

3 Conclusion
Proposals are collected:

Basic CC management functionalities
In addition to CC addition/removal, two more functionalities are proposed to provide UE with best set of CCs:
Proposal 9 CC replacement should be supported by a single RRC procedure

Proposal 10 Cell replacement within in a configured CC should be supported by CC replacement command
Requirements of each functionality

Proposal 11 Addition of DL CC only or UL CC only is supported

Proposal 12 Removal of DL CC only or UL CC only is supported

Proposal 13 CC addition command shall indicate the CC to be added by including 1) CC identifier (e.g., ARFCN), 2) cell identifier (e.g., PCI) of the CC
Proposal 14 CC removal command shall indicate the CC to be removed by including 1) CC identifier (e.g., ARFCN) or cell identifier (e.g., PCI) of the CC

Proposal 15 CC replacement command shall include what CC addition command and CC removal command includes. 
Proposal 16 Cell replacement command shall include 1) CC identifier of concerned CC where CC cell is replaced, 2) cell identifier to be newly added
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