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1 Introduction
In REL-8 LTE, a serving cell provides followings for a connected UE [1]:

· Security input (e.g. PCI)

· NAS level mobility information (e.g. Tracking Area Code, ECGI)

· Measured result for event evaluation

· Link quality monitoring for T310 handling

· Paging

· System information reading

Based on the email discussion result for CA terminology in [1], a special cell is defined in last meeting, which provides security input and NAS level mobility information. In this paper, we further analyze following issues in detail.
· How to deal with other functionalities listed above and new introduced functionalities considering carrier aggregation?
· How to perform effective CC management considering different CC functionalities and application scenarios.
2 Discussion
2.1 When anchor cell is needed?
Except security input and NAS level mobility information, there are still several functions related to legacy serving cell, such as system information acquisition and update notification, paging reception, measurement and RLF, etc. In addition, whether the DRX configuration and operation should be identical among all CCs are widely discussed. Should all these functionalities needed to be supported in a particular CC/cell (In following text, this particular CC/cell will be denoted as anchor cell or anchor CC interchangeably), part of the aggregated CCs or all of the aggregated CCs? In this section, we’ll discuss this issue in detail.
2.1.1 SI Update Notification & Paging
It has been agreed in last meeting that CC specific system information on every DL CC will only provide its own CC specific system information. But for SI update notification, three options exist for stand-alone CC:
· Option 1: UE monitor SI change on each aggregated stand-alone CC separately;
· Option 2: UE monitor the SI change over all aggregated stand-alone CCs on the anchor CC; 

· Option 3: UE get the updated system information through dedicated signalling;
It seems obvious that option1 not only provides least signalling overhead but also causes no standard impact among these options. Since UE only needs to monitor PDCCH on paging occasion of the aggregated CCs. If all CCs are activated for UE data transmission, there will be no additional UE power consumption. So, the power saved by option2 and option3 seems not so attractive.

To the extension carrier, we see no gain by introducing such kind of carrier type from standard viewpoint, whose functionality can be implemented by just applying some restriction on backward compatible and non-backward compatible carriers, e.g. access barring. So, we see no impact on SI transmission. Accordingly, we have following conclusion

Conclusion1: anchor CC is not needed for SI update notification.

Although legacy paging mechanism can be reused for SI change notification in each aggregated CC, anchor CC, the paging for PWS/ETWS needs to be optimized through introducing anchor carrier concept. Otherwise, UE needs to monitor such paging information in each stand-alone aggregated carrier to avoid missing this kind of service, which may increase the signalling overhead compared with performing paging monitoring only in the anchor carrier. So, we have following conclusion:
Conclusion2: it is necessary to have one anchor CC for PWS/ETWS paging.
2.1.2 RLF & Measurement
In last meeting, following agreement has been achieved:

“RLF Re-establishment is triggered if all PDCCH CCs fail, FFS if re-establishment is even triggered under more restrictive conditions (e.g. in case of problems on an even smaller subset of CC’s)”
If anchor cell failure can be taken as RLF, R8 RLF mechanism can be reused for carrier aggregation with little modification, i.e., only needs to solve the problem whether all RLF related parameter needs to be reset in case of anchor cell change. However, the channel condition in anchor CC can’t represent other stand-alone CC’s channel condition. Although RSRP values are very closed for intraband aggregated carriers [4], their RSRQ values will be quite different due to different interference channel condition especially in heterogeneous network deployment scenario. And more disparity in channel condition can be expected between interband aggregated carriers. Particularly, in UL direction, multiple CC may not share identical TA, one CC loss synchronization doesn’t implies other CC’s failure. So, if anchor cell failure can be taken as RLF, unnecessary re-establishment will be caused frequently when communication between UE and network still works. And we have following conclusion:
Conclusion3：Anchor cell is not needed for RLF & Measurement in CA.

2.1.3 DRX
In [5-10], anchor CC is proposed to be introduced to improve the power efficiency of DRX considering CA. Although for fast CC activation and deactivation using PDCCH which supports identical DRX configuration and operation among all aggregated CCs [11][12], anchor CC may still be needed in following cases. Considering cross-carrier scheduling, self CC de-activation can be performed in the activated CC configured for PDCCH reception other than the one only configured PDSCH reception, while CC activation must be performed in the activated CC configured for PDCCH reception. So, the simplest solution is choosing one of the activated CCs configured for PDCCH reception as anchor CC for activating/deactivating other aggregated CCs.
Conclusion4: it is necessary to have anchor CC for DRX optimization in carrier aggregation.
Based on above conclusions, we have following proposal:

Proposal 1: Anchor carrier is needed considering PWS/ETWS paging and DRX optimization for carrier aggregation.

2.2 Relationship between anchor cell and special cell
One basic question is whether anchor CC and special cell carrier belong to the same carrier. Based on different answer, following options can be used for modelling carrier aggregation:

· Option1: One particular cell + other aggregated CCs as UL/DL resources;

· Option2: One special cell + One anchor cell + other aggregated CCs as UL/DL resources;

In option1, special cell and anchor cell work in the same carrier, which is denoted as “particular cell”. For option2, the anchor cell and special cell may work in different carries.
The difference between option1 and option2 is that special cell is taken as a logic concept in option 2, which is not necessary configured for data transmission in carrier aggregation. So, the security input will not be changed, because once the special cell is selected, it won’t be changed within the aggregate-able CC set. But the anchor cell in the option2 will be changed, because it is one of the configured CCs for data transmission. If the anchor CC is changed in option2, the L2 entity reset should not be caused due to the unchanged security input. For option1, special cell must be one of the configured CC for data transmission, which may change frequently within the aggregate-able CC set (depicted in following section). And frequent L2 reset may be caused using legacy mobility mechanism for CC management.
In option1, the “particular cell” looks like the legacy serving cell although some of their functionalities are different. Compared with option2, option1 refines the concept for standardization. In addition, it’s unclear that whether special cell should have other functions besides security input and NAS mobility information while anchor cell may contain more functionality besides PWS/ETWS paging and DRX optimization considering new features introduced in later release. Moreover, for the purpose of security and for NAS mobility info, UE must be in the coverage of the cell that provides this information. Thus, the "special cell" needs to be one of the configured CCs. So, we have following proposal.

Proposal 2: Special cell should be configured for data transmission, and it should work together with anchor cell in the same carrier.

2.3 CC Management Consideration
2.3.1 Scenario for special cell update
In last meeting, it’s questioned whether the special cell will change frequently within the aggregate-able CC set? We think that special cell update within the aggregate-able CC set may be frequent due to following reasons: 1) different coverage of the aggregated CCs; 2) load balance; 3) different interference condition. As shown in Fig.1, one low data rate R10 UE is served by CC1 with larger coverage area, when it moves near the cell centre and the CC2/CC3 at higher frequency is available, the special cell change within the aggregate-able CC may happen if the network wants to alleviate CC1’s load burden. In Fig.2, three CCs has identical coverage, CC2 is selected as the special cell, when UE approach to a femto/pico cell or relay node using the CC2, the channel condition may be deteriorated due to strong interference, and the special cell update within the aggregate-able CC set will be happen. To illustrate the impact of interference on channel condition, simulation result is provided in Fig.3, which illustrates the macro indoor UE channel performance based on the simulation assumption in [14]. More simulation parameters please refers to the annex. From the simulation result, the channel condition in the scenario without femto interference (blue line) outperforms the scenario with femto even considering downlink power control (red line). If there is no downlink power control, the channel condition gets worse (green line). Accordingly, we can have following conclusion

Conclusion5: Special cell may update frequently within the aggregate-able CCs.
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Figure 1: Change special cell due to coverage and load balance reason
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Figure 2: Change special cell due to interference reason
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Figure 3: Wideband SINR CDF Distribution
2.3.2 Effective CC Management

To support effective CC management, following issues should be considered when CC configuration is performed for data transmission: Firstly, a configured CC should meet the basic channel quality requirement (i.e, RSRP/RSRQ requirement) to ensure that it is qualified for CA in long time. Secondary, the number of configured CC is determined by the buffer status, load burden of each CC, RRM algorithm, UE CA capability, etc. Thirdly, RRC reconfiguration message should be used for configured CC addition, removal or reconfiguration.

Considering the scenarios in section 2.3.1, the special cell reconfiguration within the aggregate-able CC set will happen frequently if it is configured for data transmission. In this case, RRC reconfiguration message for the special cell update within the aggregate-able CC set should not contain the mobility IE, which helps to improve UE’s QoS experience and transmission efficiency. So, we have following proposals:

Proposal 3: special cell update within the aggregate-able CC set should be performed through RRC reconfiguration message without mobility IE to avoid unnecessary L2 reset.

When removing a configured CC for data transmission, the HARQ transmission processes over this carrier may not success, so, how to deal with these HARQ processes will be a problem. Since it has been agreed that there is one independent HARQ entity per scheduled component carrier, the natural operation for removing one configured CC is to drop its HARQ retransmission data. To reduce the data loss probability, when UE’s channel condition over certain carrier gets worse, lower scheduling probability will be given over such carriers for data transmission. And CC can be removed only under the condition that the number of corresponding UE’s unsuccessful HARQ processes is less than certain threshold, for example, 2. No additional mechanisms needed to be considered.
In UL direction, the aggregated CCs may not share identical TA value in the scenarios mentioned in [13]. So, it seems to be reasonable to assume the same timing advance can be used for one group of aggregated CCs. If we have multiple TAs for aggregated CCs, one basic issue is how UE can obtain the TA value when a new CC is added. Generally, UE doesn’t know its network deploy scenario, however if UE can know CC group information, UE can decide whether one additional RACH procedure is needed to obtain the correct TA value. As one conclusion, we think one additional RA procedure is needed when the new added CC has one different TA value to any of the configured CCs. The detail is FFS. And we have following proposal
Proposal 4: RA procedure is needed when adding one uplink CC with different TA values to the aggregated ones, which should be indicated by eNodeB. The detail is FFS.
3 Conclusion
In this paper, we first discuss the need for introducing anchor cell as well as the relationship between anchor cell and special cell. Then, we discuss how to perform effective CC management. And, following proposals are given:
Proposal 1: Anchor carrier is needed considering PWS/ETWS paging and DRX optimization for carrier aggregation.

Proposal 2: Special cell should be configured for data transmission, and it should work together with anchor cell in the same carrier.

Proposal 3: Aggregated CC update within the aggregate-able CC set should be performed through RRC reconfiguration message without mobility IE to avoid unnecessary L2 reset.
Proposal 4: RA procedure is needed when adding one uplink CC with different TA values to the aggregated ones, which should be indicated by the eNodeB. The detail is FFS.
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5 Annex: Simulation Parameters

Table I
Simulation Parameters
	Parameters
	Values

	Access Type
	Closed

	Femto Bandwidth
	5 MHz

	Femto Power
	40 mW

	Floor number
	3

	Loss of an external wall
	10 dB

	Loss of an internal wall
	5 dB

	Femto cell number
	1

	Active UE number
	4

	Interference mitigation algorithm
	yes

	Channel model
	Refer to [14]
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Figure 4. Femto Unit Structure
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Figure 5. Femto Unit Distribution in Macro Cell
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