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1 Introduction

In carrier aggregation (CA), two or more component carriers (CCs) are aggregated in order to support wider transmission bandwidths up to 100MHz. It is possible that more than one CC are configured and activated between eNB and UE simultaneously. How to efficiently manage the CCs is one of the important issues for LTE-A discussion. In RAN2 meeting #68bis [1], there were lots of discussions on the concept of “Primary Component Carrier” (PCC). Based on the meeting minutes, it seems that most companies generally consider having it for carrier aggregation because it can simplify CA operation. However, the detail definition of PCC is not clear yet. The open issues in the meeting minutes are:
1. Do we have anchor CC and anchor cell?

2. Functionality of anchor cell, e.g; ?


- D-SR, CQI, SI paging, UL HARQ A/N...

3. Is special cell merged into anchor cell?
In the contribution, we discuss the functionality of PCC (anchor carrier or anchor cell) and the corresponding advantages. And, we also discuss the relationship between special cell and PCC.

2 Discussion on the Functionality of PCC
The concept of PCC for LTE-A carrier aggregation operation was proposed in [2]. PCC is also referred to “anchor carrier” in some contributions that also suggest to have a specific carrier to simplify carrier management. In Rel-8 and Rel-9, each eNB only controls one carrier. There is obvious one-to-one mapping relationship between cell and carrier, and the definitions of cell and carrier are inter-exchangeable. In stage-2 description of carrier aggregation [3], it is stated that 

· The multi-carrier nature of the physical layer is only exposed to the MAC layer for which one HARQ entity is required per CC.

· When CA is configured, the UE only has one RRC connection with the network.
So, our understanding is that LTE-A L2/L3 protocol design is independent of the physical operation of carrier aggregation. And, in current RRC specification, some operations such as measurement, handover and radio link failure (RLF) are described from cell’s point of view. Another understanding is that the motivation of PCC, anchor carrier and anchor cell is quite similar: defining a specific CC to simplify the RRC functions for CA management. For example, with the PCC, the number of measurement report could be largely reduced when UE is configured with multiple CCs. Therefore, in the contribution, we use PCC to represent the concept of anchor carrier and anchor cell.
2.1 PCC for CC activation/deactivation
It is agreed that there will be separate CC activation and deactivation for LTE-A, in additional to CC configuration [1]. That is, the configured CCs can be activated while necessary and deactivated while on-going transmission is terminated. The performance of power saving can be largely improved with the introduction of separate CC activation/deactivation method. Currently, the detail of the activation/deactivation method is still under discussion [1]. L1 PDCCH-based and MAC CE-based schemes are two possible options. No matter what kind of scheme is adopted, the eNB should use one carrier to explicitly transmit the signaling to UE. Moreover, the UE should keep a communication link with eNB whatever the current statuses of configured CCs are. So, we think there should be one carrier that is never deactivated and the power saving for the carrier can be done by DRX operation. 
Proposal 1: PCC is the component carrier that is never deactivated.
2.2 Anchor cell for SPS

The SPS consists of two-step operation:

· SPS configuration: It is done by RRC messages, which contains the scheduling periodicity and other related control parameters.
· SPS activation/deactivation: It is done by PDCCH signalling, which actually allocates physical resource for downlink and uplink transmissions.
The current agreement for CA SPS operation is that only 1 UL SPS grant and 1 DL SPS grant can be configured. Naturally, if the concept of PCC is adopted, there are two possible options for CA SPS allocation:

· Option-1: SPS can only be allocated in the PCC.
· Option-2: SPS can be allocated in any configured and activated carrier
Since SPS is allocated via PDCCH and UE should monitor PDCCHs for all the activated CCs, it is possible to have SPS assignment onto any configured and activated CCs. No matter which CC is applied for SPS assignment, there is no any change for uplink and downlink data transmission. There are some complexity concerns (e.g., DRX and cross-carrier assignment) for Option-2 [4]. For DRX operation, the current consensus is common DRX; that is, there is only one DRX configuration applied for all the configured and activated CCs. So, we think Option-2 can work well with common DRX. Regarding the cross-carrier assignment, we think it is a PDCCH design issue and no extra complexity is required for SPS assignment.
Proposal 2: The concept of PCC is not tied to the SPS operation.

3 The relationship between PCC and special cell
The current agreements of special cell are [5]: 

· There is one special cell which provides the security input and the NAS mobility info
· There is one special cell per connected UE
· UE is connected to one special cell and possibly multiple DL/UL resources
Based on the above discussion, our understanding is that the concept of special cell is more relevant to high-layer management (i.e., security and NAS mobility info) and the concept of PCC is more relevant to carrier management. There are some discussions for extending the concept of special cell to PCC. However, there are some issues due to PCC change [6]. When serving cell change occurs, the security key will change accordingly because the ARFCN and PCI values of serving cell are parts of the parameters for security key derivation. That is, if PCC is the special cell, the transmission interruption occurs when PCC is changed. In our understanding, the problem depends on the frequency of PCC change.
In Annex X [3], three possible deployment scenarios are considered for CA. For partially-overlapped scenario (i.e. the second and third scenarios), some carriers provide better service coverage than the others. Obviously, carriers with better coverage should be considered as potential candidates of PCC. And, the other carriers are primarily used for data throughput enhancement. Therefore, the PCC change in the partially-overlapped deployment scenario occurs infrequently. As for the overlapped scenario (i.e., the first scenario), all the carriers have almost the same service coverage and can be considered as PCC candidates. The PCC change rate might become higher. Of course, the change rate is also related to the PCC selection rule.
Proposal 3: It is suggested to discuss the frequency of PCC change, regarding to extend the concept of special cell to PCC.
Proposal 4: If the frequency of PCC change is considered not high, it is suggested to combine the concept of PCC and special cell for simplicity.
4 Conclusions

In this contribution, we discuss the detail functionality of anchor cell. Our text proposals are:
Proposal 1: Anchor cell is the component carrier that is never deactivated.
Proposal 2: Anchor cell is not tied to the SPS operation.
Proposal 3: It is suggested to discuss the frequency of PCC change, regarding to extend the concept of special cell to PCC.
Proposal 4: If the frequency of PCC change is considered not high, it is suggested to combine the concept of PCC and special cell for simplicity.
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