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1 Introduction

In the last meeting, carrier aggregation (CA) as a LTE-A feature was discussed from several aspects.  In the document, the effects of CA in active mode are further analyzed from RAN2 viewpoint, which include:

· Definition
· Deployment
· Component Carrier Management
· Measurement
· Handover
Finally, text proposal for 36.912 is given based on the discussion.

2 Discussion
2.1 Definitions
In active mode, since several component carriers (CCs) may be used for LTE-A UEs to transmit and receive data, their functionalities and characteristics should be discriminated for better transmission performance, more efficient power saving, CC management, etc.  Accordingly, following definitions are given.

· CA Cell: CA cell is the cell contains multiple CCs, each of which may have its own PCI and GCI. Additional identity should be introduced to mark the CA cell.

· Anchor Carrier: Anchor carrier is the carrier for which the LTE-A UE keeps measuring and monitoring DL transmission.  The common control function of all CCs should be provided by anchor carrier, such as system information, paging, connection management, radio bearer management, mobility management, CC management, etc.

· Candidate Component Carrier Set: It is the set of component carriers can be used for certain LTE-A UE to transmit/receive data, which is maintained based on the semi-static measurement result (e.g. RSRP/RSRQ), UE capability, load status of each CC, and other RRM related information, etc.

· Scheduling Component Carrier: It is selected from candidate component carrier set, which is used for practical data transmission.
2.2 Definitions
Considering the frequency bands allocated to IMT-2000 and IMT-Advanced (i.e., (450−470 MHz, 698−862 MHz, 790−862 MHz, 2.3−2.4 GHz, 3.4−4.2 GHz, 4.4-4.99 GHz), it requires contiguous CA and non-contiguous CA to achieve the maximum 100 MHz aggregated bandwidth requirement in [2].  For non-contiguous CA, it could be intra-band or inter-band. In [1], the simulation results have showed that with identical transmission power, the coverage of each component carrier will be almost the same considering continuous CA, while different coverage will be provided for non-continuous interband CA. And intraband non-continuous CA under low frequency (800~900 MHz) also provide identical coverage.  Particularly, in last RAN2 meeting, it was agreed to support carrier aggregation in one serving eNB other than in different eNBs, it’s natural to deduce the typical CA deployment scenarios as in Fig. 1.

Proposal1: the CA deployment scenarios in Fig.1 should be added to 36.912. 
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Figure 1 (a) identical coverage and (b) different coverage
2.3 Component Carrier Management

In active mode, one or more CCs may be used for LTE-A UEs to transmit and receive data considering the UE capability, channel condition, load status of each CA, buffer status, QoS requirements, and other RRM related information. Accordingly, the serving eNB can dynamically configure the CCs used for each UE based on the above-mentioned issues which is called as component carrier management. To facilitate the CC management, candidate CC set and scheduling CC are defined in 2.1.
To select suitable candidate CCs for the LTE-A UE, the serving eNB first sends measurement configuration to UE for CC measurement. After receiving the measurement report, eNB may consider the UE capability, loading of component carrier, the RRM information together to decide which CC could be added into candidate CC set.  On the other hand, if UE detects some problem of certain candidate CC or eNB finds certain candidate CC is not needed, the CC should be removed from the candidate CC set. When there is need to reconfigure candidate CC set for the UE, following actions will be taken by eNB:

· Add new CC to the candidate CC set

· Delete a member from the candidate CC set

· CC switch between candidate CC and non-candidate CC
Candidate CC set should be maintained through dedicated signal, which considers following factors:

· The capability of the UE (e.g. maximum number of RFs, supportable bandwidth of RF, supportable number of carriers, etc)
· Current buffer status
· The cell types (e.g. Macro cell, Micro cell, Femto cell, Pico cell)
· The policy of the eNB (e.g. RRM information, load status of each CC)

· Measurement report results of UE (e.g. RSRP/RSRQ of each CC in the serving eNB)
The serving eNB dynamic selects scheduling CCs from the candidate CC set for LTE-A UE to transmit/receive data in the scheduling period considering following issues:
· QoS requirement (e.g. current traffics, delay constraint, guaranteed date rate, buffer status, etc)
· Scheduling policy of eNB
· Channel quality of candidate CC (e.g. CQI, sounding signal quality)
Based on above discussion, we have following proposal for the foundation of CC management.
Proposal2: Introducing the concept of candidate CC set and corresponding set maintenance operation to 36.912 for CC management.

For effective CC management, first the UE should know which candidate CC activated as scheduling CC for data transmission, and which scheduling CC should be de-activate as non-scheduling CC. Following options can be considered:

· Option1: UE monitor the PDCCH of all CCs to detect which candidate CC is used for data transmission;
· Option2: Both activating/deactivating scheduling CC can be notified through anchor carrier;
As anchor carrier always be the scheduling CC in active mode, option2 is more power efficient compared with option1.
Proposal3: The change of scheduling CC should be notified in the anchor carrier.

To the inter-eNB anchor carrier update, legacy handover procedure in LTE can be applied, while some optimization can be considered for intra-eNB anchor carrier update. First, the intra-eNB anchor carrier update could be further divided into intra-CA-cell update and inter-CA-cell update. In both cases, since the distance between the eNB and UE for the source anchor carrier and target anchor carrier is identical, the same time alignment value could be expected. Meanwhile, the UE related RRC information is kept in the same eNB. Accordingly, there is no need to attempt RACH access for intra-eNB anchor carrier update if the carriers managed by the same serving cell are synchronized, which helps to reduce the processing delay.

Proposal4: RACH procedure may be omitted for intra-eNB anchor carrier update.
Due to the bursty characteristic of data traffic and the variable channel quality, the number of scheduling CCs may change dynamically, which means that not all candidate CCs will be used for data transmission. In this case, additional signaling mechanism may be required to avoid UE performing too much effort (frequent channel estimation and reporting, control channel monitoring, etc.) in the CC with low activity level for power saving. For example, CQI report may be required for eNB to select scheduling CCs from candidate CC set as well as select MCS for each scheduling CC to transmit data, it seems more reasonable to set different channel measurement configuration for the scheduling CC and non-scheduling CC in the candidate CC set.

Proposal5: Different configurations should be considered to manage the CCs with different activity level for power saving.

In active mode, discontinuous reception (DRX) is the major power saving mechanism in LTE system. It’s obvious that when there is little data transmission, may be just anchor CC is chose as scheduling CC. In this case, the DRX setting should be kept identical with LTE. If high speed data transmission is required, several scheduling CCs may be chose. And following options should be considered for multiple CCs’ DRX management:

· Option1: DRX configuration could be independent for each scheduling CC separately.

· Option2: Identical DRX configuration should be kept for all scheduling CCs.
If UE has individual RFs for each CC, option1 may be the better to provide flexibility for activity level management of each CC according to existing principles for DRX management. For example, if UE is scheduled on a CC, activity level is increased, and then decreased based on inactivity timer. However, high UE complexity and cost will be caused. For single RF, option1 may cause UE frequently monitor the channel for data transmission, which not only impacts the power saving but also influences the mobility measurement. So, option2 is preferred in this scenario.
Proposal6: DRX configuration should be identical for all scheduling CCs.
2.4 Measurement

In LTE-A, more additional spectrums are introduced. According to CA consensus in [3], the wider spectrum band will be divided into component carriers of no more than 110RB. So more inter frequency layers (i.e. component carrier) are created. The more inter frequency layers is needed, the more gaps may be needed and the more time UE may spend for measurements, which may greatly influence the QoS provision, UE complexity and power saving efficiency.  In active mode, it should be possible for the LTE-A UE to limit its measurement activities to reduce above-mentioned impacts.  For example, under continuous CA scenario, due to the similar transmission characteristic of the CCs, it’s reasonable to share one of the component carriers’ measurement result among the several continuous CCs. For UE with multiple Tx/Rx, it is reasonable to limit the number of used Tx/Rx according to the traffic requirement. So the inter band measurement could also be reduced.
Proposal7: UE could measure a single CC instead of multiple CCs in the same frequency band.
2.5 Handover

To the handover under CA scenario, the source CA cell and target CA cell may have different carrier configuration or the different carrier load status in the same frequency band. Based on the agreement in last meeting, we assume that the source CA cell and target CA cell can’t cooperate to provide CA service for identical UE. So, the target CA cell may need to reallocate candidate CCs for the UE, and two options can be considered:
· Option1: Allocating candidate CCs after handover success.
· Option2: The candidate CCs are allocated before handover through signaling notification.
Option1 is identical with general CC maintenance, which may influence the QoS performance, because the available resource for data transmission is limited during the handover procedure. Accordingly, we suggest multiple carrier switching for handover (i.e., option 2) should be considered in RAN2.
Proposal8: It’s recommended RAN2 to discuss multiple carrier switching for handover under CA scenario.
3 Conclusion
In this document, we have following proposals based on detail analysis:

Proposal1: the CA deployment scenarios in Fig.1 should be added to 36.912. 
Proposal2: Introducing the concept of candidate CC set and corresponding set maintenance operation to 36.912 for CC management.

Proposal3: The change of scheduling CC should be notified in the anchor carrier.

Proposal4: RACH procedure may be omitted for intra-eNB anchor carrier update.
Proposal5: Different configurations should be considered to manage the CCs with different activity level for power saving.

Proposal6: DRX configuration should be identical for all scheduling CCs.
Proposal7: UE could measure a single CC instead of multiple CCs in the same frequency band.
Proposal8: It’s recommended RAN2 to discuss multiple carrier switching for handover under CA scenario.
Huawei volunteers to author text proposals for the agreeable parts. 
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