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1 Introduction

Carrier aggregation (CA) is agreed as the necessary technology in LTE-Adv, which aims to achieve higher peak data rate with up to 100 MHz bandwidth. Furthermore, carrier aggregation scenarios have already been presented in [1], which are prioritized LTE-Adv deployment scenarios for evaluating various RF aspects, implementation complexity, and the feasibility of CA. In this contribution, we will analyze and propose some mechanisms could be beneficial for effective utilization of CA in LTE-Adv, especially for control channel designs.

2 Discussion
2.1 RAN4 approved CA scenarios and Carrier Grouping
In [2], CA scenarios are proposed to assume co-located BS and group bands with similar propagation conditions in order to reduce complexity. It is furthermore proposed to limit to a maximum of three bands active connection/terminal. Those restrictions assumed in RAN4 are reasonable from implementation complexity perspective. 
Based on considering contiguous or non-contiguous CA, RF chain structure, UE capability, etc, eNB can conceptually group the component carriers, and the concept of carrier group is defined as the component carriers with similar propagation conditions. Taking scenario 11 and 4 in [1] for example, Figures 1 and 2 are shown with one and two groups of carriers, respectively.

[image: image1.emf]One

 Carrier group

DL Carrier 1

20MHz

DL Carrier 2

20MHz

Band 7 for FDD

UL Carrier 1

20MHz


Figure 1 Scenario 11 with one carrier group

[image: image2.emf]DL Carrier 1

20MHz

DL Carrier 2

20MHz

3.5GHz band for FDD

UL Carrier 1

20MHz

DL Carrier 3

20MHz

DL Carrier 4

20MHz

UL Carrier 2

20MHz

……

……

 Carrier group 1

 Carrier group 2


Figure 2 Scenario 4 with two carrier groups 
2.2 Improvements on Control Channel
ACK/NACK Resource Reservation Efficiency

It is important to optimize designing DL/UL control channels on each component carrier for kinds of CA scenarios. For example, in UE-specific asymmetric aggregation case, the issue of resource reservation for uplink ACK/NACK has been discussed a lot in RAN1. It can also be noticed that carrier group could reduce resource reservation on each UL component carrier, because it reserves the resource only for the corresponding DL component carriers which belongs to the same carrier group, as shown in Figure 3 for scenario 4 above. Thus it provides tradeoff between CA flexibility and resource utilization efficiency. Similar method of subset based UE-Specific PHICH linkage scheme has already been presented in [3]. 
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Figure 3 ACK/NACK resource reservations with carrier group
Proposal: Uplink ACK/NACK resource can only be reserved for the corresponding DL component carriers which belong to the same carrier group for improvement on resource utilization efficiency.
UL: DL configurations in TDD

RAN1 has agreed that the number of component carriers and the bandwidth of each component carrier in UL and DL will be the same in typical TDD deployments, but whether all aggregated component carriers have the same or different UL: DL configurations is still FFS. In general, all component carriers can be configured the same UL: DL configuration, thus there is no interference between component carriers and mechanism of HARQ timing would be simple especially for UE-specific asymmetric CA. From another perspective, in the non-contiguous carrier aggregation scenario, co-existence with other systems may require allocating different UL: DL configurations among carriers for avoiding interferences. Taking this aspect into account, it should be considered allowing different UL: DL configuration among inter-band non-contiguous carriers in TDD system. To achieve simple HARQ timing and efficient feedback channel reservation as illustrated in Figure 3, one solution could be that the component carriers within one carrier group are configured with the same UL: DL configuration as shown in Figure 4. While inter-group configuring could be separate, different carrier groups may have the different UL: DL configuration, as illustrated in Figure 5.
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Figure 4 Same UL: DL configuration within one carrier group
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Figure 5 Different UL: DL configuration for inter-group
Proposal: For TDD system utilizing multiple UL: DL configurations among carriers, contiguous component carriers can be configured as one carrier group with the same UL: DL configuration while inter-group configuring could be separate.
2.3 RAN2 Related due to Carrier Grouping
Measurements

The contribution [4] is discussed in RAN2 that it should be possible for the LTE-Adv UE to limit its measurements (e.g. RSRP) in active mode for improving measuring efficiency especially for contiguous CA and/or intra-band CA, as shown in Figure 6. Thus UE measurement complexity and reporting overhead can be kept reasonable compared with LTE UEs. It is natural that measurements could be limited to one of the carriers of a carrier group. 
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Figure 6 Measurement limitations within one carrier group 
Proposal: Measurements (e.g. RSRP) in active mode could be limited to one of the carriers of a carrier group for improving measuring efficiency especially for contiguous CA and/or intra-band CA.
3 Conclusions
In this contribution, the mechanisms of carrier group are analyzed from different points of view, the natural grouping of carriers with similar propagation conditions can be used to improve the efficiency and performance of carrier aggregation in LTE-A. Accordingly, main proposals are listed below:
Proposal: Uplink ACK/NACK resource can only be reserved for the corresponding DL component carriers which belong to the same carrier group for improvement on resource utilization efficiency.
Proposal: For TDD system utilizing multiple UL: DL configurations among carriers, contiguous component carriers can be configured as one carrier group with the same UL: DL configuration while inter-group configuring could be separate.
Proposal: Measurements (e.g. RSRP) in active mode could be limited to one of the carriers of a carrier group for improving measuring efficiency especially for contiguous CA and/or intra-band CA.
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