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1  Introduction

In response to the RAN1 LS in [1] on the carrier aggregation to enable the use of wider bandwidths in LTE advanced, it was agreed that RAN4 will study the feasibility of carrier aggregation. 
According to the agreed time plan in [2], RAN4 is expected to complete the feasibility by the May meeting (RAN4#51) and to provide the necessary feedback to RAN1 and RAN. 

In theory very larger number of component carrier aggregation scenarios is possible. It is therefore important that RAN4 concentrates on few typical and relevant cases during the feasibility phase to complete the study within the due time. 
In this paper we propose carrier aggregation scenarios for both FDD and TDD for performing the LTE advanced feasibility study.  

2  Contiguous Carrier Aggregation Scenario
The contiguous carrier aggregation scenario is more relevant for supporting the aggregated bandwidth beyond 20 MHz (i.e. beyond release 8). To ensure backward compatibility with release 8 the largest component carrier bandwidth is 110 RB (20 MHz) as agreed in RAN1. 
It is proposed that during the initial study phase this scenario is limited to 2 component carriers each of 20 MHz. However, more carriers are to be considered at a later stage and especially during the work item phase to ensure 3GPP LTE advanced target requirements, which are 1 Gbps in the DL and 100 MHz, are met. 
Furthermore, for studying this scenario a frequency band with large chunk of spectrum needs to be considered for both FDD and TDD duplex modes. The proposed frequency bands are discussed in sections 2.1 and 2.2.
A guard band or the so-called carrier spacing between the aggregated component carriers might be required due to the use of different RF chains. As suggested by RAN1 in their LS that to ensure backward compatibility with rel-8, the carrier spacing between the component carriers should be multiple of 300 kHz due to release 8 channel raster and sub-carrier spacing, which are 100 kHz and 15 kHz respectively.

RAN4 needs to study the impact of carrier aggregation on different RF spectrum emission requirements for both UE and BS. 

2.1 FDD Scenario
For FDD it is suggested to use 3.5 GHz frequency band for contiguous carrier aggregation scenario. This band is currently being standardized in RAN4 for both E-UTRAN and UMTS. Although its detailed frequency arrangement e.g. duplex gap, is not finalized, but such details are not very critical for the carrier aggregation studies. Alternatively, the other possible the frequency band for this type of carrier aggregation could be E-UTRA FDD band 7 (2.6 GHz). However our preference is the following combination of aggregated bandwidth and band for this scenario:   

· Frequency band = 3.5 GHz
· Aggregated bandwidth scenario: 2 x 20 MHz 

· Same in each direction: UL=40 MHz, DL = 40 MHz
2.2 TDD Scenario
For TDD it is suggested to use 2.3 GHz frequency band (E-UTRA TDD band 40) for contiguous carrier aggregation scenario as this band comprises of 100 MHz. Furthermore, for simplicity reason it is also suggested to consider the same UL/DL sub-frame configuration and special subframe configuration on both component carriers. Other possible candidate band for this scenario could be E-UTRA band 38 (TDD 2.6 GHz). However, operators’ feedback is particularly useful since it is better to limit the current study for one suitable band i.e. select one of the bands for the study.
The summary of the proposed TDD scenario for the study is as follows:
· Frequency band = 2.3 GHz (band 40)
· Aggregated bandwidth scenario: 2 x 20 MHz

· UL/DL sub-frame configuration: same on both component carriers
· Special subframe configuration: same on both component carriers

3 Non-contiguous Carrier Aggregation Scenario

We believe that RAN4 needs to study the following non-contiguous carrier aggregation scenarios:

· Intra-band non-contiguous carrier aggregation

· Inter-band carrier aggregation

3.1 Intra-band Non-contiguous Carrier Aggregation
According to this scenario, the aggregation of non-contiguous component carriers within the same band needs to be studied. This type of aggregation is particularly important and relevant for the frequency bands with fragmented spectrum allocation. That is when an operator owns non-contiguous chunks of spectrum within the same band. 
For this type of carrier aggregation we propose to use smaller chunk of component carriers. But RAN4 also needs to discuss whether there is a need to study intra-band non-contiguous carrier aggregation with large component carrier e.g. 2 x 20 MHz in 3.5 GHz. 

Overall RAN4 needs to study the impact of this type of carrier aggregation for both FDD and TDD on different RF spectrum emission requirements for both UE and BS. The proposed scenarios are described below:

3.1.1 FDD Scenario

For FDD study, the E-UTRA FDD band 8 (900 MHz) seems to be a good candidate for this type of carrier aggregation. Since this band comprises of 25 MHz in each direction, therefore it is more relevant to consider smaller chunk of the component carriers e.g. 5 MHz. The proposal for FDD is as follows:

· Frequency band = 8 (900 MHz)

· Aggregated bandwidth scenario: 2 x 5 MHz
· Same in each direction: UL=10 MHz, DL = 10 MHz
3.1.2 TDD Scenario

In case of TDD for this type of carrier aggregation a suitable TDD band with fragmented band could be considered. Similarly 2 component carriers are used for this scenario. Also for the simplicity reason the same UL/DL sub-frame configuration and special subframe configuration on both component carriers are preferably used.
3.2 Inter-band Carrier Aggregation

In this scenario the aggregation of component carriers belonging to different bands needs to be studied. In principle the aggregation of component carriers from more than 2 bands is possible e.g. 3 components from 3 different bands. However, for feasibility study we suggest that this type of carrier aggregation is limited to two bands. 

As in the previous cases, RAN4 needs to study the impact of this type of carrier aggregation on different RF spectrum emission requirements for both UE and BS.
3.2.1 FDD Scenario

One possibility is to select the band combination resulting in more severe emissions towards the other component carrier. One such scenario is the combination of E-UTRA FDD band 8 (900 MHz) and band 7 (2.6 GHz), where the component carrier from the latter band will be more affected due to the higher order harmonics from the former one.

On the other hand we feel that more typical inter-band scenario for the feasibility study would be the combination of band 1 and band 7.

The summary of the proposal for FDD inter-band carrier aggregation is as follows:

· Number of frequency bands = 2
· Frequency bands = 1 (2 GHz) and 7 (2.6 GHz)
· Aggregated bandwidth scenario: 2 x 20 MHz
· Same in each direction: UL=10 MHz, DL = 10 MHz

3.2.2 TDD Scenario

For TDD inter-band carrier aggregation study, one of the suitable candidate bands can be 2.3 GHz (band 40). Furthermore, as in case of FDD, 2 component carriers from 2 different bands are used for the TDD feasibility study. Thus, another one could be either band 38 (2.6 GHz) or band 39 (188-1920 MHz) under the assumption that each component carrier is 20 MHz wide.
Also for simplicity reason the same UL/DL sub-frame configuration and special subframe configuration on both component carriers can be used for studying this scenario during feasibility phase. Since typical and practical aspects are also important. Therefore, RAN4 also needs to consider whether in typical scenario the component carriers belonging to different bands use the same TDD related configuration (i.e. UL/DL sub-frame and special subframe configuration) or not. 
The summary of the proposal for TDD inter-band carrier aggregation is as follows:

· Number of frequency bands = 2

· Frequency bands = 40 (2.3 GHz) and 39 ( 1880-1920 MHz)

· Aggregated bandwidth scenario: 2 x 20 MHz

4 Summary
In this paper for both TDD and FDD we have proposed various carrier aggregation scenarios, which could be considered for the LTE advanced feasibility study. We would like to hear the opinions of other companies and especially of the operators regarding the proposed scenarios.

RAN4 should agree on limited but relevant set of carrier aggregation scenarios in this meeting so that the feasibility study is completed according to the agreed timeline i.e. by RAN4#51. 
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