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1. Introduction

In addition to Release 8 compatible component carriers, two types of carrier schemes, extension carrier and carrier segment, have been proposed and discussed for carrier aggregation in Release 10. Characteristics of extension carrier and carrier segment could be found in [1][2]. An LS was sent to RAN4 to notify RAN1 status on the issue and its reply from RAN4 is now available as follows [3][4]. 
1. It is common consensus in RAN4 that concepts of system bandwidth should be defined based on the following aspects: efficiency, simplicity, UE/eNB complexity, testing complexity, etc.

2. Based on such consensus, RAN4 concluded that only normal component carrier (R8 backward compatible carrier) should be utilized to achieve efficient spectrum usage in Release 10 time frame. That is, neither extension carrier nor carrier segment should be introduced in Release 10.

3. RAN4 felt that extension carrier or carrier segment could be considered for introduction in Release 11.

Considering both RAN4’s concerns and RAN1’s status [4][5], this contribution provides our views on possible way forwards for the issue in RAN1. 
2. Carrier aggregation in Release 10
Carrier aggregation is adopted in Release 10, i.e. LTE-Advanced, to extend bandwidth wider than 20MHz and even up to 100MHz in order to provide higher peak data rates and/or meet the LTE-Advanced  and IMT-Advanced requirements [6][7]. Aggregating Release 8 compatible carriers can fulfil the LTE-Advanced requirements without introducing any new types of carriers. Deployment of carriers with Release 8 compatibility provides flexible scheduling and load balance between carriers for both Release 8/9 and 10 UEs. While RAN1 couldn’t conclude on the benefit of defining one additional carrier type in Release 10 beyond backward-compatible component carriers [5], RAN4 has concluded that only normal component carrier (R8 backward compatible carrier) should be utilized to achieve efficient spectrum usage in Release 10 time frame [4]. Based on being able to meet the requirement and RAN4’s concerns within Release 10 time frame, it is proposed that RAN1 should develop carrier aggregation for Release 10 using Release 8 compatible carriers without introducing new types else. 
Proposal 1: RAN1 should develop carrier aggregation for Release 10 using Release 8 compatible carriers without introducing new types else.

3. Further study for later releases
Many companies believe that there is a benefit to define additional component carrier type(s) beyond backward-compatible carriers [5]. Per RAN1 discussion so far, utilization of extension carrier and carrier segment could be summarized as follows.
3.1 Extension carrier

Extension carrier could work as part of carrier aggregation and provide bandwidth support of wider than 20MHz for LTE-Advanced system. It allows flexible spectrum usage, including both contiguous and non-contiguous spectrum without restriction on combined bandwidths. Furthermore, one attractive feature of extension carrier, particularly interesting to operators, is maximizing peak data rate and cell spectral efficiency while minimizing the overhead (PDCCH / PHICH / PCFICH / CRS / PSS / SSS / PBCH / Rel-8 SIB / Paging). In this case, an extension carrier is seen as a data-only component carrier. 

Another potential benefit of introducing extension carrier is to provide interference management for control channels in heterogeneous network scenarios [8][9]. Note that the control channels may become susceptible to high interference especially in heterogeneous networks [10]. The main ideal of CA-based HetNet operation is to partition component carriers in each cell layer into two sets: one set is composed of normal component carriers (backward compatible carriers) and one set is formed by extension carriers. 
Fig. 1 illustrates an example of possible HetNet operations by employing CA-based interference management. For the component carriers in a pico-cell, by configuring the normal carrier to the component carrier, CC2, which suffer small interference from macro eNB, the control signalling (PDCCHs) could be more reliable by means of the power reduction on CC2 at macro eNB. On other hand, it may also be useful to configure an extension carrier, CC2, in macro cell because transmitting control signalling from normal carrier, CC1, is more efficient and reliable. Therefore, for facilitating the realization of interference coordination in HetNet, we do see potential motivations for introducing extension carrier. 
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Fig. 1 An example of extension carrier operation for heterogeneous deployment
3.2 Carrier segment

In Release 8 LTE specification, there are total six bandwidth sizes. These bandwidth sizes or their multiple of sizes might be used as LTE spectrum sizes while a regularity body plans to allocate spectrums dedicated for LTE system. It is foreseeable that operators wish to deploy LTE on various spectrums of different bandwidth sizes in order to utilize their spectrums as highly as possibly. 
Some operators might re-farm their existing spectrums as LTE system and these spectrums might not match the Release 8 system bandwidth numerology. If numbers of resource blocks available are not matched with Release 8 ones, those additional resource blocks are then wasted. A realistic case has been presented by AT&T [11]. Accordingly, there is probably a need to have more flexible bandwidth in later released LTE/LTE-A systems. Carrier segment can be considered as a feasible technique to provide flexible bandwidth deployment and backward compatibility. 
Based on above-mentioned potential benefits and discussion status in both RAN1 and RAN4, it is proposed that RAN1 should further study on extension carrier and carrier segment for later release(s) of LTE-Advanced, especially after the development of carrier aggregation in Release 10 becomes stable and/or the enhanced interference controls in HetNet in Release 10 is fully studied. 
Proposal 2: RAN1 should further study on extension carrier and carrier segment for later release(s) of LTE-Advanced after the development of carrier aggregation in Release 10 becomes stable and/or the enhanced interference controls in HetNet in Release 10 is fully studied.
4. Conclusions

After consideration in detail, this contribution proposes: 
Proposal 1: RAN1 should develop carrier aggregation for Release 10 using Release 8 compatible carriers without introducing new types else.
Proposal 2: RAN1 should further study on extension carrier and carrier segment for later release(s) of LTE-Advanced after the development of carrier aggregation in Release 10 becomes stable and/or the enhanced interference control in HetNet in Release 10 is fully studied.
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