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1 Introduction

Additional carrier types, was discussed in previous meeting. However, due to the time limit and heavy work load, it was finally agreed in Rel-10 to support only the backwards compatible carrier and postpone the related study to Rel-11 phase.
In Rel-11 [2] [3], additional carrier types has been proposed as a part of CA enhancement. The study on tradeoffs among different scheme should be done in the next few meetings to let all groups to decide how to continue. In this contribution, based on the study reached in early releases, we further discuss the application scenarios, features and the standardization efforts of the additional carrier types. 
2 Discussion
Four carrier types have been defined: backwards compatible carrier, non-backwards compatible carrier, extension carrier and carrier segment. The former two can operate as independent carriers, while the latter two must be operated as a part of a component carrier set where at least one of the carriers in the set is a stand-alone-capable carrier. In Rel-11, it is required to study the application scenarios and the necessity of the additional carrier types.  
As shown in early study, carrier segments and extension carriers have explicit application scenarios and structure features compared with non-backwards compatible carriers. More work need to be done to introduce these two carrier types and then need to start work at beginning. 
2.1 Carrier segments
The definition and feasibility of carrier segments has been discussed in RAN1 as part of the additional carrier types for LTE-A.
Carrier segments are defined as the bandwidth extensions of backwards compatible component carriers (for up to 110 RBs in total), to provide resources for data transmission only. Each backwards compatible component carrier can be configured with one or several carrier segments, with the total RBs not larger than 110RBs. As shown in figure 1, the backwards compatible component carrier is configured with two carrier segments. The detailed features of carrier segments are specified as:
· No PBCH/Rel-8 SIB/Paging 
· No PSS/SSS 

· No PDCCH/PHICH/PCFICH 
· No CRS 

· Rel-10 mobility is based on measurements in backwards compatible CC(s) 
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Figure 1 – Definition of carrier segment
The main purposes for defining carrier segments are to increase the spectrum efficiency of carriers with small bandwidth and to do interference coordination in heterogeneous networks. A bandwidth extension scenario for carrier segments is illustrated in figure 2. 

When the bandwidth of a component carrier is small carrier, e.g. 1.4 MHz, configure it as a backwards compatible carrier which contains PDCCH and other control channels are quite limited. The control channel overhead is comparatively too large. Lack of frequency diversity effects decreases the performance of control signals.  Therefore, it would be better to configure narrow bandwidth carriers as carrier segments, which will be more dedicated for data.
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Figure 2 Bandwidth extension scenario for carrier segments
Besides spectrum utilization increase and interference coordination, advantages of carrier segments also include: make use of the bandwidths that cannot be used in Rel-10, aggregate carriers with narrow bandwidth and prevent the scheduling of small transport block of carriers with narrow bandwidth.
2.2 Extension carrier
The definition and application scenarios of extension carriers share some of those for carrier segments. They both do not contain control channels and can be operated only when configured as a part of a component carrier set with backwards compatible component carriers in. However, extension carriers are scheduled by independent PDCCHs and have their own HARQ. Figure 3 illustrates the scenario in which extension carriers are used to coordinate interference.
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Figure. 3 Interference coordination scenario for extension carriers
In a heterogeneous network, assume that a pico/femto cell is covered by a macro cell and users in both cells could access CC1 and CC2. If both CC1 and CC2 are configured as backwards compatible component carriers, users in or near the femto cell will experience strong co-channel interference. The interference between data channels can be coordinated through scheduling/power control, but the interference between control channels is remained. To solve this problem, CC1 in the macro cell and CC2 in the pico/femto cell can be configured as extension carriers with no control channel in order to avoid strong interference in control channel. In the macro cell, control channel on CC1 is responsible for scheduling resources on both CC1 and CC2, while in the pico/femto cell, the control channel is only on CC2. This scheduling mechanism requires all UE cross-carrier scheduled in a CC without PDCCH.
2.3 Comparison
We can summarize the properties for extension carrier and carrier segment as follows:

	
	Extension carrier
	Carrier segment

	Bandwidth
	(Extension +associated backward compatible CC) no limit in the number of RBs
No limitation on the bandwidth of extension carriers. The bandwidths of extension carriers are confined within the six bandwidths defined in LTE. New bandwidth can be defined by RAN4.
	(Segment+associated backward compatible CC)≤110RBs, contiguous to the component carrier they are associated with. Associated carrier follows Rel-8 band widths. The bandwidths of carrier segments are not defined.

	 PDCCH/PCFICH/PHICH/CRS/PSS/SSS
	No
	No

	Link configuration
	Separate configuration
	Same with the linked standalone carrier

	PBCH/ SIB/Paging / Support the mobility measurement
	No
	No

	HARQ
	Independent HARQ
	Share HARQ with the associated backward compatible CC

	PDCCH scheduling and sigaling overhead
	Independent PDCCH, larger overhead
	Share PDCCH with the associated backward compatible CC, smaller overhead

	Ability for ICIC
	YES
	YES

	Impact on UE operations on backward compatible CC in R8/R9/R10
	No
	YES 


Neither carrier segments nor extension carriers could operate as independent carriers, but as a part of a component carrier set where at least one of the carriers in the set is a stand-alone-capable carrier. The introduction of carrier segments and extension carriers will better utilize the available carrier fragments, and improve the flexibility of scheduling. 
2.4 Standardization efforts of additional carriers

Carrier segments are considered to be consecutive to their aggregated backwards compatible component carriers and their bandwidths are not defined yet. Extension carriers could be contiguous or non-contiguous to the component carrier they are associated with. In previous discussion, it was concerned that uncertainty of the bandwidth/scenarios of additional carriers will bring up much complexity for RF requirement 
To ease those complexities, we can put some restrictions on the study of carrier segments and extension carriers.

RAN1 need to consider the impact on current standard when enhanced transmission formats are introduced and work to optimise the transmission efficiency. RAN1 need to consider the impact on channel quality measurement of carrier segment and extension carriers. It will reduce the complexity to support limited number of additional carrier segment. The current stage could consider to restrict that at most 2 carrier segments can be dedicated associated with one backwards compatible carrier. When two carrier segments are configured, they should be on different sides of the backwards compatible carrier. For extension carriers, we can associate not more than one extension carrier with one backwards compatible carrier. 

To alleviate the problems of bandwidth uncertainty for carrier segments, we can put some restrictions such as limiting the bandwidths of carrier segments in Rel-11 to 1.4M and 3M. For extension carriers, we can consider only the six bandwidths defined in LTE. 
Total bandwidth of the associated carrier segments, backwards compatible carriers and the gaps between them should be less than 110RBs. Unified solutions should be considered for both contiguous and non-contiguous conditions.
Proposal 1: In Rel-11, Carrier segments or extension carriers as candidate additional carrier types should be introduced. 
We also propose standardization of carrier segments or extension carriers should be considered as tools for CA-Based eICIC.
3 Conclusion
We observe that additional carriers would be an efficient way to improve the spectrum usage. We propose to simplify the study of the additional carriers to accelerate works in related WGs.
Proposal 1: In Rel-11, Carrier segments or extension carriers as candidate additional carrier types should be introduced. 
It is also encouraged to ask for application scenarios for RAN4 to further narrow down the study scope of additional carriers.
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