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1. Introduction
All LTE carriers in Rel-10 are the component carriers (CCs) that are fully configured with Rel-8 control channels and reference signals in order to be backward-compatible with Rel-8 and 9. 
During the technical standardization for Rel-10, some efforts were made to analyze the viability of additional carrier types [5, 7], for example, the extension carriers [3, 4] and the carrier segments [6, 11]. However, after 3GPP RAN1 #59bis meeting, the conclusion was that such considerations should be postponed to Rel-11 due to limited time schedule available for completion of 3GPP Rel-10 RAN work items.
Given such inconclusive discussions and some interest in such studies, the following text was included in the scope of Release 11 CA enhancement work item as agreed in RAN #51.:

· “Study additional carrier types including non-backwards compatible elements for Carrier Aggregation. A way forward for additional carrier types and related details will be decided based on trade-off analyses where deployment scenarios, benefits, drawbacks and work item time line are carefully considered from the perspectives of all the RAN WGs.”
This contribution presents some definitions and observations about extension carriers and carrier segments in the context of use cases previously presented during Release 10 discussions. 
2. Motivation for New Carrier Types based on Prior Discussions
In this section, we present the background and the motivating reasons for considering extension carriers and carrier segments as examples of new carrier types. 

2.1. Extension Carriers

Extension carriers, as defined previously for Release 10, are carriers that are configured with some but not all control channels or reference signals needed for their standalone and backward-compatible operation, and thus, are not directly accessible by UE’s. Such carriers can be configured as part of a Secondary Cell (SCell) and to operate in conjunction with a backward compatible Primary Cell (PCell). 

Extension carriers were proposed for Release 10 to be used for heterogeneous network (HetNet) deployments [4]. Since the pico/femto-cells are in the coverage area of the macro-cells, transmissions from the macro-cell interfere considerably with the femto-cell transmissions. Moreover, for closed subscriber group (CSG) femtocells, it may be desirable to provide the service to UEs belonging to CSG, using a CSG cell instead of the macro-cell, even though the radio link between the pico/femto-UE (e.g. UE2 in Figure 1) and the CSG cell (femto1 in Figure 1) is inferior to the radio link between that UE and the macro-cell. Figure 1 shows such HetNet scenario where an RF carrier used in macro-Cell as a PCell is configured as an secondary extension carrier (SCell) in pico/femto-cell and vice versa.
Since the key interference issues are for control channels, extension carriers were considered as special secondary CC’s in which some control channels or reference signals are not transmitted or blanked given they are use as SCell for CA with cross carrier configuration and scheduling on a fully configured PCell. If the unused resources normally occupied by control channels and reference signals are used for data transmission, such extension carriers were also expected to reduce the PHY and MAC overhead resulting in higher spectrum efficiency.
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Figure 1: First Deployment Scenario for New Carrier Types: Extension Carrier for a HetNet
So the main motivations for such extension carriers as they were previously positioned were interference reduction as well as overhead optimization.

2.2. Carrier Segments 

Carrier segments are used to enable additional transmission bandwidths beyond the set of Rel-8/9/10 values defined by RAN4 [16], i.e., {6, 15, 25, 50, 75, 100} RBs, but no more than 110 RBs. Depending on the implementation of carrier segments, they may be deployed without using any carrier aggregation techniques. In other words, the carrier segments may be viewed as the bandwidth extension of a Rel-8/9/10 compatible component carrier to support the use of the new transmission bandwidths in a backward compatible way, complementing carrier aggregation approaches. 
The benefits of carrier segments are in terms of overhead reduction by eliminating the transmission of control channels and reference signals that would otherwise be required in a carrier aggregation setting and the use of small transport block (TB) sizes for the part corresponding to the carrier segment [15]. Another benefit is that it allows the use of the original Rel-8/9/10 bandwidths by Rel-8/9/10 UEs (without using the additional carrier segment portion) while supporting aggregated additional bandwidth segments that can be used by new Rel-11 UEs. 
Figure 2 illustrates a simple example of using carrier segments as intra-band bandwidth expansion to the Rel-8/9/10 component carrier.
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Figure 2: Second Deployment Scenario for New Carrier Types: Carrier Segment for a Homogeneous Network
During RAN1 #58bis definitions for carriers segments were circulated and summarized in [5] and they are repeated in Table 1 for the reader’s convenience.

Table 1: Most important properties of carrier segments
	Carrier Segments

	Not necessary to have carrier aggregation.

	Used to enable additional transmission bandwidths beyond the set of Rel-8 values, i.e., {6, 15, 25, 50, 75, 100} RBs but no more than 110 RBs. What sets are used is defined by RAN4.

	The sum of backward compatible component carrier and segment(s) shall be no more than 110RBs. Configurations with sum of backwards compatible component carrier and segment(s) over 110RBs are FFS.

	One PDCCH indicates the RBs allocated in the sum of backward compatible carrier and segment(s).

	One HARQ process for the sum of backward compatible carrier and segment(s).

	Backward compatible component carrier and segment(s) use the same transmission mode.

	Segments configuration without CRS is FFS.

	Segments are contiguous to the component carrier they are associated with.


3. Consideration of New Carrier Types for Release 11
Having discussed the background and prior motivations for new carrier types in the previous section, we consider the relevance and implications of defining such non-backward compatible carrier types from a Release 11 point of view.

3.1. On Extension Carriers

As mentioned the main motivations for introducing new extension carriers as they were previously positioned were interference reduction as well as overhead optimization.

On Interference Reduction: While the notion of extension carriers was deferred from Release 10, a new feature was added in Release 10 for inter-cell inference coordination (ICIC) in which the concept of Almost Blank Subframes (ABS) was introduced in a backward compatible carrier. Such feature, especially combined with cross carrier scheduling, as illustrated in Figure 1, help with avoiding interference on PDCCH in a HetNet environments without violating any backward compatibility requirements. 
On Overhead Reduction:  considering typical overhead to support the control channels and reference signals that may be removed, one can estimate the overhead reduction obtained by removing them from a carrier. Table 2 shows one such estimate.  In the comparison, the Rel-8/9/10 carrier is configured with minimum control overhead. Before any interference measurement specific reference signal is defined, one CRS port is still required for inter-cell interference measurements. The results shown in this table suggest that the overhead reduction obtained via the use of non-backward compatible extension carriers (with their very restrictive use cases) should be expected to be very limited. The control overhead saving shown in the table mainly comes from non-existence of the control region in the non-backward compatible carrier, however, such saving is at the expense at other carrier (e.g. the primary carrier). In other words, the net overhead saving for the overall system will be even less than the estimated values shown in the table.
Table 2: DL PHY/MAC overhead comparison between Rel-8/9/10 backward compatible carrier regular subframe and Rel-11 extension carrier subframe
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CRS {0}    {0} 4.8%    {0} 4.8% for interference measurement    
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 Given the above observations, we propose:
Proposal 1: There is no need to define new non-backward compatible carrier types if only used to reduce interference on control channels or reduce PHY/MAC overhead.

3.2. On Carrier Segments

Although carrier segments provide a means to support new transmission bandwidths by providing bandwidth extensions to a backward compatible component carrier, and thereby complementing carrier aggregation approaches, the primary concern regarding carrier segments is that they would require defining new related RF requirements across multitude of bandwidth combinations in RAN4 which may involve a very lengthy process. Additionally, supporting carrier segments would also increase the RF complexity for channel filtering from a product development viewpoint. Given the above issue around carrier segments realizations, if supported, care must be taken to:

· Strictly limit the number of bandwidth combination for main carrier and associated segments to reduce the system complexity as well as RAN4’s work load and also 
· Ensure that the use of such carrier segments do not impact the interoperation Release 8/9/10 UE’s with the serving eNB’s on the main carrier which is backward compatible to Release 8/9/10.
Based on the above mentioned factors, we propose: 

Proposal 2: New carrier types as carrier segment will result in considerable RF complexity and new requirements and testing work in RAN4/5 and so it may be defined only if there is clear justification of use cases and applications which cannot be met with proper planning of backward compatible.
Proposal 3: If supported, need to strictly limit the number of bandwidth combination for main carrier and associated segments to reduce the system complexity as well as RAN4’s work load and also 
Proposal 4: The new carrier segment, if introduced in Rel-11, should 
(a) not affect the interoperation of Release 8/9/10 UE with existing Rel-8/9/10 UE/eNB in the main carrier; 
(b) minimize the changes and impact to the expected Rel-11 UE/eNB behaviours from Rel-8/9/10; 
4. Other Use Cases and Motivation for New Carrier Types

As 3GPP evolves and is deployed in new spectra and novel deployment models, there is always possibility of designing new carrier types that may not be backward compatible. Design of carrier aggregation may be generalized as needed so that such new carriers can be utilized together with backward compatible primary carriers.

Examples of use cases already discussed in 3GPP are carriers optimized for broadcasting and downlink-only operation. There are also proposals for carriers that are opportunistically configured and used for adhoc device to device communications. Given the nature of such carrier and their usage, if supported, they may be designed as non-accessible to UEs as primary carrier and may be designed such that they are skipped by UEs during their scanning and cell selection procedures. New PHY designs with potentially non-backward structure may also be defined to optimize carriers for very low or very high frequencies.

Other opportunities for introducing new carrier types would through extending carrier aggregation to alternative radio access technologies.

Given the diversity of such applications and the viability of their use cases, we conclude that:

Proposal 5: New carrier types that may be defined later mainly to address new use cases and applications can be considered based on proven viability of their respective use cases, but are beyond the current scope of CA enhancement for Release 11.
5. Conclusions
Proposal 1: There is no need to define new non-backward compatible carrier types if only used to reduce interference on control channels or reduce PHY/MAC overhead.

Proposal 2: New carrier types as carrier segment will result in considerable RF complexity and new requirements and testing work in RAN4/5 and so it may be defined only if there is clear justification of use cases and applications which cannot be met with proper planning of backward compatible.
Proposal 3: If supported, need to strictly limit the number of bandwidth combination for main carrier and associated segments to reduce the system complexity as well as RAN4’s work load and also 
Proposal 4: The new carrier segment, if introduced in Rel-11, should 

(a) not affect the interoperation of Release 8/9/10 UE with existing Rel-8/9/10 UE/eNB in the main carrier; 

(b) minimize the changes and impact to the expected Rel-11 UE/eNB behaviours from Rel-8/9/10; 

Proposal 5: New carrier types that may be defined later mainly to address new use cases and applications can be considered based on proven viability of their respective use cases, but are beyond the current scope of CA enhancement for Release 11.
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