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1. Introduction
In the early stage of Rel-10, RAN 1 discussed the multiple types of carriers for LTE Rel-10. However, due to considering Rel-10 time frame, the additional carrier types were not finalized in Rel-10 and those were delayed to Rel-11. From this meeting, we could start to discuss the whether or not those new carrier types are needed based on tradeoff analyses where deployment scenarios, benefits, drawbacks and work item time line are carefully considered from the perspectives of all the RAN WGs.
During the previous RAN1 meetings for additional carrier types, some new types of carrier were introduced in Rel-10, which are composed of backward compatible carrier, non-backward compatible carrier and extension carrier (also including segmentation concept). The definitions of proposed additional carrier types are following:
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In this contribution, we provide our views on introduction of new carrier types to improve the system performance on carrier aggregation in Rel-11.
2. Comparisons between segmentation and extension carrier
During the previous meetings on additional carrier types, backward compatible carrier with segment(s) and the extension carrier as non-backward compatible carrier type was intensively discussed [2]-[8]. These two proposed carrier types have been observed in terms of the similarities and differences in table 1 through many contributions and also, it has been shared the characteristics of both additional carrier types together with RAN4 by LS documents [1]. 
Table 1. Characteristics of between extension carrier and segmentation
	Similarities

	Non-backward compatible carrier type

	No PBCH/Rel-8 SIB/Paging

	No Sync. (PSS/SSS)

	No L1/L2 control channel (i.e. PDCCH, PCFICH, PHICH)

	No CRS (FFS)

	Both must have at least a backward compatible carrier

	Both can not be used for idle mode camping on and random access

	Differences

	With carrier aggregation

1. Extension carrier is only used for CA.

2. Segmentation is not necessary to have CA.

	Difference of transmission Bandwidth

1. Extension carrier is at least from current transmission BW (i.e. 6, 15, 25, 50, 75, 100 RBs)

2. Segmentation can be enable to use the additional transmission BW but no more than 110 RBs

* Transmission BW of both carrier types may be determined by RAN4.

	Usage of control channel

1. Extension carrier and backward compatible carrier can have independent PDCCH for data transmission.

2. Segmentation has only one PDCCH for allocating both segment(s) and backward compatible part.

	HARQ operation

1. Extension carrier : multiple HARQ operation using independent HARQ process

2. Segmentation : one HARQ operation for both segment(s) and backward compatible part

	TM mode

1. Extension carrier : It can be configured with different TM mode

2. Segmentation : It uses the same TM mode

	Linkage of Backward compatible carrier

1. Extension carrier : It can be configured as continuous or non-continuous bandwidth to the backward compatible carrier

2. Segmentation : It uses only continuous bandwidth to the backward compatible carrier


As seen table 1, it is summarized with exemplary characteristics of two additional carrier types pointed out by most of companies in Rel-10. By considering those characteristics, both carrier types could be evaluated in various deployment scenarios considering the bandwidth utilization, heterogeneous network, and no common control channel/signal environment.
Bandwidth utilization

There seems to be a definite difference between extension carrier and segmentation type in bandwidth utilization perspective. Since the segmentation is continuously tied to a backward compatible carrier with current transmission bandwidth defined by RAN4 (i.e. 6, 15, 25, 50, 75, 100RBs), it could be sufficiently used for the remaining frequency resource which is not equal to one of current transmission bandwidth (e.g. for 900MHz and 1800MHz, 7.4 MHz = (6, 25, 6) assuming 2 segments + backward compatible carrier like figure 1(a)) [8]. Besides, it can have some merits from control signaling overhead perspective by considering the single PDCCH and single HARQ operation for backward compatible carrier with segment(s). However, if the segmentation has less frequency resources compared with total transmission bandwidth (i.e. backward compatible carrier occupy the most of LTE frequency band available by operators), the benefits using remaining frequency resources for segmentation would be somewhat restricted. That is, it depends on ratio of backward compatible part to segment(s) and also restricted by total frequency band. And only using common PDCCH (i.e. link adaptation) and, single HARQ operation and transmission mode for backward compatible carrier with segmentation could cause the performance degradation by less link adaptation. Due to those points, the motivation of segmentation as additional carrier types would be weakened by not fully being able to use the interference coordination in heterogeneous network (HetNet) and no control region for the increase of throughput etc. In addition to, if the number of configurable bandwidth to be defined is increased for each of segments, it would cause the huge test works in RAN4 because of many bandwidth combinations for segmentation. Therefore, we think the ratio of bandwidth between segmentation and backward compatible carrier for reasonable test work in RAN4 should be restricted to several combinations, and in order to maximize the benefits using segmentation with backward compatible carrier, proper bandwidth combinations should be considered as well (i.e. detailed bandwidth combinations are dependent on RAN4’s decision).  
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(a) Segmentation                           (b) Extension carrier
Figure 1. Example of segment(s) and extension carrier
For the extension carrier, it is to define a new carrier type based on current transmission bandwidth not continuously being allocated with the backward compatible carrier in one frequency band. Unlike the segmentation, extension carrier has been designed as independent carrier type to maximize the effect of link adaptation. According to figure 1(b), the extension carrier type has the flexible data transmission in various cell deployments by adopting independent HARQ process and transmission mode. However, when component carrier (CC) with multiple small bandwidths are aggregated, there could be the inefficient aspects causing the increase of PDCCH overhead, multiple HARQ process and UL feedback (e.g. HARQ ACK, CSI feedback etc.) as requiring more PDCCH and PDSCH/PUSCH in order to transmit identical data rate on multiple component carrier. However, even if there is an overhead in some scenarios with the extension carrier type compared to segmentation, the extension carrier type could have significant gain through independent HARQ operation and link adaptation by PDCCH on each CC. And also, in case PDCCH overhead on backward compatible carrier could have a problem caused by cross-carrier scheduling, MU-MIMO, CoMP and so on, we can introduce the enhanced PDCCH (E-PDCCH) on extension carrier which is considered as new PDCCH type in MIMO session and it would be useful for introducing the extension carrier capable of the flexible resource utilization compared with segmentation.
Interference coordination in HetNet

In [1][4][9], most of companies confirmed there would be the sufficient gain in case interference coordination avoiding strong interference from macro eNB to femto/pico eNB with cross-carrier scheduling is configured with the extension carrier type in HetNet environment. However, if the segmentation is used in HetNet, it is unclear whether it can provide the good interference handling methods because deployment scenario having segments with small frequency resources can exist (i.e. most of frequency resources are occupied for backward compatible carrier). Accordingly, if two component carriers with segmentation are configured in HetNet scenario, the L1/L2 control signaling, common control channel and synchronization signals transmitted by home eNB would not be free from the interference of Macro eNB. It may be considered as big drawbacks in HetNet with carrier aggregation (CA). Therefore, we think methods for well using the segmentation in HetNet should be further considered if introducing segmentation as additional carrier type in Rel-11.
L1/L2 control channel utilization

Though two additional carrier types have the different utilization as new carrier type, both new carrier types have the identical concept in reducing overhead of control channel/signals.  The characteristic for both additional carrier types about L1/L2 control channel are summarized as below [10]: 

· No PBCH/Release-8 SIB/Paging

· No PSS/SSS

· No PDCCH/PHICH/PCFICH, i.e. no control region

· No CRS

Since both additional carrier types may have no control channel/signal, system information, paging and CRS, related information (e.g. MIB/SIB, paging, DL synchronization, L1/L2 control information, measurement and so on) should be obtained from backward component carrier which is linked to additional carrier type. Therefore, Rel-8/9/10 UEs can not find whether additional carrier types are existed or not. Even for Rel-11 UE capable of using new carrier type, before the corresponding information from backward compatible carrier or different signaling methods is obtained, it could not be also aggregated with backward compatible part.
In Rel-11, the design of no common control signaling/channel within additional carrier types would increase the data transmission rate as much as amount of reduced control information. However, it would cause the significant impact to other RAN working group including RAN1 according to eliminating common control channel / CRS, especially measurement (e.g. RSRP, RSRQ…). Therefore, they need to be carefully designed through considering the trade-off between standardization impacts on all RAN working groups and the benefits introduced by new carrier type given the several useful scenarios and such applications. 
3. Conclusion
This contribution discusses the introduction of new carrier types especially considering segmentation and extension carrier. Based on the above observation, we think extension carrier has a little more benefits than that of segmentation and is well aligned with purpose of introduction of a new carrier type. We propose as below:
Proposal 1: Consider the extension carrier with higher priority than the segmentation as a new carrier type in Rel-11. But, if the outstanding benefit by the segment in some scenario is found, it can be also considered as a new carrier type together with the extension carrier.
Proposal 2: If the segmentation is supported, the ratio of bandwidth between segmentation and backward compatible carrier for reasonable test work in RAN4 should be restricted to several combinations and, methods for well using the segmentation in HetNet should be further considered.
Proposal 3: For new carrier type without control channel, system information and synchronisation signals (PSS/SSS), it needs to be carefully designed through considering the trade-off between standardization impacts on all RAN working groups and the benefits introduced by new carrier type given the several useful scenarios and such applications.
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Backward compatible carrier:


A carrier accessible to UEs of all existing LTE releases.


Can be operated as a single carrier (stand-alone) or as a part of carrier aggregation.


For FDD, backwards compatible carriers always occur in pairs, i.e. DL and UL.





Non-backward compatible carrier:


If specified, a carrier not accessible to UEs of earlier LTE releases, but accessible to UEs of the release defining such a carrier.


Can be operated as a single carrier (stand-alone) if the non-backwards compatibility originates from the duplex distance, or otherwise as a part of carrier aggregation.





Extension carrier:


If specified, a carrier that cannot be operated as a single carrier (stand-alone), but must be a part of a component carrier set where at least one of the carriers in the set is a stand-alone-capable carrier.





Carrier segmentation:


Carrier segments are introduced to enable the new transmission bandwidths outside the set of current transmission bandwidth defined in [1].


Basic assumption is that the new transmission bandwidths are expected to be used for scenarios of CCs with transmission bandwidth no larger than 110RBs.
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