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1 Introduction
In LTE-Advanced, extension of bandwidth beyond the single Release 8 system bandwidth is achieved by carrier aggregation [1]. The main purpose of carrier aggregation is to support flexible use of available frequency spectrum and to provide higher peak data rate to the UE while minimizing the overhead channels [2]. 
The definitions on the types of component carriers were agreed in RAN1#57bis:

Backwards 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-backwards 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.

Additionally in RAN1, carrier segment was proposed as a way to extend the bandwidth up to 110 PRBs without carrier aggregation while supporting backward compatible operation in a portion of the spectrum [4]. 

In response to RAN1 LS’s on feasibility for supporting extension carriers and carrier segments [5][6], RAN4 responded that [7]
· The number of resource blocks for normal component carriers should be limited to the R8 channel bandwidth configurations, i.e. 6, 15, 25, 50, 75, 100, although additional transmission bandwidth configurations are not precluded.

· The carrier spacing between multiple normal component carriers should be a multiple of 300 kHz. From an RAN4 RF point of view, the presence or absence of 300 kHz carrier spacing should not make a difference for additional smaller carriers.
With carrier spacing of multiple of 300 kHz, implementation of extension carriers/segments with a single FFT spanning the combined bandwidth is possible. In this contribution, we further discuss CC types focusing on comparison of extension carrier and carrier segment.
2 Comparison of Extension Carrier and Carrier Segment
The issues of particular interest to the operators for bandwidth extension are 

· Support of smooth migration from Rel-8 to LTE-A for operators with LTE Rel-8 deployments when spectrum is added later
· Support of green field deployment of LTE-A carriers by maximizing flexibility, peak data rate, and cell spectral efficiency while minimizing the overhead

· Modular design of UE by reusing Rel-8 UE implementation per CC whenever possible, in order to minimize time-to-market

Extension carriers and carrier segments were proposed to support these requirements. Comparison of extension carrier and carrier segment are summarized in [8][9]. Both carrier types cannot be a stand-alone carrier and are always linked to a stand-alone carrier. Extension carriers and carrier segments are useful for bandwidth extension while supporting backward compatible operation.
Figure 1 illustrates a bandwidth extension scenario for contiguous spectrum. Suppose CC1 is a Release-8 LTE carrier. With the availability of adjacent spectrum denoted CC2 and CC3, wider bandwidth operation with 2 extension carriers (CC2 and CC3) is feasible. Furthermore, with carrier spacing of multiple of 300 kHz, implementation with a single FFT spanning the combined bandwidth is possible when the carriers are time synchronized. 
If UE receivers are implemented with a 20 MHz filter and a 2048-point FFT, guard band is not necessary since there is no interference between the component carriers. The guard band between the component carriers could be occupied by useful data. The exact numerology including the total number of tones in the extended bandwidth (in the combined spectrum of CC1, CC2 and CC3) and the component carrier sizes need to be determined in consideration of FFT sizes (which must be multiples of 2, 3, and 5) and the adjacent channel leakage requirements. 
Comparison of key attributes of extension carrier and the carrier segment is shown in Table 1. Extension carriers allow more flexible spectrum usage, including both contiguous and non-contiguous spectrum without restriction on the combined bandwidth. Furthermore, control channel ICIC is feasible with the extension carriers supported by Carrier Indicator Field (CIF), making the extension carrier more flexible for heterogeneous network deployments. 
Carrier segments may be useful in limited scenarios, ie bandwidth extension for contiguous spectrum involving small bandwidths. Carrier segments are limited to contiguous spectrum extension for up to 110 PRBs. With system bandwidth optimized for the extended bandwidth, carrier segments could provide higher overall bandwidth efficiency. 
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Figure 1: Example of bandwidth extension scenario for contiguous spectrum. CC1 is an LTE Rel-8 compatible carrier and CC2 and CC3 are extension carriers associated with CC1. 
Table 1: Comparison of extension carrier and carrier segment

	Attributes
	Extension carrier
	Carrier segment

	Carrier aggregation
	Yes
	No – introduces new system bandwidth

	Spectrum requirements
	Contiguous / Non-contiguous up to 100 MHz
	Contiguous spectrum up to 110 PRBs (20 MHz) 

	Physical layer processing
	Single FFT (for up to 110 PRBs), multiple channel coding processing compatible with Rel-8 processing
	Single FFT, single channel coding processing

	Transport Block Size table
	Compatible with Rel-8 TBS table
	Reuse Rel-8 TBS table

	Bandwidth efficiency
	Similar to Rel-8 compatible multi-carrier deployment
	Could be higher with optimized numerology

	HARQ
	Multiple HARQ processes
	Single HARQ process

	Control channel
	Separate PDCCHs per component carrier

PDCCH can be located in any component carriers with CIF
	Single PDCCH in the associated (stand-alone) carrier

	Transmission mode configuration
	Configurable per component carrier
	Same as the associated (stand-alone) carrier


3 Summary
In this contribution, we discussed CC types focusing on comparison of extension carrier and carrier segment. In summary,

· Extension carrier is an efficient and flexible approach for supporting bandwidth extension with minimal increase in overhead channels. 
· Carrier segment can offer additional bandwidth efficiency by introducing additional bandwidth numerology optimized for the combined spectrum.

· Carrier segment can be useful in limited scenarios such as contiguous spectrum up to 110 PRBs. It shares commonality with the extension carriers in terms of physical layer processing. Therefore, carrier segment could be supported without significant increase in complexity both at the UE and the eNB. 
If sufficient benefit is demonstrated in realistic bandwidth scenarios, with suitable choice of new bandwidth numerology, carrier segment should be supported in Release 10.
4 References

[1] 3GPP TR 36.814 V1.3.0 “Further Advancements for E-UTRA - Physical Layer Aspects”
[2] R1-093764, “Component carrier types in LTE-A,” Alcatel-Lucent
[3] R1-100408, “Design Considerations for Extension Carriers and Carrier Segments,” Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

[4] R1-093119, “Notions of segment and non-backwards compatible carriers for LTE-A,” Qualcomm Europe
[5] R1-084707, “LS on Support for wider bandwidths in LTE-Advanced,” RAN1
[6] R1-094415, “Concept of carrier segment for LTE-A,” RAN1
[7] R4-095035, “Reply LS on Support for wider bandwidths in LTE-Advanced,” RAN4

[8] R1-094436, “On definitions of carrier types,” Ericsson, ST-Ericsson

[9] R1-094499, “Way forward for extension carrier and segment,” Panasonic
































































































2/3

_1324383298.vsd
Radio tower


Comm. Tower


PDSCH


PDCCH0


PDSCH


PDCCH1


PDSCH


PDCCH2


PDSCH


PDCCH3


PDSCH


PDCCH4


PDSCH


PDCCH1


PUSCH


PUCCH


PUCCH


PUSCH


PUCCH


PUCCH


PUSCH


PUCCH


PUCCH


PUSCH


PUCCH


PUCCH


PDSCH


PDCCH2


PDSCH


PDCCH3


PDSCH


PDCCH4


PDSCH


PDCCH0


DCI for UL scheduling


DCI for DL allocation


(a)


Anchor


Non-anchor1


Non-anchor2


Non-anchor3


Non-anchor4


(b)


Anchor


Non-anchor1


Non-anchor2


Non-anchor3


Non-anchor4


Decode PDCCH on anchor carrier


Valid PDCCH 
and 
ACCI?


Decode PDCCH on non-anchor carriers


End


Yes


Step 1


Step 2


No


PUSCH


PUCCH


PUCCH


PDSCH


PDCCH


PDSCH


PDCCH


PDSCH


PDCCH


DL CC1


DL CC3


DL CC2


PUSCH


PUCCH


PUCCH


UL CC1


UL CC2


PDSCH


PDCCH


DL CC1


PUSCH


PUCCH


PUCCH


UL CC1


PUSCH


PUCCH


PUCCH


UL CC3


PUSCH


PUCCH


PUCCH


UL CC2


PDSCH


PDCCH


DL CC2


UL CC4


PUSCH


PDSCH


PDSCH


P
D
C
C
H


PDSCH


PDSCH


P
D
C
C
H


P
D
C
C
H


P
D
C
C
H


PDSCH


PDSCH


Rel-8 compatible segment


LTE-A segment


LTE-A segment


Accessible by LTE-A UEs


PDSCH


PDSCH


P
D
C
C
H


P
D
C
C
H


PDSCH


PDSCH


P
D
C
C
H


Rel-8 compatible segment


LTE-A segment


Accessible by 
All Rel-8/LTE-A UEs


Accessible by 
all Rel-8/LTE-A UEs


Accessible by LTE-A UEs


(a)


(b)


(c)


(d)


PUSCH


PUCCH


PUCCH


PUSCH


PUSCH


Rel-8 compatible segment


LTE-A segment


LTE-A segment


PUCCH


PUSCH


PUCCH


PUCCH


PUSCH


PUSCH


PUCCH


PUCCH pair 
for LTE-A UEs


Accessible by 
All Rel-8/LTE-A UEs


Accessible by LTE-A UEs


PUSCH


PUCCH


PUCCH


PUSCH


PUSCH


PUCCH


PUCCH


PUCCH


PUCCH pair 
for LTE-A UEs


PUCCH


PUCCH pair 
for LTE-A UEs


Accessible by 
All Rel-8/LTE-A UEs


Accessible by LTE-A UEs


PUCCH pair 
for LTE-A UEs


(a)


(b)


PUSCH


PUCCH


PUCCH


PUSCH


PUCCH


PUCCH


(c)


(e)


PUSCH


PUCCH


PUCCH


PUSCH


PUSCH


PUCCH


PUCCH


PUCCH pair 
for LTE-A UEs


(d)


P
D
C
C
H


P
D
C
C
H


PDSCH


PDSCH


PDSCH


P
D
C
C
H


Rel-8 compatible segment


LTE-A segment


LTE-A segment


PRB allocation 
for LTE-A UEs


PRB allocation 
for Rel-8 UEs


PRB allocation 
for LTE-A UEs


P
D
C
C
H


PRB allocation 
for LTE-A UEs


PRB allocation 
for LTE-A UEs


PRB allocation 
for Rel-8 UEs


PRB allocation 
for LTE-A UEs


PDSCH


PDSCH


P
D
C
C
H


Rel-8 compatible segment


LTE-A segment


P
D
C
C
H


P
D
C
C
H


PDSCH


PDSCH


PDSCH


P
D
C
C
H


Rel-8 compatible carrier


LTE-A carrier


LTE-A carrier


Accessible by LTE-A UEs


Accessible by LTE-A UEs


PDSCH


PDSCH


PDSCH


P
D
C
C
H


Accessible by 
All Rel-8/LTE-A UEs


(a)


(b)


Segment 1


Segment 2


B


B0 
Rel-8 compatible


Carrier 0


PDCCH


Segment 1


Segment 2


PDCCH


PDCCH


PDCCH



