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1 Introduction
In LTE-Advanced, extension of bandwidth beyond 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] [3]. 
The definitions on the types of component carriers were agreed in RAN1#57bis [4]:

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.

Further discussion in RAN1#58 resulted in the physical channel structure of the component carriers [6] [7]:
· The baseline assumption is that all component carriers would provide all physical channels for cell identification. This would apply to both backwards compatible carriers and non-backwards compatible carriers, if specified.
· Accessibility of component carriers is under the responsibility of RAN2. Based on RAN2 decision, RAN1 can evaluate the need for transmission of synchronization signals etc. in case of non-accessible carriers.
In this contribution, we further discuss CC types envisioned for LTE-A, considering spectrum requirements of operators in the LTE-A time-frame. 
2 CC Types

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

Further design targets may be summarized as

· Symmetric and asymmetric bandwidth extension
· Flexible control channel configuration for LTE-A UEs

· Consideration of dimensioning issues for control channel design
With these goals in mind, we discuss CC types for two bandwidth extension scenarios, namely that of contiguous spectrum and non-contiguous spectrum.
2.1 Non-contiguous spectrum

Bandwidth extension for non-contiguous spectrum may be handled by introducing either backwards compatible carriers or non-backwards compatible carriers. Figure 1 shows the structure of non-contiguous bandwidth extension with one Rel-8 compatible carrier and two LTE-A carriers. Figure 1 (a) illustrates the LTE-A carriers without PDCCH and Figure 1 (b) shows the ones with PDCCH. The PDCCH shown in the figures includes PCFICH and PHICH, unless stated otherwise.
· Rel-8 UE operation is allowed in Rel-8 compatible carriers.
· UEs supporting LTE-A operation are allowed in any of Rel-8 compatible carrier and LTE-A carriers.
· For LTE-A UE, PDSCH may be transmitted in one or multiple carriers in a subframe. 
· In the example shown, UE will need to detect 3 PDCCHs for DL allocation.

· The PDCCHs for DL allocation may be transmitted in one carrier (in Option Figure 1 (a)) or in multiple carriers (Figure 1 (b)), with different implications in UE blind decoding requirements.

· CIF in a new DCI format for DL allocation indicates the CC for PDSCH transmission.

[image: image1.emf]P

D

C

C

H

P

D

C

C

H

PDSCH

PDSCH

PDSCH

P

D

C

C

H

R

e

l

-

8

 

c

o

m

p

a

t

i

b

l

e

 

c

a

r

r

i

e

r

L

T

E

-

A

 

c

a

r

r

i

e

r

L

T

E

-

A

 

c

a

r

r

i

e

r

A

c

c

e

s

s

i

b

l

e

 

b

y

 

L

T

E

-

A

 

U

E

s

PDSCH

PDSCH

PDSCH

P

D

C

C

H

A

c

c

e

s

s

i

b

l

e

 

b

y

 

A

l

l

 

R

e

l

-

8

/

L

T

E

-

A

 

U

E

s

(a)

(b)

A

c

c

e

s

s

i

b

l

e

 

b

y

 

L

T

E

-

A

 

U

E

s


Figure 1: Bandwidth extension for non-contiguous spectrum with one Rel-8 compatible carrier and two LTE-A carriers. Rel-8 compatible UEs are limited to access only Rel-8 compatible carrier while LTE-A UEs are allowed in both Rel-8 and LTE-A carriers. (a) Bandwidth extension without PDCCH in LTE-A carrier (b) Bandwidth extension with PDCCH in LTE-A carrier 

2.2 Contiguous spectrum
Figure 2 shows a scenario where initially LTE Release-8 is deployed in Spectrum Block 1 and Spectrum Blocks 2 and 3 are added later. In typical LTE Rel-8 deployment, “multi-carrier” option, consisting of multiple independent Rel-8 compatible carriers, may be supported. The drawback of this approach is that guard band is required between the multiple carriers, resulting in wasted spectrum resources. 
Extension carrier [8] allows bandwidth-efficient access by allowing the operator to utilize the spectrum as one carrier, while supporting mixture of LTE Rel-8 and LTE-A UEs in a cell 
. 
Figure 3 illustrates possible extension carrier structures for downlink. Figure 3 (a) and (b) show the extension carrier with one Rel-8 segment and two LTE-A segments. The LTE-A segments may have different bandwidths. Figure 3 (c) and (d) show the extension carrier with one Rel-8 segment and one LTE-A segment. In Figures (a) and (c), PDCCH is configured in the Rel-8 segment while in Figures (b) and (d), PDCCH is configured in each of the Rel-8 segments and LTE-A segments.
Downlink PRB allocation for extension carriers is shown in Figure 4. 

· When the LTE-A UE is scheduled in a subframe, the entire spectrum is available for scheduling single or multiple LTE-A UEs. 

· When the Rel-8 UE is scheduled in a subframe in a portion of Rel-8 compatible segment, the remaining spectrum is available for scheduling LTE-A UEs.
Extension carrier structures for uplink are shown in Figure 5. Figure 5 (a) to (d) show the extension carrier with one Rel-8 segment and two LTE-A segments and Figure 5 (e) shows the extension carrier with one Rel-8 segment and one LTE-A segment. Multiple PUCCH configurations may be considered. 
· PUCCH-less LTE-A segments (Option Figure 5 (a)): This option allows additional PUSCH capacity for LTE-A, while keeping PUCCH in the Rel-8 segments. In this option, PUCCH for all UEs (LTE-A and Rel-8 UEs) are mapped to Rel-8 segment. This option could be useful to support increased PUSCH traffic per user, while reusing PUCCH configuration from Rel-8.

· PUCCH in the interior bands (Option Figure 5 (b)): This option allows flexibility in PUSCH allocation in the LTE-A segments. For example, to avoid interference issue at the edges of the spectrum, number of PRBs and power for PUSCH in the LTE-A segments can be controlled flexibly by scheduler design and power control at the eNB. This option is possible when LTE-A segments are available in pairs and located at the edges of the spectrum. 
· PUCCH resource at the edges of LTE-A segments (Option Figure 5 (c), (d) and (e)): This option introduces PUCCH resources in each of the LTE-A segments. This would support asymmetric addition of LTE-A segments. The flexibility observed in Option Figure 5 (b) is not easily achieved with PUCCH at the band edges.
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Figure 2: Multi-carrier deployment. Initial deployment in spectrum Block 1 supports LTE Rel-8 compatible operation. Deployment of multiple Rel-8 LTE compatible carriers in Spectrum Blocks 1, 2 and 3.  
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Figure 3: Structure of downlink extension carrier. Rel-8 compatible UEs are limited to access a portion of the spectrum while LTE-A UEs are allowed to transmit in the entire the spectrum. (a) Extension carrier with 2 LTE-A segments without PDCCH (b) Extension carrier with 2 LTE-A segments with PDCCH (c) Extension carrier with 1 LTE-A segment without PDCCH (d) Extension carrier with 1 LTE-A segment with PDCCH
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Figure 4: Illustration of downlink PRB allocation for extension carrier.
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Figure 5: Structure of uplink extension carrier. (a)-(d) Extension carrier with 1 Rel-8 compatible segment and 2 LTE-A segments (e) Extension carrier with 1 Rel-8 compatible segment and 1 LTE-A segments (a) LTE-A segments without PUCCH (b)(c) Two LTE-A segments with 1 pair of PUCCH resource (d)-(e) LTE-A segments with PUCCH resource in each segment
3 Summary
In this contribution, we discussed CC types envisioned for LTE-A, depending on spectrum requirements of the operators in the LTE-A time-frame. Depending on spectrum allocation scenario, the CC types envisioned are characterized as follows:

Non-contiguous spectrum: 

· Backwards compatible carrier accessible by Rel-8 and LTE-A UEs

· Non-backwards compatible carrier accessible by LTE-A UEs supporting BW extension
· The non-backwards compatible carrier is characterized by:

· New DCI format to support BW extension for DL

· Possibility for new PDCCH (including PCFICH, PHICH) format in the LTE-A carrier

· Possibility for new PUCCH format in the LTE-A carrier

· PDCCH-less carrier needs FFS 

· PUCCH-less carrier needs FFS 
· Non-backwards compatibility due to new spectrum (not supported in Rel-8) or non-default (center) carrier frequency is RAN4 issue.

Contiguous spectrum:  
· Multi-carrier option: In this option, multiple carriers may be deployed per each spectrum block. This option results in the same CC types as in non-contiguous spectrum.
· Extension carrier option: In this option, multiple spectrum blocks are treated as one carrier.  
· Rel-8 compatible segment accessible by Rel-8 and LTE-A UEs 
· LTE-A segment accessible by LTE-A UEs supporting BW extension
· New DCI format to support BW extension may be defined in LTE-A segment

· Possibility for new PDCCH (including PCFICH, PHICH) format in the LTE-A segment

· Possibility for new PUCCH format in the LTE-A segment

· PDCCH-less LTE-A segment needs FFS 
· PUCCH-less LTE-A segment needs FFS
Supportable bandwidth and spectrum including signalling of carrier frequency are RAN4 issues.

If agreed, a TP for TR 36.814 will be proposed.
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� Current assumption on bandwidth extension allows extension carrier up 20MHz.
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