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1
Introduction
In the previous RAN1 meetings it was decided that the DL operation for system bandwidths beyond 20MHz will be based on carrier aggregation. An LTE Rel-8 UE would be able receive only one of the backward compatible component carriers, while an LTE-Advanced terminal would be able to simultaneously use multiple component carriers.
In a multicarrier system it would be beneficial to define anchor and non-anchor component carriers. This could reduce the overhead as the system information, synchronization and paging for a certain cell would be provided on anchor carriers only. Also, the anchor carrier would enable synchronization, camping and access in a heterogeneous network environment where interference coordination would provide for at least one detectable (accessible) anchor carrier. 
2
Discussion 
2.1
Anchor Carrier Concept
The desired LTE-Advanced system bandwidth is achieved by aggregating multiple component carriers. An LTE Rel-8 UE would be able to use only one of the backward compatible component carriers, while an LTE-Advanced UE would be able to simultaneously use multiple component carriers.
By configuration designated anchor carrier would provide system information, synchronization and paging for a certain cell. The non-anchor carriers would not carry that information. Therefore the concept of anchor carrier could reduce the control overhead. Also, the anchor carriers would enable synchronization, camping and access in heterogeneous network environment where interference coordination would provide for at least one detectable (accessible) anchor carrier.
The anchor carrier can also be used to provide reliable control coverage in cases where the other carriers provide unreliable or variable SNR. The multicarrier resource assignments sent on anchor carrier can provide further overhead reduction, as discussed in [1]. The other carriers can still be used for data transmission in sub-frames or subbands with sufficiently good channel and interference conditions. 
2.2
Carrier Types
Several carrier types can be differentiated
· Anchor carriers
· Rel-8 Backward compatible single carrier anchor
· Rel-8 Backward compatible multicarrier anchor
· Rel-8 non-backward compatible anchor
· Rel-8 non-backward compatible non-anchor carriers
· Segments
2.2.1
Rel-8 Backward Compatible Single Carrier Anchor

Rel-8 backward compatible single carrier anchor has the following properties/configuration

· Rel-8 backward compatible
· Carries PSS/SSS, Rel-8 system information (SI), paging, …
· Provides camping and access for Rel-8 and LTE-A UEs
· Carries information that points to the multicarrier anchor carrier
· This pointer is intended for the LTE-A UEs only and is transparent to Rel-8 UEs
· Needed for LTE-A UEs to obtain multicarrier SI.
This carrier does not carry multicarrier system information, as it is primarily intended for Rel-8 single carrier UEs and additional overhead for MC SI is not incurred. The LTE-A UEs could also use this carrier, but the full MC system information would have to obtained from Rel-8 backward compatible multicarrier anchor (introduced below) based on the multicarrier anchor pointer. 

2.2.2
Rel-8 Backward Compatible Multicarrier Anchor

Rel-8 backward compatible multicarrier anchor has the following properties/configuration

· Rel-8 backward compatible
· Carries PSS/SSS, Rel-8 system information (SI), paging, …
· Provides camping and access for Rel-8 and LTE-A UEs
· Carries multicarrier SI
· Additional SIBs provide the multicarrier information for a cell, such as

· Carrier locations
· Carrier bandwidths
· Carrier designation (UL/DL)
· Carrier pairing
· Other anchor carriers
· New control regions.
2.2.3
Rel-8 non-Backward Compatible Anchor

Rel-8 non-backward compatible anchor has the following properties/configuration

· Provides support for LTE-A UEs in RRC idle and RRC connected state

· Carries multicarrier SI, new synchronization signal, paging, …

· LTE-A specific.

2.2.4
Rel-8 non-Backward Compatible non-Anchor Carrier

Rel-8 non-backward compatible non-anchor carrier has the following properties/configuration

· Stand-alone carrier only for LTE-A UEs in RRC connected state
· UEs can not camp on this carrier
· SI updates provided only when needed
· When SI changes
· By multicast or in-band
· Carries new synchronization signal to keep the LTE-A UE synchronization in RRC connected
· Synchronization signals may be omitted provided that the synchronization is possible on at least one other carrier the of the same cell an LTE-A UE is configured for
· To assist time tracking.
2.2.5
Segment

Segment has the following properties/configuration 

· An extension of a carrier
· Always linked to one carrier, can not be stand-alone
· No synchronization signals, SI, or paging
· Pure data extension.
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Figure 1:
Single carrier and two segments

As compared to a carrier, segment can not be accessed or camped on. The purpose of it is just to provide a green field for data and the data channel related control. It can be seen as a data extension of the Rel-8 compatible carrier that could be used on a non-backward compatible manner by LTE-A UEs, without defining a new carrier.
2.3
Anchor Carriers in Heterogeneous Networks
In heterogeneous networks, different power class eNodeBs as well as restricted and open access eNodeBs could be present. The anchor carrier would enable synchronization, camping and access in heterogeneous network environment where interference coordination would provide for at least one detectable (accessible) anchor carrier. The anchor carrier could provide reliable control coverage in cases where the other carriers have unreliable or variable SNR.
Below is an example of the anchor carrier designation and reuse.
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Figure 2:


Pico cell served UEs 0 and 1 can be scheduled on anchor carrier 2. In addition, UE 0 can be scheduled by the Pico cell on carrier 1 since the interference from Macro cell seen by that UE on carrier 1 is very weak. UE1 could experience strong interference from the Macro cell on carrier 1, and so may not be able to reliably receive acquisition/control/paging/SI signals on this carrier. It can rely on the Pico anchor carrier 2 to receive such signalling. UE 1 will not be scheduled on carrier 1 unless additional interference coordination with between the Pico and Macro cells is present. 
Anchor carrier 2 is the range extension carrier for Pico cell relative to Macro cell. It provides access to some UEs, such as UE 2.  Anchor carrier 1 is the range extension carrier for Pico cell relative to CSG cell, and it provides access to a set of UEs that would be served by Pico cell because they do not have permission to access CSG, such as UE 5. Hence, there is always at least anchor carrier that is interference protected, i.e. provides access in case of restricted access and/or provides range extension access. 
Macro served UEs 2 and 3 can be scheduled on anchor carrier 1. In addition, UE 2 can be scheduled by Macro on carrier 2 because it is close enough to the Macro cell and falls within the range of coverage of carrier 2. UE 3 is outside of the coverage range on carrier 2 (due to low transmit power), so it can not be scheduled there.

CSG cell transmits on its anchor carrier 2. UEs 4 and 5 that do not have permission to access the CSG cell and are within its coverage have the accessible anchor carrier 1. Although in coverage of both Macro and Pico cell on carrier 1, signal from Macro cell is stronger for UE 4, and it will be connected on carrier 1 to Macro cell.
UE 5 is in coverage of both Macro and Pico cell on carrier 1, but the signal from Pico cell is stronger, so it will be connected on carrier 1 to Pico cell. 
UE 6 that has permission to access the CSG cell will be connected to it on its anchor carrier 2.
3
Summary 
We presented the carrier type differentiation to anchor and non-anchor carriers and segments. Several possible anchor carrier types are listed, based on backward compatibility and multicarrier support.
Defining the concept of anchor and non-anchor carriers could be beneficial in terms of reducing the control overhead, as the system information, synchronization and paging for a certain cell would be provided on anchor carriers only. Also, the anchor carrier would enable synchronization, camping and access in heterogeneous network environment where interference coordination would provide for at least one detectable (accessible) anchor carrier. 
The anchor carrier can further be used to provide reliable multicarrier control coverage in cases where the other carriers provide unreliable or variable SNR and overhead reduction due to the use of multicarrier assignments.
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