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5
Support of wider bandwidth

5.1
General

LTE-Advanced extends LTE Rel.-8 with support for Carrier Aggregation, where two or more component carriers (CCs) are aggregated in order to support wider transmission bandwidths up to 100MHz and for spectrum aggregation. 

It shall be possible to configure all component carriers which are LTE Rel-8 compatible, at least when the aggregated numbers of component carriers in the UL and the DL are the same. Not all component carriers may necessarily be LTE Rel-8 compatible. 

A terminal may simultaneously receive or transmit one or multiple component carriers depending on its capabilities:

-
An LTE-Advanced terminal with reception and/or transmission capabilities for carrier aggregation can simultaneously receive and/or transmit on multiple component carriers.
-
An LTE Rel-8 terminal can receive and transmit on a single component carrier only, provided that the structure of the component carrier follows the Rel-8 specifications.

Carrier aggregation is supported for both contiguous and non-contiguous component carriers with each component carrier limited to a maximum of 110 Resource Blocks in the frequency domain using the LTE Rel-8 numerology

It is possible to configure a UE to aggregate a different number of component carriers originating from the same eNB and of possibly different bandwidths in the UL and the DL. In typical TDD deployments, the number of component carriers and the bandwidth of each component carrier in UL and DL will be the same.
Component carriers originating from the same eNB need not to provide the same coverage.

The spacing between centre frequencies of contiguously aggregated component carriers shall be a multiple of 300 kHz. This is in order to be compatible with the 100 kHz frequency raster of LTE Rel-8 and at the same time preserve orthogonality of the subcarriers with 15 kHz spacing. Depending on the aggregation scenario, the n*300 kHz spacing can be facilitated by insertion of a low number of unused subcarriers between contiguous component carriers.
5.2
User Plane
5.2.1
Structure

Compared to the Layer 2 structure of LTE Rel-8, the multi-carrier nature of the physical layer is only exposed to the MAC layer for which one HARQ entity is required per CC. The Layer 2 structure for the downlink is depicted on Figured 5.2.1-1 below.
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Figure 5.2.1-1: Layer 2 Structure for the DL

The Layer 2 structure for the uplink is depicted on Figured 5.2.1-2 below.


[image: image2.emf]Multiplexing

...

Scheduling / Priority Handling

Transport Channels

MAC

RLC

PDCP

Segm.

ARQ etc

Segm.

ARQ etc

Logical Channels

ROHC ROHC

Radio Bearers

Security Security

HARQ HARQ ...

CC

1

CC

x

...


Figure 5.2.1-2: Layer 2 Structure for the UL

5.2.2
MAC

From a UE perspective, the Layer 2 aspects of HARQ are kept Rel-8 compliant unless modifications provide significant gains. There is one transport block (in absence of spatial multiplexing, up to two transport blocks in case of spatial multiplexing) and one independent hybrid-ARQ entity per scheduled component carrier. Each transport block is mapped to a single component carrier only where all possible HARQ retransmissions also take place. A UE may be scheduled over multiple component carriers simultaneously but at most one random access procedure shall be ongoing at any time.
5.2.3
RLC

The RLC protocol of LTE Rel-8 also applies to carrier aggregation and allows LTE-A to handle data rate up to 1Gbps. Further enhancements (e.g. increased RLC SN) size can be considered.

5.2.4
PDCP

The PDCP protocol of LTE Rel-8 also applies to carrier aggregation.

5.3
Control plane

5.3.1
Structure

The C-Plane architecture of LTE Rel-8 also applies to carrier aggregation.

5.3.2
RRC procedures
5.3.2.1
System Information
A cell is identified by a unique ECGI and corresponds to the transmission of system information in one CC. Rel-8 relevant system information and possible extensions for LTE-A are delivered on “backward compatible” CCs. Each CC provides on BCCH the system information which is specific to it. The handling of system information for extension carriers is FFS.
5.3.2.2
Connection Control
As in LTE Rel-8, the UE only has one RRC connection with the network. One cell - the “special cell” - provides the security input and the NAS mobility information (one ECGI, one PCI and one ARFCN). There is only one “special cell” per UE in connected mode.

After RRC connection establishment to the “special cell”, the reconfiguration, addition and removal of CCs can be performed by  RRCConnectionReconfiguration including mobilityControlInfo (i.e. “intra-cell handover”). RRCConnectionReconfiguration without mobilityControlInfo can also be used for the addition of CCs, and for the removal of CCs with the exception of the CC corresponding to the “special cell”.
At intra-LTE handover, the RRCConnectionReconfiguration with mobilityControlInfo (i.e. "handover command") can remove, reconfigure or add CCs for usage in the target cell.
Detection of failure of one CC by the UE does not necessarily trigger a connection re-establishment. RRC connection re-establishment triggers at the UE include: 

1)
The failure of all CCs on which the UE is configured to receive PDCCH;

NOTE:
FFS if re-establishment is triggered under more restrictive conditions (e.g. in case of problems on a smaller subset of CC’s).
2)
The loss of all UL communication;
NOTE:
The conditions under which all UL communications are said to be lost are FFS.
3)
The indication from RLC that the maximum number of retransmissions has been reached (as in Rel-8).
5.3.3
Idle mode procedures

Idle mode mobility procedures of LTE Rel-8 also apply in a network deploying carrier aggregation. It should be possible for a network to configure only a subset of CCs for idle mode camping.
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