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5.5
Carrier Aggregation

In Carrier Aggregation (CA), two or more component carriers (CCs) are aggregated in order to support wider transmission bandwidths up to 100MHz. A UE may simultaneously receive or transmit on one or multiple CCs depending on its capabilities:

-
A Rel-10 UE with reception and/or transmission capabilities for CA can simultaneously receive and/or transmit on multiple CCs corresponding to multiple serving cells;

-
A Rel-8/9 UE can receive on a single CC and transmit on a single CC corresponding to one serving cell only.

CA is supported for both contiguous and non-contiguous CCs with each CC limited to a maximum of 110 Resource Blocks in the frequency domain using the Rel-8/9 numerology.

It is possible to configure a UE to aggregate a different number of CCs originating from the same eNB and of possibly different bandwidths in the UL and the DL.

-
The number of DL CCs that can be configured depends on the DL aggregation capability of the UE;

-
The number of UL CCs that can be configured depends on the UL aggregation capability of the UE;

-
It is not possible to configure a UE with more UL CCs than DL CCs;

-
In typical TDD deployments, the number of CCs and the bandwidth of each CC in UL and DL is the same.

CCs originating from the same eNB need not to provide the same coverage.

CCs shall be LTE Rel-8/9 compatible. Nevertheless, existing mechanisms (e.g. barring) may be used to avoid Rel-8/9 UEs to camp on a CC.

The spacing between centre frequencies of contiguously aggregated CCs shall be a multiple of 300 kHz. This is in order to be compatible with the 100 kHz frequency raster of Rel-8/9 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 CCs.

Next Modified Subclause
7.5
Carrier Aggregation

When CA is configured, the UE only has one RRC connection with the network. At RRC connection establishment/re-establishment/handover, one serving cell provides the NAS mobility information (e.g. TAI), and at RRC connection re-establishment/handover, one serving cell provides the security input. This cell is referred to as the Primary Cell (PCell). In the downlink, the carrier corresponding to the PCell is the Downlink Primary Component Carrier (DL PCC) while in the uplink it is the Uplink Primary Component Carrier (UL PCC).

Depending on UE capabilities, Secondary Cells (SCells) can be configured to form together with the PCell a set of serving cells. In the downlink, the carrier corresponding to an SCell is a Downlink Secondary Component Carrier (DL SCC) while in the uplink it is an Uplink Secondary Component Carrier (UL SCC).

The configured set of serving cells for a UE therefore always consists of one PCell and one or more SCells:

-
For each SCell the usage of uplink resources by the UE in addition to the downlink ones is configurable (the number of DL SCCs configured is therefore always larger or equal to the number of UL SCCs and no SCell can be configured for usage of uplink resources only); 

-
From a UE viewpoint, each uplink resource only belongs to one serving cell;

-
The number of serving cells that can be configured depends on the aggregation capability of the UE (see subclause 5.5);

-
PCell can only be changed with handover procedure (i.e. with security key change and RACH procedure);


-
PCell is used for transmission of PUCCH;

-
Unlike SCells, PCell cannot be de-activated (see subclause 11.2);

-
Re-establishment is triggered when PCell experiences RLF, not when SCells experience RLF; 

-
NAS information is taken from PCell.

The reconfiguration, addition and removal of SCells can be performed by RRC. At intra-LTE handover, RRC can also add, remove, or reconfigure SCells for usage with the target PCell. When adding a new SCell, dedicated RRC signalling is used for sending all required system information of the SCell i.e. while in connected mode, UEs need not acquire broadcasted system information directly from the SCells.

Next Modified Subclause
10.1.2.1
Handover

The intra E-UTRAN HO in RRC_CONNECTED state is UE assisted NW controlled HO, with HO preparation signalling in E-UTRAN:
-
Part of the HO command comes from the target eNB and is transparently forwarded to the UE by the source eNB;

-
To prepare the HO, the source eNB passes all necessary information to the target eNB (e.g. E-RAB attributes and RRC context): 

-
When CA is configured and to enable SCell selection in the target eNB, the source eNB can provide in decreasing order of radio quality a list of the best cells and optionally measurement result of the cells.

-
Both the source eNB and UE keep some context (e.g. C-RNTI) to enable the return of the UE in case of HO failure;

-
UE accesses the target cell via RACH following a contention-free procedure using a dedicated RACH preamble or following a contention-based procedure if dedicated RACH preambles are not available:
-
the UE uses the dedicated preamble until the handover procedure is finished (successfully or unsuccessfully);

-
If the RACH procedure towards the target cell is not successful within a certain time, the UE initiates radio link failure recovery using the best cell;

-
No ROHC context is transferred at handover.

Next Modified Subclause
11.2
Activation/Deactivation Mechanism

To enable reasonable UE battery consumption when CA is configured, an activation/deactivation mechanism of SCells is supported (i.e. activation/deactivation does not apply to PCell). When an SCell is deactivated, the UE does not need to receive the corresponding PDCCH or PDSCH, cannot transmit in the corresponding uplink, nor is it required to perform CQI measurements. Conversely, when an SCell is active, the UE shall receive PDSCH and PDCCH (if the UE is configured to monitor PDCCH from this SCell), and is expected to be able to perform CQI measurements.
The activation/deactivation mechanism is based on the combination of a MAC control element and deactivation timers. The MAC control element carries a bitmap for the activation and deactivation of SCells: a bit set to 1 denotes activation of the corresponding SCell, while a bit set to 0 denotes deactivation. With the bitmap, SCells can be activated and deactivated individually, and a single activation/deactivation command can activate/deactivate a subset of the SCells. One deactivation timer is maintained per SCell but one common value is configured per UE by RRC.

At reconfiguration without mobility control information:

-
SCells added to the set of serving cells are initially “deactivated”;

-
SCells which remain in the set of serving cells (either unchanged or reconfigured) do not change their activation status (“activated” or “deactivated”).

At reconfiguration with mobility control information (i.e. handover):

-
SCells are “deactivated”.
Next Modified Subclause
J.2
Layer 2 Architecture

The PDCP and RLC protocol of LTE Rel-8/9 also applies to carrier aggregation and allows handling data rate up to 1Gbps.
In MAC, from a UE perspective, the Layer 2 aspects of HARQ are kept Rel-8/9 compliant unless modifications provide significant gains.

The C-Plane architecture of LTE Rel-8/9 also applies to CA.

Next Modified Subclause
J.3.2
Connection Control

After RRC connection establishment to the PCell, the reconfiguration, addition and removal of individual SCells can be performed by RRCConnectionReconfiguration including mobilityControlInfo (i.e. “intra-cell handover”). RRCConnectionReconfiguration without mobilityControlInfo can also be used for the reconfiguration, addition and removal of individual SCells.
At intra-LTE handover, the RRCConnectionReconfiguration with mobilityControlInfo (i.e. "handover command") can remove, reconfigure or add individual SCells for usage with the target PCell.

The combination of CA and UL bundling cannot be configured for a UE.

RRC connection re-establishment triggers at the UE include:

1)
Failure of the PCell according to same criteria as used for RLF detection in Rel-8/9 (i.e. based on N310/N311/T310);

2)
Random access problem in PCell (as in Rel-8/9);

3)
Indication from RLC that the maximum number of retransmissions has been reached (as in Rel-8/9).

Upon initiation of the re-establishment procedure, the UE falls back to a non-CA default configuration for physicalConfigDedicated, MAC-MainConfig and sps-Config (i.e. SCells configurations are released). First reconfiguration after the re-establishment can again configure SCells.

With respect to SCells:

-
Deactivation and removal of SCell(s) suffering from poor link quality is under eNB control and no autonomous UE deactivation and removal of such serving cells is permitted (with the exception of the timer-based deactivation of as described in subclause 11.2);

-
UE never stops transmitting in an SCell autonomously based on downlink SCell quality.

-
Radio link monitoring (i.e. physical layer problem detection based on N310/N311/T310) of DL SCC by the UE is not needed. The eNB can detect poor link quality e.g. from CQI reports and/or existing RRM measurement reports for activated SCells and from existing RRM measurement reports for deactivated SCells.

Next Modified Subclause
J.3.4
Measurements

UE sees a CC as any other carrier frequency and a measurement object needs to be set up for a CC in order for the UE to measure it. Inter-frequency neighbour measurements encompass all the carrier frequencies for which no serving cell is configured. 

All Rel-8/9 measurement events are applicable for a UE configured with CA:

-
At most one serving cell (PCell or SCell) per measurement ID;

-
For measurement events A1 and A2 the serving cell of the event is the configured serving cell (PCell or SCell) corresponding to the measurement object (i.e. the eNB may configure separate events A1 and A2 for each serving cell);

-
For measurement event A3, A5 and B2, the serving cell used as a reference is the PCell;

-
The measurement object linked to an A3 or A5 event can be any frequency and if an SCC is the target object, the corresponding SCell is included in the comparison.

In addition, a new measurement event A6 is introduced: intra-frequency neighbour becomes offset better than SCell for which neighbour cells on an SCC are compared to the SCell of that SCC. The relationship between A3 and A6 is exemplified in the figure below:
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Figure J.3.4-1: Measurement Events A3 and A6

Measurements on activated CCs can be done without measurement gaps.

The serving quality threshold (s-measure) criteria applies to PCell and controls all non-serving cell measurements i.e. when PCell RSRP, after layer 3 filtering, is higher than s-measure all measurements other than those that are only on the PCell or only on an SCell can be disabled.
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