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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 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, one serving cell provides the security input (one ECGI, one PCI and one ARFCN) and the NAS mobility information (e.g. TAI) similarly as in Rel-8/9. This cell is referred to as the Primary Serving 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 Serving 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, two different serving cells cannot point towards the same uplink resources; 
-
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);

NOTE:
PCell change optimisations (e.g. not involving a handover procedure) are FFS.

-
PCell is used for transmission of PUCCH;

-
Unlike SCells, PCell cannot be de-activated (see subclause 12.1);

-
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 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 for each reported frequency.
-
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

10.1.5.1
Contention based random access procedure
The contention based random access procedure is outlined on Figure 10.1.5.1-1 below:
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Figure 10.1.5.1-1: Contention based Random Access Procedure

The four steps of the contention based random access procedures are:

1)
Random Access Preamble on RACH in uplink: 

-
There are two possible groups defined and one is optional. If both groups are configured the size of message 3 and the pathloss are used to determine which group a preamble is selected from. The group to which a preamble belongs provides an indication of the size of the message 3 and the radio conditions at the UE. The preamble group information along with the necessary thresholds are broadcast on system information.

2)
Random Access Response generated by MAC on DL-SCH:

-
Semi-synchronous (within a flexible window of which the size is one or more TTI) with message 1;

-
No HARQ;

-
Addressed to RA-RNTI on PDCCH;

-
Conveys at least RA-preamble identifier, Timing Alignment information, initial UL grant and assignment of Temporary C-RNTI (which may or may not be made permanent upon Contention Resolution);

-
Intended for a variable number of UEs in one DL-SCH message.

3)
First scheduled UL transmission on UL-SCH:

-
Uses HARQ;

-
Size of the transport blocks depends on the UL grant conveyed in step 2 and is at least 80 bits.

-
For initial access:

-
Conveys the RRC Connection Request generated by the RRC layer and transmitted via CCCH;

-
Conveys at least NAS UE identifier but no NAS message;

-
RLC TM: no segmentation;

-
For RRC Connection Re-establishment procedure:

-
Conveys the RRC Connection Re-establishment Request generated by the RRC layer and transmitted via CCCH;

-
RLC TM: no segmentation;

-
Does not contain any NAS message.

-
After handover, in the target cell:

-
Conveys the ciphered and integrity protected RRC Handover Confirm generated by the RRC layer and transmitted via DCCH;

-
Conveys the C-RNTI of the UE (which was allocated via the Handover Command);

-
Includes an uplink Buffer Status Report when possible.

-
For other events:

-
Conveys at least the C-RNTI of the UE.
4)
Contention Resolution on DL:

-
Early contention resolution shall be used i.e. eNB does not wait for NAS reply before resolving contention

-
Not synchronised with message 3;

-
HARQ is supported;

-
Addressed to:
-
The Temporary C-RNTI on PDCCH for initial access and after radio link failure;

-
The C-RNTI on PDCCH for UE in RRC_CONNECTED;

-
HARQ feedback is transmitted only by the UE which detects its own UE identity, as provided in message 3, echoed in the Contention Resolution message;

-
For initial access and RRC Connection Re-establishment procedure, no segmentation is used (RLC-TM).

The Temporary C-RNTI is promoted to C-RNTI for a UE which detects RA success and does not already have a C-RNTI; it is dropped by others. A UE which detects RA success and already has a C-RNTI, resumes using its C-RNTI.
When CA is configured, the fours steps of the contention based random access procedures occur on the PCell.

10.1.5.2
Non-contention based random access procedure
The non-contention based random access procedure is outlined on Figure 10.1.5.2-1 below:
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Figure 10.1.5.2-1: Non-contention based Random Access Procedure
The three steps of the non-contention based random access procedures are:

0)
Random Access Preamble assignment via dedicated signalling in DL:

-
eNB assigns to UE a non-contention Random Access Preamble (a Random Access Preamble not within the set sent in broadcast signalling).

-
Signalled via:

-
HO command generated by target eNB and sent via source eNB for handover;

-
PDCCH in case of DL data arrival or positioning.

1)
Random Access Preamble on RACH in uplink: 

-
UE transmits the assigned non-contention Random Access Preamble.

2)
Random Access Response on DL-SCH:

-
Semi-synchronous (within a flexible window of which the size is two or more TTIs) with message 1;

-
No HARQ;
-
Addressed to RA-RNTI on PDCCH;
-
Conveys at least:

-
Timing Alignment information and initial UL grant for handover;

-
Timing Alignment information for DL data arrival;

-
RA-preamble identifier.

-
Intended for one or multiple UEs in one DL-SCH message.
When CA is configured, steps 1 and 2 of the non-contention based random access procedure occur on the PCell.
Next Modified Subclause

11.1
Basic Scheduler Operation

MAC in eNB includes dynamic resource schedulers that allocate physical layer resources for the DL-SCH and UL-SCH transport channels. Different schedulers operate for the DL-SCH and UL-SCH.

The scheduler should take account of the traffic volume and the QoS requirements of each UE and associated radio bearers, when sharing resources between UEs. Only “per UE” grants are used to grant the right to transmit on the UL-SCH (i.e. there are no “per UE per RB” grants).

Schedulers may assign resources taking account the radio conditions at the UE identified through measurements made at the eNB and/or reported by the UE.

Radio resource allocations can be valid for one or multiple TTIs.

Resource assignment consists of physical resource blocks (PRB) and MCS. Allocations for time periods longer than one TTI might also require additional information (allocation time, allocation repetition factor…).
When CA is configured, a UE may be scheduled over multiple serving cells simultaneously but at most one random access procedure shall be ongoing at any time. Cross-carrier scheduling with the Carrier Indicator Field (CIF) allows the PDCCH of a serving cell to schedule resources on another serving cell but with the following restrictions:

-
Cross-carrier scheduling does not apply to PCell i.e. PCell is always scheduled via its PDCCH;
-
DL grants and UL assignments for a serving cell always originate from a single PDCCH of the same serving cell;

-
When the PDCCH of a serving cell is configured with CIF, DL grants and UL assignments for this serving cell always originate from its PDCCH. 
A linking between UL and DL allows identifying the serving cell for which the grant applies when the CIF is not present:

-
DL assignment received in PCell corresponds to downlink transmission in PCell;

-
UL grant received in PCell corresponds to uplink transmission in PCell;

-
DL assignment received on in SCelln corresponds to downlink transmission on in SCelln;

-
UL grant received in SCelln corresponds to uplink transmission in SCelln. If SCelln is not configured for uplink usage by the UE, the grant is ignored by the UE.
11.1.1
Downlink Scheduling

In the downlink, E-UTRAN can dynamically allocate resources (PRBs and MCS) to UEs at each TTI via the C-RNTI on PDCCH(s). A UE always monitors the PDCCH(s) in order to find possible allocation when its downlink reception is enabled (activity governed by DRX when configured). When CA is configured, the same C-RNTI applies to all serving cells.
In addition, E-UTRAN can allocate semi-persistent downlink resources for the first HARQ transmissions to UEs:

-
RRC defines the periodicity of the semi-persistent downlink grant;

-
PDCCH indicates whether the downlink grant is a semi-persistent one i.e. whether it can be implicitly reused in the following TTIs according to the periodicity defined by RRC.

When required, retransmissions are explicitly signalled via the PDCCH(s). In the sub-frames where the UE has semi-persistent downlink resource, if the UE cannot find its C-RNTI on the PDCCH(s), a downlink transmission according to the semi-persistent allocation that the UE has been assigned in the TTI is assumed. Otherwise, in the sub-frames where the UE has semi-persistent downlink resource, if the UE finds its C-RNTI on the PDCCH(s), the PDCCH allocation overrides the semi-persistent allocation for that TTI and the UE does not decode the semi-persistent resources.
When CA is configured, semi-persistent downlink resources can only be configured for the PCell and only PDCCH allocations originating from the PCell can override the semi-persistent allocation. 
11.1.2
Uplink Scheduling

In the uplink, E-UTRAN can dynamically allocate resources (PRBs and MCS) to UEs at each TTI via the C-RNTI on PDCCH(s). A UE always monitors the PDCCH(s) in order to find possible allocation for uplink transmission when its downlink reception is enabled (activity governed by DRX when configured). When CA is configured, the same C-RNTI applies to all serving cells.

In addition, E-UTRAN can allocate a semi-persistent uplink resource for the first HARQ transmissions and potentially retransmissions to UEs:

-
RRC defines the periodicity of the semi-persistent uplink grant;

-
PDCCH indicates whether the uplink grant is a semi-persistent one i.e. whether it can be implicitly reused in the following TTIs according to the periodicity defined by RRC.

In the sub-frames where the UE has semi-persistent uplink resource, if the UE cannot find its C-RNTI on the PDCCH(s), an uplink transmission according to the semi-persistent allocation that the UE has been assigned in the TTI can be made. The network performs decoding of the pre-defined PRBs according to the pre-defined MCS. Otherwise, in the sub-frames where the UE has semi-persistent uplink resource, if the UE finds its C-RNTI on the PDCCH(s), the PDCCH allocation overrides the persistent allocation for that TTI and the UE’s transmission follows the PDCCH allocation, not the semi-persistent allocation. Retransmissions are either implicitly allocated in which case the UE uses the semi-persistent uplink allocation, or explicitly allocated via PDCCH(s) in which case the UE does not follow the semi-persistent allocation.

NOTE:
there is no blind decoding in uplink and when the UE does not have enough data to fill the allocated resource, padding is used.
When the UE is provided with valid uplink grants in several serving cells in one TTI, the order in which the grants are processed during logical channel prioritisation and whether joint or serial processing is applied are left up to UE implementation. 

Similarly as for the downlink, semi-persistent uplink resources can only be configured for the PCell and only PDCCH allocations originating from the PCell can override the semi-persistent allocation.
Next Modified Subclause
11.2
Activation/Deactivation Mechanism

To enable reasonable UE battery consumption when CA is configured, a downlink 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, 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. In the uplink however, a UE is always required to be able to transmit on PUSCH on any SCells when scheduled on the corresponding PDCCH (i.e. there is no explicit activation of SCells in uplink).
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 downlink 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. The deactivation timer of SCelln is started or restarted when:

-
SCelln is activated;

-
PDCCH on SCelln indicates an uplink grant or downlink assignment for any cell;

-
PDCCH on the scheduling DL CC indicates a downlink assignment for SCCn.
NOTE:
the uplink grants and downlink assignments above covers both first transmissions and retransmissions. 
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.1
Deployment Scenarios

Table J.1-1 shows some of the potential deployment scenarios for CA. In Rel-10, for the uplink, the focus is laid on the support of intra-band carrier aggregations (e.g. scenarios #1, as well as scenarios #2 and #3 when F1 and F2 are in the same band). For the downlink, all scenarios should be supported in Rel-10.
Table J.1-1: CA Deployment Scenarios (F2 > F1).

	#
	Description
	Example

	1
	F1 and F2 cells are co-located and overlaid, providing nearly the same coverage. Both layers provide sufficient coverage and mobility can be supported on both layers. Likely scenario when F1 and F2 are of the same band, e.g., 2 GHz, 800 MHz, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
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	2
	F1 and F2 cells are co-located and overlaid, but F2 has smaller coverage due to larger path loss. Only F1 provides sufficient coverage and F2 is used to provide throughput. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
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	3
	F1 and F2 cells are co-located but F2 antennas are directed to the cell boundaries of F1 so that cell edge throughput is increased. F1 provides sufficient coverage but F2 potentially has holes, e.g., due to larger path loss. Mobility is based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlap.
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	4
	F1 provides macro coverage and on F2 Remote Radio Heads (RRHs) are used to provide throughput at hot spots. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F2 RRHs cells can be aggregated with the underlying F1 macro cells.
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	5
	Similar to scenario #2, but frequency selective repeaters are deployed so that coverage is extended for one of the carrier frequencies. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlap.
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The reception timing difference at the physical layer of DL assignments and UL grants for the same TTI but from different serving cells (e.g. depending on number of control symbols, propagation and deployment scenario) does not affect MAC operation.
When CA is deployed frame timing, SFN timing and TDD-Config are aligned across cells that can be aggregated.
Next Modified Subclause
J.3.1
System Information

A cell is identified by a unique ECGI and corresponds to the transmission of system information in one CC. Rel-8/9 relevant system information and possible extensions for Rel-10 are delivered on “backward compatible” cells. Each cell provides on BCCH the system information which is specific to it.

With regards to the system information reception for the PCell, the Rel-8/9 procedure applies.

When adding an SCell, dedicated RRC signalling is used for sending all required system information of the SCell.

NOTE:
this does not include e.g. PRACH resource configurations.

Hence, there is no need for the UE to acquire system information directly from SCells. The system information of an SCell remains valid as long as the SCell is configured. Changes in system information of an SCell can only be handled through the removal and addition of the SCell. Removal and addition of an SCell can be done with one RRC procedure.

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. The usage of RRCConnectionReconfiguration without mobilityControlInfo for PCell change is FFS.

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 12.1);

-
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.3.3
Linking between UL and DL

For each cell, SIB2 indicates the carrier frequency of the uplink resources.

NOTE
Several functions apply specifically to the UL resources of the PCell e.g. random access (see 10.1.5). Furthermore, several functions are affected by the linking between uplink and downlink resources e.g. scheduling (see subclause 11.1).







Next Modified Subclause

J.4
MAC procedures

As in Rel-8/9, there can only be one BSR per transport block but in a TTI, there can be several BSRs:

-
zero or one Regular/Periodic BSR; and

-
zero, one or more Padding BSRs of possible different kinds but all following Rel-8/9 rules.

All BSRs transmitted in a TTI always reflect the buffered data left after all MAC PDUs have been built for the TTI. When an LCG is reported in several BSRs of the same TTI, the same value shall be indicated. When more than one serving cell allows a Regular/Periodic BSR to be sent in a TTI, the UE can choose the serving cell in which the Regular/Periodic BSR is sent.

One additional BSR table is introduced for the support of higher data rates. The usage of the new table is explicitly controlled by RRC.
In uplink, the maximum number of HARQ transmissions is configured by the eNB and applies to all serving cells.
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