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1
Introduction
When updating the Stage 2 to capture the agreements on Carrier Aggregation, a possible confusion around cell and carrier frequency was noticed. The purpose of this contribution is to clarify this aspect.
2
Current Specifications
2.1
Cell and Frequencies

Procedural text of current specifications is based on the notions of cells and carrier frequencies [3]

 REF _Ref259792765 \r \h 
[4]. Two kinds of cells are used, the serving cell and neighbouring cells. Carrier frequencies are mostly used for measurements where measurement objects are setup for a carrier frequency. UE then reports cells on that carrier frequency. If the carrier frequency is the same as the carrier frequency of the serving cell, the neighbouring cells are intra-frequency neighbours. If the carrier frequency is different from the the carrier frequency of the serving cell, the neighbouring cells are inter-frequency neighbours. This is summarized on Figure 1 below:
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Figure 1: Cell and Frequencies
Observation 1: a cell and a carrier frequency are two different notions.

Mobility is also defined as a change of serving cell. If the target cell belongs to the same carrier frequency as the source, it is an intra-frequency handover. If the target cell belongs to another carrier frequency than the source, it is an inter-frequency handover.

Observation 2: mobility refers to a change of serving cell.

2.2
UL and DL direction

Although a majority of procedures could very well cope with the notion of DL cells only (e.g. cell selection, cell reselection, measurements…), there are evidences throughout the specifications that the notion of cell actually encompasses both DL and UL components, for instance:

-
Handover, defined as changing the serving cell, changes both uplink and downlink [3];

-
C-RTNI (Cell RNTI) is used for both uplink and downlink [2];
-
SIB1 contains information relevant when evaluating if a UE is allowed to access the cell i.e in uplink [3];
-
Cell change order changes both uplink and downlink [3];
-
A restricted cell is a cell for which limitations are set in the uplink [4];
-
A base station is defined as a network element responsible for radio transmission and reception in cells [5].

If there were both UL and DL cells, the handover would be defined as changing serving cells in uplink and downlink, a C-RNTI would be specific to two cells for two directions, SIB1 would contain information relevant to access the corresponding UL cell, cell change order would change two cells for two directions, cell restrictions would be direction-specific and a base station would be defined as a network element responsible for radio transmission in DL cells and radio reception in UL cells.
Observation 3: a cell encompasses both UL and DL directions.

3
Carrier Aggregation
Until RAN2#69bis, component carriers had been used to refer to both carrier frequencies and cells. While no major confusion was possible when discussing high level stage 2 details, it quickly became apparent that – as in existing specifications – there is a need to separate the notions of cells and carrier frequencies especially when talking about measurements. And so PCell and SCell were introduced in addition to PCC and SCC as described on Figure 2 below:
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Figure 2: PCell and Scell in Carrier Aggregation
With this new terminology and to maximise the commonalities with Rel-8 and 9 (where in RAN2 the usage of carrier is limited to measurements), an alternative description of carrier aggregation would be the aggregation of serving cells: one primary and zero, one or several secondary serving cells.
Proposal 1: CA can also be defined as the aggregation of serving cells (one PCell and zero, one or several SCells).
Naturally, because there can be more DL CCs than UL ones, a UE is not always configured with both DL and UL directions of each SCell and this needs to be configured on an SCell basis.
Also, mobility should not be referred as a change of PCC but a change of PCell (intra-frequency handover does not change the PCC).

Proposal 2: Handover in CA corresponds to a change of PCell, no a change of PCC.

Similarily, activation and deactivation should refer to SCells, not SCC as, strictly speaking, a carrier can still be active from a mobility measurement viewpoint while being deactivated from a PDCCH viewpoint.

Proposal 3: activation/deactivation applies to SCells, not SCC.
4
Conclusion
From existing specifications it can be observed that:
Observation 1: a cell and a carrier frequency are two different notions.

Observation 2: mobility refers to a change of serving cell.

Observation 3: a cell encompasses both UL and DL directions.

Applying those principles to CA (in order to minimise the changes to Rel-8/9 and also avoid possible confusion), three proposals have been made:
Proposal 1: CA can also be defined as the aggregation of serving cells (one PCell and zero, one or several SCells).

Proposal 2: Handover in CA corresponds to a change of PCell, no a change of PCC.

Proposal 3: activation/deactivation applies to SCells, not SCC.

The corresponding changes to the Stage 2 are highlighted below and captured in [6].
Beginning of Text Proposal
 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 but shall be LTE Rel-8/9 compatible.

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 Section
6.4
Carrier Aggregation

In case of CA, the multi-carrier nature of the physical layer is only exposed to the MAC layer for which one HARQ entity is required per CC;

-
In both uplink and downlink, there is one independent hybrid-ARQ entity per serving cell and at most one transport block (in absence of spatial multiplexing, up to two transport blocks in case of spatial multiplexing) per TTI per serving cell. Each transport block and its potential HARQ retransmissions are mapped to a single serving cell.
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Figure 6.4-1: Layer 2 Structure for DL with CA configured
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Figure 6.4-2: Layer 2 Structure for UL with CA configured
Next Modified Section
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 zero, one or more SCells:

-
The number of serving cells that can be configured in one direction depends on the aggregation capability of the UE in that direction, and the configured set cannot contain more serving cells configured for uplink usage than serving cells configured for downlink usage (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 L1 uplink control information;

-
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 the system information of the SCell required for transmission/reception (similarly as in Rel-8/9 for handover).

Next Modified Section
10.1.5
Random Access Procedure

The random access procedure is characterized by:

-
Common procedure for FDD and TDD;

-
One procedure irrespective of cell size and number of serving cells when CA is configured;

The random access procedure is performed for the following six events:

-
Initial access from RRC_IDLE;
-
RRC Connection Re-establishment procedure;
-
Handover;
-
DL data arrival during RRC_CONNECTED requiring random access procedure;

-
E.g. when UL synchronisation status is “non-synchronised”;

-
UL data arrival during RRC_CONNECTED requiring random access procedure;

-
E.g. when UL synchronisation status is "non-synchronised" or there are no PUCCH resources for SR available.
-
For positioning purpose during RRC_CONNECTED requiring random access procedure;

-
E.g. when timing advance is needed for UE positioning;

Furthermore, the random access procedure takes two distinct forms:

-
Contention based (applicable to first five events);

-
Non-contention based (applicable to only handover, DL data arrival and positioning).

Normal DL/UL transmission can take place after the random access procedure.
In case of CA, multiple RACHs on PCell and/or SCell(s) can be configured (at most one per serving cell). However:

-
Preamble hopping across serving cells is not supported;

-
For initial access from RRC_IDLE and for RRC Connection Re-establishment the one RACH to use (and corresponding DL CC) is obtained from system information as in Rel-8/9,

-
For handover, uplink data arrival and SR failure, only the RACH of PCell is used;

-
FFS for DL data arrival.
Next Modified Section
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. A linking between UL and DLallows 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.

Next Modified Section
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.

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 is left up to UE implementation. 

Similarly as for the downlink, semi-persistent uplink resources can only be configured for the PCell.
Next Modified Section
12.1
Carrier Aggregation

In CA, whenever a UE is configured with only one serving cell (i.e. PCell) Rel-8/9 DRX applies. In other cases, the same DRX operation applies to all configured and activated serving cells (i.e. identical active time for PDCCH monitoring). When in active time, any serving cell may always schedule PDSCH on any other configured and activated serving cell (further restrictions FFS).

To enable reasonable UE battery consumption when CA is configured, a downlink activation/deactivation mechanism of SCells is introduced (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 present), 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 respectively 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 serving cells. 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 a grant for uplink or downlink transmission.

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

Next Modified Section
X.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. Further enhancements (e.g. increased SN size) can be considered. 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.

X.3
RRC procedures

X.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 SI reception for the PCell, the Rel-8/9 procedure applies.

When adding an SCell, dedicated RRC signalling is used for sending the system information which is necessary for transmission/reception (similarly as in Rel-8/9 for handover). SI changes for SCells are conveyed to the UE via dedicated RRC signalling. Consequently, there is no need for the UE to acquire SI directly from the SCell.

X.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 reconfiguration is FFS.

At intra-LTE handover, the RRCConnectionReconfiguration with mobilityControlInfo (i.e. "handover command") can remove, reconfigure or add individual SCells for usage in the target cell.

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).

With respect to SCells:

-
Deactivation and removal of SCells 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 as described in subclause 12.1);

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

-
Radio link monitoring (i.e. physical layer problem detection based on N310/N311/T310) of SCell 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.

X.3.3
Linking between UL and DL

Linking between UL PCC and DL PCC is based on SIB2 of the PCell and if DL PCC changes, UL PCC also changes.

Apart from power control, there are two cases requiring a linking between uplink and downlink:

-
RACH (contention based and contention free access):

-
The random access response corresponding to a random access on a RACH resource from the uplink of a serving cell is transmitted in the downlink of the same serving cell.

-
Grant without CIF (see subclause 11.1).

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

-
UL grant received in SCelln corresponds to uplink transmission in SCelln.

X.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 not 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, A2 and A3 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, A2 and A3 for each serving cell);

-
It remains FFS how other events are generalized for CA;

In addition, A3-PCC is introduced for which the reference cell is PCell and target object can be any frequency for which a measurement object is defined. If an SCC is the target object, the corresponding SCell is included in the comparison.

Measurements on activated CCs can be done without measurement gaps. 

X.4
Idle mode procedures

Idle mode mobility procedures of Rel-8/9 also apply in a network deploying CA. It should be possible for a network to configure only a subset of CCs for idle mode camping.
End of Text Proposal
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