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1
Introduction
In this contribution we review the RAN1 terminology agreements to make sure these definitions are well understood and to see if any further definitions would be useful in RAN2 discussions.

In order to make further progress, in particular on some of the items currently left FFS, we propose several additional clarifications to the existing CC type definitions. In addition, we discuss aspects for future standardization work on LTE-A Bandwidth Extension that we anticipate will need to be addressed as part of the carrier aggregation terminology.
2
Existing Component Carrier types and Definitions
Prior to June ’09 RAN1#57bis several definitions regarding the introduction of component carrier types and their associated characteristics were discussed in [1]. During the RAN1#57bis meeting, the following component carrier definitions were agreed [2], including some items left FFS. In addition, RAN 1#58 agreed the introduction of the Carrier Indication mechanism [3]. These  are summarized below.
Backwards compatible carrier:

· A carrier accessible to UEs of all existing LTE releases. 

· Can be operated as a single carrier (stand-alone) or as a part of carrier aggregation. 

· For FDD, backwards compatible carriers always occur in pairs, i.e. DL and UL.

Non-backwards compatible carrier: 

· If specified, a carrier not accessible to UEs of earlier LTE releases, but accessible to UEs of the release defining such a carrier. 

· Can be operated as a single carrier (stand-alone) if the non-backwards compatibility originates from the duplex distance, or otherwise as a part of carrier aggregation. 

Extension carrier: 

· If specified, a carrier that cannot be operated as a single carrier (stand-alone), but must be a part of a component carrier set where at least one of the carriers in the set is a stand-alone-capable carrier.

UE DL Component Carrier Set:

· The set of DL component carriers configured by dedicated signaling on which a UE may be scheduled to receive the PDSCH in the DL.

UE UL Component Carrier Set: 

· The set of UL component carriers on which a UE may be scheduled to transmit the PUSCH in the UL.

· FFS whether the definition of the UL CC set will be needed in the specfications

Continue the discussion on the need to define additional subsets for monitoring the PDCCH or for more dynamically changing the component carrier subset. 

Carrier Indication (CI):

· PDCCH on a component carrier assigns PDSCH resources on the same component carrier and PUSCH resources on a single linked UL component carrier

· No carrier indicator field, i.e. Rel-8 PDCCH structure (same coding, same CCE-based resource mapping) and DCI formats

· PDCCH on a component carrier can assign PDSCH or PUSCH resources in one of multiple component carriers using the carrier indicator field

· Rel-8 DCI formats extended with 1 – 3 bit carrier indicator field, i.e. reusing Rel-8 PDCCH structure (same coding, same CCE-based resource mapping)

· The presence or not of the CI field is semi-statically enabled.
3
Terminology Clarifications and Additional Definitions
The Backward Compatible Carrier defines an LTE R8 compatible carrier and the Non-Backward Compatible Carrier defines a R10 compatible carrier (not available to earlier LTE releases).

These definitions do not seem to leave any room for misunderstanding, and should not need any further clarification.
The Extension Carrier definition is not so obvious. This carrier type cannot be operated standalone, and requires use of an additional standalone capable carrier. The standalone capable carrier can be either a backward compatible or non-backward compatible carrier. In addition, it must be a part of a component carrier set. All existing CC type definitions are UE-specific, i.e. UE DL Component Carrier Set. This existing definition for the Extension Carrier is therefore fine when considering only one UE, but appears insufficient in terms of dealing with more than one UE. Can for example a particular component carrier be an Extension Carrier for one UE, but be a standalone capable carrier (i.e. a Backward Compatable or Non-Backward Compatable Carrier) for another UE? This leads to two possible interpretations to choose from. Our understanding is alternative A is the correct interpretation, but this is not clear from the current RAN1 definition.
Clarification Proposal 1 (Alternative A): A carrier configured as an Extension Carrier is seen by all LTE-A UEs as an Extension Carrier.

Clarification Proposal 1 (Alternative B): An Extension Carrier of one LTE-A UE may be a standalone capable carrier of another UE.
RAN1 has also defined a semi-statically configured UE DL Component Carrier Set as the set of component carriers that a UE may receive PDSCH.One question is if this UE DL CC Set also implies that some or all of the PDCCH’s decoded by a UE are necessarily part of the UE DL CC Set, i.e. if the UE DL CC Set comprises the monitored PDCCH’s as a subset, or if this is not always the case.

At first glance it may appear counter-intuitive that a particular DL CC would be semi-statically assigned to a UE only for PDCCH reception purposes, but not for actual reception of DL data through the PDSCH on that DL CC. However, given that we would reasonably expect the pairing of a given DL CC with at a given UL CC through RRC, it may well become possible that a UE is required to decode the PDCCH on a DL CC for the sole purpose of receiving PHICH and UL grants/NDI’s. In that case, it would be possible that PDCCH is configured for a UE on a component carrier that is not used for PDSCH reception.

Based on the current definition of the UE DL CC Set, it appears that either interpretation is possible. Our understanding is alternative A is the correct interpretation, because it allows for the more flexible approach, but this is not clear from the RAN1 definition.

Clarification Proposal 2 (Alternative A): A UE may be configured for PDCCH reception on a component carrier not part of the UE DL Component Carrier Set.

Clarification Proposal 2 (Alternative B): The UE DL Component Carrier Set comprises the full set of DL component carriers a UE receives

Since RAN1#58 has agreed to the introduction of the Carrier Indication mechanism [4], Extension Carriers do not necessarily need to provide PDCCH scheduling, i.e. these can just contain the actual DL data transmission for a UE on PDSCH, but the DL assignment may be received on the PDCCH of a different DL component carrier. Conversely, the PDCCH scheduling carriers do not necessarily need to provide DL assignments on PDCCH for PDSCH transmissions on that same DL CC (i.e proposal 2A).

In addition, for functions such as DRX and RLF  it would be useful to define the set of component carriers for which a UE is configured to receive PDCCH.

Therefore the UE DL Component Carrier Set alone will not sufficiently distinguish carrier types for these functions, and some additional terminology is required to deal with the configuration of PDCCH reception in a UE. Since the eNB performs dynamic scheduling (UL grants and DL assignments) by utilizing the PDCCH, we recommend the adoption of the term “Scheduling Carrier Set” to refer to the set of component carriers a UE is configured to receive PDCCH from.
Proposal 3: Terminology needs to be defined for the set of component carriers a UE is configured to receive PDCCH from (e.g. “Scheduling Carrier Set”).

Similar to defining terminology for the set of component carriers a UE is configured to receive PDCCH from, terminology should also be defined for the set of component carriers a UE is configured to transmit PUCCH on, unless RAN2 determines that the most efficient configuration would be to have all PUCCH reporting from a common UL component carrier.

Proposal 4: RAN2 should consider the need to define terminology for the set of Conponent Carriers a UE is configured to transmit PUCCH on (e.g. “Reporting Carrier Set”).

RAN1 has considered defining a UE UL Component Carrier Set as the set of UL component carriers on which a UE may be scheduled to transmit the PUSCH in the UL. It is not clear if each of these component carriers also provide PUCCH reporting or not.
It would be beneficial to minimize the number of UL CC’s that are required to provide the feedback on PUCCH for a given number of DL CC’s. Even in the scenario where there is the same number of uplink and downlink carriers it could be beneficial to relieve an uplink carrier from transmitting DL-SCH feedback by configuring another uplink carrier to provide feedback for more than one DL-SCH. During periods of low uplink transmission activity, this would avoid transmissions in multiple uplink carriers for the sole purpose of sending DL-SCH feedback and thus would also reduce battery consumption and processing requirements. Furthermore, transmission on a single uplink carrier may be beneficial when the UE is in power-limited conditions, due to the reduction of CM.

Proposal 5: There may be UL component carriers in the UE UL Component Carrier Set (i.e. the set of carriers the UE may be scheduled to transmit PUSCH) that do not provide DL carrier CQI/PMI/RI and HARQ feedback.

It was agreed at RAN2#66 to support deployments where the cells on the different component carriers have different coverage while still coming from the same eNB.

If UL component carriers, in particular, do not all have the same coverage, the consequence appears to be that there is a need to support reconfiguration of the UL component carrier(s) that provide DL component carrier feedback when the UE leaves the coverage area of an UL component carrier that provided DL carrier feedback. In the absence of such possibility, the network could be forced to use the UL component carrier that has the largest coverage to provide DL component carrier feedback for all UEs irrespective of their positions in the cell. Such restriction could limit the capacity of the cell due to the limited PUCCH capacity of one carrier.
Similarly if DL component carriers do not all have the same coverage, there is a need to support reassignment of the DL component carrier that provides the PDCCH for PDSCH allocations (potentially on other DL component carriers with the carrier indicator) when the UE leaves the coverage area of the carrier providing PDCCH. Otherwise, the network would always be constrained to use the DL component carrier that has the largest coverage to provide PDCCH for all UEs.

Proposal 6: The UL component carrier(s) providing DL carrier CQI/PMI/RI and HARQ feedback, and DL carrier(s) providing PDSCH allocations and PUSCH grants may be semi-staticly reassigned by an RRC reconfiguration procedures.

RAN1 has considered the possibility of defining a UE UL Component Carrier Set as the set of UL component carriers on which a UE may be scheduled to transmit the PUSCH in the UL. One question is if such a UE UL CC Set is required, or if the set of CC’s that a UE will transmit PUSCH on is for example implicitly known through either the UE DL CC Set, or the Scheduling Carrier Set, or a combination of these two.

Given that the UE DL CC Set pertains exclusively to the UE reception of the PDSCH on one or more DL CC’s, there is an immediate link to the UE Reporting Carrier Set with respect to which paired UL CC should carry the corresponding UL Ack/Nack, but only in the cases where PUCCH Formats 1A/1B are sent. An even more apparent link exists between the Scheduling Carrier Set and the UE UL CC Set due to the introduction of the Carrier Indication mechanism in RAN1#58 [4]. If no Carrier Indication mechanism is introduced for the R10 UL grant format, the UE UL CC Set is implicitly given by the Scheduling Carrier Set as long as a given DL CC is paired with at most one given UL CC. If such a Carrier Indication mechanism is also introduced for the R10 UL grant format, then RRC configuration will necessarily need to specifiy for which UL CC (amongst the available UL CC’s) the CI in such a R10 UL grant applies.

Therefore, the introduction of the UE UL Component Carrier Set seems primarily warranted for the case that RAN2 decides that the R10 UL grant requires a CI. 
Proposal 7: RAN2 should consider the need to define terminology for the set of Conponent Carriers a UE is configured to transmit PUSCH on (e.g. “UE UL Component Carrier Set”) if it is agreed to introduce the CI into the R10 UL grant.

4
Conclusions and Recommendations 
The following terminology clarifications and new terminology are proposed in this contribution:

Clarification Proposal 1 (Alternative A): A carrier configured as an Extension Carrier is seen by all LTE-A UEs as an Extension Carrier.

Clarification Proposal 2 (Alternative A): A UE may be configured for PDCCH reception on a component carrier not part of the UE DL Component Carrier Set.

Proposal 3: Terminology needs to be defined for the set of component carriers a UE is configured to receive PDCCH from (e.g. “Scheduling Carrier Set”).

Proposal 4: RAN2 should consider the need to define terminology for the set of Conponent Carriers a UE is configured to transmit PUCCH on (e.g. “Reporting Carrier Set”).

Proposal 5: There may be UL component carriers in the UE UL Component Carrier Set (i.e. the set of carriers the UE may be scheduled to transmit PUSCH) that do not provide DL carrier CQI/PMI/RI and HARQ feedback.

Proposal 6: The UL component carrier(s) providing DL carrier CQI/PMI/RI and HARQ feedback, and DL carrier(s) providing PDSCH allocations and PUSCH grants may be semi-staticly reassigned by an RRC reconfiguration procedures.

Proposal 7: RAN2 should consider the need to define terminology for the set of Conponent Carriers a UE is configured to transmit PUSCH on (e.g. “UE UL Component Carrier Set”) if it is agreed to introduce the CI into the R10 UL grant.
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