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1 Introduction

Several types of Component Carriers (CCs) have been discussed in RAN1 and RAN2 is further discussing of one additional CC type. The various CC types are summarized below and their attributes and necessity for definition in Rel.10 are extensively discussed subsequently in this contribution.
The CC types considered for definition in Rel.10 include:

a) UL Component Carrier Set
b) DL/UL “anchor” Component Carriers

c) Extension Carrier

d) Segment Carrier
e) PDCCH Monitoring Set

f) Activated DL/UL Component Carrier Set 
g) Non-backward Compatible Component Carrier Set 

2 Component Carrier Types 
UL Component Carrier Set
The current RAN1 definition of the UL CC Set is: “The set of UL CCs on which a UE may be scheduled to transmit PUSCH”. This set should be UE-specific and configured through RRC. 

Regarding the need to have explicit configuration of a UE-specific UL CC Set, this does not appear to be necessary since a DL CC Set is defined, a link between DL CCs and UL CCs is defined, and the UL grant for PUSCH transmission and the following PHICH are sent in the same DL CC. Moreover, UE power consumption is not an issue for configuring an UL CC Set as the PUSCH transmission occurs 4 sub-frames after the respective UL grant in the DL. Also, the definition of an “anchor” (or “primary”), UE-specific, UL CC (for SR, CQI and probably for HARQ-ACK transmission), is not related to a definition of an UL CC Set.
Therefore, reasons to define an UL CC Set cannot be presently identified.
DL/UL “Anchor” Component Carrier

The definition of the UL, UE-specific, “anchor” CC has effectively already been decided as the UL CC carrying the CQI, SR, and probably HARQ-ACK transmissions. 

The definition of the DL, UE-specific, “anchor” CC can also be motivated by DL control signaling considerations and possibly measurement considerations for UE power savings. 
For example, to reduce the blind decoding operations, DCI formats with CRC scrambled by the SI/P/RA-RNTI may be transmitted only in a single DL CC [1]. Additionally, in case the UL HARQ-ACK signal transmission is in an UL “anchor” CC, it is useful to provide a link between the DL CC conveying the DCI format scheduling the respective PDSCH reception and the UL “anchor” CC in order to determine the resources for the HARQ-ACK signal transmission from the UE. Moreover, it may be possible to primarily perform some measurements only in the anchor DL CC.
 DL “anchor” CC and UL “anchor” CC should be defined.
Extension Carrier

The main properties of the extension carrier include:
a) Independent CC with Rel.8 BWs (and possibly new BWs for CA)

b) Separate DCI Formats for PDSCH scheduling

a. No new DCI format design – re-use of formats for CA

c) Separate Link Adaptation

a. Separate HARQ process

b. Separate Transmission Modes

The motivating factors for defining an extension carrier include:

a) Enabling ICIC on PDCCH in het-nets

b) Avoiding PDCCH transmission in DL CCs close in frequency to UL CCs (avoid de-sense)

c) Avoiding PDCCH transmission in DL CCs with small BW (inefficient)

d) Some small overhead reduction (mainly PCFICH and PSS/SSS) – not a significant factor

Therefore, the only motivation for introducing an extension carrier can be summarized as the unreliable/inefficient PDCCH reception (PDSCH can benefit from link adaptation, HARQ, ICIC). However, although an extension carrier is by default Non-Backward Compatible (NBC) CC, if defined it should not be used for introducing NBC features.

The extension carrier is beneficial in improving PDCCH reception aspects (should not be used for introducing non-backward compatible features).
Segment Carrier

The main properties of the segment carrier include:
a) Segment is dependent and contiguous to the stand-alone CC it is associated with

b) Same DCI Format for scheduling on both stand-alone CC and segment
a. New DCI format designs as new RA IE sizes are needed
b. Common Link Adaptation as for host CC
c. Common HARQ process and common Transmission Mode

The motivating factors for defining a segment carrier include:

a) Support small BWs not included in Rel.8 (e.g. other than 1.4 MHz, 3 MHz)
a. RAN4 decided that this is not needed

b) Generally support small BWs without separate DCI Formats
c) Avoid scheduling of small Transport Blocks (TBs) because of small BWs
The motivating factors for defining a segment carrier are not sufficient because:

a) Complexity from introducing new DCI Formats outweighs claimed benefits

a. Several sets of new DCI formats needed for respective segment BWs

b) Stand-alone CC BW can be used for scheduling large TBs - segment BW (in the form of extension carrier BW) can be used for scheduling small TBs

c) Additional PDCCH transmission in stand-alone CC is not inefficient

a. Frequency diversity gain exists

b. Additional overhead (mainly C-RNTI) exists only when a UE is scheduled in both stand-alone CC BW and segment BW

c. Separate Link Adaptation is provided (appropriate as link conditions in segment BW may often be different/worse than in stand-alone CC BW) 

The segment carrier should not be defined.
PDCCH Monitoring Set

The only motivation for the definition of the PDCCH Monitoring Set is the presumed reduction in the number of Blind Decoding Operations (BDOs) in conjunction with cross-carrier scheduling [2]. However, whether there is any such reduction depends on the assumed impact on the PDCCH blocking probability. For example, in the left of Figure 1, the DCI formats scheduling PDSCH reception in CC1 or CC2 are transmitted in CC1 or CC2, respectively. Moreover, the capability for cross-carrier scheduling may still exist (although there is no need) but only one DCI format for PDSCH reception is transmitted in each CC. The UE-specific search space can be as in Rel.8 (without considering particular schemes for reducing the number of BDOs as they do not affect the conclusion). In the right of Figure 1, all DCI formats to a particular UE are transmitted in CC1 (PDCCH Monitoring Set consists of CC1). However, unless the UE-specific search space is doubled in size (or two UE-specific search spaces with the original size are defined), the blocking probability is increased (and depending on the CCE aggregation level, the increase may be substantial). Alternatively, for the same blocking probability, the UE-specific search space could have half the size in the left of Figure 1 compared to the right of Figure 1. Moreover, among the methods proposed for reducing the number of BDOs, all are equally applicable with or without cross-carrier scheduling and are irrelevant to the definition of the PDCCH Monitoring Set (only the blocking probability is the relevant metric for proper comparisons). 

[image: image1]
Figure 1: PDCCH Transmission without (left) and with (right) a PDCCH Monitoring Set.
In general, for the same blocking probability, introducing a PDCCH Monitoring Set does not reduce the number of BDOs. Moreover, in case of an extension carrier (not having PDCCH transmission), it is a trivial matter for the UE to not attempt PDCCH decodings in that carrier. Therefore, definition of a PDCCH Monitoring Set is not warranted.

The PDCCH Monitoring Set should not be defined.
Activated DL/UL Component Carrier Set

The UE is assumed to be RRC-configured the DL CC Set and the UL CC Set and dynamic activation/de-activation can then occur for DL CCs or UL CCs within the respective sets. As an UL grant can activate a corresponding UL CC for PUSCH transmission after 4 sub-frames, the benefits of dynamic activation/de-activation mainly apply for DL CCs. PDCCH-based DL/UL CC activation is being considered by RAN2 for:

a) UE power savings.
b) RRC signaling/processing load reduction.
c) Measurement results available right after activation (no re-configuration of inter-frequency measurements upon de-activation).
d) Avoid unnecessary re-establishment (accurate timing between Node B and UE with PDCCH activation).
e) Fast adaptation for number of active/inactive CCs to short term traffic load.
Pending on progress in RAN2, PDCCH-based CC activation/de-activation may need to be examined in RAN1.

PDCCH-based CC activation/de-activation should be considered, in co-ordination with progress in RAN2.
Non-Backward Compatible Component Carrier Set

As mentioned in the discussion on the definition of extension carriers, there is no strong motivation for introducing Non-Backward Compatible (NBC) CCs other than extension carriers (with no PDCCH transmission) which are NBC CCs.
Non-Backward Compatible CC Set should not be defined (other than extension carriers).
3 Conclusions

This contribution considered the need for defining various CC types which are currently under consideration. Based on the respective analysis and assessments, the definition of the following carrier types is needed:
a) DL “anchor” CC and UL “anchor” CC (UE-specific)

The definition of the following carrier sets and carrier types is not needed:

a) Segment carrier

b) PDCCH Monitoring Set

c) Non-backward compatible carrier set
Finally, the following observations are made:

a) Benefits from defining an extension carrier are limited to PDCCH reception. 

b) Reasons for the definition of an UL CC Set cannot be presently identified.
References:

[1] R1-100094, “PDCCH Blind Decoding Operations in Rel.10”, Samsung
[2] R1-094571, “PDCCH Monitoring Set” Samsung





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CC 2











CC 1





PDSCH CC2





PDCCH CC2





CC 2





PDSCH CC1





CC 1







































































PDCCH CC1











PAGE  
4

