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1. Introduction
In Rel-10 carrier aggregated systems, component carrier (CC) management is operated on different carriers, e.g. CC addition/reconfiguration/removal, etc. Each operation shall address a specific component carrier, i.e. which CC this operation applies to. A component carrier can be identified by the carrier frequency and possibly other parameters such as physical cell ID (PCI). While such detailed information can always be used wherever a component carrier shall be addressed, using a CC index is beneficial in terms of signalling overhead. 
In addition, some agreements on carrier indicator field (CIF) were achieved in RAN1#59bis meeting [1]:
         The mapping from CI values to CCs for each CC enabling CIF is UE specific
         CI to CC mapping is configured by RRC
Based on these agreements, it is recommended that the same value should be applied for CI bits in PDCCH DCI format and CC index in upper layer. In this contribution, we discuss component carrier index in Rel-10 carrier aggregated systems.
2. Discussion

2.1
Benefits of CC Index
CC index can be potentially applied in the following scenarios:

-
CC addition/replacement/reconfiguration/removal;
-
CC activation/de-activation;
-
SCC SI updating.

The benefit of having a CC index in above mentioned scenarios is mainly on the reduction of signalling overhead. In order for eNB and UE to have the same understanding of the CC index, the eNB and UE shall maintain a common CC index context. For the first time a CC is configured for a UE, i.e. when the CC index for this particular carrier does not exist in the context, the eNB shall indicate the assigned CC index, the carrier frequency, and any other additional carrier identifiers (e.g. PCI) to the UE via higher layer signalling. Once the CC index exists in the context, any further operation on the corresponding carrier can be done via the CC index. In other words, for those carriers which have the corresponding CC indices in the context, after that, it is sufficient to address such carriers purely via the CC indices. Hence, the carrier frequency and additional carrier identifiers are no longer necessary in the RRC signalling. Note that the carrier frequency alone comprises 16 bits.
Proposal 1: CC index shall be introduced in Rel-10 for CA.

2.2
Use Case of CC Index
From RAN2 point of view, once introduced, CC index can be used in the following cases:

1. CC management

With respect to CC management, adding a new CC to the configured CC set is a common scenario. When indexing this specific CC, carrier frequency and PCI (Physical Cell ID) are essential. In addition, as agreed in RAN2#68bis meeting [2], a potential deployment scenario for CA is accepted (given in figure 1). For Docomo’s scenario 3, F1 and F2 cells of the same eNB can be aggregated where the coverage overlaps. 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. When a CA-UE moves in an F2 area, CC management may replace one F1 cell with another F1 cell.
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Figure 1: a potential deployment scenario for CA
For Docomo’s scenario 3, in the case of intra-frequency CC replacement, carrier frequency itself cannot identify a specific cell. Therefore, the network also needs to take advantage of PCI to distinguish this cell. Once CC index is configured for a UE, it is enough to use the CC index alone for the following CC management, such as CC reconfiguration and removal. 
2. CC activation/de-activation
In RAN2#69bis, it is agreed that for CC activation/de-activation, the corresponding MAC CE includes a 4/5-bitmap where each bit is representing one of the DL CCs that can be configured in the UE, and mapping is FFS [3]. In this activation/de-activation case, the involved CCs are configured CCs (CC indices are already configured). The mapping can be initially configured when a CC is added (may be accompanyed with CC index) through RRC signalling. When the mapping changes, CC index rather than CC’s frequency and PCI, can be used for reducing the signalling overhead.
3.  SCC SI updating
Dedicated signalling has been agreed for use of SCC’s SI updating. In this case, the involved CCs are also configured CCs (CC indices are already configured). Therefore, CC index can be used to differentiate which SCC’s SI is updated.
Proposal 2: CC index can be used to represent CC’s frequency and PCI.
Proposal 3: CC index can be used for CC management, CC activation/de-activation, and SCC SI updating.

2.3
CC Index Acquisition and Updating

With respect to CC index acquisition, two solutions are possible, including:

· Option 1: A UE acquires CC index by monitoring the broadcast channel of its Pcell. 
· Option 2: CC index is transmitted to a UE by dedicated RRC signalling. 
In Option 1, CC index is eNB-specific, which means it is common for all UEs. The SI broadcasted by each CC includes the indices of all aggregatable CCs in the carrier aggregated system. Option 1 increases the overhead of broadcast channel. In addition, for UEs not involved in CA transmission, they still have to receive the unnecessary CC index information. Compared to Option 1, Option 2 does not have the above mentioned drawbacks. In addition, Option 2 provides more flexible CC handling on a per-UE basis. Note that with Option 2, CC index can be either eNB-mapping or UE-mapping, depending on the eNB configuration. The comparison between Option 1 and Option 2 is shown in Table 2.
Table 2: Comparison between Option 1 and Option 2

	
	Option 1
	Option 2

	broadcast channel overhead
	heavy
	light

	receiving unnecessary CC index information 
	yes
	no

	CC handling flexibility 
	less flexible
	more flexible


In summary, CC index is preferred to be transmitted by dedicated RRC signalling and UE-specific. 
When CC index changes or the aggregatable CC set changes, CC index shall be updated. In other words, there may be a need to update the CC index context in the eNB and UE. Given our preference to convey the CC index via dedicated RRC signalling, it is also preferred that any update on CC index shall also be done via dedicated RRC signalling. 
Proposal 4: Dedicated RRC signalling shall be used to convey the CC index for its initialization and updating.
2.4
CC Index and CIF

As agreed in RAN1, an LTE-A UE can be configured at most 5 CCs. Therefore, 3 bits are sufficient to index CCs in above mentioned scenarios. If a UE aggregates no more than 4 CCs, even 1 or 2 bits are sufficient. However, it is still recommended that the bit width of CC index shall be fixed to be 3, which simplifies the design. In addition, RAN1 already agreed on a fixed 3-bit CIF to be possibly included in DCI formats.

Since there is much similarity between CIF and CC index (UE specific/configured with RRC signalling/3-bit indicator), it is simple to use the same value for CI bits in PDCCH DCI format and CC index in upper layer. Although according to RAN1’s agreement, CIF can be configured per CC, it is not harmful to use a UE specific CIF. Furthermore, it can also reduce the RRC singaling overhead. Hence, we have the following proposal:

Proposal 5: The same value is applied for CI bits in PDCCH DCI format and CC index in upper layer.
Proposal 6: CC index is 3 bits.
3. Conclusions
In this contribution, we discuss the introduction of CC index in RAN2, with the following proposals:
Proposal 1: CC index shall be introduced in Rel-10 for CA.
Proposal 2: CC index can be used to represent CC’s frequency and PCI.

Proposal 3: CC index can be used for CC management, CC activation/de-activation, and SCC SI updating.

Proposal 4: Dedicated RRC signalling shall be used to convey the CC index for its initialization and updating.
Proposal 5: The same value is applied for CI bits in PDCCH DCI format and CC index in upper layer.

Proposal 6: CC index is 3 bits.
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