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1 Introduction
The work item “LTE Carrier Aggregation Enhancement beyond 5 Carriers” [1] proposes to extend current carrier aggregation functionality and support up to 32 serving cells. Main motivation behind this work item is the possibility to exploit new spectrum opportunities in the unlicensed bands, e.g. in the 5 GHz band.

The current signalling for carrier aggregation configuration only allows up to 5 serving cells/carriers. This paper discusses the general signalling extension to be able to support up to 32 carriers.
2 Discussion

2.1 Indices extension

The number of configurable serving cells is currently limited to 5 by TS 36.331, i.e. 1 PCell/PSCell and 4 SCells. For example the maxSCell is currently 4 at SCell addition and the maxServCell is 5 for measurement reporting. Additionally, the IE SCellIndex and ServCellIndex can accommodate today up to 8 serving cells. Therefore, one solution is simply to extend the limit by introducing a new list of up to 32 serving cells that can be configured by RRC. This means the serving cell index also needs to be extended to 5 bits.  

Proposal 1 Serving cell information elements and multiplicity have to be changed to accommodate maximum 32 configurable serving cells.

This proposal can be used to configure serving cells with PUCCH resources as well as to map serving cells with no PUCCH configured to serving cells configured with PUCCH. For a more detailed description on PUCCH configuration on SCell we refer to our contribution [2].
2.2 Cross-carrier scheduling

When cross-carrier scheduling is configured, the downlink scheduling assignment and uplink grants can be received from a serving cell other than the actual scheduled serving cell carrying PDSCH or PUSCH. In particular, the Carrier Indicator Field (CIF) transferred in the (E)PDCCH indicates to the UE which is the DL/UL carrier scheduled. The CIF is a 3-bit field thereby addressing a maximum of 8 cells for cross-carrier scheduling.  

During last RAN1#80-bis meeting it was agreed that:
	Agreements:
· Keep the Rel. 10 CIF size of 3bits in the DCI (for a carrier-specific grant)
· Rel. 13 CA enabling to address 8 cells with the 3bit CIF




This implies that the cross-carrier scheduling can only be performed for 8 cells. In order to have a more flexible carrier scheduling mechanism that can address all the 32 configurable serving cells some modifications to the current RAN2 specifications are needed.
Observation 1 RAN2 specification changes are needed to support 32 cross-carrier scheduling with 3-bit CIF. 
One possible approach is to specify cross-carrier scheduling groups and indicate to the UE for each configured serving cell the associated cross-carrier scheduling group. 

Proposal 2 Introduce cross-carrier scheduling groups.

More specifically, the cross-carrier scheduling groups can be configured by the eNB, and there will be one pool of CIFs for each group. As the CIF will be limited to take 8 values, a cross-carrier scheduling group will at most have 8 serving cells.

Proposal 3 The cross-carrier scheduling is limited to the cross-carrier scheduling group. 

Today the CIF indicates the cell index of the cell which is scheduled. This will of course not work when serving cells with higher indices than 7 need to be schedule; instead we suggest that the lowest CIF sent in a cross carrier scheduling group should point to the cell with the lowest cell index in that group, and so on. So then when a CIF carried by the (E)PDCCH is received from a serving cell belonging to a certain cross-carrier scheduling group, the UE can identify the scheduled carrier within that cross-carrier scheduling group.

Proposal 4 The lowest CIF points to the serving cell with the lowest cell index in that group, the second lowest CIF points to the serving cell with the second lowest cell index, and so on.
One could argue if the same cross-carrier scheduling groups can be reused to associated serving cells to PUCCH-SCell, i.e. configure PUCCH groups made up of one PUCCH SCell and maximum 7 SCell. Although this solution would save some signalling, we believe that it might be quite inefficient since the number of PUCCH-SCells does not need to be the same as the number of cross-carrier scheduling groups. Additionally, depending on the PUCCH format used (e.g. RAN1 is currently discussing a new PUCCH format) the size of the PUCCH group can accommodate even more than 8 carriers.
Observation 2 It is not desirable to configure common groups for cross-carrier scheduling and PUCCH on SCell association.
2.3 TAGs extension
Another issue to be discussed is the number of supported TAGs. Today, TS 36.331 assumes maximum 4 TAGs, i.e. 1 pTAG and 3 sTAGs. Considering the larger amount of configurable serving cells and the presence of unlicensed bands, we deem reasonable to extend the maximum number of TAGs to 8. Having more TAGs would come with signalling cost both in the RRC and MAC layer.

Proposal 5 The maximum number of TAGs shall be extended to 8.
3 Conclusions

In this paper, we have analysed signalling related aspects to support more than 5 carriers.

Based on the above discussion, we propose the following:
Proposal 1
Serving cell information elements and multiplicity have to be changed to accommodate maximum 32 configurable serving cells.
Proposal 2
Introduce cross-carrier scheduling groups.
Proposal 3
The cross-carrier scheduling is limited to the cross-carrier scheduling group.
Proposal 4
The lowest CIF points to the serving cell with the lowest cell index in that group, the second lowest CIF points to the serving cell with the second lowest cell index, and so on.
Proposal 5
The maximum number of TAGs shall be extended to 8.
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