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1. Introduction
At the RAN#66 meeting, a work item on carrier aggregation enhancements was approved [1]. One of the objectives for the WI is to specify carrier aggregation (CA) beyond 5 component carriers (CCs). It was agreed that the supportable number of CCs in the CA is extended to 32. 
In this contribution, we provide our views regarding necessary enhancements to enable LTE CA of up to 32CCs for DL and UL. More general aspects are discussed in [2].
2. Potential enhancements to DL control signalling
Cross-carrier scheduling using carrier indicator field (CIF) could be a potential enhancement area for Rel.13 CA. In the current specification, the scheduled cell is indicated by using 3 bits CIF contained in a PDCCH/EPDCCH if configured by higher-layer. As described in TS36.213, the CIF value is the same as ServCellIndex defined in [3]. Therefore, the serving cell having ServeCellIndex from 0 to 4 can be indicated by the corresponding CIF value of 0 to 4. For Rel.13 CA, the value range of ServCellIndex may be extended, e.g., from 0 to 31. However, since the number of CIF bits is 3, the cross-carrier scheduling is applicable only to serving cells with ServCellIndex from 0 to 7. Enhancement is necessary if flexible cross-carrier scheduling using CIF is required to operate Rel.13 CA for up to 32CCs.
Another aspect is aperiodic CSI triggering. Currently, aperiodic CSI is triggered using 1 or 2 bits in each UL grant, where two states of the 2-bit aperiodic CSI trigger could trigger multiple reports of different serving cells. It is allowed to configure aperiodic CSI report of up to 5 different serving cells by higher layer signalling. Triggering apriodic CSI report by multiple UL grants for a given subframe is not allowed. Regarding the aperiodic CSI reporting with up to 32CCs, two aspects needs to be considered; whether the number of aperiodic CSI for different serving cells that the UE can be configured with is sufficient, and whether the number of different aperiodic CSI trigger states is sufficient. For the first aspect, it is obvious that the configurable number should be extended to, e.g., 32. For the second aspect, if the current number of aperiodic CSI trigger bits is kept unchanged, each state of aperiodic CSI trigger should be able to request the aperiodic reports of, e.g., 16 different serving cells. Once the aperiodic CSI is triggered, the UE needs to report aperiodic CSI for many serving cells in this case. One of the states, ‘01’, of the 2-bit aperiodic CSI trigger can trigger the aperiodic CSI report of only one serving cell. However, since it is likely that the number of UL-CCs is less than that of DL-CCs especially in Rel.13 CA configurations, aperiodic CSI report of the scheduled serving cell triggered by the state ‘01’ would not be sufficient to report CSI over many CCs.
Proposal 1:

· Following two aspects regarding DL control signalling should be discussed in RAN1.
· Whether/how to enhance cross-carrier scheduling for the case with large number of CCs.

· Whether/how to enhance aperiodic CSI reporting for the case with large number of CCs.
For these issues, in general, two potential solutions can be considered.

· Option 1: To increase the number of CIF and/or A-CSI trigger bits in a PDCCH.

· Option 2: To keep the number of CIF and/or A-CSI trigger bits in a PDCCH but the state of CIF and/or A-CSI trigger bits is interpreted in a different way depending on a certain condition.

For cross-carrier scheduling, option 1 is a simple way to apply. However, RAN1 specification impact would be large since the PDCCH payload sizes become different from those in the legacy PDCCH. Furthermore, it is not clear whether such full flexibility is really needed. For example, cross-carrier scheduling from one cell to any of the cells over 32CCs can be realized by 5-bit CIF. However, scheduling all the 32CCs from one CC requires to transmit DL assignments and/or UL grants by one CC, which would result in an overload situation of the PDCCH region in the scheduling cell (see Fig.1 (a)). The use of EPDCCH would be necessary for this operation. 
If it is allowed to use multiple serving cells as the scheduling cells, option 2 could be another potential solution. For example, multiple serving cells are configured as the scheduling cells for cross-carrier scheduling, and the UE interprets the CIF value in a different way depending on the cell index of the scheduling cell (see Fig.1 (b)). For this solution, multiple serving cells needs to be configured as scheduling cells, but the spec impact could be smaller. The same discussion is applicable to the aperiodic CSI triggering. Whether to increase the number of trigger bits or to set the different set of serving cells depending on, e.g., the index of the UL granted serving cell, is the discussion point. 
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(a) Cross-carrier scheduling with increased number of CIF bits in a PDCCH.
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(b) Cross-carrier scheduling from multiple scheduling cells with different interpretation of CIF values.

Fig.1.  Potential cross-carrier scheduling operations for Rel.13 CA.
3. Potential enhancements to UL control signalling
In Rel.13 CA, UL control signalling enhancements are necessary to support 32DL-CCs. Specifically, at least 64 bits of HARQ-ACK and/or periodic CQI reporting for multiple-CCs on one subframe should be investigated. To address them, the solutions to a larger payload for UCI information are required.
Various solutions can be considered to support such UCI feedback for Rel.13 CA, e.g., compressing UCI information, defining new PUCCH format, parallel UCI on multiple UL-CCs, or their combinations. As described in [2], we believe that the PUCCH on SCell mechanism, i.e., cell-group concept, is quite useful for Rel.13 CA operations considering the scenario/use-case of Rel.13 CA. An example of Rel.13 CA configurations with PUCCH on SCell is illustrated in Fig.2 (a), where the legacy PUCCH is configured per cell-group in parallel. However, additional enhancements to UCI feedback other than PUCCH on SCell mechanism would be required. For example, parallel transmission of PUCCH format 3 on two UL serving cells can support FDD-operation with up to 10DL-CCs, which does not satisfy the objective of this WI. 
Increasing the number of parallel PUCCH transmissions can support larger number of DL-CCs. However, PUCCH format 3 per 5DL-CCs requires at least 7 parallel PUCCH transmissions for 32CCs, which would not be reasonable considering the realistic UE implementation. Therefore, UCI feedback enhancements are anyway required to support more than 5DL-CCs with one UL-CC.
As a new possible container of UCI for large payload, PUSCH structure could be utilized since it is scalable to contain various combinations of UCIs. Furthermore, comparing to defining completely new PUCCH format, the specification impact could be marginal. By combining the extended PUCCH on SCell and a new UCI container or by using one of these sorely, the UCI feedback for Rel.13 CA configurations can be realized.
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(a) Combination of legacy PUCCHs to support Rel.13 CA with up to 10CCs.
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(b) Combination of legacy PUCCH + new UCI container to support Rel.13 CA with more than 10CCs.

Fig.2.  Potential UCI feedback mechanism for Rel.13 CA configurations.
Proposal 2:
· Specify UCI feedback enhancement(s) per one UL-CC to support larger payload size of UCI.

· Even if the PUCCH on SCell is utilized, additional enhancements are necessary to realize the Rel.13 CA with up to 32CCs.

· As a new PUCCH format, PUSCH structure could be a universal solution to support large number of CCs and combinations of HARQ-ACK and CSI.
· Consider to support UL control signalling for Rel.13 CA configurations up to 32CCs by the use of, or the combination use of

· Large payload of UCI container such as new PUCCH format or PUSCH, and/or
· Extension of PUCCH on SCell mechanism to Rel.13 CA configurations.
4. Conclusion
In this contribution, we provided our views regarding necessary enhancements to enable LTE CA of up to 32CCs for DL and UL and proposed the following.

Proposal 1:

· Following two aspects regarding DL control signalling should be discussed in RAN1.
· Whether/how to enhance cross-carrier scheduling for the case with large number of CCs.

· Whether/how to enhance aperiodic CSI reporting for the case with large number of CCs.
Proposal 2:

· Specify UCI feedback enhancement(s) per one UL-CC to support larger payload size of UCI.

· Even if the PUCCH on SCell is utilized, additional enhancements are necessary to realize the Rel.13 CA with up to 32CCs.

· As a new PUCCH format, PUSCH structure could be a universal solution to support large number of CCs and combinations of HARQ-ACK and CSI.
· Consider to support UL control signalling for Rel.13 CA configurations up to 32CCs by the use of, or the combination use of

· Large payload of UCI container such as new PUCCH format or PUSCH, and/or

· Extension of PUCCH on SCell mechanism to Rel.13 CA configurations.
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