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1. Introduction

In RAN1 #58, a selective application of carrier indicator for DL/UL cross-carrier scheduling was agreed as follows [1]:
· 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
· Reusing Rel-8 PDCCH structure (same coding, same CCE-based resource mapping)

In addition, UE-specific DL/UL asymmetric carrier assignment is regarded as a capable carrier aggregation scenario as well as symmetric carrier assignment. In the contribution, we only consider DL heavy situation as the case of DL/UL asymmetric carrier assignment, but UL heavy situation also can be considered according to further discussion result.
One related topic is the issue of DL/UL CC(Component Carrier) linkage for DL/UL physical channel transmission, e.g. UL implicit ACK/NACK for PDSCH transmission, DL PHICH for PUSCH transmission, and UL grant PDCCH for PUSCH transmission. In the contribution, several baseline alternatives on DL/UL CC linkage are described, and the application scenarios of DL/UL CC linkage for DL/UL physical channel transmission are investigated.
2. Alternatives of DL/UL CC Linkage Assignment Scheme
Possible alternatives of DL/UL CC linkage which can be applied for DL/UL physical channel transmission can be described as follows:

· Alt. 1: Cell-specific DL/UL CC linkage

Between one or more DL CCs and one or more UL CCs which are configured in an LTE-A cell, there can be a cell-specific DL/UL CC linkage in accordance with the default Tx/Rx separation as same as that of LTE Rel-8[2] (Rel-8 based DL/UL CC linkage) or a new LTE-A CC linkage signaled from LTE-A system information (LTE-A DL/UL CC linkage) which is already presented in LTE Rel-8[3]. In case of asymmetric DL/UL CC configuration, Rel-8 based DL/UL CC linkage can not offer CC linkage for all DL CCs (DL heavy situation) or UL CCs (UL heavy situation) configured in an LTE-A cell. If additional DL/UL CC linkage is required, new LTE-A DL/UL CC linkage can be introduced as illustrated in Fig. 1.
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Fig. 1 Possible cell-specific DL/UL CC linkage for a given asymmetric DL/UL CC configuration
· Alt. 2: UE-specific DL/UL CC linkage
A UE-specific DL/UL CC linkage for an LTE-A UE can be assigned in accordance with a UE-specific DL active CC set and a UE-specific UL CC set. The relevant DL/UL CC linkage information can be provided UE-specifically by using an explicit control signalling, e.g. RRC or PDCCH or an implicit relationship. Whenever a DL active CC set and UL active CC set for an LTE-A UE are changed by dedicated control signaling, their relevant DL/UL CC linkage can be updated accordingly as shown in Fig. 2. The carrier indicator for UE-specific cross-carrier scheduling can be an indirect reference of UE-specific DL/UL CC linkage for a specific case of physical channel transmission. 
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Fig. 2 Concept of UE-specific DL/UL CC linkage

· Alt. 3: Selective UE-specific DL/UL CC linkage assignment on the basis of cell-specific DL/UL CC linkage
In addition to cell-specific DL/UL CC linkage, a UE-specific DL/UL CC linkage can be introduced in case of asymmetric DL/UL CC assignment or cross-carrier scheduling. Compared with Alt. 2 scheme, this scheme provides a limited degree-of-freedom in UE-specific DL/UL CC linkage assignment only for the specific situations which is not supportable with cell-specific linkage assignment. Fig. 3 describes the introduction of UE-specific DL/UL CC linkage in addition to cell-specific DL/UL CC linkage for the exemplary asymmetric DL/UL CC assignment cases.
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Fig. 3 Examples for additional UE-specific DL/UL CC linkage assignment 
3. Application Scenarios for DL/UL CC Linkage 
The potential cases of physical channel transmission for which the DL/UL transmission carrier is assigned by a given DL/UL CC linkage are listed, and their relevant consideration on the application of DL/UL CC linkage is described as follows:
· DL/UL CC mapping for UL grant PDCCH-to-PUSCH transmission
It looks straightforward that a UL grant PDCCH can be transmitted on the DL CC linked with the UL CC for PUSCH transmission. However, some consideration might be necessary for whether each UL CC should have only one DL/UL CC linkage with the corresponding single DL CC in case of both symmetric and asymmetric DL/UL CC assignment, which is closely tied with the introduction of new LTE-A DL/UL CC linkage or UE-specific DL/UL CC linkage. If UE PDCCH blind decoding overhead is not strongly restricted, no critical problem seems to be found even in case of multiple DL/UL CC linkage for a UL CC.
· DL/UL CC mapping for PDSCH-to-UL ACK/NACK transmission
There have been two baseline proposals for the selection of UL CC transmitting UL ACK/NACK as follows:

· Proposal 1: UL ACK/NACK is transmitted in the UL CC linked with the DL CC where DL channel assignment PDCCH for the relevant PDSCH is transmitted.
· Proposal 2: UL ACK/NACK is transmitted in the UL CC linked with the DL CC where the relevant PDSCH is transmitted.

Especially in case of cross-carrier scheduling, these two proposals can derive different UE behaviour in terms of UL ACK/NACK transmission as shown in Fig. 4.
Another issue point is whether the UL CC for UL ACK/NACK transmission is assigned by cell-specific DL/UL CC linkage or UE-specific DL/UL CC linkage. There are two related consideration points on the DL/UL transmission in accordance with the applied DL/UL CC linkage. 

· PUCCH resource reservation overhead

When considering PUCCH resource reservation, first of all, the details of single/multiple ACK/NACK PUCCH transmission methods, e.g. ACK/NACK channel selection method needs to be studied and discussed further. In case of multiple ACK/NACK PUCCH transmission, several contributions [4][5] raised the issue of large amount of PUCCH resource overhead due 
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Fig. 4 UL CC mapping for UL ACK/NACK transmission according to the baseline proposals

to presence of UE-specific CC linkage. In order to justify this issue point, some further investigation may be necessary including the following consideration points.
· Whether cell-specific system information update for PUCCH PRB size can be synchronized with the dynamics of UE-specific carrier assignment.
· Whether some new feature in ACK/NACK PUCCH resource assignment can be introduced in LTE-A specification. 
· Enforcement on cross-carrier scheduling in case of asymmetric DL/UL carrier assignment.
When a Rel-8 based DL/UL CC linkage is applied for UL ACK/NACK transmission in case of  asymmetric DL/UL carrier assignment (i.e. DL heavy carrier assignment), it directly requires cross-carrier scheduling for PDSCH transmission as illustrated in Fig. 5. Therefore, further consideration on whether no cross-carrier scheduling case should be allowed in case of asymmetric DL/UL carrier assignment may be needed to introduce Rel-8 based DL/UL CC linkage for UL ACK/NACK transmission.
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Fig. 5 Example of cross-carrier scheduling requirement in case of a Rel-8 based DL/UL CC linkage
· DL/UL CC mapping for PUSCH-to-DL PHICH transmission 

Regarding the selection of DL CC transmitting DL PHICH, a similar baseline proposals as the case of UL ACK/NACK transmission can be considered as follows:

· Proposal 1: DL PHICH is transmitted in the same DL CC in which UL grant PDCCH for the relevant PUSCH is transmitted.[6][7][8][9]
· Proposal 2: DL PHICH is transmitted in the DL CC which is linked to the UL CC in which the relevant PUSCH is transmitted.[10]
In our companion contribution[11], some issue points and related investigation are described in detail considering asymmetric DL/UL carrier assignment and cross-carrier scheduling for PUSCH transmission. Among them, one issued scenario of cross-carrier scheduling for PUSCH transmission in case of symmetry DL/UL carrier assignment is re-described in Fig. 6. 
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Fig. 6 DL CC mapping for DL PHICH transmission according to the baseline proposals
· When Proposal 1 is applied in the scenario, one clear issue point is that multiple DL ACK/NACK from multiple PUSCH transmission has to be transmitted in a DL CC (Fig. 6(a)), which requires a sufficient number of PHICH resources and their relevant resource assignment scheme. It may be investigated whether these requirements can be supported within the current Rel-8 LTE specification. 
· On the other hand, when Proposal 2 is applied, DL PHICH is transmitted in the DL CC linked to the UL CC where a PUSCH is transmitted as shown in Fig. 6(b). Even though there is no spec change for DL PHICH transmission, it has to be further clarified whether this DL CC mapping method for DL PHICH transmission can be well-matched with the objective of cross-carrier scheduling. 
· UL CC mapping for DL channel status information feedback

At least for the assigned DL active CC set, an LTE-A UE may measure DL channel status information and feedback by PUCCH or PUSCH. There are two possible proposals for the UL CC selection for UE channel status information feedback

· Proposal 1: An LTE-A UE transmits DL channel status information in the UL CC linked to the measured DL CC.
· Proposal 2: For an LTE-A UE, UL CC for the DL channel status information is configured regardless of the DL/UL CC linkage.
Basically in the current Rel-8 LTE, the required resource for DL channel status information feedback can be scheduled or configured by a cell according to the feedback channel type. However, when it comes to LTE-A, it can be an issue whether the UL CC for DL channel status information is assigned by a given implicit DL/UL CC linkage or it is scheduled or configured by an explicit control signalling. Relative technical points such as feedback reliability and potential feedback channel design can be studied and discussed further.
4. Conclusions

In the contribution, we introduced the possible alternatives of DL/UL CC linkage and their application scenarios for DL/UL physical channel transmission. And, some issue points for the transmission CC mapping and its relevant DL/UL CC linkage are described in terms of the considered DL/UL physical channels, i.e. UL grant PDCCH, UL ACK/NACK, DL PHICH, and UE channel status information. More detailed features for the described issue points can be investigated further in conjunction with the discussion results for DL/UL CC linkage.
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