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1 Introduction
 In RAN#66, a new WI on Rel-13 carrier aggregation was approved with the following objectives [1]：
· For Rel-12 CA configurations, specify and complete the support of PUCCH on SCell for UEs supporting uplink Carrier Aggregation
· Develop the physical layer specifications for PUCCH on SCell based on the UCI mechanism for Dual Connectivity (i.e., PUCCH is configured simultaneously on PCell and one SCell) and based on the UCI signalling formats on PUCCH defined for Rel-12 CA configurations [RAN1 until RAN#68]
· Identify and specify required L2/L3 functions and procedures to support PUCCH on SCell for the UE [RAN2]
In this contribution, we discuss the support of PUCCH on SCell for CA, based on the UCI mechanism for Dual Connectivity.
2 Discussion
To support PUCCH on SCell for Rel-13 CA, separate UCI feedback on PUCCH for different PUCCH cell groups shall be supported. Based on the UCI mechanism for Rel-12 Dual Connectivity, the following aspects shall be considered. It is noted that the SCell containing PUCCH is named as pSCell in this contribution.
2.1 The number of PUCCH cell group
To align with the design for dual connectivity with MCG and SCG, there shall be a maximum of two cell groups with separate PUCCH transmission for Rel-13 CA, that is, PUCCH cell group containing PCell and PUCCH cell group containing pSCell. FDD-FDD, TDD-TDD, and FDD-TDD serving cells can exist in each PUCCH cell group. Hence, we have the following proposal:
Proposal 1: At most two PUCCH cell groups with separate PUCCH transmission should be supported.
2.2 The number of PUCCH in each PUCCH cell group
To align with the design for dual connectivity with only one PUCCH on one serving cell in SCG, only one PUCCH transmission is supported on one serving cell in each PUCCH cell group for Rel-13 CA. In addition, following the CA design principle that PUCCH can only be transmitted on PCell, it is desirable that the pSCell shall be semi-statically configured. Hence, we have the following proposal:
Proposal 2: In a PUCCH cell group not containing PCell, one pSCell is semi-statically configured by higher layers to carry PUCCH.
2.3 Types of UCIs to be transmitted on PUCCH on SCell
Considering that one of the goals to support PUCCH on SCell is to reduce the UL control overload on PCell, it is natural that HARQ-ACK and periodic CSI for serving cells in a PUCCH cell group is transmitted on the PUCCH in the respective PUCCH cell group. Since in CA scenarios, serving cells in different PUCCH cell groups can be scheduled by the same eNB, or there is ideal back-haul between different eNBs scheduling serving cells in different PUCCH cell groups, SRI shall be transmitted on PCell only. Hence, we have the following proposal:
Proposal 3: HARQ-ACK and periodic CSI can be transmitted on pSCell PUCCH.
2.4 HARQ timing

To determine the DL HARQ timing for a serving cell in a PUCCH cell group, only the serving cells in the respective cell group shall be considered.  In each PUCCH cell group, the following cases can occur:

· Only one serving cell in the respective PUCCH cell group;

· More than one FDD serving cell in the respective PUCCH cell group;

· More than one TDD serving cell in the respective PUCCH cell group and all serving cells are of same UL-DL configuration;

· More than one TDD serving cell in the respective PUCCH cell group and at least two serving cells are of different UL-DL configurations;

· At least one FDD serving cell and at least one TDD serving cell in the respective PUCCH cell group.

Note that all the above cases are handled by the CA design up to Rel-12. Hence the DL HARQ timing design can directly follow the existing CA designs by considering the serving cells within each PUCCH cell group. This is also aligned with the Rel-12 dual connectivity design.
For UL HARQ/scheduling timing, per cell group design is defined in Rel-12 dual connectivity since there is no cross-carrier scheduling between cells in MCG and SCG. However, for Rel-13 CA, there is no need to restrict cross-carrier scheduling between cells in different PUCCH cell groups. One simple way is to directly reuse the existing CA UL HARQ timing design for Rel-13 CA without considering PUCCH cell group.
Proposal 4: The DL HARQ timing is determined on a per PUCCH cell group basis by following the Rel-12 design in dual connectivity. 
2.5 PUCCH resource allocation on SCell
PUCCH resources shall be allocated on the pSCell with PUCCH transmission. Considering that there is no SRI transmission on pSCell PUCCH, it is required to reserve only the PUCCH resources corresponding to HARQ-ACK and periodic CSI on the pSCell. In addition, there is no need to support SPS traffic on the pSCell. Thus, PUCCH resource for SPS HARQ-ACK is also not needed on the pSCell. The existing PUCCH resource allocation methods defined for HARQ-ACK and periodic CSI on PCell shall be reused by treating the pSCell as PCell. Hence, we have the following proposal:

Proposal 5: Only PUCCH resources corresponding to dynamic HARQ-ACK and periodic CSI shall be reserved on the pSCell, and the existing PUCCH resource allocation methods on PCell shall be reused.
2.6 UCI transmission in different PUCCH cell groups
For simplification, UCI transmission method in Rel-12 dual connectivity shall be reused for Rel-13 CA with PUCCH on SCell.

Following the same rule as defined in Rel-12 dual connectivity, either PUCCH or PUSCH can be used to carry UCI in each PUCCH cell group. In addition, only one PUSCH in each PUCCH cell group can be used to carry UCI in one subframe. UCI of one PUCCH cell group can be transmitted on both PUCCH and PUSCH on the same or different serving cells in the same PUCCH cell group, if the UE supports simultaneous PUCCH and PUSCH transmission following the Rel-10 design. For UCI transmission on PUCCH in each PUCCH cell group, the existing scheme for UCI transmission on PCell PUCCH including ACK/NACK codebook design, multi-CSI dropping, PUCCH transmission format, and so on, can be directly reused. For UCI transmission on PUSCH in each PUCCH cell group, the existing scheme for UCI transmission on a PUSCH on one serving cell including ACK/NACK codebook design, multi-CSI dropping, PUSCH selection, and so on, can also be directly reused. 
Furthermore, considering that HARQ-ACK and periodic CSI are fed back respectively in each PUCCH cell group, concurrent transmission of PUCCH and PUSCH with UCI, concurrent transmission of HARQ-ACK and SRS on PUCCH, concurrent transmission of HARQ-ACK and periodic CSI on PUCCH shall be enabled individually for each PUCCH cell group. With separate higher layer configuration parameters for each PUCCH cell group, the meaning of simultaneous PUCCH/PUSCH transmission capability bit introduced in Rel-10 will be not changed. Given that each PUCCH cell group may have different feedback payload sizes and SINR requirements, the HARQ-ACK PUCCH transmission schemes used in each PUCCH cell group shall be configurable independently, which allows the possibility to balance the tradeoff between HARQ-ACK reliability and DL throughput. Considering that PUSCH with UCI in different PUCCH cell group may have different resource allocation and SINR requirements, the beta offsets values for UCI on PUSCH shall be configured individually for each PUCCH cell group. The above individual configurations are also aligned with Rel-12 dual connectivity.

Hence, we have the following proposal:
Proposal 6: UCI transmission on PUCCH/PUSCH in each PUCCH cell group shall follow the Rel-12 design in dual connectivity.
3 Conclusions
In this contribution, we discuss the physical layer enhancement for PUCCH transmission on SCell in Rel-13 CA, and have the following proposals:
Proposal 1: At most two PUCCH cell groups with separate PUCCH transmission should be supported.
Proposal 2: In a PUCCH cell group not containing PCell, one pSCell is semi-statically configured by higher layers to carry PUCCH.
Proposal 3: HARQ-ACK and periodic CSI can be transmitted on pSCell PUCCH.
Proposal 4: The DL HARQ timing is determined on a per PUCCH cell group basis by following the Rel-12 design in dual connectivity. 
Proposal 5: Only PUCCH resources corresponding to dynamic HARQ-ACK and periodic CSI shall be reserved on the pSCell, and the existing PUCCH resource allocation methods on PCell shall be reused.
Proposal 6: UCI transmission on PUCCH/PUSCH in each PUCCH cell group shall follow the Rel-12 design in dual connectivity.
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