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1 Introduction
 In RAN#62, a new Rel-12 Work Item “Dual Connectivity for LTE” led by RAN2 was approved, the scope of which includes “Identify and introduce physical layer functionalities required for the operation of Dual Connectivity” [1]. In this contribution we discuss the physical layer enhancement for PUCCH transmission for dual connectivity.
2 Discussion
Based on the analysis for the L1 design of dual connectivity in Rel-12 shown in [5], to support dual connectivity, separate UCI feedback on PUCCH for MCG and SCG shall be supported. For MCG, PUCCH with UCI of MCG can be transmitted on the PCell following the existing PUCCH transmission schemes. Hence, one enhancement in physical layer to support dual connectivity is to support PUCCH with UCI of SCG transmitted on one serving cell in SCG. Generally speaking, the following aspects shall be considered:

2.1 The number of serving cells in SCG that can have PUCCH

Since the number of serving cell will not be larger than 5 in SCG, only one PUCCH transmission on one serving cell in SCG shall be enough for UCI feedback of SCG. In addition, following the CA design principle that PUCCH can only be transmitted on PCell, it may be desirable to support PUCCH only in one serving cell in SCG for dual connectivity. Hence, we have the following proposal:
Proposal 1: Only one serving cell in SCG can carry PUCCH for dual connectivity.
2.2 UCIs to be transmitted on PUCCH in MCG and SCG

Since serving cells in MCG and SCG are independently scheduled by MeNB and SeNB, it is natural that all types of UCIs shall be transmitted in MCG and SCG, including HARQ-ACK, periodic CSI, and SRI.

Proposal 2: HARQ-ACK, periodic CSI, and SRI can be transmitted on PUCCH in both MCG and SCG.
2.3 PUCCH transmission schemes supported in MCG and SCG
The PUCCH transmission schemes as defined in Rel-10/11 can be largely reused for MCG and SCG respectively. 
For HARQ-ACK PUCCH transmission scheme, if MCG or SCG consists of only one serving cell, PUCCH format 1a/1b as defined in Rel-10/11 can be reused for a FDD serving cell, and ACK/NACK bundling mode, ACK/NACK multiplexing mode, Rel-10 PUCCH format 1b with channel selection or PUCCH format 3 for single cell as defined in Rel-10/11 can be reused for a TDD serving cell. For MCG or SCG with multiple serving cells, either PUCCH format 1b with channel selection or PUCCH format 3 as defined in Rel-10/11 FDD CA or TDD CA can be reused. Considering that there are multiple HARQ-ACK PUCCH transmission schemes, the HARQ-ACK PUCCH transmission schemes used in MCG and SCG shall be configurable independently, which allows the possibility of configuring different HARQ-ACK PUCCH transmission schemes for MCG and SCG to balance the tradeoff between HARQ-ACK reliability and DL throughput.

For periodic CSI and SRI, the Rel-8/10 PUCCH transmission scheme can be directly reused for MCG and SCG, provided that the PUCCH resources for periodic CSI and SRI are independently configured for MCG and SCG.

Hence, we have the following proposal:

Proposal 3: All existing PUCCH transmission schemes shall be supported for PUCCH transmission in MCG and SCG.
2.4 PDSCH HARQ timing in MCG and SCG
To determine the PDSCH HARQ timing for a serving cell either in MCG or in SCG, only the other serving cells in the same cell group shall be considered.  Within either MCG or SCG, the following cases can occur:

· Only one serving cell in the same cell group;

· More than one FDD serving cell in the same cell group;

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

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

· At least one FDD serving cell and at least on TDD serving cell in the same cell group.

Note that the first four cases are already covered by Rel-11 design and the last case is handled by the Rel-12 FDD-TDD CA WI. The respective designs can be directly reused for dual connectivity, within each cell group (i.e. either MCG or SCG).

Proposal 4: The PDSCH HARQ timing shall be determined independently in each cell group (i.e. either MCG or SCG), and the existing mechanism (including Rel-12 FDD-TDD CA) shall be reused. 
2.5 UCI transmission on PUCCH and PUSCH in MCG and SCG
Following the same rule as defined in Rel-10/11 CA, either PUCCH or PUSCH can be used to carry UCI in SCG. In addition, only one PUSCH on a SCG serving cell can be used to carry UCI in one subframe, and UCI of SCG can be transmitted on both PUCCH and PUSCH on the same or different serving cells in SCG. Furthermore, whether to support concurrent PUCCH and PUSCH with UCI transmission can be pre-configured by higher layer signalling. Considering the separate scheduling in MCG and SCG, concurrent PUCCH and PUSCH transmission with UCI shall be enabled individually for MCG and SCG, with separate higher layer parameters. That is, a new higher layer parameter shall be introduced to enable the concurrent PUCCH and PUSCH transmission with UCI in SCG.
For the UCI transmission with PUCCH on a serving cell in either MCG or SCG, the existing scheme for UCI transmission with PUCCH on the PCell including ACK/NACK codebook design, PUCCH transmission format, and so on, can be directly reused. For the UCI transmission with PUSCH on a serving cell in either MCG or SCG, the existing scheme for UCI transmission with a PUSCH on one serving cell including ACK/NACK codebook design, PUSCH selection, and so on, can also be directly reused. The necessary higher layer signaling for UCI transmission on PUCCH or PUSCH needs to be defined for both MCG and SCG, e.g. the beta offsets values for UCI on PUSCH.
PUCCH resources shall be allocated on the serving cell with PUCCH transmission in SCG. Explicit PUCCH resources for periodic CSI, SRI and SPS HARQ-ACK shall be configured in the same way as in previous releases. Implicit PUCCH format 1a/1b resources derived from PDCCH/EPDCCH in the SCG PUCCH serving cell can follow the same design as in Rel-11. 
Hence, we have the following proposals:

Proposal 5: The detailed UCI transmission scheme on PUCCH and PUSCH in either MCG or SCG shall reuse the existing design, except that the necessary higher layer signalings shall be defined independently for MCG and SCG.
2.6 Uplink power control
In order to support dual connectivity, there shall be concurrent PUCCH transmissions in different serving cell groups, concurrent PUCCH transmission and PUSCH with UCI transmissions in the same or different serving cell groups, and concurrent PUSCH with UCI transmissions in different serving cell groups. Hence, the existing power control and PH reporting methods shall be updated to support all the above concurrent transmissions.
For power scaling in case of power limitation, the power allocation priority for PUCCH/PUSCH with different types of UCIs in MCG and SCG may be required since there may be different types of UCIs transmitted on PUCCH/PUSCH in MCG and SCG in the same subframe. For example, there can be a PUCCH/PUSCH with CSI transmitted in MCG, and a PUCCH/PUSCH with ACK/NACK transmitted in SCG. In order to maintain the performance of important UCI, the power allocation priority shall be defined as PUCCH with SR > PUCCH/PUSCH with ACK/NACK > PUCCH/PUSCH with CSI > PUSCH without UCI.
For PH reporting, UE shall report both Type1 PH and Type2 PH for the serving cell with PUCCH transmission in both MCG and SCG. In order to help MeNB and SeNB to adjust the scheduling in the corresponding serving cell group, it may be beneficial to report the PH of all serving cells to both MeNB and SeNB.

In addition, independent TPC in different serving cell groups is required since different eNBs have independent scheduling. For PUCCH transmission in each serving cell group, the TPC carried in PDCCH/EPDCCH with DL grant transmitted in the serving cell group shall be used to adjust the PUCCH transmit power. For PUSCH transmission in each serving cell group, the TPC carried in PDCCH/EPDCCH with UL grant transmitted in the serving cell group shall be used to adjust the PUSCH transmit power. In case CSS is supported on the SCG PUCCH serving cell, DCI format 3/3A with group TPC for PUCCH/PUSCH of different UEs in SCG can be transmitted in the CSS of  the SCG PUCCH serving cell.
Hence, we have the following proposals:

Proposal 6: The existing power control and PH reporting methods shall be updated to support concurrent PUCCH transmissions, concurrent PUSCH with UCI transmissions, and concurrent PUCCH and PUSCH with UCI transmissions in MCG and SCG for dual connectivity, including:
· The power allocation priority for PUCCH/PUSCH with different types of UCIs in MCG and SCG shall be defined, and the power scaling process according the power allocation priority in case of power limitation shall be specified;

·  Both Type1 PH and Type2 PH for the serving cell with PUCCH transmission in both MCG and SCG shall be reported, and the PH of all serving cells shall be reported to both MeNB and SeNB.
· Independent TPC for PUCCH/PUSCH transmitted in MCG and SCG shall be supported and specified.

3 Conclusions
In this contribution, we discuss the physical layer enhancement for PUCCH transmission for dual connectivity, and have the following proposals:
Proposal 1: Only one serving cell in SCG can carry PUCCH for dual connectivity.

Proposal 2: HARQ-ACK, periodic CSI, and SRI can be transmitted on PUCCH in both MCG and SCG.
Proposal 3: All existing PUCCH transmission schemes shall be supported for PUCCH transmission in MCG and SCG.
Proposal 4: The PDSCH HARQ timing shall be determined independently in each cell group (i.e. either MCG or SCG), and the existing mechanism (including Rel-12 FDD-TDD CA) shall be reused. 

Proposal 5: The detailed UCI transmission scheme on PUCCH and PUSCH in either MCG or SCG shall reuse the existing design, except that the necessary higher layer signalings shall be defined independently for MCG and SCG.
Proposal 6: The existing power control and PH reporting methods shall be updated to support concurrent PUCCH transmissions, concurrent PUSCH with UCI transmissions, and concurrent PUCCH and PUSCH with UCI transmissions in MCG and SCG for dual connectivity, including:

· The power allocation priority for PUCCH/PUSCH with different types of UCIs in MCG and SCG shall be defined, and the power scaling process according the power allocation priority in case of power limitation shall be specified;

·  Both Type1 PH and Type2 PH for the serving cell with PUCCH transmission in both MCG and SCG shall be reported, and the PH of all serving cells shall be reported to both MeNB and SeNB.

· Independent TPC for PUCCH/PUSCH transmitted in MCG and SCG shall be supported and specified.
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