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1 Introduction

Extending the PUCCH transmission on Pcell and PScell mechanism in dual connectivity to carrier aggregation was discussed in Rel-12. RAN1 had reached the following agreements and sent LS [1] to RAN2, asking RAN2 to analyse the complexity based on the agreements. In the end, it was not completed in Rel-12 due to limitation of the WI timescale for dual connectivity. The achieved agreements in RAN1 in Rel-12 include:
· If PUCCH on Scell for CA is supported,

· PUCCH transmission on two serving cells in CA is realized by following methods:
· On the PCell for SCells in PUCCH cell group 1
· On one SCell configured to carry PUCCH for SCells in PUCCH cell group 2
· One SCell can only belong to one PUCCH cell group
· One of the two serving cells is PCell

· PUCCH on Scell only for CA is not supported in Rel-12

· PUCCH on two serving cells in CA is not supported within MeNB or SeNB
· PUCCH on SCell with CA is realized by following methods:
· No cross-carrier scheduling between cells in different PUCCH groups
· FFS: How PUCCH power control will be supported
· PUCCH on SCell can carry HARQ-ACK feedback and CSI
· Ask RAN2 whether SR is necessary on SCell
· Whether new terminologies PUCCH cell group 1 and 2 are introduced or not is up to RAN2

· FFS: Meaning of simultaneous PUCCH/PUSCH transmission capability bit introduced in Rel-10 will be not changed

In the RAN #66 meeting, a new work item (WI) on LTE carrier aggregation (CA) enhancement beyond 5 carriers was approved [2]. The objectives of the WI include supporting PUCCH on SCell for CA and enhancing the CA capabilities up to 32 component carriers (CC):
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.

In this contribution, support of PUCCH on SCell based on dual connectivity mechanism in CA scenario will be discussed. 
2 Overview of PUCCH on Pcell and PScell in dual connectivity mechanism
In dual connectivity, the serving cells associated with the MeNB are grouped into MCG (Master Cell Group) and the serving cells associated with the SeNB are grouped into SCG (Secondary Cell Group).  The overview of PUCCH on Pcell and PScell mechanisms in dual connectivity is provided as follows.
PUCCH configuration & UCI transmission
In MCG, PUCCH for MCG is supported in PCell only, while PUCCH for SCG is supported in PSCell only. Cross-carrier scheduling is not supported in dual connectivity between MCG and SCG. UEs feed back UCI (SR, HARQ-ACK, CSI) related to MCG to MeNB only and feedback UCI (SR (if supported), HARQ-ACK, CSI) related to SCG to SeNB only. UCI feedback mechanisms based on CA are applied within MeNB and SeNB. PUCCH resource reservation of PUCCH on Pcell and PScell is only for MCG and SCG respectively.
Power control

In dual connectivity, two kinds of power control mode are defined. Power control Mode 1 is used when the UE supports synchronous dual connectivity but does not support asynchronous dual connectivity, or when the UE supports both synchronous dual connectivity and asynchronous dual connectivity and if the higher layer parameter DC-PowerControlMode indicates dual connectivity power control mode 1. If the UE supports both synchronous dual connectivity and asynchronous dual connectivity and if the higher layer parameter DC-PowerControlMode does not indicate dual connectivity power control mode 1, power control Mode 2 is used. For CA, the condition of using power control Mode 1 can be satisfied.
For power control Mode1, the parameter of P_SeNB and P_MeNB are configured as the minimum guaranteed power quota for UE transmission power in MCG and SCG respectively. The remaining power is allocated to UL channels according to predefined priority. The priority rule for PUCCH/PUSCH/SRS across CGs to utilize remaining power is related to the information type, where HARQ-ACK=SR > CSI > PUSCH without UCI>SRS. If a channel has more than one type of UCI, the prioritization across CG is based on the highest priority UCI type.  In the case of same type of information, MCG gets higher priority over SCG.
CSS on PSCell is supported to enable TPC command transmission for SCG and TPC command follows CA principles per CG. UE should report PHRs of all the activated serving cells to both MeNB and SeNB. 
UE capability

UE with DC capability is able to transmit PUCCH/PUSCH simultaneously between MCG and SCG. The baseband capability “simultaneousPUCCH-PUSCH-r10” introduced in Rel-10 which determines if the UE supports simultaneous transmission of PUCCH and PUSCH is applicable within a CG for UE with DC capability. 
3 PUCCH on SCell in carrier aggregation
To enable the LTE CA of up to 32 CCs, supporting PUCCH also on Scell can be used to enlarge the PUCCH capacity. According to [2], we need to specify and complete the support of PUCCH on SCell for UEs supporting uplink CA for Rel-12 CA configurations. The agreements about PUCCH on SCell achieved in dual connectivity can be the starting point for the discussion. In addition, the maximum number of PUCCH cell groups can be limited to two in Rel-13, so that the standard and implementation complexity does not increase too much.

Proposal 1: The agreements about PUCCH on SCell for Rel-12 CA configuration achieved in dual connectivity can be the starting point and extended to support carrier aggregation of up to 32 component carriers. The maximum number of PUCCH cell groups is two in Rel-13.
4 Further considerations for the support of PUCCH on SCell in carrier aggregation
4.1 Simultaneous PUCCH/PUSCH transmission capability
In dual connectivity, “simultaneousPUCCH-PUSCH-r10” is applicable within a CG for UE with DC capability while simultaneously transmitting PUCCHs in different CGs or transmitting PUCCH and PUSCH in different CGs is regarded as default capability as long as the UE supports dual connectivity.
For CA supporting PUCCH on SCell, there are two alternatives 
· Alt1: The mechanism in dual connectivity is reused. 
· Alt2: The mechanism in CA is reused. 
For Alt1, simultaneously transmitting PUCCH in one PUCCH cell group and transmitting PUSCH in another PUCCH cell group has to be supported conditioned on the support of PUCCH on SCell for CA as it is conditioned by the UE DC capability. With this Alt1, dual connectivity framework can be fully reused, minimizing the standard effort. 
On the other hand, for Alt2, in some cases the UCI feedback from one PUCCH cell group may have to be piggybacked into one PUSCH in another PUCCH cell group while simultaneously transmitting PUCCH in one PUCCH cell group and transmitting PUCCH in another PUCCH cell group is supported, obviously, it is very strange to do that. 
Moreover, if simultaneously transmitting PUCCH in one PUCCH cell group and transmitting PUSCH in another PUCCH cell group has to be supported conditioned on the support of PUCCH on SCell, UCI transmission mechanisms of dual connectivity can be fully reused and should be proposed in Rel-13. 
Observation 1: If simultaneously transmitting PUCCH in one PUCCH cell group and transmitting PUSCH in another PUCCH cell group has to be supported conditioned on the support of PUCCH on SCell, UCI transmission mechanisms of dual connectivity can be fully reused.
Proposal 2: Simultaneously transmitting PUCCH in one PUCCH cell group and transmitting PUSCH in another PUCCH cell group has to be supported conditioned on the support of PUCCH on SCell for CA in Rel-13.
4.2 Power control for PUCCH on SCell with CA
Minimum guaranteed power allocation parameter configurations and Power scaling mechanisms
For the CA scenario, the uplink transmit power can be dynamically shared among the UL channels. As ideal backhaul is assumed and the aggregated cells usually even share the same scheduler, it is unnecessary to configure minimum guaranteed power allocation parameter for each PUCCH cell group as in the dual connectivity case. When the UE transmit power exceeds the maximum transmit power, power scaling is needed. The priority rules for power scaling in dual connectivity can be reused.
In summary, for the CA scenario there is no need to set guaranteed power. Priority rules for power scaling in dual connectivity when the UE transmit power exceeds the maximum transmit power can be reused for PUCCH on SCell with CA.

Transmission of TPC command

For TPC command transmissions, especially for power control of the PUCCH carried on SCell, the solution for CSS on PSCell in dual connectivity can be reused. That is CSS corresponding to the SCell that carries PUCCH is supported to provide TPC commands. The only problem is the number of blind detections in CSS of the 2nd PUCCH cell group would be increased compared to Rel-10 CA. However, that should not be a problem for one Rel-13 UE considering the increased UE capability.
In summary, for TPC command transmissions, enabling CSS corresponding to the SCell that carries PUCCH can be reused to support PUCCH on SCell.
PHR report
In dual connectivity, UE should report PHRs of all the activated serving cells to both MeNB and SeNB. Type 2 PHR is supported for Pscell in the SCG. Since one eNodeB cannot know whether the UE has transmission to another eNodeB, the UE is configured by higher layer signaling to report “always virtual PH” or “Actual PH when there is a PUCCH/PUSCH transmission for a cell in the other CG, otherwise virtual PH”.
For PUCCH on SCell with CA, one alternative is that the PHR report can reuse the dual connectivity solution; the other alternative is reuse current CA mechanism with Type 2 PHR introduced to the PScell. There can be minor extra specification work in both of alternatives.
In summary, unless further necessity of improvements is justified, power control for PUCCH on Scell with CA can reuse the power control mechanisms of dual connectivity or the existing CA mechanisms. 
Observation 2: Unless further necessity of improvements are justified, power control for PUCCH on Scell with CA can reuse the power control mechanisms of dual connectivity or the existing CA mechanisms with minor extra specification work. 
5 Conclusion

In this contribution, support of PUCCH on SCell based on dual connectivity mechanism in CA scenario is discussed. The following observations and proposals are provided:
Proposal 1: The agreements about PUCCH on SCell for Rel-12 CA configuration achieved in dual connectivity can be the starting point and extended to support carrier aggregation of up to 32 component carriers. The maximum number of PUCCH cell groups is two in Rel-13.

Observation 1: If simultaneously transmitting PUCCH in one PUCCH cell group and transmitting PUSCH in another PUCCH cell group has to be supported conditioned on the support of PUCCH on SCell, UCI transmission mechanisms of dual connectivity can be fully reused. 
Proposal 2: Simultaneously transmitting PUCCH in one PUCCH cell group and transmitting PUSCH in another PUCCH cell group has to be supported allowed conditioned on the support of PUCCH on SCell for CA in Rel-13.
Observation 2: Unless further necessity of improvements are justified, power control for PUCCH on Scell with CA can reuse the power control mechanisms of dual connectivity or the existing CA mechanisms with minor extra specification work. 
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