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1. Introduction
Following the study item on small cell enhancement – higher layer aspects [1], the WI for dual connectivity was approved [2]. It aims at specifying the dual connectivity operation for UEs with multiple Rx/Tx in RRC_CONNECTED mode. One of the achieved agreements in RAN2 is given as follows,
· At least one cell in SeNB has configured UL and one of them is configured with PUCCH resources.
For the legacy Carrier Aggregation (CA) in LTE-Advanced Rel.10/11, the uplink control information (UCI) reporting is limited on at most one PUCCH or PUSCH.  Different from the legacy CA, parallel UCI reporting to MeNB and SeNB is introduced by dual connectivity, which is carried by multiple physical channels.
Thus the conventional power control mechanisms for CA need to be revised to support the new feature of dual connectivity. In this contribution we investigate the possible impacts of dual connectivity on power control, in terms of open-loop, closed-loop power control, power headroom report and power scaling.

2. Open-loop Power Control
In legacy CA, UL power control operates independently for each component carrier (CC). The parameters for open-loop power control ( for both PUSCH and PUCCH, to set the operation point, and , the fractional pathloss compensation factor) are all CC-specific.  For dual connectivity, this CC-specific open-loop power control mechanism could be reused.
For pathloss estimation in CA, the pathloss reference for an UL CC is defined as follows:
· If it is the PCell, the pathloss reference is the PCell.
· If it is an SCell belonging to the primary TAG, the pathloss reference can be configured as either PCell or the SIB2-linked DL serving cell.
· If it is an SCell belonging to a secondary TAG, the pathloss reference is the SIB2-linked DL serving cell.
For dual connectivity, the existing mechanism can be reused. There are two alternatives to define the pathloss reference for cells in SeNB:
1. Define a counterpart of the PCell in the SeNB, which is the cell in the SeNB that carries PUCCH and we refer to as “primary SCell” for ease of description. The current definition of pathloss reference in CA can be completely reused for SeNB, except that PCell is replaced by “primary SCell”.
2. Always use the SIB2-linked DL cell as the pathloss reference.
Both alternatives would work well, but the first alternative is more consistent with the behaviour in CA.

3. Closed-loop Power Control

A new SCell PUCCH is introduced in dual connectivity (DC) (and possibly CA). Closed-loop (CL) power control for SCell PUCCH is still an open issue and should be specified to guarantee PUCCH performance. In the current specification for CA, the CL power control mechanism of PCell PUCCH is specified in Section 5.1.2.1 in [3] and the parameter  is obtained as follows: 
· 
 is a UE specific correction value, also referred to as a TPC command, included in a PDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D for the primary cell, or included in an EPDCCH with DCI format  1A/1B/1D/1/2A/2/2B/2C/2D for the primary cell, or sent jointly coded with other UE specific PUCCH correction values on a PDCCH with DCI format 3/3A whose CRC parity bits are scrambled with TPC-PUCCH-RNTI.
The power control of SCell PUCCH needs to be performed separately from that of PCell PUCCH due to independent channel variation of these two cells (located in different eNBs). In our companion contribution [4], we have considered the solutions of PUCCH resource allocation. Jointly with those proposals in [4], we further propose the solutions for CL power control of SCell PUCCH as follows: 
· TPC in DCI format 1A/1B/1D/1/2A/2/2B/2C/2D
· The TPC values in PDCCH/EPDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D on the DL SCell linked to the SCell with PUCCH (for FDD) or the SCell with PUCCH (for TDD), or with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D and DAI=1 on the TDD SCell with PUCCH for PUCCH format 3 are used for CL power control of Scell PUCCH. The PUCCH resource allocation of the corresponding PDSCH transmissions is implicitly determined by the solutions in [4] . 
· TPC in DCI 3/3A for multiple UEs
· If it is considered that it is necessary to support DCI 3/3A for the SeNB, the methods below can be considered for the CL power control of SCell PUCCH:
· Alt1: The TPC commands for PCell PUCCH and/or SCell PUCCH are concatenated and carried in one DCI 3/3A. The locations of TPC commands of PCell and/or SCell PUCCH are signaled via dedicated higher layer signaling
· Alt2: Use a separate DCI message with the same format as 3/3A but with a new TPC-PUCCH-RNTI in common search space (CSS) of PCell.
· Alt3: TDM transmission of the TPC values for PCell PUCCH and SCell PUCCH, e.g. at a frame level. 
· Alt4: Transmit the DCI 3/3A for CL power control of SCell PUCCH on the CCS of the DL CCs linked to the SCell with PUCCH (for FDD) or SCell with PUCCH (for TDD), and  require a DC UE to search CSS of an SCell. 
With the non-ideal backhaul between MeNB and SeNB for dual connectivity, it is preferred to decouple the TPC transmission of the two eNBs so that each eNB can operate independently. In this sense, Alt 4 may be more suitable. 
 

4. Power Headroom Report
In legacy CA, the PHR is measured and reported separately for each CC, which can be reused directly in dual connectivity.  There are a few aspects that would require enhancement and specification change to support dual connectivity:
· It would make sense to separate the PHR for MeNB and SeNB, with PHR for cells in MeNB sent to MeNB only, and PHR for cells in SeNB sent to SeNB only.
· The PHR triggering should be kept separate for MeNB and SeNB, including the triggering from path loss change and periodic timer.
· The prohibit timer is set per UE to control how often the PHR can be transmitted.  In dual connectivity, the two schedulers on MeNB and SeNB have no coordination generally.  Therefore two prohibit timers are beneficial for the PHRs to different eNBs.
· For PHR to the SeNB, a type 2 PHR would be necessary for the cell with PUCCH.
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5. Power Scaling
Due to the parallel UCI transmissions to MeNB and SeNB, there are three situations as follows to be considered for power scaling,
A. Simultaneous transmission of parallel PUCCHs to MeNB and SeNB
B. Simultaneous transmission of parallel PUSCHs carrying UCI to MeNB and SeNB
C. Simultaneous transmission of PUCCH to MeNB and PUSCH carrying UCI to SeNB
D. Simultaneous transmission of PUSCH carrying UCI to MeNB and PUCCH to SeNB
In all these cases, there could be other PUSCH transmissions carrying UL-SCH data (without UCI) to either MeNB or SeNB or both. UL power scaling depends on the priority of UCIs conveyed on multiple physical channels.  In this section, we provide three UL power scaling methods with different priority strategies of UCI, respectively.

1. Equal priority of the UCIs transmitted to MeNB and SeNB
Both the UCIs transmitted to small-cell eNB and macro-cell eNB can be very essential to the system so they are given the same priority.  With this strategy, UL power scaling rules are given as follows,
· For Situation A, the power is first scaled to the parallel PUCCHs and the remaining power is scaled to the multiple PUSCH carrying UL-SCH data.  The PUCCH power scaling can thus be expressed as

The PUSCH power scaling of the remaining power is expressed as


· For Situation B, the power is first assigned to the parallel PUSCHs carrying UCI to scale, before any power is assigned to any other PUSCH carrying UL-SCH data to be transmitted in parallel.  The power scaling for PUSCH carrying UCI or data are expressed respectively as follows,


where  denotes the -th PUSCH carrying UCI and  denotes the PUSCH carrying UL-SCH data transmitted on the -th CC.

· For Situation C and D, the power is first assigned to this PUCCH and PUSCH carrying UCI to scale, before any power is assigned to any other PUSCH carrying UL-SCH data to be transmitted in parallel.  The power scaling for the physical channels carrying UCI is expressed as

The PUSCH power scaling of the remainging power is expressed as

where  could enable the same power assignment to PUCCH and PUSCH carrying UCI.

2. Higher priority of the UCI transmitted to SeNB than those to MeNB
Considering the remarkable difference between the pathlosses from macro-cell and from small-cell, the power needed for the physical channels transmitted to the small-cell can be much smaller compared to the power needed for the physical channels transmitted to the macro-cell.  Therefore, it may be worth considering giving the UCI transmitted to SeNB higher priority than that to MeNB, from the viewpoint of power efficiency.  There are two alternatives as follows,
· Alt1:  The power is first assigned to the physical channels conveying UCI to the SeNB, then the physical channels convey UCI to the MeNB, before any power is assigned to any other PUSCH carrying UL-SCH data to be transmitted in parallel, i.e.,


where  denotes the physical channels (including PUCCH and PUSCH) carrying UCI to MeNB and  denotes the physical channels carrying UCI to SeNB.

· Alt2:  The power is first assigned to the physical channels conveying UCI to the SeNB, before the remaining power is scaled to the multiple PUSCH carrying data to the SeNB.  The power is then assigned to the physical channels carrying UCI to the MeNB, before the remaining power is scaled to the multiple PUSCH carrying data.  That is the physical channels connected to the SeNB have higher priority than those connected to the MeNB, regardless of carrying UCI or data, i.e., 



3. Higher priority of the UCI transmitted on PCell than those transmitted on SCell
Taking into account that most of control signaling (including RRC signaling) is transmitted from the PCell on MeNB, in this strategy, the priority of UCI depends on the priority of serving cells, regardless of MeNB or SeNB.  That is the UCI transmitted on PCell has higher priority over the UCI transmitted on SCell.   If both PUCCH and PUSCH with UCI are transmitted, it is assumed that the PUCCH has higher priority than the PUSCH carrying UCI.  Thus the power scaling for the physical channels carrying UCI can be expressed as,

The power scaling of the remaining PUSCH carrying data is expressed as,


6. Conclusions
In this contribution, we have discussed the possible impacts on UL power control due to the introduction of dual connectivity, in terms of open-loop, closed-loop, PHR and power scaling. 
These aspects need to be studied further in RAN1.
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