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1
Introduction
Support of dual connectivity is a part of Rel-12 and RAN 1/2 have already made some decisions to enable dual connectivity operation. In this document we address power control questions related to the lower layer operation in dual connectivity.
2
Power Control for Dual Connectivity
2.1
Power Sharing and Power Headroom Reporting (PHR)
When the MeNB and SeNB operate independently and are connected via a non-ideal backhaul, their scheduling decisions cannot be coordinated at the subframe level. It is therefore not feasible for an eNB to obtain an accurate and instantaneous information of the transmit power required by the cell group of the other eNB.  

This scenario could lead to a situation in which both eNBs attempt to raise the UE transmit power concurrently and cause the UE to exceed its maximum transmit power capability. Note that, in Rel. 10/11 CA, the scheduling decisions can be jointly coordinated across all cells within the eNB and the issue can be mitigated to a large extent. 

A simple approach to avoid such problem in dual connectivity is to define a maximum transmit power for each of the MCG/MeNB and SCG/SeNB. Thus, each eNB is allocated a share of the maximum power, applicable to the cell group of the eNB.  The eNBs can coordinate their required share in semi-static fashion. To enable eNBs to coordinate and update their share of UE’s transmit power, the PHR includes power headroom information of all activated cells for a UE.

A potential drawback of the semi-static per cell group power configuration is that it does not reflect instantaneous scheduling conditions for the UE on a given subframe. For example, if the UE strictly follows the configured value for a cell group, it could unnecessarily limit its transmission power in a subframe in which only one eNB is active, while still having sufficient power. To avoid performance impact in such scenarios, the UE should be allowed to utilize any unused power remaining from transmissions to one eNB towards satisfying the power requirement of the transmissions to the other eNB. This flexibility can be straightforwardly implemented for the synchronous operation between MeNB and SeNB, and we believe that the dynamic power sharing is necessary for synchronous operation.

Proposal 1:
UE dynamic power sharing among transmissions to eNBs, in the case where the eNBs are synchronized, is supported.

The asynchronous operation would require additional consideration, as it has the impact on UE processing timeline. The further UE processing time reduction puts an additional strain at the UE implementation without the proven benefits of the scheme that imposes the processing time reduction. Also, the strain becomes even more significant with ePDCCH configuration, where the timeline is even more shrunk due to the delay ePDCCH introduces with respect to PDCCH. Additional timeline problems by incurring the UE processing time reduction would be faced with eIMTA operation.
Proposal 2:
UE dynamic power sharing among transmissions to eNBs, in the case where the eNBs are not synchronized, is not supported.

Note, however, that the same solution can be adopted for both synchronous and asynchronous operation, and dynamic sharing for synchronous case could be enabled by configuration. In particular, the solution that would facilitate that is: PMeNB+ PSeNB ≥ PCMAX, where PMeNB  and PSeNB are semi-statically signaled. With the choice of parameters for synchronous operation such that PMeNB+ PSeNB > PCMAX the dynamic power sharing would be enabled, while for the asynchronous case the choice of parameters such that PMeNB+ PSeNB = PCMAX would preserve the current UE processing budget and remove the need for handling the partial overlap.
Proposal 3:
Common approach for synchronous and asynchronous operation is applied, with unique configuration parameters for each case:

· For synchronous operation: PMeNB+ PSeNB > PCMAX
· For asynchronous operation: PMeNB+ PSeNB = PCMAX
Additionally, when it is well in advance known (e.g. by semi-static configuration) that there will not be no UL transmission to the one of the eNBs, the UL transmissions to the other eNB could utilize all available power, i.e. PeNB = PCMAX. Such scenario would occur when MeNB and SeNB have cells that are TDD and FDD or TDD and TDD with different UL-DL configuration. In that case it is in advance known when (which TTI) the TDD cell would have DL transmission, and hence would not utilize any power for UL transmission (which in turn could be fully utilized for UL transmission to the other eNB). Another scenario, regardless of whether the cells are TDD or FDD, where this principle could provide benefit is when UE is in DRX inactive mode with respect to one eNB or one eNB is in off state.
Proposal 4:
When it is well in advance known (e.g. by semi-static configuration) that there will not be no UL transmission to the one of the eNBs, the UL transmissions to the other eNB could utilize all available power, i.e. PeNB = PCMAX.
2.2
Power Scaling in Power Limited Scenario
In Rel-10/11 in terms of power allocation PUCCH is prioritized over PUSCH, and PUSCH carrying UCI is prioritized over PUSCH without UCI. If a UE is power limited, power is distributed according to the priority, and multiple PUSCHs are uniformly power scaled.

In the case of dual connectivity it is possible to have two PUCCHs and/or two PUSCHs with UCI. Similar approach as in the Rel-10/11 can be taken here, applying the existing rules within each cell group. However, it is also possible to think of prioritization across the cell groups. Namely, both PUCCHs are prioritized over PUSCH transmissions, and both PUSCHs with UCI are prioritized over all PUSCHs without UCI. All PUSCHs could be uniformly scaled. This channel prioritization approach across eNBs in dual connectivity alleviates the rigidness of power splitting between eNBs for UE transmission and helps the channels carrying control information on UL. However, in the case of UE power limitation, prioritization of channels across eNBs could introduce a mismatch of how the eNB budgeted the power for PUSCH and accordingly scheduled, and how much power UE would actually have to devote to it. 
In the synchronized case the following scenarios could be considered:

1) The required Tx power to transmit to each eNB does not exceed the configured max Tx power for that eNB, but the total power exceeds the PCMAX 

· In this case the prioritization rules could consider prioritization of channels across eNBs, e.g. give highest priority to PUCCH of MeNB, then PUCCH of pSeNB, then PUSCH with UCI on MeNB, …

2) UE is in the power limited scenario with respect to one eNB (i.e. required Tx power to transmit to that eNB exceeds the configured max Tx power for that eNB) and is not power limited with respect to the other eNB

· UE applies scaling rules to transmissions to the power limited eNB according to the Rel-10/11 with respect to the corresponding PeNB
· If after scaling the total required power to both eNBs exceeds the PCMAX, the additional scaling as in 1) can be performed
3) UE is in the power limited scenario with respect to both eNBs (i.e. required Tx power to transmit to an eNB exceeds the configured max Tx power for that eNB) 

· UE applies scaling rules to transmissions to both power limited eNBs according to the Rel-10/11 independently, with respect to the corresponding PeNB
· If after scaling the total required power to both eNBs exceeds the PCMAX, the additional scaling as in 1) can be performed.

In the asynchronous case, since we propose defining the configuration of parameters such that PMeNB+ PSeNB = PCMAX (implying that for each eNB, UE would have semi-statically configured max transmit power with the total not exceeding the total configured maximum output power for a given subframe (PCMAX)), the power management would be done independently for each eNB. Since there is no dynamic power sharing among the eNBs, the power control mechanism and determination of power limitation is significantly simplified. The power limitation would be determined independently for each eNB, by comparing the total transmit power to one eNB with the corresponding configured max transmit power level. The scaling and prioritization rules of rel-10/11 CA are directly applicable per eNB.
Proposal 5:
In the synchronous eNB case, the power limitation is considered for the following cases:
1) The required Tx power to transmit to each eNB does not exceed the configured max Tx power for that eNB, but the total power exceeds the PCMAX 

· The prioritization of channels is done across eNBs

· PUCCH of MeNB

· PUCCH of pSeNB

· PUSCH with UCI on MeNB

· PUSCH with UCI on SeNB

· PUSCH without UCI
· Uniform scaling across PUSCHs without UCI is performed
2) UE is in the power limited scenario with respect to one eNB (i.e. required Tx power to transmit to that eNB exceeds the configured max Tx power for that eNB) and is not power limited with respect to the other eNB

· UE applies prioritization and scaling rules to transmissions to the power limited eNB according to the Rel-10/11 with respect to the corresponding PeNB
· If after scaling the total required power to both eNBs exceeds the PCMAX, the additional prioritization and scaling as in 1) can be performed
3) UE is in the power limited scenario with respect to both eNBs (i.e. required Tx power to transmit to an eNB exceeds the configured max Tx power for that eNB) 

· UE applies prioritization and scaling rules to transmissions to both power limited eNBs according to the Rel-10/11 independently, with respect to the corresponding PeNB
· If after scaling the total required power to both eNBs exceeds the PCMAX, the additional prioritization and scaling as in 1) can be performed.

Proposal 6:
In the asynchronous eNB case, the power limitation is determined independently for each eNB, by comparing the total transmit power to one eNB with the corresponding configured max transmit power level. The scaling and prioritization rules of rel-10/11 CA are directly applicable per eNB.

3
Conclusions 
Based on the discussion presented in the paper, to support the dual connectivity operation we propose the following:
Proposal 1:
UE dynamic power sharing among transmissions to eNBs, in the case where the eNBs are synchronized, is supported.

Proposal 2:
UE dynamic power sharing among transmissions to eNBs, in the case where the eNBs are not synchronized, is not supported.

Proposal 3:
Common approach for synchronous and asynchronous operation is applied, with unique configuration parameters for each case:

· For synchronous operation: PMeNB+ PSeNB > PCMAX
· For asynchronous operation: PMeNB+ PSeNB = PCMAX.
Proposal 4:
When it is well in advance known (e.g. by semi-static configuration) that there will not be no UL transmission to the one of the eNBs, the UL transmissions to the other eNB could utilize all available power, i.e. PeNB = PCMAX.
Proposal 5:
In the synchronous eNB case, the power limitation is considered for the following cases:

1) UE required Tx power to transmit to each eNB does not exceed the configured max Tx power for that eNB, but the total power exceeds the PCMAX 

· The prioritization of channels is done across eNBs

· PUCCH of MeNB

· PUCCH of pSeNB

· PUSCH with UCI on MeNB

· PUSCH with UCI on SeNB

· PUSCH without UCI
· Uniform scaling across PUSCHs without UCI is performed
2) UE is in the power limited scenario with respect to one eNB (i.e. required Tx power to transmit to that eNB exceeds the configured max Tx power for that eNB) and is not power limited with respect to the other eNB

· UE applies prioritization and scaling rules to transmissions to the power limited eNB according to the Rel-10/11 with respect to the corresponding PeNB
· If after scaling the total required power to both eNBs exceeds the PCMAX, the additional prioritization and scaling as in 1) can be performed
3) UE is in the power limited scenario with respect to both eNBs (i.e. required Tx power to transmit to an eNB exceeds the configured max Tx power for that eNB) 

· UE applies prioritization and scaling rules to transmissions to both power limited eNBs according to the Rel-10/11 independently, with respect to the corresponding PeNB
· If after scaling the total required power to both eNBs exceeds the PCMAX, the additional prioritization and scaling as in 1) can be performed.

Proposal 6:
In the asynchronous eNB case, the power limitation is determined independently for each eNB, by comparing the total transmit power to one eNB with the corresponding configured max transmit power level. The scaling and prioritization rules of rel-10/11 CA are directly applicable per eNB.
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