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1. Introduction

In this contribution we address the remaining issues on uplink power control:

· In RAN1#61, in the agreed way forward on power scaling in case of power limitation ‎[1], it was not clarified whether “equal” power scaling is relative to the allocated transmission power after or before power truncation is applied in the CC-specific PC formula ‎[2]
· Power control for multiple antenna transmission
· Need for cross-carrier power control using DCI format 3/3A.
· Initial value of f(i) in the power control formula on SCell(s) 
2. Power scaling 
The agreed way forward in ‎[1] states that “the UE shall scale the power of all PUSCHs without UCI equally”. However, it is not specified whether the scaling is with respect to power allocation indicated in the UL grant (i.e. before truncation is applied by the CC-specific power control formula) or to the power level after the CC-specific power control formula is applied (i.e. after truncation). If left unspecified this might cause significant differences in the UE behaviour, which is not desirable from a network operator perspective. Therefore, we propose that RAN1 agrees to standardize one of the abovementioned approaches.

In order to analyze the differences between the possible interpretations of “equal power scaling”, we first introduce a few definitions. The PUCCH transmission power on the PCell when PUCCH is transmitted can be expressed as:
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The power control formula for PUSCH on component carrier c is either expressed as (if c = PCell and PUCCH is transmitted on PCell) ‎[2]:
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or as (if c = SCell or c = PCell but PUCCH is not transmitted):
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If the total transmission power exceeds the UE maximum transmission power PPowerClass, then the UE should scale the transmit power of each PUSCH with no UCI such that:
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where CUCI and CnoUCI are the set of CCs transmitting PUSCH with and without UCI, respectively, while wc is a scaling factor for PUSCH on component carrier c. In case of equal power reduction after truncation the same scaling factor w is applied on all CCs carrying PUSCH with no UCI:
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The power reduction rule in (8) is the most straightforward way to apply “equal power scaling”. However, it has the disadvantage that the effective power reduction (when also considering power truncation in the CC-specific PC formula) might be larger on those CCs for which the allocated transmission power exceeds the CC-specific maximum transmission power. Therefore we also discuss a power reduction scheme which aims at achieving equal power scaling on CCs carrying PUSCH with no UCI when also taking into account power truncation. In this case the scaling factors wc can be obtained imposing the following constraints:
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where K is a constant value, and P̃PUSCH,c (i) is expressed as in (1). Solving the system in (9):
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Note that the power scaling rule in (10) might in some cases result in a positive power scaling factor on one or several CCs. Obviously the UE should not apply positive scaling, but in this case it should solve the system in (9) once again, but setting wc=1 in correspondence of those CCs which resulted in a positive power scaling factor during the previous iteration(s). This procedure must be repeated until wc≤1 for all CCs.

Note that the power scaling rule in (10) and (8) are exactly the same if P̃PUSCH,c = PPUSCH,c ( c(CnoUCI (i.e. no power truncation is applied). However, with (10) the block error rate (BLER) is maintained as close as possible to the BLER target on all the CCs also in cases where power truncation is applied on at least one of the active CCs. This is because link adaptation at the eNB is typically performed assuming that the UE will transmit with the allocated transmission power P̃PUSCH,c. Moreover, always penalizing the transmission on one CC might result in the corresponding transport block not being correctly received even after several retransmissions. 

On the other hand, the power reduction rule in (10) is slightly more complex since in some cases it can require a few iterations to derive the power scaling factors to be applied.

Based on the considerations above we propose that RAN1 discusses the advantages and disadvantages of the power reductions rules described in (8) and (10), and agrees one of the two approaches.
Proposal 1: RAN1 should discuss the advantages and disadvantages of the power reductions rules described in (8) and (10), and agree on one of the two approaches (i.e. whether equal power scaling should be interpreted with respect to the power level before or after power truncation is applied by the CC-specific PC formula).

3. Power control with multiple antennas 
In previous meetings, there has been several contributions ‎[3]-‎[8] addressing power control in the case of multiple transmit antennas at UE. Discussion has focused on the need for per-antenna or per-CW power control and particularly on antenna specific TCP commands as well as on antenna specific PL compensation. 

In ‎[8], compensation of AGI with antenna specific PL  in the PC formula is studied with system level simulations. In the case of 10 dB AGI, 7-11% increase in cell throughput was achieved at the price of around 2.5 – 5 dB increase in the median transmission power. Smaller throughput gains are reported with smaller AGI values. Clearly, as concluded in ‎[8], the trade-off between achieved throughput gains and increased UE power consumption must be carefully considered. 

In ‎[3], sources for AGI are discussed as well as impact of AGI compensation on UE battery consumption is considered. It is concluded that AGI compensation has marginal impact on PA current at low transmission powers and that AGI compensation is a viable option at low transmission powers. It is also stated that several sources of AGI cannot be tackled with open loop path loss compensation and AGI compensation with low signaling rate is proposed. 

In the results shown both in ‎[3] and ‎[8], transmission power is increased for the antenna with larger path loss (including AGI). However, it is well known from theory that more transmission power should be allocated to the antenna with smaller path loss as long as maximum PA power or MCS are not limiting factors. This aspect is considered with link level simulations in ‎[6] and the gains from antenna specific power control are noted to be insufficient  to justify additional downlink control signaling.

In short, contradictory views on antenna specific PC is presented. The gains achievable with antenna specific PC, when impact on UE battery consumption is taken into account, and even the basic principles of antenna specific PC remain currently unclear. Hence we propose that antenna specific PC is studied further but as working assumption, antenna specific power control, either closed or open loop components, is not included to Rel’10.

Proposal 2: antenna specific PC is studied further, but as working assumption in RAN1, antenna specific power control (either closed or open loop components) is not included to Rel’10.
4. Other open issues 
The main motivations to support cross-carrier power control using DCI format 3/3A have been power control for SPS and SRS. However, SPS is only transmitted on PCell. Moreover, we believe that in case SRS is configured on SCell(s) it is likely that the eNB needs to schedule the UE on the corresponding CC. Therefore we do not see the need to support cross-carrier power control using DCI format 3/3A in Rel’10.
Proposal 3: No need to support cross-carrier power control using DCI format 3/3A in Rel’10.

Another open issue is the initial value of f(i) to be used in the CC-specific power control formula on SCell. In case of PCell the first value of f(i) is set during the RACH procedure, but for SCells there is no RACH. Therefore we propose to use as initial value for SCells the value of f(i) that is currently used in the PCell.

Proposal 4: the value of f(i) that is currently used in the CC-.specific PC formula on PCell is used as initial value of f(i) for the SCell(s).

5. Conclusion 
In this contribution we have discussed remaining issues on uplink power control. Based on the presented considerations we make the following proposals: 
Proposal 1: RAN1 should discuss the advantages and disadvantages of the power reductions rules described in (8) and (10), and agree on one of the two approaches (i.e. whether equal power scaling should be interpreted with respect to the power level before or after power truncation is applied by the CC-specific PC formula).
Proposal 2: antenna specific PC is studied further, but as working assumption in RAN1, antenna specific power control (either closed or open loop components) is not included to Rel’10.
Proposal 3: No need to support cross-carrier power control using DCI format 3/3A in Rel’10.

Proposal 4: the value of f(i) that is currently used in the CC-.specific PC formula on PCell is used as initial value of f(i) for the SCell(s).
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