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1. Introduction

In RAN1#60bis [1] it was agreed that the power control formula for PUCCH is expressed as:
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where PCMAX,c is the carrier-specific maximum transmit power, while the power control formula for PUSCH on component carrier c is either expressed as (if PUCCH is present on the corresponding CC):
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or as (if PUCCH is not present on the corresponding CC):
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Then, if the total transmit power exceeds the UE maximum transmission power PCMAX , the UE scales the transmit power of each PUSCH such that:
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where wc is a scaling factor for PUSCH on carrier c. In RAN1#60bis the details of wc were left FFS (including whether the scaling is autonomous by the UE). In this contribution we discuss such details, and propose a way to determine the scaling factor wc when the UE maximum transmission power is exceeded.
2. Power scaling
First, in order not to decrease the reliability of uplink control information (UCI) we propose not to apply any power reduction on the CCs transmitting PUSCH with UCI, i.e. wc = 1 for CCs carrying PUSCH with UCI.

Proposal 1: No power reduction is applied on CCs transmitting PUSCH with UCI, i.e. wc = 1 for CCs carrying PUSCH with UCI. 

Now, for CCs transmitting PUSCH w/o UCI one possibility is to apply the same relative power reduction (after truncation). In this case the same scaling factor w is applied on all CCs carrying PUSCH w/o UCI.
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where CUCI and CnoUCI are the set of CCs transmitting PUSCH with and w/o UCI, respectively. The power reduction rule in (5) is probably the most straightforward way to obtain the scaling factors wc. However, it has the disadvantage that the effective power reduction (when also considering power truncation in the CC-specific PC formula) can be larger on those CCs for which the allocated transmission power exceeds the CC-specific maximum transmission power.
Therefore we propose a power scaling scheme that achieves same relative power reduction (including power truncation) on CCs carrying PUSCH w/o UCI. 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 
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. Solving the system in (6):
	
[image: image8.wmf](

)

c

PUSCH

c

PUSCH

C

k

k

PUSCH

C

k

k

PUSCH

CMAX

c

P

P

P

P

i

P

P

w

noUCI

UCI

,

,

,

,

PUCCH

~

~

×

-

-

=

å

å

Î

Î


	  EQ (7)


Notice that the power scaling rule in (7) is equal to the one in (5) if P̃PUSCH,c = PPUSCH,c ( c(CnoUCI (i.e. no power truncation is applied). On the other hand, with (7) the block error rate (BLER) is maintained as close as possible to the BLER target on all CCs also in cases where power truncation is applied on at least one of the active CCs. This is because link adaptation at the eNodeB is performed assuming that the UE will transmit with the allocated transmission power P̃PUSCH,c. 
Moreover, always penalizing the transmission on one CC can result in the corresponding transport block not to be correctly received even after several retransmissions. 

Therefore, based on the considerations above we propose that the UE autonomously determines the scaling factors to be applied to CCs carrying PUSCH w/o UCI as expressed in (7); i.e., same relative power reduction (including power truncation) on different CCs carrying PUSCH w/o UCI.
Proposal 2: the UE autonomously determines the scaling factors to be applied to CCs carrying PUSCH w/o UCI as expressed in (7); i.e., same relative power reduction (including power truncation) on different CCs carrying PUSCH w/o UCI.
3. Conclusion
In this contribution we discuss power reduction rule for uplink carrier aggregation in LTE-Advanced, and recommend agreeing on the following proposals:
Proposal 1: No power reduction is applied on CCs transmitting PUSCH with UCI, i.e. wc = 1 for CCs carrying PUSCH with UCI.
Proposal 2: the UE autonomously determines the scaling factors to be applied to CCs carrying PUSCH w/o UCI as expressed in (7); i.e., same relative power reduction (including power truncation) on different CCs carrying PUSCH w/o UCI.
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