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1 Introduction

During the RAN1#59bis meeting and subsequent email discussion, further agreements on power control for carrier aggregation have been made [1] and were communicated to RAN4 and RAN2 [2]: 
From the offline/email discussion summary [1]:

Max power scaling

· Starting point:

· PUCCH power is prioritised; remaining power may be used by PUSCH (i.e. PUSCH power is scaled down first, maybe to zero)

· scaling is per channel

· Not to reduce power of PUSCH with UCI should be considered

· Detailed formula is FFS

From the LS to RAN4 [2]:

· Max power scaling

· Starting point:

· PUCCH power is prioritised; remaining power may be used by PUSCH (i.e. PUSCH power is scaled down first, maybe to zero)

· scaling is per channel

· Detailed formula is FFS

From the LS response from RAN4 [6]
· RAN4 would like to point out that power differences between component carriers can be expected especially in an inter-band scenario due to the different path losses. However RAN4 has not yet carried out any analysis to quantify the power difference between component carriers in different scenarios.

This contribution discusses remaining aspects on the uplink power control formulas and maximum power scaling.
2 Discussion

According to the current agreements, PUCCH is transmitted on one component carrier, the power control parameters are component carrier specific and the maximum power scaling should be done per channel, with priority of PUCCH over PUSCH transmission. Furthermore, transmission of UCI should be prioritized over remaining PUSCH transmission on other component carriers. 
Thus, the power control formula for PUCCH does not need any modifications compared to Release 8.

The power control formula for PUSCH on component carrier c can be expressed as:
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(1)
where
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P

is the power used for transmission of PUCCH (if present on component carrier c).
In addition, the transmit power on each component carrier has to be scaled such that the total transmit power falls below the maximum UE transmit power. To facilitate that, the UE scales the weighted sum the transmit power for all PUSCH, by calculating a scaling factor s that fulfils the following relation.
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(2)
For the component carrier that contains UCI transmission on PUSCH, the UE uses a specific weight factor 
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= 1/s, i.e. no power scaling is applied to UCI on PUSCH. No prioritisation is foreseen between other component carriers not containing UCI on PUSCH, so the UE should scale the power on these carriers equally, using 
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= 1 for these component carriers. Together, equations (1) and (2) describe the maximum power scaling including the prioritization between PUCCH and PUSCH.

Proposal: Maximum power scaling is performed according to equations (1) and (2). 

As RAN4 is currently analysing the impact on power differences between component carriers [6], the formulas may need to be revisited once RAN4 has finalised their discussions.
3 Conclusion
This contribution discussed remaining aspects on the uplink power control formulas for carrier aggregation, including maximum power scaling. It is proposed that RAN1 discusses and agrees on that the uplink power control and maximum power scaling is performed according to equations (1) and (2).
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