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1 Introduction

RAN1#60bis agreed on the WF for UL power control [1], which also includes PUSCH power scaling:

· PUSCH power scaling

· If the total transmit power exceeds the UE max transmit 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.

· The details of wc are FFS (including whether the scaling is autonomous by the UE)

· Equal power scaling is applied to all PUSCH clusters on a given CC. 
· Handling of power differences between component carriers and between the PUCCH and the PUSCH on the same CC is FFS depending on RAN4 decision

· Path loss offset handling due to DL measurement limitation is FFS depending on RAN4 decision.

RAN1 and RAN2 had related discussions and following agreements have been made.
· RAN2 agreements: 

· CC's are "just" additional resources.  UL scheduling will assume we do not have different QOS (delay/loss) on different CC's.

· RAN2 assumption is that also in the power limited case, all UL CC's will roughly have the same UL QOS.

· RAN1 agreements:

· PUSCH with UCI is prioritized over PUSCH without UCI (i.e. power of PUSCH without UCI is scaled down first, maybe to zero)

· i.e. Priority order is as follows:

· PUCCH > PUSCH with UCI > PUSCH without UCI

· Prioritization is regardless of same or different CCs.

Combined, these two agreements result in the following principles:

· In general, UE can assume all UL CCs will have roughly the same UL QoS

· If UCI is transmitted on PUSCH, the power of the PUSCH CCs without UCI is scaled down first

This contribution focuses on the PUSCH power scaling, in particular on the details of the PUSCH power scaling factor wc.
2 Discussion

Transmission of critical control signaling, in particular RRC signaling, is crucial even in power limited situations, and the case where there is UCI transmitted in a power limited subframe as well as the case where no UCI is transmitted in a power limited subframe need to be considered closer.
2.1 Power limited subframe with UCI on PUSCH
In this case PUSCH will be transmitted on multiple CCs and one of the CCs carries also UCI on PUSCH. The UE will according to RAN1 agreements prioritize the CC with UCI on PUSCH and according to RAN1 and RAN2 agreements treat all other CCs in the same way, i.e. scale the power of the CCs without UCI on PUSCH equally. It is up to the UE on which CCs to multiplex important information, and we can assume that a smart UE implementation may multiplex RRC information on the most suitable CC(s), as e.g. in Figure 1 and 2. 


[image: image1]
Figure 1: UE maps RRC on the CC with UCI on PUSCH in a power limited subframe
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Figure 2: UE maps RRC on multiple CCs in a power limited subframe
2.2 Power limited subframe without UCI on PUSCH
In this case only PUSCH will be transmitted on one or multiple CCs, and the UE will according to RAN1 and RAN2 agreements treat all CCs in the same way, i.e. scale the power of the CCs equally. It is up to the UE on which CCs to multiplex important information, and we can assume that a smart UE implementation may multiplex RRC information into the most suitable CC(s), as e.g. in Figure 3 and 4. 

[image: image3]
Figure 3: UE maps RRC on a CC without UCI on PUSCH in a power limited subframe

[image: image4]
Figure 4: UE maps RRC on multiple CCs without UCI on PUSCH in a power limited subframe
2.3 Power scaling factor wc
In case of power limitation, the UE scales the CCs, by calculating a scaling factor wc that fulfils the following relation. 
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For the component carrier that contains UCI transmission on PUSCH in the current subframe, the UE uses a specific weight factor 
[image: image6.wmf]c
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= 1, i.e. no power scaling is applied to UCI on PUSCH in this subframe. For all other component carriers, the UE calculates a common weight factor wc to facilitate equal scaling on these component carriers.
We note that RAN4 is currently analysing the impact on power differences between component carriers [2], the power scaling formula may need to be revisited once RAN4 has finalised their discussions.
3 Conclusion
This contribution discussed the power scaling in presence of critical control signaling, and we conclude that the UE should scale PUSCH equally on CCs that do not contain UCI on PUSCH.
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