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Discussion and Decision
1 Introduction
During RAN1#60bis, the following decisions were made on UL power control and power scaling.

Agreement: 

· 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.
· Note it is FFS whether it is possible to transmit PUCCH and PUSCH with UCI simultaneously.
Further offline discussion took place during the week. This contribution summarizes the outcome of the offline discussion.
2 Discussion
Power control formula
Power control formula with carrier aggregation was discussed. The CC-specific power control is applied. 

The power control formula for PUCCH is expressed as
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 (Eq. 1)
where 
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 is the carrier specific transmit power. It was suggested that with proper eNB configuration, CC-specific UE transmit power is smaller than UE total transmit power. Therefore, only CC-specific transmit power limit is sufficient to describe the power limit in the PUCCH PC formula.
Power control formula for PUSCH on component carrier c is expressed as
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 (Eq. 2)
if PUCCH is simultaneously present and
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  (Eq.  3)
if PUCCH is not present.

· Path loss offset handling due to downlink measurement limitation is FFS depending on RAN4 decision. 
The following issues were also discussed however no agreement was reached.  
· Impact of UL Tx diversity on PUCCH PC was discussed but no agreement was reached. Further discussion is needed.

Power scaling

There was discussion on whether to specify power scaling formula or power scaling requirements. In general, participants of offline discussion converged to a general requirement rule:

If the total transmit power exceeds the UE max transmit power
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, the UE scales the transmit power of each PUSCH such that
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(Eq.  4)
is satisfied, where 
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 is a scaling factor for carrier c. The details of scaling factor 
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are FFS. 
· 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.
There was further discussion related to power scaling but no agreement was reached:
· It is generally understood that the scaling factor depends on a component calculated by UE (depending on PUCCH transmit power) and a weighting factor depending on PUSCH priorities.

· There was discussion on carrier specific scaling factor, however it was suggested that due to RAN2 decision not to support QoS for CCs, CC-specific power scaling factor need not be supported. Most companies who expressed their views suggested that this decision will imply equal power scaling among PUSCHs with equal priority and different weightings would mainly imply priorities between PUSCH with UCI and PUSCH without UCI. Samsung suggested that this should be further discussed as part of details scaling factor calculation to allow maximum spectral efficiency.

· It was also suggested that some prioritization among UCIs multiplexed in PUSCH needs to be supported, for example to allow priority for A/N or SR over CQI. 

· Companies could not agree on whether PUSCH with UCI should be scaled or not. An example is when PUCCH (A/N) is present in one carrier and PUSCH with UCI (CQI) is present in the other carrier, in which case scaling of PUSCH with UCI seems necessary.

· Motorola suggested to include “the UE may set 
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 to 0 depending on UE implementation in power limited case” to allow UE DTX of certain carriers. However there was concern expressed by network vendors due to eNB scheduling uncertainly and if possible, UE DTX should be limited. A suggestion was made to limit the DTX only for small transmit power case. Further clarification is needed regarding the UE behavior.
· Nokia suggested an alternative power scaling approach by first applying UE-specific power scaling followed by CC-specific power scaling. It was pointed out that this is may result in under-utilization of available power, unless additional power up-scaling of power is allowed. This approach is more complex and the benefit is not clearly demonstrated.

· It was also suggested that among PUSCH with different UCIs (CQI, A/N, SR), some prioritization may be needed for power scaling.
· Two companies (Motorola, RIM) pointed out RAN2 agreement not to support QoS for CCs. Motorola raised a question whether the QoS means service-specific (VoIP vs BE data) or whether it includes PUSCH priorities with different UCIs that RAN1 is discussing. Some further discussion is needed whether RAN2 decision might impact RAN1 agreements on PUSCH priotization with UCI. 

· It was felt that allowed UL channel combinations for both carrier aggregations and simultaneous PUCCH with PUSCH are unclear and discussion is needed to further progress power scaling. Some examples are
· Simultaneous transmission of PUCCH on one carrier and PUSCH+UCI on another carrier
· Multiple PUSCHs with UCI
· PUSCH with UCI and PUSCH without UCI
A Way Forward was submitted to RAN1 by supporting companies [1] for consideration.
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RAN2 Agreement:


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


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