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1 Introduction 
LTE-A BW Extension will allow for carrier aggregation by the use of more than one component carrier (CC) in the DL and UL directions. Carrier aggregation supports both contiguous and non-contiguous resource allocation scenarios, and also allows for multiple CCs to be located in different bands. In uplink, UE may transmit on multiple carriers simultaneously, which is different from the current LTE uplink transmission.

The power control design for LTE-A UL is required to take into account the new LTE-A features which were not considered in LTE Release 8. It is desirable that the LTE-A power control is based on the LTE power control with preferably minimal, modification of applicable parameters and their signalling and UE behaviour for each UL physical channel transmission in LTE-A. This contribution introduces the CC specific power control in UL carrier aggregation and its related power control issues to be considered in LTE-A scenario. Especially when concerning joint scheduling and joint processing across CC [3], power control for CA should fully compensate the path loss difference due to the frequency separation.

2 PUSCH power control in LTE
In Rel’8 LTE uplink the UE sets its transmission power on PUSCH according to the standardized power control formula [1]:
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· 
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is the maximum UE power which depends on the UE class
· 
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is the bandwidth of the PUSCH assignment expressed in number of resource blocks

· 
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 is a parameter composed of the sum of a cell-specific nominal component and a UE-specific component provided by higher layers 

· PL is the downlink path loss derived at the UE based on RSRP measurements
· 
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 is the offset with respect to the transport format
· 
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 is closed loop PC commands signalled from e-NB to the UE
· The function f () indicates whether closed loop commands are relative accumulative or absolute.  f () is signalled to the UE via higher layers 
3 CC-specific PUSCH power control

When carrier aggregation is supported, CC-specific power control is expected for non-contiguous channel-aggregation due to potentially quite different propagation conditions on different CCs. On the other hand, CC-specific power control might also be needed with contiguous channel aggregation due to different MCS levels and frequency-time resources. The 
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 values per carrier would be closely related to the scheduling and MCS selection results for each carrier.
For LTE-Advanced, the proposal is to define a similar PUSCH power control formula as in Rel’8, but having some of the parameters component carrier specific, e.g. using the formula:
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where, 

· M PUSCH (i) is the number of allocated resource blocks for component carrier i. 

· PL (i) is the estimated path loss for component carrier i.
· P0_PUSCH(i)  and (i)  are the component carrier specific open loop power control parameters.

· 
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 is the closed loop PC command.
Path loss measurement:
In [1], it is indicated that CC-specific path loss measurements are not necessary, the UE could perform measurements on a single CC (j), where j may be the index to the anchor carrier, and derive the path loss for other component carriers using a CC-specific offset 
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 signalled from the network as
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. eNode-B may have knowledge of the frequency separation between component carriers and of the corresponding difference in propagation conditions [4]. However, [2] suggests that the frequency separation among CCs is just one of the many contributing factors to the path-loss differences among CCs and 
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 may depend on UE-specific operating environment in practice. Furthermore, our view is that since LTE-A specifications should be agnostic to how CCs are aggregated. In consideration of these, it is preferable to perform RSRP measurement on a per DL carrier basis.
Compensation between UL and DL CCs in asymmetric UL/DL spectrum requires further study.
Uplink PUSCH power control rule: 
In [1] and [2], CC-specific power control similar to Equation (2) is proposed. In this document, we further propose that the path loss difference PL(Δf) which is purely caused by the frequency separation Δf, should be fully compensated in the transmission power control formula in order to enable joint multi-CC scheduling and joint processing across multi-CC[3]. 
In the current form, the PL(i) in different CCs are compensated by α(i), the PL difference PL(Δf) caused by the frequency separation could not be fully compensated unless α(i)=1. This may introduce unfairness among CCs when eNB perform joint scheduling across CC; the received power on the carrier with large path loss may be smaller. Therefore, we propose to fully compensate the CC-specific PLPL(Δf) factor relative to the anchor CC, by modifying the fractional power control part as α(i)（PL(i)- PL(Δf)）+ PL(Δf), resulting in the modified power control formula: 
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The CC-specific offset may be calculated in different specified propagation environments [5] corresponding to different deployment scenarios [4].
4 Transmit power Scaling
Since each UE terminal has its own maximum transmit power limitation
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, power scaling strategy is necessary to reduce the transmit power of some or all CCs when the sum power is larger than
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. In this proposal, we propose two candidate options as follows.

Option 1: Reduce the transmit power of each CC by an equal percentage as follows. 
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Option 2: Reduce the transmit power of each CC according to its relative power efficiency. The CC with lower power efficiency reduces the larger transmit power and vice versa. This option can obtain better performance from capacity perspective using a power scaling strategy which is similar to water-filling algorithm.

It is worth noting that the basic rule of these two options is to fully compensate the path loss difference due to the carrier frequency separation of multiple CCs during power reduction in order to ensure the fairness among multiple CCs.

5 Conclusion

This contribution introduces the CC specific power control in UL carrier aggregation and proposes to fully compensate the path loss difference due to the frequency separation. We propose power scaling strategies for aggregated carriers when the sum power exceeds the maximum limitation.
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