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1 Introduction 
It was agreed in RAN1-58bis that the scope of uplink power control in LTE-A is similar to Rel’8:

· Mainly compensate for slow-varying channel conditions while reducing the interference generated towards neighboring cells.

· Fractional power control or full path-loss compensation is used on PUSCH and full path-loss compensation on PUCCH.

When performing joint scheduling and joint processing across component carriers (CC) [1], power control for CA should fully compensate the path loss difference due to the frequency separation [2]. Considering the path loss compensation, there are still some related issues to be solved. This contribution introduces the path loss measurement and the power scaling strategies for PUSCH and PUCCH under various scenarios. Transmission over multiple CCs can be realized with either single power amplifier (PA) or multiple PAs. In this proposal, we focus on the case of single PA and leave the multiple PAs case FFS. Nevertheless, the RAN1 specifications should be agnostic to the number of PAs in the UE implementation. 
2 Power control for path loss compensation
The power control schemes without considering path loss compensation may introduce unfairness among CCs when the eNB performs joint scheduling across multiple CCs since the received power on a carrier with a large path loss may be smaller. In [2], we proposed to modify the PUSCH power control formula for compensating path loss difference due to frequency separation as follows
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where,    
· 
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 are the component carrier specific open loop power control parameters.
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 is the estimated path loss for component carrier i.
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 is the offset with respect to the transport format.
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 is the path loss difference due to the frequency separation 
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 is the closed loop PC command.
PUCCH power control formula can also be obtained according to (1).
3 Path loss measurement
In [3], 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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. The eNode-B may have knowledge of the frequency separation between component carriers and of the corresponding difference in propagation conditions [4]. However, [5] 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 the LTE-A specifications should be agnostic to how CCs are aggregated. In consideration of these factors, we believe it is preferable to perform RSRP measurements on a per DL carrier basis.  The measurement frequencies can be configured by higher layer signalling, as well as the association between DL measurement frequency and the UL frequency. For the asymmetric UL/DL spectrum scenario, especially for the case with non contiguous CCs (different carrier frequencies), RSRP measurements to estimate the path-loss offset between DL and UL should be considered when the PL difference between DL and UL cannot be ignored.
4 Transmit Power Scaling
Since each UE terminal has its own maximum transmit power limitation 
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, a power scaling strategy is necessary to reduce the transmit power of some or all CCs when the sum power would otherwise be larger than 
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. The UE should scale (or reduce to zero) power on different CCs according to the power limitation. Moreover, the transmit power difference between multiple CCs with non-zero transmit power may be limited. According to these considerations, we derive a generic power scaling formula based on the scenario of multiple PUSCH and PUCCH transmitting at the same time with multiple CCs since it is the most complicated scenario. For this scenario, there are several factors to be considered. 

· Firstly, the compensation of path loss difference due to the frequency separation must be considered.

· Secondly, the priority difference of different types of channels should be considered.

· Finally, the transmit power of different channels with the same priority can be reduced by an equal portion while considering the constraint of full compensation of path-loss difference.

In this case, all channels can firstly be divided into 
[image: image18.wmf]K

 clusters where the channels belonging to the same cluster have identical priority. For example, all channels can generally be divided into two clusters, one is PUSCH and the other is PUCCH. The sum transmit power of cluster 
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 before power scaling is given as:
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Then, inter-cluster power scaling is implemented as follows according to the difference of the priorities of different cluster. 
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where 
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 is the priority factor of cluster 
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 for inter-cluster power scaling with respect to its priority. The larger the value of 
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, the smaller the corresponding transmit power reduction. 
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 denotes the power scaling factor of cluster 
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 on CC 
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Next, intra-cluster power scaling is implemented considering the compensation of path loss difference. According to the consideration above, the power scaling formula can be shown as:
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where 
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 is the intra-cluster power scaling factor of cluster 
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 which satisfies 
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Finally, the reduced power on each CC can be calculated as:
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It can be observed that (2)-(5) take several factors into account including the priority of different types of channels, and different compensation of path-loss due to the frequency separation. Therefore, these formulas can be used under different conditions. Furthermore, by adjusting the values of different parameters in these formulas, the constraint of maximal power and the constraint that transmit power difference between multiple CCs with non-zero transmit power may be limited can both be satisfied. In the following, we will investigate the validity of these formulas with respect to three special scenarios:
Scenario 1.  Multiple PUSCH in different CCs
In this case, the transmit power of all physical channels can be reduced by an identical power scaling factor since the types of multiple channels are identical. However, since multiple PUSCH channels are transmitted on different CCs, the compensation of path loss difference due to the frequency separation must be considered. The power scaling formula can be shown as:
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In (6), the path loss difference caused by frequency separation is subtracted before reducing the transmit power of each CC by an identical factor 
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. Therefore, the path loss difference can be compensated fully during power scaling down and the fairness across multiple CCs is guaranteed accordingly, which makes the cross-CC scheduling and joint processing across multi-CC be available.
Scenario 2.  PUSCH and PUCCH in one CC
In this case, the transmit power of multiple physical channels can be reduced proportionally by a predefined priority considering the difference of channels. For example, PUSCH transmit power may be reduced first before reducing ACK/NACK PUCCH transmit power since ACK/NACK performance requirement should be satisfied first [6]. Moreover, since different channels are transmitted on the same CC, there is no path-loss difference, i.e., 
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where 
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  denote the priority factor of PUSCH and PUCCH on CC 
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 denote the power scaling factor of PUSCH and PUCCH on CC 
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Scenario 3.  PUSCH and PUCCH on different CC in multi-CC scenario
Since PUSCH and PUCCH are transmitted on different CCs, the compensation of path loss difference due to the frequency separation must be considered while reducing the transmit power of multiple physical channels proportionally by a predefined priority as the case of 2). The power scaling formula is shown as:
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where 
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 are the transmission indicator of PUSCH and PUCCH on CC 
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. Obviously, one of the two items in the right hand of (8) will equal to 0 since PUSCH and PUCCH transmit in different CCs, moreover, which item equals to 0 is determined by the value of 
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It can be observed that each of the formulas with respect to the three scenarios above can be considered as one special example of (2)-(5).
5 Conclusion

This paper introduces about a mechanisms for PUSCH and PUCCH power scaling for carrier aggregation. 
A generic power scaling formula is derived taking into account path-loss differences due to the frequency separation and different priorities of different types of channels. By adjusting the values of different parameters, the constraint of maximal power and the constraint that transmit power difference between multiple CCs with non-zero transmit power may be limited can both be satisfied. 
Moreover, the generic formula can be used in LTE and LTE-A respectively according to corresponding scenario. 
We therefore propose that:

All UL channels are grouped into 
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 clusters where the channels belonging to one cluster have identical priority. The sum transmit power of cluster 
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 before power scaling is given by:
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Then, inter-cluster power scaling is implemented as follows according to the different priorities:
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where 
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Next, intra-cluster power scaling is implemented as follows:
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Finally, the reduced power on each CC can be calculated as:
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