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1 Introduction

Uplink power control is used to mainly compensate for slow-varying channel conditions while reducing the interference generated towards neighboring cells. In LTE-A, it has been agreed that carrier aggregation (CA) will be used for LTE-A to address new and potentially larger spectrum assignments [1]. 
In the uplink, multiple component carriers (CCs) can be aggregated for one UE in one subframe which is different from LTE R8 where only one carrier is used in uplink. So the uplink power control with CA should be reconsidered [2]~[9]. 
In this contribution, we present our views and considerations on UL power control issues in carrier aggregation including analysis on which parameters should be CC-specific and possible solutions to power management issues.
2 Discussion
2.1 PUSCH Power Control

We share the same views as in [9] that LTE-A should support CC-specific UL power control in both contiguous and non-contiguous carrier aggregation scenarios. The reason for that is although the channel propagation condition may be similar in case of contiguous CA, the interference conditions are different. So the transmission power on different CCs should not be same, even though they are contiguously aggregated.
Proposal: UL power control should be CC-specific in both contiguous and non-contiguous carrier aggregation scenarios.

Applying the proposal above, the transmission power for the PUSCH in sub-frame 
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 is the CC which is supposed to transmit PUSCH in sub-frame 
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 is the total number of active UL CCs. 
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 is the maximum transmission power on UL CC 
[image: image10.wmf]k

. 
[image: image11.wmf]MAX

K

k

P

k

P

£

å

=

1

CMAX

)

(

, 
[image: image12.wmf]MAX

P

 is the maximum transmission power of UE. Here we propose the maximum transmission power is CC-specific even though they may share the same PA. The reason for this is the interference situation is different between CCs, especially in heterogonous network deployment. 
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 is the total number of PRBs granted to PUSCH in UL CC 
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 valid for subframe 
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 should be CC-specific since the scheduling in each CC is independent, thus the resource grant on each CC is different.
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. It is possible that different CC handles different services, so it seems preferable to keep 
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 CC-specific. Since the interference situation is different for different CC, so it seems preferable to keep 
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 CC-specific too.
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 is the fractional path-loss compensation factor of UL CC 
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 by which relatively lower power to be transmitted for terminals closer to the cell border which implying less interference to other cells and improving the cell throughput. It should be CC-specific to address the CC-specific interference environment.
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 is the DL path-loss estimate for DL CC 
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 in the UE in dB. It should be CC-specific. However, due to radio characteristic especially the RSRP characteristic is similar for the CCs within identical band, especially for contiguous CCs [11], it is possible to derive PL of one CC from one “reference” CC.  For non-contiguous CA, it is difficult to derive CC-specific PL from one single CC due to the large spectrum difference and diverse radio characteristic. However, it may be feasible to derive CC-specific PL from e.g. one subset of CCs by interpolation.
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 is the format-depending power offset to the transmit power, it should be CC-specific since the UL grant is independent for each CC.
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 indicates the explicit close loop power control commands. Since the service and the interference situation may be different in different CC,  
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 should be certainly CC-specific. 
2.2 PUCCH Power Control
The transmission power for the PUCCH in sub-frame 
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Similar to the PUSCH power control, 
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 should be extended to be CC-specific. Since the 
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 may be different in each CCs, 
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, due to the independent scheduling, 
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should be CC-specific if each CC has individual PUCCH . 
2.3 SRS Power Control
The transmission power for the SRS in sub-frame 
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Same to the PUSCH power control, 
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 should be CC-specific. Since interference situation may be different and scheduling is CC independent,
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should also be CC-specific. 
3 Power management

3.1 Power Headroom Reporting
The power headroom (PH) is defined as the maximum transmission power minus the PUSCH transmission power. If the maximum transmission power and PUSCH transmission power are both CC-specific,
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 should be CC-specific too. 
3.2 UE power reallocation
In case of total UE transmit power on all CCs exceeds the UE maximum power, i.e.
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, the transmit power on some or all CCs should be reduced to keep the total transmit power below the UE maximum power. We propose that the optimal principle to reallocate UE power among CCs is to make UE throughput maximized after power reallocation.

3.3 Power difference between CCs in case of same PA

If the power difference between different CCs is large, it will bring great challenge to terminal implementation. The range or limitation of this difference should be decided by RAN4. 

In our view, it is possible for eNB to avoid or reduce this problem if PH reporting in CA is CC-specific. After eNB getting the PH of each CC, eNB combines these information and the 
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 of each CC, then it can obtain the current power difference status. Or the UE monitors the power difference between CCs with same PA and reports it to eNB periodically or event-triggered when necessary. After eNB get this information, it may try to avoid or reduce this problem by appropriate uplink scheduling for the next uplink transmission. 
4 Conclusions
In this contribution, which parameters should be CC-specific when updating LTE power control formulas and some considerations on power management issues are presented and it is proposed that:
· UL power control should be CC-specific in both contiguous and non-contiguous carrier aggregation scenarios.
· It is possible to get PL of one CC from the “reference” CC, especially in case of contiguous carrier aggregation.

· Power headroom should be CC-specific. 
· When maximum UE transmit power is reached, the principle of power allocation among multiple CCs is to maximize UE throughput with UE transmit power limitation.

· In case of multiple CCs using the same PA, limitations on admissible maximum power differences between CCs are needed. Through appropriate uplink scheduling, this problem on power difference might be avoided or reduced.
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