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1 Introduction

The baseline for the UL TPC operation in Rel.10 was established in [1] where it was agreed that the scope will be similar to that in Rel.8 in the sense that UL TPC will compensate for slow-varying channel conditions and assist with interference reduction towards neighboring cells. As in Rel.8, Rel.10 will use fractional TPC (including full path-loss compensation) on PUSCH and full path-loss compensation on PUCCH. Finally, Rel.10 will support component carrier (CC) specific UL TPC for both contiguous and non-contiguous carrier aggregation (CA).

Several issues are left FFS, including: 
a) Which TPC parameters are CC-specific or CC-common.
b) Whether to support deriving the path-loss of several UL CCs from the RSRP measurement on one DL CC.
c) How to share power between PUSCH and PUCCH in case of power limitation.
d) The UE procedure for scaling (including reducing to zero) the transmission power in different UL CCs in case of power limitation (single PA).
e) The UE power headroom reporting method with CA or with simultaneous PUCCH/PUSCH transmissions.
The above issues are the subject of this contribution.

2 Transmission Power Control Aspects in Rel.10
For PUSCH transmissions over a single CC, the PUSCH TPC operation does not need to change relative to Rel.8, even for PUSCH transmissions over non-contiguous PRBs. The only exception is for the case of simultaneous PUSCH and PUCCH transmissions, if supported [2]. 

For the PUCCH, any modification of the Rel.8 TPC operation will depend on whether the transmission is always in the same CC (anchor UL CC) or in multiple CCs (multi-CC transmission or CC selection). For the anchor UL CC approach, the Rel.8 TPC operation applies. This is one of the advantages of using an anchor UL CC for the transmission of all PUCCH signals (including HARQ-ACK) and it will be the assumed approach in this contribution. Therefore, the only issue related to TPC for the PUCCH is the power sharing with PUSCH and/or among multiple PUCCH signals. 

2.1 TPC for PUSCH with CA
The Rel.8 TPC formula can be extended in Rel.10 based on Open loop (OL) fractional TPC using CC-common, CC-specific, and UE-specific parameters, together with closed loop (CL) TPC commands for PUSCH transmissions. Then, for UL CC 
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The main issues in the above formula are:

a) Whether the UE needs to perform a path-loss measurement 
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 in each of its configured CCs.
RSRP measurements to estimate the path-loss are not needed in principle for contiguous CCs (same carrier frequency) but are needed for non-contiguous CCs (different carrier frequencies). Since it is desirable for the Rel.10 specifications to be agnostic to whether the CCs are contiguous or non-contiguous and since UE designs are anyway expected to support non-contiguous CCs, RSRP measurements on each CC should be required but the actual reporting and measurement rates can be configured by the Node B. 

In [3] the suggestion is for the UE to perform RSRP measurements only in an anchor DL CC and rely on a CC-specific offset 
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 informed to the UE by the Node B through higher layer signaling to determine the path-loss in CC 
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 (primarily for non-contiguous CCs as the path-loss among contiguous CCs is in principle the same). Then, the UE measures the path-loss 
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. Nevertheless, this requires that only the frequency separation among CCs is the contributing factor to the path-loss differences among CCs (free-space path-loss) and 
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 is largely independent of the UE-specific operating environment which may not necessarily be always the case in practice, especially for non-contiguous CCs. 
b) Whether the OL TPC parameters
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 should be CC specific or CC-common.
To account for potentially different operating environments in each CC (e.g. a CC may be used for hot-spot operation while another may be intended for conventional macro-cell operation), and different interference conditions among CCs, the OL TPC parameters 
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 to be CC-common, use the path-loss for an anchor UL CC as reference, and subtract the path-loss difference for CC 
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 [4]. However, this considerably limits the Node B ability to control inter-cell interference. 
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, only its UE-specific component may be CC specific. As MCS adaptation for a UE typically applies to all UL CCs or to none of them, 
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2.2   PUSCH Transmission Power Limitations
In case of a single PA, the UE needs to reduce the PUSCH transmission power in all or some of the CCs when the maximum transmission power is reached. Therefore, Equation (1) applies subject to 
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A first option is to reduce the power of each PUSCH transmission in each CC by the same offset so that the total PUSCH transmission power does not exceed 
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. This option offers simplicity but also has several drawbacks:
a) PUSCH transmissions with low target power may be completely suspended (e.g. required power reduction offset in CC 
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 may be larger than 
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 from Equation (1). 
b) PUSCH transmissions containing UCI should generally avoid power reduction. 
c) PUSCH transmissions of higher spectral efficiency are penalized more than ones with lower spectral efficiency. 
A second option is to reduce the PUSCH transmission power in each CC by a different amount depending on the spectral efficiency (e.g. MCS) of each PUSCH transmission. This is preferable from a channel capacity optimization perspective, avoids the drawbacks of the first option, while also providing simple UE operation.
Additionally, the presence of UCI in any PUSCH needs to be considered and power allocation should be prioritized for PUSCH transmissions containing any UCI. An alternative is to include the amount of PUSCH power reduction in the formula for computing the UCI resources in the PUSCH. However, this is not desirable primarily because it is not robust to errors (e.g. false TPC commands due to CRC errors or missed PDCCH assignments). 
In case of concurrent PUSCH and PUCCH transmissions (UCI is transmitted in the PUCCH and not in the PUSCH), since UCI transmission is prioritized over data transmission, the PUCCH transmission power should remain unaffected and the maximum power allocated to PUSCH should the one resulting after the PUCCH transmission power is deducted from the maximum transmission power [2]. 
Finally, restrictions in keeping the transmission power difference among PUSCH transmissions in different UL CC below a maximum value can be determined by RAN4. This is an implementation issue as the Node B can avoid having power differences for PUSCH transmissions in different CCs beyond a certain value using link adaptation based on CC-specific power headroom reporting.

2.3   PUCCH Transmission Power Limitations
In case the UE performs multiple transmissions in the PUCCH (SR, CQI, HARQ-ACK), similar considerations as for the PUSCH are needed when the maximum transmission power is reached.
Assuming the anchor UL carrier approach is used for the transmission of all signals in the PUCCH (including the HARQ-ACK), and that the HARQ-ACK reliability is more important than the SR reliability which is in turn more important that the CQI reliability, the following can apply:

a) Transmission power for HARQ-ACK signaling is unaffected (Rel.8 TPC applies).
b) Transmission power for SR signaling is allocated next. This case needs to only be considered if HARQ-ACK and SR multiplexing cannot be supported. If the maximum transmission power is reached before the SR transmission is allocated its required power, two options exist:
· Dropping the SR transmission.

· Transmitting SR with reduced power. 

As a false positive SR is less detrimental than an SR miss/drop, the second option is preferable.
· Transmission power for CQI signaling is allocated next. If the maximum transmission power is reached before the CQI transmission is allocated its required power, two options exist:

· Dropping the CQI transmission.

· Transmitting CQI with reduced power.

The first option is less detrimental as it is preferable for the Node B to know that a CQI report is missed/dropped (DTX detection) than to receive an incorrect CQI report or to ignore it (while still having the associated UL interference and the UE power consumption). The second option can be used for PUCCH CQI transmissions with CRC protection, if supported in Rel.10 (e.g. periodic PUSCH [5]).
In case of simultaneous PUSCH transmissions, it is generally preferable to transmit UCI in the PUSCH as in LTE to avoid multiple performance impacts due to transmit power limitations, PAPR increase, additional interference, etc. However, if simultaneous PUCCH and PUSCH transmissions do occur, power allocation to PUCCH is prioritized.
3 Conclusions
This contribution considered some of the remaining aspects for UL TPC operation in Rel.10. The Rel.8 TPC operation can fundamentally apply, per UL CC for the PUSCH and without any modifications for the PUCCH transmission in an anchor UL CC, and the main issue is how to distribute the power among UCI and data in case the UE reaches its maximum transmission power.
When power limitations occur for PUSCH transmissions, power reduction should depend on the PUSCH MCS in each CC. In case UCI is included in a PUSCH transmission, the respective power allocation should be prioritized.

When power limitations occur for PUSCH transmissions, priority should be given to power allocation for HARQ-ACK signaling, followed by SR signaling (if not multiplexed with HARQ-ACK), and finally by CQI signaling. 
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