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1
Introduction
Carrier aggregation power control design and RAN4 implications have been discussed in previous meetings [1][2][3]. In this contribution, we discuss the relationship between LTE-A power control design (pathloss derivation for open loop corrections, PUSCH power scaling and power headroom reporting) and power control accuracy requirements in RAN4.
2 PUSCH and PUCCH power control
Current Rel-8 power control formula for PUSCH is shown below

The setting of the UE Transmit power
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 for the physical uplink shared channel (PUSCH) transmission in subframe i is defined by
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where,

· 
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is the configured UE transmitted power defined in [6]
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is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks valid for subframe i.
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is a parameter composed of the sum of a cell specific nominal component 
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 is a 3-bit cell specific parameter provided by higher layers. For j=2, 
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· PL is the downlink pathloss estimate calculated in the UE in dB 
· 
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for MCS based power control where 
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 for control data sent via PUSCH without UL-SCH data and 
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 for other cases.
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 is a UE specific correction value, also referred to as a TPC command
Similarly the PUCCH power control is shown below:
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where 

· 
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is the configured UE transmitted power
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 is a parameter composed of the sum of a cell specific parameter 
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· The parameter 
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 is provided by higher layers. Each 
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 value corresponds to a PUCCH format (F) relative to PUCCH format 1a, where each PUCCH format (F ) is defined in Table 5.4-1 [3].
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 is a PUCCH format dependent value, where 
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 corresponds to the number of information bits for the channel quality information defined in section 5.2.3.3 in [4] and 
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 is the number of HARQ bits.
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 is a UE specific correction value, also referred to as a TPC command
In Rel-10, additional configuration is considered for simultaneous transmission of multiple PUSCH clusters and PUSCH + PUCCH over a single CC or multiple CCs. As a result, the power control formula for PUCCH and PUSCH need to be modified subject to the total power constraints over each CC and multiple CCs. More specifically, in Rel-10, ‘Pcmax’ for each case should be modified to reflect the existence of other channels and carriers.

3 Power Offset in Intra-Band Carrier Aggregation Transmissions
3.1 Multi-cluster PUSCH and Simultaneous PUSCH+PUCCH Transmission

Rel-10 provides for the ability to send PUCCH and PUSCH concurrently. This can provide for reliable PUCCH by application of separate power control from PUSCH, and interference management techniques applied to PUCCH specifically [1]. In case of power limited UE, PUCCH transmission(s) is prioritized over the PUSCH transmission(s), and PUSCH with UCI is prioritized over PUSCH without UCI. 
For different power offset and location between PUSCH and PUCCH, there would be associated MPR. This MPR should be reflected in the max power Pcmax. In Figure 1, one example was shown for PUSCH and PUCCH simultaneous transmission where the power offset between two clusters are 9 dB. A resulting 3 dB MPR is required.
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Figure 1 Macro cell one CC with two clusters (PUSCH + PUCCH): PUSCH 6 RB @ 19.5 dBm and PUCCH @ 10.5 dBm at both extremes of a 10 MHz channel – a RBW of 1 MHz is used.

Observation 1: PUSCH and PUCCH PSD level could be different within the same carrier and cross component carriers. Corresponding MPR definition requires further study but simplified approach based on 2 cluster assumption should be considered.
3.2 Total Power Constraint in Contiguous UL CA

In Rel-10, UL intra-band contiguous carrier aggregation is prioritized over inter-band carrier aggregation. In the case of intra-band carrier aggregation, it is likely that a single PA would be used for multiple CCs. In this case the maximum sum power over multiple CCs should be limited by the PA total power.

In [2], the relationship between PUCCH power, PUSCH power and total power is given as following:
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where  is used to denote the total power reduction due to distributed Tx waveform.
Observation 2: Pcmax for each CC should reflect the total transmit power limitation in the case of contiguous carrier aggregation.
3.3 Carrier Power Offset

Power scaling of PUSCH based on carrier priority is desirable in order to provide adequate support for delay sensitive traffic in a carrier aggregation setting, such as carrier(s) that carry RRC and MAC signalling (power headroom report, measurement reports …), UCI, SPS traffic, and other delay sensitive traffic. Since the way UE maps logical channels on the assigned physical resources is left to the UE implementation (Rel-8), the priority of the carrier and appropriate power scaling factor for the corresponding PUSCH are determined by the UE, based on the QoS of the data it multiplexed on a PUSCH of a component carrier.   

The impact of power imbalance of different carriers and channels should be analyzed from both Tx and Rx perspective. From eNB reception perspective, carrier and channel imbalance already exist in multiple UE transmissions. Note that PUSCH on each CC are assigned independent MCS, HARQ processes and target SNR. Hence, the receiver performance is similar to that of multiple UE transmission on different carriers. 

On the other hand, power imbalance could potentially impact UE transmitter characteristics. Although EVM and in-band distortion due to carrier imbalance has not been reported as a significant issue in DC-HSUPA studies, the impact of carrier imbalance on LTE carrier aggregation has not been fully studied. 
Observation 3: PUSCH PSD is constant over one carrier, but could be different cross component carriers. The corresponding MPR and emission requirements need to be studied.
4 Power Headroom Report
In [4], the agreed baseline for the PHR to be used with carrier aggregation is briefly described. Two types of PHR are to be used depending on whether a UE has simultaneous PUCCH and PUSCH transmission or just PUSCH transmission scheduled. The PHR is to be sent for each CC and takes MPR (and A-MPR) into account.

The PHR defined for Rel.8/9 is defined as the difference between PCMAX and the transmit power. MPR is incorporated in PCMAX as show below.

PCMAX_L  –  T(PCMAX_L)  ≤  PCMAX  ≤  PCMAX_H  +  T(PCMAX_H) 

Where

· PCMAX_L = MIN { PEMAX_H – TC,  PPowerClass – MPR – A-MPR – TC}

PCMAX_H = MIN {PEMAX_H,  PPowerClass}
In Rel. 10, the MPR and A-MPR could vary significantly depending on the PUSCH/PUCCH location and the number of carriers used for transmission. Given this variance, we believe RAN4 should study how the MPR/A-MPR is included in the report such that the eNB can have an accurate estimate of the transmit power and the available transmit power when making scheduling decision. The fact the the MPR/A-MPR could vary significantly from subframe to subframe depending on the grant could raise issues for the reliability of the UL transmission and affect the system performance.
Furthermore, PCMAX should be defined in such a way that the eNB can estimate the total aggregated transmit power over all CCs using the reports for each carrier.

Observation 4: The impact of MPR/A-MPR variation should be studied. PCMAX should be defined in such a way as to enable the overall transmit power estimation at the eNB.
5 Transmit Power Tolerance
For the intra-band carrier aggregation case, the power control tolerance requirements could be set for all aggregated carriers and not per carrier, even though the power control commands are sent per carrier. Setting these requirements per carrier would make testing very difficult as it would be difficult to separate and measure one carrier out of a multicarrier transmission output by the same PA. Definition and testing can be, thus, simplified if the requirements are defined for all aggregated carriers.
For the power control tolerance, since the power commands are sent for each carrier, the number of exceptions that occur at the PA ouptut switching points could be very large. To minimize this, the tests could be defined with all the carriers transmitting at the same power.
If these transmit power requirements are defined for all aggregated carriers, RAN4 should study the tolerance requirements and how aggregation of mutliple carriers influences this.

Proposal: For intra-band carrier aggregations transmit power requierements should be defined for all aggregated carriers and not for each carrier separately.
6 Summary 
In this document, we discussed the implications of carrier aggregation on UL power control. The impact is both in terms of MPR definition and max power constraints of each channel due to the existence of other simultaneous channels/carriers. Also, the PHR to be used with carrier aggregation should enable accurate transmit power estimation at the eNB.
For the power control tolerance, we propose that the requirements are defined for all aggregated carriers and not for each carrier separately as this simplifies defining the requirements and the testing procedure.
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