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1. Introduction
It was agreed that carrier aggregation will be used for LTE-Advanced in order to support wider transmission bandwidths and hence increase the potential peak data rate to meet LTE-A requirements. In carrier aggregation, multiple component carriers are aggregated and they can be allocated in a subframe to a UE. In uplink, UE may transmit PUSCH on multiple carriers simultaneously, which is different from the current LTE uplink transmission. In this document, we discuss the possible modification of uplink power control to support multiple carriers. In addition, we also consider the uplink power headroom (PH) reporting for carrier aggregation. 

2. Discussion on PUSCH power control
The setting of the UE transmit power 
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  is defined in TS 36.213[1] as follows.
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is the configured maximum UE transmission power.
· 
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is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks scheduled for subframe i.
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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 estimate calculated at the UE in dB 
· 
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 is the offset with respect to the transport format.
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 is the power control adjustment.  

When carrier aggregation is supported, scheduling is likely to be performed on a per-carrier basis with different MCS levels and frequency-time resources. The different 
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 values per carrier would be scheduled.  In addition, some power-related parameters, as listed below, might vary on a per carrier basis.
· PL: the path loss can be different if the carriers are located in different bands.  Assuming two example carriers are located at 2 GHz and 800 MHz, respectively, the expected statistical difference in path loss can be calculated as a function of the frequency based on the path loss model described in [2]. In this model, the path loss L is given as 40(1-4x10-3Dhb) Log10(R) -18Log10(Dhb) + 21Log10(f) + 80 dB, where F: frequency, Dhb: antenna height (in 3GPP, 15m is assumed). For 2 GHz, L = 128.1 + 37.6 Log10(R). For 800 MHz, L = 119.7 + 37.6 Log10(R). So, assuming no difference in other factors, the expected mean difference in path loss between 2 GHz and 800 MHz will be about 9dB.  It is noted that this difference has been calculated with a statistical model. In an actual deployment, it may not be realistic for an eNB to be able to accurately predict the path loss difference between bands due to different propagation characteristics as a function of the frequency [3].
· f(i): eNB could transmit individual TPC (Transmit Power Control) commands for each carrier or a single combined TPC command for all of the carriers. However, even though the TPC commands are originated from the eNB , it may be difficult for the eNB to correctly track the current f(i) values for each carrier, considering the probability of TPC signalling errors and mis-detections. 
· 
[image: image10.wmf])

(

O_PUSCH

j

P

: PO_PUSCH is a cell- and UE-specific parameter that adjusts the target SINR based on the interference level. Since each component carrier is scheduled independently, each carrier is likely to experience a different inter-cell interference level. The loading of different carriers may be different depending on the scheduling in the neighbour cells. For example, the eNB might schedule cell-edge UEs on one carrier and more centrally-located UEs on the remaining carriers.  In addition, the network topology may result in different neighbouring cells having different carriers available (e.g. one cell may be configured with five carriers available in total, but a neighbouring cell that is expected to be lightly loaded may only be configured with three carriers available).  
· 
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: This is a cell-specific parameter intended to improve cell throughput under small interference levels.  This parameter can vary based on cell loading and/or on UE distribution within a cell. 
From above observations, it is proposed that the UE calculates the UE transmit power for each carrier with different path loss and parameters per carrier.
3. Discussion on uplink power headroom reporting
In LTE-Advanced systems, UEs should report their PH to assist with the uplink scheduling similar to LTE. However, it is questionable whether the same PH reporting approach should be used as in LTE, where PH is the difference between the maximum allowable and current UL transmission powers. The primary difference is that an LTE-A UE is able to transmit multiple carriers simultaneously. In addition, as discussed in section 2, the UE transmit power could be different from carrier to carrier. To provide more exact power headroom information, it would be desirable that a UE transmits individual PH values for each carrier. 
In addition, as discussed in section 2, most of the factors determining a PH value are carrier-specific, which should be aware of  by the eNB (except for the path loss) since the eNB needs to send these parameters to a UE. A UE could report the observed path loss differences together with higher-layer measurement reports, but these reports cannot be sent at the required periodicity because higher-layer messages tend to be larger and generally incur some delay before being triggered. Consequently, it would be advantageous to maintain a MAC level reporting method similar to what is used in LTE.

However, given that the path loss of carriers located in the same frequency band should be similar, it may not be necessary to report separate PH values for all carriers. As consequence, such PH could be reported per band, rather than per carrier, which would reduce the signalling overhead when compared to sending a PH report for every configured carrier. There are two approaches to configure a UE’s PH reporting per band. 

· A UE decides on reporting carriers autonomously based on their band assignment as configured by the eNB. For example, if the carriers are located in the same band, the UE can handle them together. Then since the eNB also knows whether or not the configured carriers are located in the same band, the UE does not have to signal its decision. In order to determine the actual reporting carrier in the case of multiple carriers in the same band, the UE can select the reporting carrier using another predefined rule such as choosing the carrier having the lowest centre frequency, median frequency or the lowest physical cell ID for example. 

· The eNB could configure the carrier set to be reported. The eNB selects the carriers for which PH reporting is required and communicates this decision via RRC signalling or MAC control elements. This approach provides additional freedom to the eNB because the eNB can select the reporting carriers regardless of whether those carriers are located in the same or different bands. It also enables the eNB to determine whether one or multiple reporting carriers could be configured, and how many carriers could be part of a reporting carrier set.

4. Conclusion

In this document, we investigate the UE transmit power and PH reporting for multi-carrier aggregation in LTE-Advanced. To reflect the channel differences between carriers, the followings are proposed. 
· UE calculates the UE transmit power for each carrier with different path loss and parameters per carrier.

· UE transmits individual PH values for each carrier.
In addition, it should be further studied whether PH reporting per band could provide a feasible solution to reduce the signalling overhead.
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