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1. Introduction
According to the WI on UL CoMP for Rel-11 [1], enhancements to uplink power control should be considered as specified in the following bullet:

· Potential areas for specification in support of UL CoMP operation include: 

· Enhancements to the uplink power control for open-loop as well as closed-loop operation, e.g., to support selection of intended reception point(s), and path-loss determination and signalling that targets intended reception point(s)
Furthermore, discussion of uplink power control in CoMP scenario 4 has been widely given and many companies showed their views on this issue [2-6]. Fig.1 depicts the CoMP scenario 4 in which low power RRHs within the coverage of macro eNB share the same cell id with macro eNB. In this contribution, we focus on uplink power control enhancement for CoMP scneraio 4 mainly from the aspect of pathloss measurement.
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Fig.1 CoMP scenario 4, with common cell id for RRHs and eNB

2. Considerations on Uplink Power Control for CoMP scenario 4
UL power control mainly compensates for path loss and reduces interference from neighboring cells. The current power control mechanism for PUSCH in Rel-10 is written as follows
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 is the downlink pathloss estimated by UE in dB and 
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 = referenceSignalPower – higher layer filtered RSRP, where referenceSignalPower is defined as the linear average over the power contributions (in [W]) of all resource elements that carry cell-specific reference signals (CRS) within the operating system bandwidth at eNB side.  RSRP is defined as received power (in [W]) of CRS at UE side.  In traditional homogeneous scenarios, since the same single point Tx/Rx at the eNB side, the uplink path loss is assumed to be the same as the downlink, due to channel reciprocity of large scale fading. 
2.1 Issue 

In CoMP scenario 4, it is straightforward to assume that CRS and traditional PDCCH are soft combined from all transmission points as shown in Fig.2. However, if traditional CRS-based pathloss measurement is adopted for uplink power control in the new scenario, there are two issues. On one hand, it is hard to determine the parameter “referenceSignalPower” as CRS power of eNB or that of RRH since the transmission power of eNB and RRHs are different; on the other hand, flexible DL/UL scheduling and independent traffic load and interference for DL/UL incurs that points from which UE receives are different from those UE transmits signals to. Due to the asymmetry for downlink and uplink, it results in an inaccurate pathloss estimation based on CRS measurement. 
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Fig.2 CoMP scenario 4, CRS and PDCCH soft combined

2.2 Analysis 
Here we target the pathloss measurement issue for an effective uplink power control in CoMP scenario 4. Notice that in the following analysis, we assume only one receive point in uplink as an example of the asymmetry for downlink and uplink. Based on CRS transmitted from all points, the RSRP of CRS can be written as:
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Where, 

· 
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 denotes the transmit CRS power of eNB, and 
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 is the RRH CRS power

· 
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 is the pathloss value from eNB (RRHi) to the UE.
If CRS power of eNB is defined as the referenceSignalPower, the estimated pathloss is
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Where, 
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 is the transmission power difference between eNB and low power RRH, which can be assumed to be equal to 16dB according to [7]. 
Hence if the UE is linked to eNB in uplink, i.e., eNB is the receive point, the actual pathloss value is 
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 in (3) can be omitted. 
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If the UE is linked to one RRH in uplink, e.g., RRH1 as the uplink receive point. The actual pathloss value is 
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. In this case, since higher transmission CRS power of eNB, it can be seen as an important interference source for RRH UE, which causes an inaccurate pathloss estimation. The ratio of actual pathloss value and estimated value is
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Hence, there exists a gap between the measured PL and the PL required for compensation for each UE in CoMP scenario 4. [2] has simulated to verify that maximum pathloss measurement error can reach up to 16dB. The application of current pathloss estimation in scenario 4 is not reliable any more. It is necessary to enhance uplink power control for CoMP scenario 4, especially for the aspect of pathloss measurement. 
UE-specific pathloss adjustment can be used to compensate the pathloss measurement error, such as the closed loop power control component 
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 [8] or 
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, in which the range of these parameters needs to be further discussed. Besides, the limited step size of closed loop power control burdens much downlink signaling overhead. Another alternative is to define a new signal “delta_PL” to convey the UE-specific parameter 
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[ 2-3], which can be obtained by uplink measurement, such as triggering an aperiodic SRS transmission, etc. The pathloss offset can be calculated at eNB and then signaled to UE to compensate the pathloss measurement error. Also CSI-RS based pathloss measurement method can be used instead of traditional CRS-based scheme [4-6]. The pathloss estimation can be done using UE-specific CSI-RS pattern, which is associated with the actual uplink reception points for the UE. For the scheme, the impact of the CSI-RS’s sparse density on the pathloss estimation accuracy needs to be considered. 
3. Conclusions
In this contribution, we focus on uplink power control in the new scenario with RRHs and macro eNB sharing the same cell id. Based on the assumption of CRS transmitted from all points, there exists a gap between measured pathloss and the pathloss required for compensation for each UE. The following are proposed for further study:

· The UE-specific pathloss offset can be compensated by modifying the UE-specific parameters such as  
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, but whether the range of them is enough is to be evaluated;
· Defining a new signal representing the UE-specific pathloss offset, which can be obtained by uplink measurement such as SRS;
· CSI-RS based pathloss measurement, taking the impact of CSI-RS’s density into account.
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