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1. Introduction
According to the WI on UL CoMP for Rel-11 [1], enhancements to uplink power control for open-loop as well as closed-loop operation has been specified in support of UL CoMP. In the last 3GPP RAN1 #67 meeting, two ways of power control is agreed on the principle [2]:
· support  CSI-RS based PL estimate

· support  RRC signaled UE-specific adjustment

· details of both approaches is FFS

As to the method of RRC signaled UE-specific adjustment, following options are provided in the last meeting but which one is adopted is FFS:

· UE-specific pathloss offset

· Enhancement of  UE-specific part of Po for PUSCH/PUCCH

· UE-specific fractional pathloss compensation factor α for PUSCH

· UE-specific fractional pathloss compensation factor α for PUCCH

· Enhancement of SRS power offset, especially for TDD system 

In this contribution, we focus on how to realize the RRC signaled UE-specific adjustment. We start from analysis of CRS-based pathloss estimation and derive a detailed pathloss offset expression between real uplink pathloss and CRS-based pathloss estimation. It is proposed that UE-specific pathloss offset needs to be signaled to UE to compensate the CRS-based estimated pathloss value.
2. Issues of Uplink Power Control for CoMP Scenario 3/4
UL power control mainly compensates for path loss and reduces interference with 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 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. Issues in Scenario 3
In CoMP scenario 3, macro cell and RRH have different cell ID, hence traditional CRS-based pathloss estimation from different transmission point can be used. However it is only applicable when downlink transmission point and uplink reception point are the same. Because when there is a mismatch between downlink transmission point and uplink reception point, using traditional uplink power control mechanism, UE estimates the pathloss from a wrong source point and we cannot get exact uplink pathloss estimation based on CRS from downlink transmission point. 
2.2. Issues in Scenario 4

Compared with CoMP scenario 3, the main difference lies in the shared cell ID for eNB and RRH for CoMP scenario 4. And CRS may be transmitted from all points with the same frequency shift, as depicted in Fig.1. Therefore it is impossible for the UE to calculate downlink pathloss from different transmission point based on CRS. Besides, it is difficult to decide the parameter “referenceSignalPower” as CRS power of eNB or that of RRH since the transmission power of eNB and RRHs are different.  
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Fig.1 CoMP scenario 4, CRS and PDCCH soft combined

From above analysis, it can be seen that the same problem exist in both CoMP scenario 3&4, i.e. inaccurate pathloss estimation based on CRS especially for the mismatch case of downlink transmission point and uplink reception point. In the following text, CoMP scenario 4 is taken as an example of the scene.
3. Analysis of Uplink Power Control for CoMP Scenario 4

3.1. CRS-based RSRP analysis for CoMP scenario 4
Notice that in the following analysis, we assume only one reception 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 CRS transmission power from eNB, and 
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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, 
[image: image10.wmf]0

linear

linear

RRH

Tx

T

Tx

D=

 is the transmission power difference between eNB and low power RRH, which can be assumed to be equal to 16dB according to [3]. 
Hence if the UE is linked to eNB in uplink, which means eNB is nearest to UE among all the points and have that smallest pathloss value, then 
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 can be as large as 16dB. Hence, when eNB is the reception point in uplink, 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 reception point. The actual pathloss value is 
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. In this case, since higher CRS transmission 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 pathloss and the real pathloss for each UE in CoMP scenario 4. [4] 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. 
3.2. RRC signaled UE-specific adjustment
From above analysis, for the case of single point reception in UL CoMP scenario 4, there is a pathloss offset between the CRS-based estimated pathloss value and the real PL. (4) can be easily transformed into the following expression using uplink signal measurement at all points:
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Where 
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 denote received power of uplink signal at eNB and RRH separately, e.g., an aperiodic SRS as uplink signal. For the case of multiple points’ reception, since the detailed network deployment is known by eNB, eNB can derive the optimal pathloss value for its CoMP receiver and thus the power offset can be known at eNB. Therefore the power offset can be signaled to UE as a pathloss offset part to compensate the estimated inaccurate pathloss based on CRS.

Hence in our view, an UE-specific pathloss offset value needs to be signaled to UE to compensate the inaccurate pathloss estimation at least in UL CoMP scenario 4. Especially for the case of single reception point, the pathloss offset value can be obtained via uplink signal measurement, e.g., triggering an aperiodic SRS transmission for the UE. 
The UE-specific pathloss offset method can also be extended to CoMP scenario 3. As discussed before, UE will estimate the pathloss based on CRS from a wrong source point under the case of different downlink transmission point and uplink reception point. It is believed that eNB always knows the desired received power level of uplink signals and then the transmission power offset can be obtained at eNB. The power offset can be added in the pathloss part of the power control and singled to UE via an UE-specific RRC. The UE-specific pathloss offset adjustment can enable a transparent UL CoMP for the UE regardless of the reception point with only backhaul exchange among different points.
4. Conclusions
In this contribution, we focus on how to realize the RRC signaled UE-specific adjustment in CoMP scenario 3 &4. From our point of view, it is proposed that an UE-specific pathloss offset should be signaled to UE to compensate the CRS-based estimated pathloss value.
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