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1 Introduction 
In Rel-11 CoMP Study Item, a variety of CoMP scenarios deploying RRHs have been introduced. In particular, CoMP Scenarios 3 and 4 employ low-power RRHs that are placed within the macro-cell coverage but are distinguished by different assignments of the physical cell identity (PCI); 

Scenario 3:
Transmission/reception points created by the RRHs have different cell IDs as the macro cell.
Scenario 4: Transmission/reception points created by the RRHs have the same cell IDs as the macro cell.
Scenario 4, as a relatively new scenario, has received significant attention and has been compared with Scenario 3 [1]. In this contribution, we discuss power control issues for CoMP Scenarios 3 and 4. Similar issues have been previously discussed in [2] [3].
2 Power control for multiple reception points
In TS 36.213, the uplink power control consists of open- and closed-loop components, i.e. power per resource is given as a basic open-loop operating point plus a dynamic offset. Again the open-loop power control mainly consists of two parts as shown below.
P0 + αPL,
where P0 is provided to the UE by higher layer signaling, PL is downlink pathloss estimated by the UE, and α is pathloss compensation factor.
For the estimation of the downlink pathloss, the EPRE of CRS is signaled to UE and then the pathloss PL is estimated by the following equation.
PL = the reference signal power – higher layer filtered RSRP                (1)
In CoMP scenarios using RRHs, multi-point joint reception combining the received signals at eNB and RRHs can improve the power usage at the UE [2][3]. In Scenarios 3 and 4, where low-power RRHs are used, the transmission and reception points may not be the same for the UE mainly due to different transmit powers between the eNB and RRHs as discussed in [2]. Thus, the following issues are identified for the uplink power control in the low-power RRH based CoMP scenarios.

First, separate configuration of transmission points and reception points
Second, enabling accurate pathloss estimation for multiple reception points
3 Pathloss estimation for power control in CoMP scenarios
CRS based pathloss estimation in Scenario 4:

First the CRS-based pathloss estimation in Scenario 4 is examined. In Scenario 4, the low-power RRHs share the same PCI as the macro-cell. The macro transmission/reception point and the transmission/reception points at the RRHs combined should produce a single CRS pattern. The following two alternatives can be considered.

Alt 1: The macro point and RRH points transmit the same CRS.
Alt 2: Only the macro point transmits the CRS, and the RRH points mute the corresponding resources. 

In Alt 1, the CRS for an antenna port is transmitted from geographically separate multiple transmission points. In the following, the problem in pathloss estimation using CRS in Alt. 1 is illustrated using an example where the macro-point and one RRH point are used as reception points. Denoting the transmit powers from the macro-point and the RRH point as P0 and P1, respectively, the received signal power at the UE is given by Pr, UE  = P0/PL0 + P1/PL1 , where PL0 and PL1 are the downlink pathloss for the macro-and RRH points, respectively. Then the downlink pathloss may be defined as below.
DL_PL = Pt, eNB/ Pr, UE = (P0 + P1)/(P0/PL0 + P1/PL1)                   (2)

However, in the uplink, denoting Pt, UE  as the transmit power from the UE, the received signal power at the eNB (including both the macro and RRH reception points) is given Pr, eNB = Pt, UE/PL0 + Pt, UE/PL1  = Pt, UE(1/PL0 + 1/PL1), assuming the pathloss reciprocity between the uplink and downlink. Thus, the uplink pathloss can be obtained as below.
UL_PL = Pt, UE/ Pr, eNB  =  (1/PL0 + 1/PL1)-1                              (3)
By comparing (2) and (3), it can be seen that DL_PL and UL_PL do not give the same pathloss, which is due to different transmit powers between the macro and RRH points.
As in the CRS-based power control in Rel 8-10, Pt, eNB may be parameterized as referenceSignalPower and broadcast to UEs. In this case,  in CoMP Scenario 4, the estimated downlink pathloss by the UE is not consistent with the actual pathloss since the DL pathloss estimation is obtained as (2) instead of (3). 
Such a mismatch in the DL pathloss estimation and UL pathloss can be avoided if P0 is set equal to P1 and Pt, eNB is signaled as P0  (= P1) to the UE, then the DL pathloss estimation at the UE side becomes the same as the actual UL pathloss in (3). However, this remedy is not applicable for CoMP Scenario 4, which by definition assumes P0 >> P1, i.e., much larger transmit power at the macro-point than at the RRH point. Instead Alt 2 can be used at the expense of the SFN combining gain for CRS and CRS based channels, i.e., PDCCH, PDSCH etc. In Alt 2, only the macro point transmits CRS covering the entire macro/RRH coverage and thus the mismatch in the DL pathloss estimation and the actual UL pathloss does not occur.

Alternatively, with simultaneous CRS transmission in Alt 1, if the UE estimates the pathloss based on Eq. (2), the UE may use an excessive power level before being corrected by a closed loop power control. The inaccurate estimation of the pathloss for legacy UEs (Rel-8 to10) can be compensated by closed-loop power control at the expense of signaling overhead. 
CSI RS based pathloss estimation in Scenario 4:

For Rel-11 UEs, the basic operation point of the power control needs to be properly set to reduce signaling overhead. This can be done by introducing CSI-RS based pathloss estimation. For Rel-11 UEs, the pathloss estimation can be done using UE-specific CSI RS patterns using Eq. (1) modified for CSI RS. The eNB may need to signal the set of CSI RS patterns associated with the Rx points for the UE, which may not be the same as the Tx points for the UE. For example, the EPRE of each of UE-specific CSI RS patterns is signaled to the UE. Then, the UE can estimate the pathloss for each relevant Rx point, from which the UE can estimate the actual uplink pathloss given by Eq. (3).
CRS (or CSI-RS) based pathloss estimation in Scenario 3:
In Scenario 3, eNB can signal the UE of the set of the reception points (cells) and their corresponding CRS patterns (or information indicating CRS patterns). The eNB may need to signal the set of CRS patterns associated with the Rx points (cells) for the UE, which may not be the same as the Tx points (cells) for the UE. Similar to Rel-8 to 10, the EPRE of each CRS pattern can be signaled to the UE. Alternatively, the CSI RS based pathloss estimation, similar to CoMP Scenario 4, can be employed.
4 Conclusion
In this contribution, uplink power control issues for the low-power RRH based CoMP scenarios have been discussed.  The followings are proposed to be considered in the future study of the power control for CoMP. 

 CSI RS based power control for CoMP Scenario 4

· UE-specific signaling of CSI RS pattern information associated with the reception points of the UE.

· UE-specific signaling of CSI RS EPRE for each of the CSI RS patterns associated with the reception points.

CRS (or CSI RS) based power control for multi-reception points in CoMP Scenario 3

· UE-specific signaling of CRS (CSI RS) pattern information associated with the reception points of the UE.

· UE-specific signaling of CRS (CSI RS) EPRE for each of the CRS (CSI RS) patterns associated with the reception points.
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