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1. Introduction
At RAN1#66bis standardization support of UL CoMP was discussed.  The following areas of impact were agreed.
· Potential areas of standard impact in support of UL COMP includes:

· Uplink power control

· Uplink DMRS and SRS

· Uplink control

· Uplink timing

· Impact of legacy UE should be taken into account 

This contribution discusses enhancements to Release 10 uplink power control in the context of support for CoMP in Scenarios 3 and 4.  
2. Release 10 OLPC
UL Power control in Rel-10 is based on a sum of open-loop and closed-loop terms. The PUSCH transmit power in subframe i for serving cell c is given by [1]
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The open-loop component contains the term 
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 which is the downlink pathloss estimate calculated in the UE for serving cell 
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 in dB.  It is equal to referenceSignalPower – higher layer filtered RSRP, where referenceSignalPower is a parameter provided by higher layers and the higher layer filtered RSRP is of the reference serving cell.  The quantity 
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 represents the closed-loop power correction and can be based on accumulated or instantaneous power control values as signaled by DCI formats.  Because the open-loop contribution is based on DL power measurements of the CRS, the UE’s UL power is intrinsically tied to the selection of serving cell.  For homogeneous deployments where all cells have the same CRS power, this does not cause problems.  However, in heterogeneous deployments where low power nodes (LPNs) can have CRS power 16 dB below that of the macro cell, tying open-loop power control to the serving cell can cause excessive UL interference to neighboring cells and, therefore, high UE power consumption.  This will be described below for Scenarios 3 and 4.
A. HetNet Scenario 3

In this scenario LPNs are assigned different cell IDs and, therefore, the CRS of LPN and macro nodes can be distinguished. As in homogeneous deployments, the selection of a UE’s serving cell is based on RSRP measurements.  Unlike homogeneous deployments, however, the serving cell may not be the cell with the largest RSRP due to cell range expansion.  Referring to Figure 1, UE 1 is located outside the extension zone of the LPN but has lower pathloss to the LPN than to the macro cell.  The open-loop component of UL power control is based on the pathloss between the UE and macro node and thus the UL received power at the LPN is greater than that at the macro node.  Consequently, UE 1 can cause significant UL interference to UE’s served by the LPN, e.g. UE 2 and UE 3.  In order to compensate, the UEs served by the LPN need to increase their transmit power thereby increasing UE power consumption and lowering battery life.  If the reception point for UE 1 is moved to LPN, however, the UE’s transmit power can be reduced and so too will be the UL interference to other users connected to the LPN.  In this configuration UE 1 would, therefore, receive its downlink from the macro cell and have its uplink received by LPN.
B. HetNet Scenario 4
HetNet Scenario 4 differs from Scenario 3 in that the LPNs share the same cell ID as the macro node thereby forming a distributed transmission system.  As in Scenario 3, the LPNs are assumed to have a reduced CRS power relative to that of the macro node.  Unlike Scenario 3, however, the cells’ CRS are indistinguishable due to their common cell ID.  The CRS power measured by the UE, therefore, is a combination of the CRS from all transmission points with the same cell ID and, therefore, a single CRS measurement by the UE is not sufficient to calculate the pathloss to any particular node.  In addition an uplink interference problem similar to what occurs in Scenario 3 can also occur in Scenario 4.  This happens when a UE is located close to the LPN and overestimates the pathloss to the LPN.  Overestimation takes place because the pathloss calculation is based on the CRS power of the macro node as indicated by the higher-layer signaled referenceSignalPower parameter instead of the CRS power of the nearby LPN.  Overestimation of the pathloss then results in excessive uplink transmitted power with respect to what is needed for reception at the LPN.  

3. Release 11 Power Control Enhancements Power Control

Problems with excessive uplink transmission power in Scenarios 3 and 4 are fundamentally caused by overestimation of pathloss.  Three options have been proposed to address the pathloss overestimation problem [2][3].

1.  Closed-Loop Power Control

The simplest approach is to let closed-loop power control compensate for the difference in DL vs. UL pathloss.  This has the advantage of requiring minimal changes to the specification, possibly only an extension of the range of power control commands.  However, there will be an initial convergence time where large UL interference may occur at the LPN.  Moreover, this approach does not address the fundamental problem of the wrong pathloss being compensated by the open loop term.
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Figure 1:  Scenario 3 with Independent Downlink and Uplink
2.  Semi-Static Signaling of Power Offset
A second approach is to compensate for the DL/UL pathloss by semi-static signaling.  This may be done for example with the parameter PO_UE_PUSCH which in Release 10 takes values in the range of [-8,7] dB.  This range may need to be extended if it is to be used for DL/UL pathloss compensation.  Semi-static signaling of an uplink/downlink offset may also be used [2].  Like Option 1 this approach has low specification impact but may result in frequent higher-layer signaling.  It also does not address the fundamental issue of incorrect pathloss estimation.
3.  Change of Pathloss Reference

A third approach is to base the pathloss measurement on either CRS (scenario 3 only) or CSI-RS transmitted from the LPN.  While in the latter case the specification impact of this approach is larger than the first two options, it does enable the actual pathloss between the UE’s transmit and receive points to be directly measured.  It may not be necessary to use CSI-RS in Scenario 3 since CRS are available and are anyway used for mobility measurements.  However, CRS may not be available with new carrier types and, in addition, macro-to-pico CRS interference is also a potential problem.  Based on the above we propose that the ability to perform pathloss measurement on CSI-RS be added in Release 11.  Support for pathloss measurement based on the non-serving cell’s CRS, i.e. the pico cell in Scenario 3, is for further study.
The reference signal power is of course also required to be known by the UE when computing pathloss.  Thus we also propose that this power be signaled e.g. based on the CSI-RS configuration or by making referenceSignalPower a UE specific parameter.
4. Conclusions
This paper addressed Release 11 UL power control enhancements to support uplink CoMP.  Based on the discussion the following recommendations are made.
Proposal:


· Pathloss measurement based on CSI-RS should be supported in Release 11.  

· Support for pathloss measurement based on the non-serving cell’s CRS is FFS.
· Semi-static signaling of CSI-RS power.  
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