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1. Introduction

UL CoMP involves coordination between a set of cooperating points to facilitate improved reception from a UE. One objective of the recently approved CoMP WI [1] is a study of UL CoMP in both homogeneous and heterogeneous networks and specifically:

· 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 signaling that targets intended reception point(s)
Based on this objective this contribution investigates what, if any, enhancements are needed for UL CoMP.
2. Discussion
Legacy (Rel-8/9/10) UL power control is required for all uplink channels including PUSCH, PUCCH, SRS and PRACH. The PUSCH power control expression is given as [2]
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where, for brevity, we list only some parameters relevant to this discussion:
· 
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is a parameter composed of the sum of a component 
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 provided by higher layers for j=0 and 1 for serving cell 
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. For PUSCH (re)transmissions corresponding to a semi-persistent grant then j=0 , for PUSCH (re)transmissions corresponding to a dynamic scheduled grant then j=1 and for PUSCH (re)transmissions corresponding to the random access response grant then j=2. 
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, where the parameter preambleInitialReceivedTargetPower (
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 are signaled from higher layers.
· 
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is the downlink pathloss estimate calculated in the UE for serving cell 
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 in dB and 
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 = referenceSignalPower – higher layer filtered RSRP, where referenceSignalPower is provided by higher layers and RSRP is defined for the reference serving cell.
· 
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is a closed loop correction factor which provides absolute TPC commands in DCI formats 0/4 or cumulative TPC commands in DCI formats 0/4/3/3A.  
The UE determines the pathloss by computing the RSRP based on CRS measurements in the reference serving cell. In general, the “best” DL cell may not necessarily be co-located with the “best” UL cell because the DL cell with the largest RSRP may not be the cell with the minimum pathloss. This is shown in Figure 1, where the UE’s pathloss to cooperating point C is smaller than its pathloss to its current serving point – the macro at point A. Hence, for CoMP operation involving cells {A, B, C} the UE could adjust its transmit power as a function of its minimum pathloss, which provides system benefits in the form of reduced UL interference, and possibly, energy savings to the UE. Note that reducing power is also beneficial for SRS and PUCCH transmissions. 

Therefore, the design issue is how to set UL transmission power for a CoMP UE based on a reception point which is different from the point to which it has an RRC connection. Some possible options are described below.
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Figure 1 UL CoMP operation between points A, B, C
Reuse existing TPC commands

The simplest solution is to reuse the existing open loop and closed loop power control commands. The open loop parameter
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 is UE-specific within cell c and can be used to adjust the transmit power. This can be complemented with closed loop TPC commands. The advantages of this scheme are:

· It works well for both Scenarios 3 and 4. Moreover, CoMP operation is transparent to the UE.

· There is no impact to existing specification.

However, the range of 
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is limited to to [-8, 7] dB, while the range of the closed loop commands is [-1, 0, 1, 3] dB. Therefore, for large power transitions it may take some time to converge to the desired UL power. One solution is to extend the range of 
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using an additional bit. It is not desirable to extend range of the closed loop TPC commands as this has impact on DCI formats.
UE-specific reference signals
As mentioned in [3] part of the problem is the pathloss reference used for the UL PC derivation. Therefore, a simple solution is to remove the dependency on the CRS by configuring UE-specific reference signals such as CSI-RS for PUSCH/PUCCH and SRS PC. As such the UE is able to measure RSRP corresponding to different cells particularly for Scenario 4. Some issues need further consideration including:

· The open loop parameters 
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 are still based on the reference cell.

· For CoMP Scenario 4 a mechanism is needed to inform the UE of the DL reference signal power (referenceSignalPower) for each cooperating point in order to compute the pathloss from the RSRP. 
· For Scenario 3 the UE can compute its pathloss to cooperating points based on existing RRM handover procedure as long as these cooperating points are in its neighbour cell list. However, the UE cannot autonomously switch the pathloss used for power control. This implies that new signalling is required to indicate which pathloss to use for UL power control. 
Proposal: The same approach should be applied for both Scenarios 3 and 4.   
3. Conclusion

This contribution studied possible enhancements to UL power control in support of UL CoMP. Our observations are:

· Reusing existing TPC commands has no specification impact but may be slow to converge to the desired UL transmit power. The impact of slow convergence is for further study.
· Measuring RSRP based on UE-specific RS such as CSI-RS is a feasible option for pathloss measurements in CoMP scenarios 3 and 4. However, the UE must also be configured with the reference UE-specific RS transmit power. Furthermore, other open loop PC parameters corresponding to the cooperating point need to be signalled to the UE.
· The same approach should be applied for both Scenarios 3 and 4.
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