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1. Introduction

The study of DL and UL CoMP in heterogeneous networks (het-nets) so far has revealed one interesting fact: the best DL cell for a UE in terms of DL RSRP may not be the best UL cell from a path loss perspective (see e.g. [1] – [6]). Indeed, setting the UL transmit power as a function of the smallest pathloss to the UE from a set of reception points instead of the cell with the maximum RSRP, can improve system performance by reducing inter-cell interference and also maximizing battery life. These potential benefits of decoupling UL and DL serving cells for a UE have been verified by system level simulations in e.g. [1]. 
Based on contributions and online discussions at RAN1 #67 it was observed that enhancements to Rel-10 power control to support UL CoMP can be classified under two main groups, namely, network-signalled UE-specific adjustment of open/closed loop power control parameters, and CSI-RS based pathloss estimation. In this contribution we present our views on these proposed enhancements.
2. Discussion
The primary issue for power control in UL CoMP lies with the efficacy of legacy power control when a UE is configured for UL CoMP reception in a het-net scenario. The open loop component of the Rel-10 power control is given by
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, where the pathloss is derived as PLc = referenceSignalPower – RSRP for a serving cell c. In contrast to a homogeneous deployment, for a het-net 

· The intended reception point(s) (RP) may be at a different geographical location from the transmission point(s) transmitting CRS. For example, DL data and control may be decoupled in order to mitigate/avoid interference.

· The measured RSRP for a het-net may contain contributions from one or more transmission points (macro and picos/RRHs) in the shared cell ID scenario (Scenario 4).
Consider the case where a macro node and N pico nodes transmit CRS in CoMP Scenario 4. From the analysis in [2], [3] it can be shown that pathloss estimation error (in dB) is obtained from the ratio between the estimated pathloss (using the reference signal power and RSRP) and the effective pathloss as
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 EMBED Equation.3  [image: image3.wmf]
where
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is the ratio (in linear scale) between the macro power and pico power and
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is the linear value of the pathloss for the ith node (subscript 0 denotes the macro node). It can be seen that the pathloss estimation error depends on
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e.g. 16 dB for macro and picos at 46/30 dBm respectively. This has also being verified by system level simulations in e.g. [4]. Note that this result can be viewed as an upper bound because it assumes the same set of transmission and reception points and joint transmission of CRS for RSRP measurement. 

2.1. Analysis of proposed UL power control enhancements 

Network-signalled adjustment of UL PC parameters: this group of solutions mainly considers enhancements to existing open/closed loop power control parameters. 
If the network can compute the pathloss error based on knowledge of the TPs and RPs, one solution is to signal a UE-specific pathloss offset to the UE based on
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. An equivalent scheme, which does not introduce a new parameter, is to increase the dynamic range of the UE-specific component of the reference transmit PSD 
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[5]. Both methods have some specification impact and they also assume that the pathloss estimation error is relatively static, i.e. the CoMP reception set is not dynamically configured. 
A different solution is to compensate for the pathloss error by reusing the existing closed loop power control commands. As the range of the closed loop commands is limited to [-1, 0, 1, 3] dB, convergence time of the power control loop is uncertain particularly for a large pathloss estimation error. Clearly, the range of the closed loop TPC can be increased to allow larger step transitions for each detected TPC command in a detected PDCCH. However, this has significant specification impact, at least for PUCCH power control, because the TPC field for DL DCI formats is already dual-purpose in Rel-10 – conveying TPC commands and for PUCCH Format 3 resource selection.
A different way of solving the problem of an erroneous pathloss estimate is to disable the pathloss compensation for UEs in the cell range expansion zone and rely on closed loop commands [6]. This requires that a UE be configured with a dedicated pathloss compensation factor with at least the following values
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. It is unclear how much time is necessary for the power control loop to converge to the desired state.

For the proposed network-signalled schemes some changes are also needed for PRACH transmission. At initial RRC connection all UEs have basic Rel-8 functionality. Following initial connection the UE can then inform the eNB about its advanced capabilities. According to the Rel-8 specification the UE shall apply full pathloss compensation for transmitting the random access preamble and PUSCH (re)transmissions corresponding to the random access response grant. For any other PRACH transmission after initial RRC connection the PRACH power control expression 
PPRACH = min{
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also needs to be changed when the UE transmits to a different RP(e.g. a pico RP)  because a different pathloss is required. It was suggested in [3] to reduce the preamble target received power at the cost of increasing the number of PRACH attempts from other non-CoMP UEs. This in our view is not a desirable solution – as a design principle the introduction of a new feature should strive to avoid performance degradation for legacy UEs.
CSI-RS based PL measurement

In contrast to disabling the pathloss compensation, the dependency of the pathloss on CRS can be eliminated by configuring a UE to measure RSRP based on CSI-RS. Furthermore, the UE shall be configured with the CSI-RS transmit power. We note that one of the proposals for DL CoMP measurement set management for CSI feedback involves the use of CSI-RS. If this proposal is agreed, the additional specification impact is signaling the transmit power for the configured CSI-RS pattern. However, it should be noted that the DL CoMP set for CSI feedback may not necessarily be the same as the UL CoMP reception set.
Summary: 

· All the proposed require changes in specification to varying degrees.

· CSI-RS requires configuration of the CSI-RS pattern and the associated reference signal power.

· From the network-signalled alternatives, modifying the UL reference PSD components   
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in conjunction with closed loop power control has the least specification impact.
· Adding extra bits to the TPC field of DCI payloads has a significant specification impact as it also affects blind decoding and PDCCH capacity.
· It is not desirable to adjust the target received preamble power in order to accommodate CoMP users as it impacts the performance of legacy UEs.  
3. Conclusion

This contribution compared two classes of solutions for UL CoMP power control, namely CSI-RS based pathloss measurement, and network-signalled enhancements to the existing power control schemes. Our preference is to focus on one of the following enhancements: 

· CSI-RS based pathloss measurement.

· Extending the range of the UE-specific reference PSD components   
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in conjunction with closed loop power control.
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