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1. Introduction
At RAN1#67 uplink CoMP power control was discussed for both scenarios 3 and 4.  Two way forwards were proposed, one based on RRC signalling of a pathloss offset [1] and the other based on measurement of CSI-RS [2]. No conclusion was reached but the following observation was agreed:

· For the cases simulated so far, network signalling based approach has similar performance as CSI-RS base PL estimate approach

· Additional simulation of high mobility cases may be helpful

· In the case of RRC based approach, the network needs to monitor COMP UE uplink signals at multiple points, 

· CSI-RS based approach is available only after CSI-RS is configured, 

· In order for the network to figure out the CSI-RS configuration, one alternative is for the network to measure COMP UE uplink signal at multiple points

· Another alternative is based on UE measurement and reporting of  RRM measurement set

This contribution compares the two approaches and provides our view on the best alternative.
2. Release 11 Pathloss Evaluation
UL CoMP has been shown to improve cell-edge throughput gain by a number of companies [3]
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 \* MERGEFORMAT [5]. As discussed in [6] independent downlink and uplink nodes are needed in some regions to prevent high interference from UEs in these regions from causing excessive UL interference to UEs communicating with lower power nodes.  These UEs receive their downlink transmission from the macro cell and transmit their uplink signals to a low power node.  Consequently, uplink power control in this situation should act to set a target received power at the low power node.  This can be achieved in Scenario 3, at least in principle, by calculating the power control formula’s open loop term based on RSRP measurements of the low power node’s CRS.  In scenario 4 however a single CRS is transmitted from all nodes in the cell and therefore downlink pathloss from an individual low power node cannot be directly measured.  In the first proposed method of addressing this problem, CSI-RS are transmitted from the low power nodes allowing direct evaluation of the downlink pathloss from these nodes.  In the second method open loop power control is based on CRS-based pathloss measurements of the macro node but RRC signaling is used to either provide a pathloss offset or the range of the objective power parameter 
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 is expanded.   The methods are described in more detail below and their advantages and disadvantages discussed.  
2.1. CSI-RS based PL Measurement
In this method a set of CSI-RS ports are signaled to a UE as a CSI-measurement set.  Also signaled is a CSI-RS reference signal power.  Based on the CSI-RS the UE makes measurements of the downlink pathloss of the transmission point corresponding to each CSI-RS port and from these pathloss measurements, an effective pathloss based on the minimum, maximum, harmonic mean or some other function can then be calculated.  The CSI-measurement set must of course be updated as the UE changes position.  
Advantages

· Extends the Release 8-10 uplink power control technique of using direct measurement of the pathloss of the desired reception point. 

· Addresses the source of pathloss overestimation directly, i.e. estimation of the pathloss to wrong access point.    
Disadvantages

· UE is required to implement a new pathloss estimation procedure and may also need to implement CSI-RS based RSRP reporting depending on how management of the CSI-measurement set is maintained.

· A set of CSI ports to be measured are required before transmission takes place.  This can be done by signaling via RRC a set of CSI-RS ports on a cell-specific basis. Every UE in the cell would then monitor this set of CSI-RS ports.  Because there will be only one such set for the entire cell, the set must contain all TPs that could serve as reception points for UEs in that cell and would thus necessarily be large.  This could result in high complexity for the UE.  Alternatively, power control would need to be based on CRS until the network made measurements of the UE’s RACH or SRS and signaled a CSI measurement set to the UE.  Until the CSI measurement set was signaled, only closed-loop power control would be available to control excessive transmit power.
2.2. RRC Signaled UE-specific Adjustment

In this method the UE determines its open loop pathloss based on RSRP measurement of CRS as in Rel. 8-10.  A UE-specific pathloss offset is then RRC signaled to the UE which then adds this pathloss offset to its CRS-based pathloss measurement to obtain the pathloss to be used in the power control equation’s open loop term.  Alternatively, the UE’s operation is just as in Rel. 8-10 but the range of the UE-specific component of objective transmit power value term,
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, is extended.   In either case RRC signaling is used to update the value of the pathloss offset or the objective power as the UE changes its position.
Advantages

· No changes in pathloss estimation procedure at the UE.
· Specification impact is limited to defining signaling for pathloss offset or changing the range of the objective power.

Disadvantages

· While the pathloss offset can, in theory, be calculated based on uplink SRS or RACH pathloss measurements at the set of reception points, e.g. [7], the accuracy of such measurements and the sensitivity of the pathloss offset to such errors is not clear.
· SRS capacity may also be an issue in that preferably full bandwidth SRS must be assigned to all Release 11 CoMP users in the cell.
· Increased RRC signaling overhead.

· High mobility users may not be accurately tracked due to the use of RRC signaling.  This would result in open loop power control errors that may increase interference to lower power node UE. 

3. Conclusions
Considering the disadvantages of the RRC signaling approach, particularly the increased signaling overhead and the uncertainty in the accuracy of SRS power measurements, we have a slight preference for CSI-RS based PL measurement as long as the details of CSI-RS measurement set configuration can be defined.
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