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1. Introduction
Until RAN1#66 meeting, a variety of issues have been discussed in CoMP session. For uplink CoMP, the research areas in uplink CoMP are as follows[1].
· Enhancements and requirements on uplink reference signals to improve the DM-RS and SRS capacity and reception

· 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 signalling that targets intended reception point(s)
· Enhancements to PUCCH to

· improve resource utilization efficiency in the UL CoMP operation 

· avoid high inter-cell/point interference
· Potential enhancement for the uplink timing advance control to support efficient JR CoMP operation

In this contribution, we discuss on uplink power control specifically uplink path-loss determination. At first, we briefly describe the necessity of change at path-loss measurement in heterogeneous network CoMP. And we discuss the utility of reference signals such as CSI-RS and CRS for path-loss measurement with their consideration points.
2. Discussion
Uplink power control becomes an important issue in heterogeneous network CoMP because the path-loss estimation needs a modification for CoMP scenario 3 and 4. In Rel-10 network, the link connections between eNB and UE are the same for both uplink and downlink. However considering CoMP deployment with low power RRH, there could be a difference. Since macro eNB transmits signal/channel with higher power than RRH, the UE which is located at border of macro eNB’s coverage could receive downlink signal from eNB even when it is closer to RRH than macro eNB. In this situation, if the UE transmits the uplink signal to macro eNB, it could cause severe interference to other UEs which are linked with RRH for uplink. CoMP technique, to avoid this kind of interference, make it possible that UE could transmit uplink signal to a point which is not connected to the UE for downlink as figure 1.
In addition, when we consider the uplink CoMP with eNB and RRHs, not to speak of uplink/downlink imbalance, even though uplink and downlink are coincide, it requires a change of path-loss estimation because the transmission power between eNB and RRH should be different. It is described in figure 2.
Hereafter downlink reference signals such as CSI-RS and CRS will be discussed for path-loss measurement and also be considered their pros and cons.
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Figure 1. Uplink/downlink imbalance
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Figure 2. Uplink/downlink CoMP
2.1. CSI-RS
CSI-RS could be a good candidate for path-loss measurement in heterogeneous network CoMP. If eNB configures different CSI-RS patterns among uplink reception points and signals this information to UE, UE could measure the path-loss for each reception point and derive the effective path-loss for uplink CoMP as below
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But in Rel-10, eNB could signal only one CSI-RS pattern with UE-specific manner, therefore it requires modification of signaling for multiple CSI-RS configuration in order that CSI-RS could be used for path-loss measurement in uplink CoMP. Also the definition of path-loss measurement needs to be modified by adding additional measurement from CSI-RS.
However the number of resource elements within the frequency band and within the period that are used by UE for RSRP(Reference Signal Received Power) measurement is left up to UE implementation with the limitation of measurement accuracy requirements. Considering the number of resource elements used by RSRP measurement for CRS and CSI-RS, it is worthy to consider the accuracy of measurement. For RSRP measurement, with the aid of CRS port 1, it could use 8 resource elements per RBP(Resource Block Pair). On the other hand, if the CSI-RS port 1 is used for measurement, only one resource element could be aggregated for the RSRP measurement in a RBP. In other way, if eNB configures multiple CSI-RS patterns to a UE and if CSI-RS period is configured shortly, it may cause overhead issues on reference signal.

Proposal 1
· CSI-RS could be used for path-loss measurement for uplink CoMP. However it might be necessary to investigate the fulfillment of required measurement accuracy and reference signaling overheads.

2.2. CRS
Until Rel-10, path-loss measurement is based on CRS with single link between eNB and UE. However, in CoMP specifically non-uniform network with low power RRH, it might be required additional signaling in order to use CRS for uplink path-loss measurement. For example, when the uplink reception point is different from downlink transmission point, or when the multiple reception points compose CoMP set, in order to use CRS for path-loss measurement, eNB should inform UE about the CRS patterns of each reception point. In CoMP scenario 3, since Macro eNB and RRH have different cell IDs, macro eNB could signal CRS pattern or cell ID of the reception point(s) which are connected with UE for uplink, and UE could measure the path-loss of each reception point separately. But in CoMP scenario 4, macro eNB and RRH share the same cell ID and the time/frequency position of CRS from RRH will be same with the CRS of macro eNB. A discussion has been conducted on the path-loss estimation in scenario 4 for both legacy UE and Rel-11 UE by using CRS and/or CSI-RS[6]. In this case it might be required the controlling of the CRS transmission in path-loss measurement duration in order that CRS could be used to measure the path-loss of each reception point. In measurement duration, if each RRH is configured with zero-power CRS independently, UE could derive the path-loss of each RRH from information such as transmit power, zero-power CRS configuration.
Comparing with CSI-RS measurement, the CRS measurement could increase the resource elements for averaging and it could be a solution when it is required to enhance the accuracy of measurement. However it needs additional signaling about zero-power CRS configuration in CoMP scenario 4 and could cause the restriction on downlink data transmission from RRH.
Proposal 2
· For uplink path-loss estimation, CRS could be a candidate for measurement, but it is needed to consider the control of CRS transmission from RRH in path-loss measurement duration specifically CoMP scenario 4 and the restriction of data transmission from RRH.

2.3. For legacy UE 
The Rel-10 UE could not use CSI-RS for path-loss measurement and also it could not receive any signaling which indicates zero-power CRS configuration. Therefore the path-loss mismatch between uplink and downlink should be compensated with parameters which already exist in uplink power control formula. The eNB could use UE-specific parameters such as object power and/or TPC command to adjust the path-loss error. Though these parameters have a limitation to compensate path-loss error which is caused by the power difference between eNB and RRH, eNB should assign the suitable value within the range of parameters to approach the actual path-loss.
3. Conclusion
For uplink CoMP, the path-loss could be estimated with downlink reference signal such as CSI-RS or CRS. Since each method has pros and cons of its own, we need to carefully consider which one is better in a variety points as signaling, overhead, restriction of data transmission and implementation complexities etc. If there occurs a reliability issue on path-loss measurement by CSI-RS, CRS based measurement could be an alternative with control of CRS transmission from RRHs in CoMP scenario 4. 

Proposal 1

· CSI-RS could be used for path-loss measurement for uplink CoMP. However, it might also be necessary to investigate the fulfillment of required measurement accuracy and reference signaling overheads.
Proposal 2

· For uplink path-loss estimation, CRS could be a candidate for measurement, but it is needed to consider the control of CRS transmission from RRH in path-loss measurement duration specifically CoMP scenario 4 and the restriction of data transmission from RRH.
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