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1 Introduction
Different deployment scenarios have been investigated in SI of CoMP. Among these deployment scenarios, Scenario #3 and Scenario #4 define heterogeneous networks with low power nodes within the coverage of a macro cell. 
In CoMP scenario 3, different cell-id is used in different DL tx points, so UE can calculate different downlink pathloss node using CRS. However, receiving nodes in uplink may be different from transmission nodes in downlink, which could cause wrong uplink pathloss estimation.
In CoMP scenario 4, same cell-id is used in different DL tx points and pathloss estimation based on CRS can not provide separate pathloss values to the different tx/rx points. When UE under the UL coverage of a LPN and DL coverage of  a Marco, the measured pathloss values will be significantly different from the actual UL pathloss.
In this contribution, we give our view on UL PC issues in UL CoMP.
2 Discussions
Certainly, the pathloss estimate error in CoMP scenario #3 and scenario #4 should be corrected. In our view, there are two ways to compensate the pathloss estimate error:
· UE centric correction: UE measures the difference between the measured pathloss values and actual UL pathloss and corrects it.

· eNB centric correction: eNB measures the difference between the measured pathloss values and  actual UL pathloss of UE and informs it to UE with signalling, then UE corrects it.

Below, we analyze these two correction methods in different scenarios.
2.1 Uplink power control for scenario 3
In scenario 3, since the macro cell and LPN have different cell ID, it is possible for the UE to calculate different downlink pathloss from different transmission node using CRS. However, receiving nodes in uplink may be different from transmission nodes in downlink, which will cause incorrect uplink pathloss estimation. This problem can be solved from UE side or eNB side. 

UE centric solutions
UE centric correction means that the wrong pathloss evaluation will be corrected at UE side. In Rel-10, the downlink pathloss estimate calculated in the UE for serving cell 
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 in dB is expressed as follows: PLc= referenceSignalPower – higher layer filtered RSRP, where referenceSignalPower is provided by higher layers and RSRP is the received power of reference signal at the UE side. The uplink power calculation uses the downlink pathloss value as the uplink pathloss.

Several possible methods are listed below for correction of this pathloss value:

Method1: UE calculates the pathloss from macro to UE and add an offset to the pathloss as the final uplink pathloss estimation. 

Method2: UE calculates multiple pathloss from multiple transmission nodes to the UE to derive one pathloss value and uses it as the final uplink pathloss estimation.
Method3: UE is informed the receive nodes of uplink and calculates multiple pathloss from these nodes to UE through CRS. Then UE chooses one of the pathloss value or the linearization value of these pathloss values as the final uplink pathloss estimation.

One potential problem in these methods is UE has no information regarding the receiver structure at RRH/Macro, thus the benefit of modifying the pathloss estimation method at the UE side is not clear. Moreover, informing UE the receive nodes will incur some signalling overhead. 
eNB centric solutions
In this option the pathloss will be corrected at the eNB side by adjusting power offset or equivalent parameters and subsequently inform the UE. When UE moves from the macro to pico or from the pico to macro or even from pico to pico, the transmit power at the UE side is determined by one receive node. A power offset is introduced at eNB side to compensate partial pathloss is enough to ensure the transmission performance. The power offset can be signalled to UE through existing R10 mechanism.

2.2 Uplink power control for scenario 4
Comparing to scenario 3, the main difference is the macro cell and LPN have same cell ID in scenario 4, so it is impossible for the UE to calculate different downlink pathloss from different transmission node using CRS. When UE under UL coverage of LPN and DL coverage of marco the measured pathloss values will be significantly different from the actual UL pathloss.

Also because the transmitting power of CRS from marco and LPN are significantly different, the received power of CRS at UE side will definitely be different. At the same time the parameter referenceSignalPower is cell-specific, when the same derivation of pathloss is applied the measured pathloss values will also be significantly different from the actual UL pathloss.
Similar to scenario 3, the pathloss error compensation problem can be solved from UE side or eNB side. 

UE centric solution
As mentioned above, in scenario 4, UE can’t calculate different downlink pathloss from different transmission node using CRS. This means UE needs additional information that can distinguish between marco and LPNs from the network to help UE calculate different downlink pathloss from different transmission node.
One possible solution is introducing CSI-RS for pathloss measurements. With CSI-RS received power measurement, UE can measure the downlink pathloss of specific LPN when the mapping relation of CSI-RS port and LPN are known by the UE. Also the UE can measure the downlink pathloss of specific CSI-RS port and use the minimum downlink pathloss among CSI-RS ports as uplink pathloss compensation.
But as mentioned some companies, introducing CSI-RS for pathloss measurements will bring large spec impact. The transmitting power of each CSI-RS port should be informed to UE, and the received power measure behaviour of UE which is similar to RSRP in 36.214 should be defined. Meanwhile, introducing CSI-RS for pathloss measurements will make pathloss measurement process in CoMP of UE more complicated which require further study.
eNB centric

Similar to scenario 3, introducing a power offset or equivalent is also enough to compensate the performance loss. 

In scenario 4, as macro cell and LPN have same cell ID, without introducing CSI-RS, UE can’t distinguish from Marco from LPNs. However the detailed network deployment is known by eNB. With UE uplink transmission power measuring, the eNB would know which receive nodes is closest to the UE, it derives the power offset and inform the UE to correct the transmission power accordingly.
In our view, comparing with UE centric correction, the spec impact of eNB centric correction is significantly smaller. A signalling of power offset will be enough and eNB centric correction brings no additional processing complexity at the UE. For example, adjustment can be made in pathloss calculation equation below:
PLc= referenceSignalPower – higher layer filtered RSRP 

For  Scenario #3 and Scenario #4 a new power offset element could be added:
PLc= referenceSignalPower – higher layer filtered RSRP +power offset

3 Conclusion
This contribution discussed the possible solution and standardization impact on UL power control for CoMP Scenario #3 and Scenario #4.

 Summarizing the discussion, we propose:
1. Using eNB centric correction for uplink power control in CoMP Scenario #3 and Scenario #4.

2. Introducing power offset in pathloss calculation equation such as
PLc= referenceSignalPower – higher layer filtered RSRP +power offset
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