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1. Introduction

CoMP transmission and reception have been studied for several deployment types, such as cells with RRHs in heterogeneous networks in order to identify potential standardization impact in Rel-11. For UL CoMP operation, adequate power control mechanism for UL channels is of major importance  beforehand with other standardization impacts such as on UL DM-RS and SRS. In this contribution, we discuss the potential standardization impacts on UL power control for the following two HetNet deployment scenarios: (1) CoMP Scenario 3 where low power RRHs use different cell IDs as the macro cell and (2) CoMP Scenario 4 where low power RRHs use the same cell IDs as the macro cell.
2. UL power control for CoMP Scenario 3 
2.1. Potential problem regarding inter-cell interference

In RRH-based HetNet deployment, the best cell to be connected can be different between DL/UL.  In particular, UE should be connected to the cell that maximizes the RSRP in DL. Meanwhile, UE should be connected to the cell that minimizes the pathloss in UL. Then, if a UE is connected to the cell based RSRP based selection, macro UEs at the cell border between macro and LPN could cause large UL interference to LPN as shown in Fig. 1
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Figure 1 – Large inter-cell interference to LPN cell in UL HetNet scenario
In order to cope with this problem, there may be a solution that network (NW) boosts the UL power of the UEs connected with LPN by using power control. However, this solution has a disadvantage of higher UE power consumption. Alternative solution is DL/UL independent radio link connection of which concept is shown in Figure 2. Fast backhaul via optical fiber would help to achieve the coordination between macro and LPN cells, which could be viewed as UL CoMP operation. Although there might be some standardization impact on higher layers, DL/UL independent radio link connection would be optimum for HetNet scenarios [1]. 
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Figure 2 – DL/UL independent radio link connection
2.2. Potential standardization impact on UL power control for DL/UL independent radio link connection
The DL/UL independent radio link connection described in the previous section may still degrade uplink open-loop power control accuracy if the UE measures the pathloss by using CRS from the DL cell. More specifically, UL pathloss may be overestimated by the UE at DL/UL imbalanced area in Fig. 2, if the UE measures CRS from the macro cell, and use it for the UL pathloss estimation. As a result, the UE may transmit UL channels with excessive power in an undesirable manner. 
In order to compensate the pathloss estimation error due to DL/UL independent radio link connection, some enhancement and standardization impact regarding UL power control might be needed. To address this, some possible solutions are discussed below:
· Alt. 1: Leave it to closed-loop power control
Conventional closed loop power control mainly using TPC command can compensate pathloss misalignment and control UL transmission power adequately. 
Pros: No standardization impact.

Cons: Initial power of PUSCH/PUCCH may be too large until the TPC command achieves required power.

To enhance the convergence performance of the TPC command, extending the TPC command, e.g., to 3 bit in PDCCH DCI fields, may be preferred, though it requires some standardization impact. 
· Alt. 2: Use power control signaling other than TPC command
UE-specific RRC signaling PO_UE_PUSCH and PO_UE_PUCCH can be available to compensate pathloss misalignment.
Pros: No standardization impact.
Cons: The value range of PO_UE_PUSCH and PO_UE_PUCCH, e.g., [-8, 7] dB, may not cover the pathloss misalignment value well considering the DL transmission power difference among Macro/LPNs.
To resolve this drawback, extending the signaling bit field and value range of PO_UE_PUSCH and PO_UE_PUCCH may be effective, though it requires some standardization impact. Or, there might be some possibility to introduce new signaling to compensate pathloss misalignment such as PL,c , of which example for PUSCH power setting is shown below:
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Otherwise, Alt.2 should be combined with conventional TPC command to support the lack of value range.

Here, it should be noted that Alt. 2 requires how to derive the pathloss compensation value. Although it would be a NW implementation issue, some possible operations are also described as below:
Option 1: Derive the power offset value by using the received power of UL signals, such as PRACH, or received power difference of UL signal, such as PRACH and SRC between macro and LPNs.
Option 2: Derive the power offset value by using PHR and actual received signal power at LPN, and/or by using the difference between received PRACH and target received level of it.
 [image: image3.emf]LPN

Macro

PRACH

SRS

PHR

Po or 

Δ

PLc

Fast backhaul via optical fiber

PRACH

SRS


Figure 3 – Pathloss misalignment compensation by Alt. 2
· Alt. 3: Define new pathloss measurement definition for adequate open-loop PC
UE measures the CSI-RS or CRS of the UL cell for pathloss estimation at UE, considering the cell-edge UE can hear DL signal of LPN for measurement report.
Pros: Need no closed-loop signaling for pathloss compensation.
Cons: Large spec impact.

Relatively large spec impact may be required to introduce this property. For example, if CSI-RS is used for pathloss measurement, the transmission power of CSI-RS from LPN may need to be signaled to the UE. Furthermore, if CSI-RS is used for pathloss measurement, large standardization impact and work load are enforced on other WGs, e.g., RAN4.
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Figure 4 – Pathloss measurement using CSI-RS/CRS from LPN
3. UL power control for CoMP Scenario 4 

3.1. Potential problem regarding same cell ID deployment in scenario 4
The potential problems of UL power control in CoMP Scenario 4 are already mentioned in [2]. In CoMP Scenario 4, i.e., same cell ID among Macro/RRHs, CRS, PDCCH, and common/shared channel would be soft combined from all transmission points [3]. In this case, if the power of CRS, referenceSignalPower, of Macro eNB is signaled to all the UEs in the cell in a cell specific manner, UEs located closer to the low power node would overestimate the pathloss due to the mismatch between referenceSignalPower and low power node transmission power as shown in Fig. 5. 
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Figure 5 – Issues of UL power control in Scenario 4
3.2. Potential standardization impact on UL power control for same cell ID
Basically, potential problem described above is due to mis-calculation of UL pathloss measurement at the UE, which is the same issue as in DL/UL independent radio link connection case described in Section 2. Then, the similar solutions and potential standardization impacts to those discussed in Section 2.2 would be applied. It should also be noted that when defining new pathloss measurement definition (Alt. 3 in Section 2.2), CRS cannot be used for this purpose in CoMP Scenario 4. However, pathloss measurement via CSI-RS may have an advantage of enabling the UE to measure the pathloss of each transmission point in spite of using same cell ID. 
4. Conclusion

This contribution discussed the possible standardization impact on UL power control for HetNet scenarios. Particularly, we have considered CoMP Scenario 3 with DL/UL independent radio link connection, and CoMP Scenario 4 with shared cell ID among Macro and RRHs, and listed the following alternative solutions for UL power control: 
· Alt. 1: Leave it to closed-loop power control, where potential enhancement might be increased size of TPC commands.
· Alt. 2: Use power control signaling other than TPC command, where PO_UE_PUSCH and PO_UE_PUCCH could be reused with extended range, or new parameters for pathloss correction value, e.g., PL,c  could be introduced.
· Alt. 3: Define new pathloss measurement definition for adequate open-loop PC, where the UE measures the CRS or CSI-RS of the UL cell or UL reception point.
Necessity and specification impact (not only in RAN1 but also other WG) should be carefully investigated.
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