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1. Introduction

As a result of the discussion during the RAN1#66 meeting in Athens, the following discussion points regarding UL power control enhancement for Rel-11 CoMP WI were agreed upon [1].

Enhancements to the uplink power control for open-loop as well as closed-loop operation may be considered including e.g. 

· enhancement to support selection of intended reception point(s) 

· potentially take into account new interference environment

· path-loss determination and signalling that targets intended reception point(s)

· reception point(s) may vary for different uplink physical channels

In this contribution, we evaluate the potential impact of pathloss determination issues in HetNet deployment scenarios based on system level simulations and show views on power control schemes for HetNet scenario.
2. Initial Evaluation of UL PC for CoMP in HetNet Scenario
2.1. Assumptions for DL/UL independent radio link connection for scenario 3
The DL/UL independent radio link connection would be optimum in terms of inter-cell interference for HetNet scenarios [2]. This configuration could be achieved by a kind of UL CoMP technique with RRH-based HetNet deployment. A UE located in the DL/UL imbalanced area, i.e., between the pathloss border and the RSRP border, receives a DL signal from Macro, meanwhile UL signals are received at the LPN as shown in Fig. 1. 
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Figure 1 – DL/ UL independent radio link connection with UL CoMP in Scenario 3
In this case, the UE in the DL/UL imbalanced area might overestimate the UL pathloss because the UE measures the CRS from the Macro in a conventional manner. When the pathloss estimation error is ongoing, then it degrades the UL performance due to the undesirable interference from the UE in the DL/UL imbalanced area [3].
In order to provide quantitative analysis of the impact of this issue, we evaluate the system level performance for UL CoMP. Table A1 in the Appendix gives details of the simulation assumptions in the evaluation. We note that the same non-fractional power control parameters, e.g.,  and P0_PUSCH, are applied to both the Macro and LPN for the sake of simplicity. Furthermore, closed-loop power compensation via the TPC command is not applied so that we can see the potential impact of the pathloss estimation error. In this contribution, we present the simulation results for the following three cases.

· Case 1: RSRP-based cell selection without cell range expansion, i.e., CRE of 0 dB.
· The UE located in the DL/UL imbalanced area connects to Macro in the UL.
· Case 2: DL/UL independent radio link connection with UL open-loop PC using the pathloss to UL reception point.
· The UE located in the DL/UL imbalanced area transmits an UL signal to the LPN with the required power.
· Case 3: DL/UL independent radio link connection with UL open-loop PC using DL pathloss.
· The UE located in the DL/UL imbalanced area transmits an UL signal to the LPN using excess power.
We also note that in the evaluations, for the UL resource allocation in Cases 2 and 3, we assume that UEs located in the DL/UL imbalanced area are scheduled in each LPN cells, although those UEs are connected to Macro in the DL.
2.2. Simulation results
In Table 1 we summarize the simulation results for the average user throughput, cell-edge user throughput defined as the 5%-tile of the CDF, and effective IoT [4] averaged with a linear value for each case. Comparing Cases 1 and 2, we find that the DL/UL independent radio connection achieves a large gain in user throughput for all areas. This is because the interference to LPN cells is significantly reduced due to the pathloss based UL reception point selection. As a result, the interference is equally distributed among the Macro and LPN cells. Here, the Macro user throughput in Case 2 is also increased compared to that in Case 1 according to the decrease in the total number of UEs connected to Macro. 
Table 1 – Simulation results
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On the other hand, we find that the benefits from the DL/UL independent radio connection disappear in Case 3 using DL pathloss for UL PC. The performance degradation in Case 3 is caused by the severe interference from the UE located in the DL/UL imbalanced area. The increase in the amount of interference can be seen in Figs. A3(a) and A3(b) as well as the increase of the average effective IoT in Table 1. In Case 3, the interference is understandably higher not only in the Macro cells, but also in the LPN cells to some extent. The evaluation results show that the UL pathloss estimation error may cause UL performance degradation in the DL/UL independent radio connection case, although the closed-loop power correction using the TPC command should be considered as necessary. 
Observation: UL pathloss estimation error may cause UL performance degradation in the DL/UL independent radio connection case.

3. Views on UL PC Scheme for CoMP in HetNet Scenario
From the evaluation results in Section 2, appropriate UL pathloss measurement or closed-loop correction may be essential to achieve full UL CoMP gain. As discussed in [3], some of UL PC enhancements in Rel-11 listed below may be needed.
· Opt. 1: Use closed-loop power correction using TPC command.

· Convergence time to achieve pathloss correction is major concern.
· Then, potential enhancement might be increasing the size of TPC commands in DCI.
· Opt. 2: Use power control signaling other than TPC command
· PO_UE_PUSCH and PO_UE_PUCCH could be reused with an extended range [5].
· Or, introduce new signaling for the pathloss correction, e.g., PL,c. Here, MAC signaling may be preferable rather than RRC signaling from the aspect of frequent update [6].
· Opt. 3: Define a new pathloss measurement definition for adequate open-loop PC
· UE measures the CSI-RS of each UL reception point.
It is, however, important to find solutions including legacy UEs [7]. Therefore, we should investigate Opt. 1 first based on some system-level performance evaluations considering non-full buffer traffic. 
4. Conclusion

This contribution presented an evaluation of the potential impact of pathloss determination issues for UL CoMP in HetNet deployment scenarios. The results show that the UL pathloss estimation error may cause UL performance degradation in the DL/UL independent radio connection case. Then, some of UL PC enhancements in Rel-11 listed below may be needed.
· Opt. 1: Use closed-loop power correction using TPC command.
· Opt. 2: Use power control signaling other than TPC command.
· Opt. 3: Define a new pathloss measurement definition for adequate open-loop PC.
Since it is important to find solutions including legacy UEs, we should investigate Opt. 1 first based on some performance evaluations. 
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Appendix
Table A1 – Simulation assumptions
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Figure A1 – User throughput
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Figure A2 – UL SINR
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Figure A3 – Effective IoT
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