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1 Introduction
As stated in the SID of enhanced uplink transmission for LTE (RP-110448), one of the major objectives is related to uplink power control enhancements:

· Study and evaluate improvements for new deployment scenarios including higher mobility and non-uniform network deployments with low-power nodes, and improvements that address issues (e.g., relative phase discontinuity) in practical multi-antenna UE implementation
· enhancements to uplink power control 
Non-uniform network deployments with low-power nodes have been studied in the CoMP SI for downlink and uplink CoMP evaluation where scenario 3 and 4 have been defined as deployments to be with low power RRHs (Remote Radio Heads) within the coverage of a macro cell. In scenario 3, the transmission/reception points (including macro node and the RRHs) have different cell IDs while, in scenario 4, the macro node and the RRHs within its coverage have the same cell ID [3]. This deployment is expected to achieve inter-point interference management, flexible resource allocation and less frequent handover. 
As discussed in previous contributions [1] [2], uplink power control design needs to be evaluated and, if needed, enhanced to take advantage of these deployment scenarios for UL performance. 
In this document, we give our analysis on the issues for uplink power control in Scenario 3 and 4 and the potential design enhancements to address these issues. In addition, other potential issues and enhancements of uplink power control for uplink MIMO in Rel.11 are also discussed.
2 Discussion on the issues of UL power control for scenario 3

In Scenario 3, since the macro cell transceiver may transmit downlink signals with much higher power than the pico cell transceiver, the coverage is different for macro cell and pico cell, as shown in the following figure a. For the UE located in macro cell coverage but at the coverage boundary between macro cell and a pico cell, the received downlink signal from macro cell transceiver is stronger than that from the pico cell transceiver. Hence the UE is associated with the macro cell and receives downlink signals from macro transceiver. However, since the pathloss between UE and pico cell transceiver is much smaller than that between UE and macro cell transceiver, pico cell transceiver may receive signals from UE, or the UE has to transmit signals with much higher power to the macro cell which causes strong interference to the pico cell and potentially reduces the spectrum inefficiency for the scenario. In other words, for this UE, the downlink serving cell is the macro cell but the uplink serving cell is the pico cell. Such UL/DL imbalance case has also been addressed in [1]. 
Alternatively, the UE may benefit from uplink CoMP, i.e. both macro and pico cells receive signals from the UE, as shown in the following figure b. Pico cell transceiver takes the major role in detecting UE’s signal, since it receives much stronger signals from the UE. Hence these two cases are quite similar.
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Figure 1. Coverage in scenario 3
The cases above may introduce new issues with the Rel.10 design for uplink power control. On one hand, since UE receives downlink signals from the macro transceiver, the pathloss is measured based on downlink signals from the macro cell transceiver (PLDL). The measured pathloss PLDL may be much larger than that between the UE and pico cell transceiver PLUL (PLDL >> PLUL). With the Rel.10 design for uplink power control, UE will use the measured pathloss PLDL to calculate uplink transmit power. This results in higher than desired UE transmit power and cause strong interference to other cells. 
A possible solution with the current power control design is to configure UE with lower expected receiving power to make up for the pathloss difference, i.e. lower 
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· The pathloss difference changes as UE moves which requires frequent higher layer signaling to adjust 
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 and incurs a lot of additional signaling overhead. 
· On the other hand, the UE receives from the macro cell the cell-specific parameters of power control, which may be quite different from that of the pico cell. These parameters include cell 
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, and etc. Note that the configuration difference between the macro and pico cells cannot be fully compensated by UE-specific configurations, since the range of UE-specific configurations is small. 
In summary, pathloss, interference level, and overall power control strategy/configuration of the macro and the pico cells can be quite different. If the transmission of a UE is (mainly) received at one cell, it is reasonable for the UE to follow the power control process of that cell.
3 Discussion on the issues of UL power control for scenario 4
UL power control mainly compensates for slow-varying channel conditions while reducing the interference generated towards neighboring cells. The current UL power control mechanism for PUSCH is defined by 
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where 
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 = ReferenceSignalPower – higher layer filtered RSRP

                                          (2)  
The ReferenceSignalPower is defined as the linear average over the power contributions (in [W]) of all resource elements that carry cell-specific reference signals (CRS) within the operating system bandwidth at eNB side.  RSRP is defined as the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals within the considered measure frequency bandwidth at UE side.  In case of single point Tx/Rx at the base station side, the uplink path loss is assumed to be the same as the downlink, due to channel reciprocity of large scale fading. 
In CoMP scenario 4, CRS can be transmitted from all points with different transmit power in a SFN manner in the cell. The UE measures the combined signal from all the transmission points for RSRP report. On the other hand, flexible and independent DL/UL scheduling is a promising way to obtain the best performance for both uplink and downlink, considering the traffic load and interference are independent for DL and UL. It is possible that the nodes from which UE receives downlink data are different from those UE transmits uplink data to. Therefore, it results in inaccurate UL PC procedure and may not adapt easily if uplink cell splitting gain is desired.
  As one example illustrated in figure 2, CRS are transmitted from all the TPs initialized with the same cell ID. Therefore, the measured RSRP by the UE is a combination of all the RSRP(i) in linear scale. Pi is the transmit power of CRS from the ith TP, and the PLi denotes the path loss from the ith TP to the UE.
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Figure 2.Mismatch of UL and DL channel in scenario 4
The PLc calculated according to the standard is an combined path loss of P1, P2,…, PN and PL1, PL2, … , PLN.
          
[image: image11.wmf](

)

(

)

1

10

010

0

102021

ReferenceSignalPowerhigherlayerfiltered 

RSRP

10log10

,,,,,,...,,TP set

ii

C

PPL

N

i

NNii

PL

P

fPPPPLPLPLfPPLi

-

æö

-

ç÷

èø

=

=-

æö

=-

ç÷

ç÷

èø

==Î

å

K

        (4)
In the uplink, it is assumed macro site and RRH 3 are the joint reception points. To achieve the required uplink transmission performance, the target PL compensation for the UE transmit power should be a function of PL0 and PL3 denoted with the red dash line in figure 3.
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It is obviously that
PLC ≠ PLtarget
In figure 3, we investigate the gap between the measured PL and PL required for compensation for each UE in the heterogeneous network configure 1 and 4b. In the evaluation, we assume three kinds of joint receiving:

· All Marco/RRH: UE’s uplink signal is jointly received by all nodes in the cell

· One Macro/RRH: UE’s uplink signal is received by one node with minimum large scale fading.

· Two Macros/RRHs:  UE’s uplink signal is jointly received by two nodes with minimum two large scale fading.

The detail assumption to obtain the results can be found in [3]. 
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Figure 3.Pathloss error in scenario 4

From the simulation results, it can be observed that the maximum path loss measurement error reaches16dB, so the application of the current path loss estimation in scenario 4 is not reliable any more. To resolve the mismatch problem of the measured PL and the target PL compensation, we can consider the following two ways: 
· UE specific PL adjustment
Since the TPs and RPs for the UE is configured by the eNodeB, the eNodeB can calculate the difference between the measured PL and the target PL. From the simulation results, it is known that the deviation ranges from -16dB to 0dB, and a 4 bits signaling is enough to indicate it if 1 dB resolution is used. Consequently, the UE receive this PL adjustment signaling and correct its measured PL based on the following formula, where 
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· CSI-RS based PL measure
The CRS broadcast from all the RRH and macro site is an important reason to cause the mismatch of path loss measure. If the UE only receive the DL reference signal from the selected RPs to measure the path loss, the exact path loss can be directly derived. CSI-RS is good choice to achieve this, since different RRH can be configured with distinct CSI-RS pattern. When the UE is informed the CSI-RS configuration and the dedicated port, the desired path loss can be computed as
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Where, PLi is the measured path loss from the ith CSI-RS port that is signaled to the UE.
4 Further enhancement of power control for UL MIMO
In Rel-10, SU-MIMO is supported for UEs equipped with multiple transmit antennas. As discussed during Rel-10, ideally, the eNB received signals from each UE antenna shall be of similar power level. However, in practice, due to UE Antenna Gain Imbalance (AGI), or pathloss measurement/compensation inaccuracy, signals from different UE Tx antennas can arrive at eNB at different power levels. 
CMP codebook was adopted for UL SU-MIMO and the total transmission power of each layer/codeword is just the sum power of the involved antennas/PAs. When the receive signal is different from different UE Tx antennas, more dynamic and flexible power sharing may be beneficial. Offset values may be signaled by RRC or PDCCH for multi-layer/codeword transmissions. In addition, transmission format based power offset (for Ks≠0 mode) was discussed in Rel-10 but not accepted since more investigation is needed.
Furthermore, open loop uplink MIMO is seen feasible for high speed scenarios as well as when phase continuality requirements cannot be achieved. If open loop MIMO is supported for uplink, power control design needs to be examed to ensure efficient support.
Therefore, the following may be studied during Rel-11 if time permits: 

1. Dynamic and flexible power sharing among codewords/layers

2. TF based Power offset for multi-layer transmissions

3. Power control support for open loop uplink MIMO

5 Conclusions
In this contribution, the UL power control issues are investigated for deployment scenarios with low power RRHs as well as uplink MIMO. The following are proposed for further study:
· UE following the power control process of the (main) reception point/cell
· UE specific PL adjustment to compensate mismatch between uplink and downlink
· CSI-RS based path loss measurement
· Power control support for enhancement of UL MIMO
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