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1 Introduction

It was agreed in RAN1#66 to consider several aspects of UL PC, which are listed in [1]. The following is listed:

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

To ensure accurate reception of SRS at the coordinating points, further enhancements to the power control scheme for SRS may be considered. Enhancement for the uplink timing advance control to support efficient JR CoMP operation may be considered.
· including possible enhancement on RACH transmission

In addition, coexistence with legacy UEs should be considered in these UL CoMP enhancements. 
This contribution studies the application of the power control mechanism specified in Rel-10 [4][5][6] in the context of the new scenarios introduced in Rel-11 [7]. It is shown that the existing algorithm does not suit the new heterogeneous and CoMP deployments. Moreover, a solution addressing the identified problems of Rel-10 power control in the mentioned new Rel-11 scenarios is proposed. The performance of the proposed solution is evaluated through system simulations.
2 Review of Rel-10 UL Power Control Mechanism
UL Power control in Rel-10 is based on both open-loop and an additional closed-loop correction term. The PUSCH transmit power for serving cell c in subframe i has the following expression [6] (similar PC formulas are given in [6] for SRS PC and for the cases where PUSCH is coscheduled with SRS and/or PUCCH):
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 = referenceSignalPower – higher layer filtered RSRP, where referenceSignalPower is provided by higher layers and RSRP for the reference serving cell and the higher layer filter configuration are defined in [6] for the reference serving cell. 
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 accounts for the closed-loop power correction and it can be based on accumulated or instantaneous power control values as signaled, e.g., by DCI formats.
Since RSRP is based on DL power measurements on CRS, UL PC becomes tightly coupled to the DL cell assignment. Such interplay leads to undesirable consequences as explained in the next subsections for Scenario 3 and Scenario 4 respectively.

2.1 Problems with PUSCH PC and Scenario 3

In case of CoMP Scenario 3 the path loss term PLc in the open-loop part of the UL PC formula is determined by the CRS associated to the serving DL cell. However, for some UEs the preferred UL serving cell does not coincide with the DL serving cell. Such a mismatch is increased by the following factors:

· Power imbalance between macro/pico cells

· Limited range extension

· The pico UL coverage area is larger than its DL coverage area.

Another important aspect is that the radius of the extended range around the pico-cell is irregular, asymmetrical and dependent on several parameters such as the macro/pico power imbalance, relative position of the cells and path loss factors. Therefore, PC cannot be corrected by adjusting the range extension, which would anyway lead to undesirable coupling to DL range extension optimization.

The above problem leads to suboptimal UL PC, leading to unnecessary large UL interference and power consumption for the UEs.
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Figure 1: Example deployment with partial range extension.

2.2 Problems with PUSCH PC and Scenario 4

The same problem of erroneous pathloss estimate not always reflecting the intended reception point for Scenario 3 applies also for Scenario 4. Assuming that CRS are transmitted over all points covered by the macro point’s coverage area, it becomes challenging to adjust each UE’s Tx power according to the selected UL reception point(s).

2.3 Problems with SRS Power Control

Power control for SRS is based on path loss measurements on the same reference signals as for PUSCH. Therefore, the same problems pointed out for PUSCH apply also to SRS PC.

On TDD systems, typically SRS need to be received with sufficient power at all potential DL CoMP transmission points, while PUSCH should typically be received only at UL CoMP reception point. 

A potential solution is based on the SRS power offset term as specified in Rel-10. Even though such a scheme has the advantage of being Rel-10 compliant, it does not solve the problem:

· In case of mobility a large amount of RRC signaling would be required in order to adjust SRS power offset

· The root of the problem (path-loss is not measured from the desired nodes) is not solved.

A situation which exemplifies the problem is when a UE in the range extension zone moves towards a serving DL macro in a TDD network. According to Rel-10 PC the SRS power is progressively increased, while it should be decreased in order to compensate for the approaching macro-node.

Observations:
· UL PC is not correctly assigned for Scenario 3 and Scenario 4.

· Additional PC problems may arise in case of SRS based sounding for TDD and CoMP.

3 Potential solutions to Power Control in Rel-11

The above problems may be easily addressed in Rel-11 with small standard changes targeting the roots of such misbehaviors. In particular, we can ensure that the pathloss to the correct reception point is measured by allowing the eNB to configure some reference signals where the UE can measure the pathloss used on the power control process.
Measuring the pathloss on CRS, as it is done in Rel.10, is problematic in scenario 4, since the macro BS and all its associated pico BS transmit the same CRS (which is coupled to the Cell-ID) making more difficult for the UE to measure the pathloss to individual reception points. Even in scenario 3, measuring on the pico BS CRS is challenging due to the high interference from the macro BS CRS in some cases. In addition, pathloss estimation on new carrier types without CRS would not be possible.
A good alternative to CRS for pathloss estimation is to measure on CSI-RS, which are transmitted over the whole BW (in contrast to DM-RS). The problem of high interference on different points CRS REs in Scenario 3 can be avoided by instead measuring on CSI-RS and exploiting the availability of CSI-RS muting and high reuse factors.

Observations:
· Measuring pathloss on CRS is problematic, especially considering the high interference from the macro BS for some users, and new CRS-free carrier types.

· CSI-RS is a good alternative for measuring pathloss, since high reuse factors and muting can be exploited to raise SINR values for the CSI-RS REs.

Based on the reasons given above we propose that the UE is instructed by the network to measure the pathloss on CSI-RS. In addition, the parameter referenceSignalPower can be set on a UE-specific manner so that the UE can estimate the pathloss based on the CSI-RS measurement.
Proposal:
· The UE is instructed by the network to measure average receive power  on CSI-RS

· The parameter referenceSignalPower may be set in a UE-specific manner.

This process is illustrated in the following example corresponding to Scenario 3, where a UE is initially served by a macro BS on the UL and subsequently a pico BS is chosen as the only UL reception point. The UE is therefore instructed to measure pathloss to that pico BS on CSI-RS configuration 2. The UE transmit power is then adjusted based on the pathloss to the pico BS, as a difference to a Rel.10 UE, where the power would be adjusted based on the pathloss to the macro BS.
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Figure 2: Example scenario where a UE is instructed to measure pathloss to a pico BS on CSI-RS
4 Evaluation of Improved Power Control

4.1 Assumptions

A system corresponding to Scenario 3 is considered for performance evaluation through system simulations. Some of the simulations also correspond to Scenario 4. The most important simulation assumptions are summarized in Table 2 in the appendix. It is also assumed that downlink and uplink point selections are independent, so that the UE uplink signal is received only at the point with lowest pathloss to the UE (the scheme is therefore named Pathloss Point selection), even if the point doesn’t correspond to that UE’s downlink serving cell.  As earlier indicated, open-loop power control for Pathloss Point Selection is easily achieved by letting RSRP be measured on CSI-RS instead of CRS. Having independent UL/DL node selection is beneficial for the system, since all UEs which are connected to a macro node on the DL but are located closer to a pico node can reduce their TX power, saving battery and decreasing interference to other UEs uplink transmission. This scheme is compared to a Rel.10 compliant scheme, where Uplink and Downlink cell selection are coupled and based on RSRP. Results for RSRP cell selection with a cell range extension of 6 dB are also provided. Only open loop power control is considered.
4.2 Simulation results

The three performance metrics which have been agreed to be used for UL CoMP evaluation [8] are shown in Table 1 and 2 for UE Configuration #1 and #4b respectively. RSRP cell selection and Pathloss point selection cases are compared. For RSRP cell selection, results for 0 dB and 6 dB DL cell range extension are provided. Gain 1 and 2 correspond to the gain of pathloss point selection compared to RSRP cell selection with 0 dB and 6 dB CRE respectively. It is observed that Pathloss point selection with improved power control shows an increase of all three performance metrics compared to RSRP cell selection with CRS based power control. Setting a DL cell range extension of 6 dB improves RSRP cell selection performance, but it still performs worse than Pathloss point selection. Cell edge throughput is the metric showing the highest performance gain when comparing RSRP cell selection and Pathloss point selection, with very large gains up to 88% for Configuration #1 and 127% for Configuration #4b.
The average user throughput CDF is shown in Figure 3, where we observe the same trends described above: RSRP cell selection without range extension is the case with lowest user throughput, followed by RSRP cell selection with 6 dB cell range extension, and finally the Pathloss point selection scheme shows the highest user throughput of all three cases.

	
	RSRP cell Selection
	PL Point Sel.

	
	CRE 0 dB
	CRE 6 dB
	-
	Gain 1
	Gain 2

	Macro Area Throughput [Mbps]
	7,45
	8,59
	9,59
	29%
	12%

	Pico Cell Throughput  [Mbps]
	1,37
	1,65
	2,00
	46%
	21%

	Cell edge Throughput  [Mbps]
	0,312
	0,426
	0,588
	88%
	38%


Table 1: Simulation results for UE Configuration #1
	
	RSRP cell Selection
	PL Point Sel.

	
	CRE 0 dB
	CRE 6 dB
	-
	Gain 1
	Gain 2

	Macro Area Throughput [Mbps]
	8,13
	9,45
	10,74
	32%
	14%

	Pico Cell Throughput  [Mbps]
	1,49
	1,81
	2,24
	51%
	24%

	Cell edge Throughput  [Mbps]
	0,208
	0,295
	0,472
	127%
	60%


Table 2: Simulation results for UE Configuration #4b
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Figure 3: Average user Throughput, for UE Configuration #1 and #4b
Simulation results for an extra case, corresponding to Pathloss point selection with Release 10 compliant power control (pathloss to downlink serving cell is measured by the UE), are included in the appendix in Table 4 and 5 for UE Configuration #1 and #4b respectively, and compared to the improved power control scheme, where the UE measures the pathloss to its uplink reception node instead of its downlink serving node. From both tables it can be seen that the enhanced power control scheme shows higher cell edge throughput and similar macro area and pico cell throughput compared to Rel. 10 compliant power control scheme.
5 Summary

This paper addresses UL power control enhancements for Rel-11. Based on the discussion and performance evaluation the following observations are made:

Observations:
· UL PC is not correctly assigned for Scenario 3 and Scenario 4.

· Additional PC problems may arise in case of SRS based sounding for TDD and CoMP.

· Measuring pathloss on CRS is problematic, especially considering the high interference from the macro BS for some users, and new CRS-free carrier types.

· CSI-RS is a good alternative for measuring pathloss, since high reuse factors and muting can be exploited to raise SINR values.

Based on the identified problems of UL Power control on hetnet scenarios, the following is proposed:
Proposals:
· The UE is instructed by the network to measure average receive power on CSI-RS.

· The parameter referenceSignalPower may be set on a UE-specific manner.
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Appendix

	Deployment scenario
	Scenario 3

	System bandwidth
	10 MHz – FDD

	Channel model
	ITU UMa for Macro, UMi for LPN (100% oudoors) details in TR36.819

	Number UEs per macro cell
	25 for Config #1, 30 for Config #4b

	Multiantenna scheme (Uplink)
	1x2

	Transmit power
	46 dBm Macro, 30 dBm LPN, 23 dBm max UE

	Power control
	Alpa = 1; P0 = -106 dBm for all nodes

	Receiver type
	MRC

	Traffic model
	Full Buffer

	Scheduler
	Non Channel dependent

	SRS
	10 ms periodicity (6ms delay for LA and scheduling)

	Channel estimation
	Non-Ideal

	Antenna model
	Described in TR36.819

	COMP scheme
	Independent UL and DL cell selection


Table 3: Simulation assumptions
	
	Rel.10 Power Control
	Enhanced power control

	
	CRE 0dB
	CRE 6dB
	-
	Gain 1
	Gain 2

	Macro Area Throughput [Mbps]
	8,91
	9,46
	9,59
	8%
	1%

	Pico Cell Throughput  [Mbps]
	1,97
	2,02
	2,00
	1%
	-1%

	Cell edge Throughput  [Mbps]
	0,282
	0,49
	0,588
	109%
	20%


Table 4: Pathloss point selection with Rel.10 compliant and enhanced power control simulation results, UE Configuration #1
	
	Rel.10 Power Control
	Enhanced power control

	
	CRE 0dB
	CRE 6dB
	-
	Gain 1
	Gain 2

	Macro Area Throughput [Mbps]
	10,39
	10,67
	10,74
	3%
	1%

	Pico Cell Throughput  [Mbps]
	2,29
	2,29
	2,24
	-2%
	-2%

	Cell edge Throughput  [Mbps]
	0,297
	0,423
	0,472
	59%
	12%


Table 5: Pathloss point selection with Rel.10 compliant and enhanced power control simulation results, UE Configuration #4b
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