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1. Introduction

It is clear that the UL power control methodology as specified in Rel.10 needs to be enhanced to efficiently support UL CoMP, especially in heterogeneous networks (HetNet).  As discussed in RAN1-#67, enabling UE-specific adaptation of RRC signalled parameters, and enabling CSI-RS based pathloss estimate, are the two most promising mechanisms.  From the evaluations provided in [1] ~ [9], the following observations were recorded in RAN1#67 in the context of UL power control, 
· For the cases simulated so far, network signalling based approach has similar performance as CSI-RS base PL estimate approach

· Additional simulation of high mobility cases may be helpful

· In the case of RRC based approach, the network needs to monitor COMP UE uplink signals at multiple points, 

· CSI-RS based approach is available only after CSI-RS is configured, 

· In order for the network to figure out the CSI-RS configuration, one alternative is for the network to measure COMP UE uplink signal at multiple points

· Another alternative is based on UE measurement and reporting of  RRM measurement set

In this contribution, we further analyze the benefits of UE-specific adjustment of the fractional pathloss compensation (FPC) factor [image: image1.wmf]a

 for UL power control in CoMP Scenario 3 and 4 and also summarize its performance gain over cell-specific parameter setting. 
2. UL Power Control Parameters Setting in CoMP Scenario 3 

As discussed in [10], to well manage the co-channel interference in HetNet, the two network layers of macro-eNB and RRHs should set different open-loop power control (OLPC) parameters to achieve a trade-off between performances of the two network layers.
In the open-loop part of the Rel-8 power control formula, the FPC factor [image: image2.wmf]a

 is a cell-specific parameter and broadcasted by eNodeB via RRC signalling.  Another parameter, the base level [image: image3.wmf]0
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, is composed of the cell-specific component and the UE-specific component.  But this UE-specific component of 
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 has limited dynamic range between -7dB and 8dB.
In CoMP Scenario 3, due to the DL transmit power imbalance between macro-eNB and RRHs, the DL CoMP cooperating set may not be consistent with the UL CoMP cooperating set.  Within a given serving cell, the different UEs may have different UL cooperating sets and different UL CoMP algorithms. Thus the cell-specific parameters for UL power control being coupled with the DL serving cell is not appropriate for all UEs within one common DL serving cell.
In addition, since the limited range extension is optimized for DL transmission, the UE’s preferred UL reception point (RP) according to its pathloss may not be identical to its DL serving cell.  Similarly, the DL serving cell coupled cell-specific OLPC parameters could be different from the UE’s preferred values.
These issues could be easily addressed by a UE-specific FPC adjustment signalled by RRC relative to the cell-specific parameter for UL power control, which could flexibly correct the OLPC parameters according to different cooperating sets and different UL CoMP algorithms.
3. UL Power Control Parameters Setting in CoMP Scenario 4 
In geographically separated antenna deployment scenarios such as Scenario 4, the mismatch issue of reception point and transmission point as mentioned in relation to Scenario 3 is also relevant.   In addition, with the current UL power control methodology defined in Rel8/9/10, the two network layers of macro-eNB and RRHs of Scenario 4 share the same cell-specific OLPC parameters, which is non-optimum even without CoMP processing, as discussed in [10].  Therefore, UE-specific adjustment ofthe FPC factor could be indicated to the UEs close to the RRHs.
Note that the UL CoMP cooperating set depends on the UE’s pathlosses to different reception points and the typical filter lengths of pathlosses are between 100 and 500 ms for effective operation.  Therefore, the signalling overhead of UE-specific adjustment is limited.

It is obvious that the RRC signalled UE-specific adjustment approach could work regardless of CRS-based PL estimate or CSI-RS based PL estimate.  With CRS-based PL estimate, one challenge to the UE-specific adjustment power control is that the network needs to monitor CoMP UE uplink signals at multiple points.  However, this monitoring behaviour is essential for UL CoMP cooperating set selection at multiple reception points;  it is not introduced by UE-specific adjustment approach.
4. Simulation Results
The mechanisms of common OLPC for all points and UE-specific adjustment of the FPC factor 
[image: image5.wmf]a

 for the UEs close to RRHs in HetNet are simulated and compared in Table-1.  It is assumed that there is only one RRH within the macro coverage area in our simulations.  The detailed simulation assumptions are given in the Appendix.
Table 1:  Performance comparison between common OLPC and UE-specific 
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 adjustment in CoMP Scenario 4
	
	Common OLPC for all points
	UE-specific 
[image: image7.wmf]a

 adjustment
	Gains

	
	
	Macro-eNB
	RRH
	

	
	
[image: image8.wmf]0.7

a

=



 EMBED Equation.3  [image: image9.wmf]dBm

P

75

0

-

=


	
[image: image10.wmf]0.7

a

=


[image: image11.wmf]dBm

P

75

0

-

=


	
[image: image12.wmf]0.8

a

=


[image: image13.wmf]dBm

P

78

0

-

=


	

	Jain Index
	0.64
	0.68
	

	Average spectral efficiency (bps/Hz/cell)
	4.25
	4.43
	4.2%

	Edge spectral efficiency (bps/Hz/UE)
	0.125
	0.167
	33.6%


The performance of UE-specific 
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adjustment is also compared with close loop power control (CLPC), which is shown in Table-2. The power control interval for CLPC is set to 100ms.
 Table 2:  Performance comparison between CLPC and UE-specific 
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  adjustment in CoMP Scenario 4
	
	CLPC
	UE-specific 
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 adjustment
	Gains

	
	Case 1 initial power:
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	Over case 1
	Over case 2

	Jain Index
	0.68
	0.62
	0.68
	
	

	Average spectral efficiency (bps/Hz/cell)
	3.02
	4.14
	4.43
	38%
	7%

	Edge spectral efficiency (bps/Hz/UE)
	0.11
	0.12
	0.167
	52%
	39%


The simulation results show that 
· With a UE-specific 
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 adjustment for the UEs served by different reception points within a macro area, the overall performance is increased significantly in terms of edge throughput while retaining the average performance. 
· Compared with close loop power control, the UE-specific 
[image: image20.wmf]a

 adjustment can achieve a significant improvement in both average performance and edge performance.
5. Conclusions

In this contribution, we discuss the advantages of UE-specific adjustment of FPC factor 
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 for UL power control enhancement in CoMP Scenario 3 and 4.  We therefore make the following proposal:

· Introduce RRC-signaled UE-specific
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 adjustment (regardless of CRS-based PL estimate or CSI-RS based PL estimate).
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Appendix
The simulation assumptions used here are summarized in Table 2.

Table 2:  System simulation parameters and assumptions

	Parameter
	Values used for evaluation

	Deployment scenarios
	Scenario 4: Heterogeneous network with low power RRHs within the macrocell coverage

· transmission/reception points created by the RRHs have shared cell-ID as the macro cell
Association bias value of 16 dB RSRP is applied.

	Simulation case
	3GPP Spatial Channel Model (SCM) with high spread( TR 25.996)
19 macro site, 3 sectors per site, wrap round. 

	Number of low power node per macro-cell
	N = 1

	High power RRH Tx power (Ptotal)
	46dBm

	Low power node TX power (Ptotal)
	30 dBm

	Number of UEs per cell
	11

	System bandwidth
	10 MHz 

	Uplink Power control
	open loop fractional power control，per-point PL estimate
(-75, 0.7) for common OLPC

	Antenna configuration at base station
	For both Macro-eNB and lower power node: Co-polarized antennas separated 0.5 wavelengths

(illustration for 2 Rx: | |)

	Number of antennas at UE
	1

	eNB Antenna tilt
	Macro-eNB: 12degrees

Low-power node: 0 degrees

	Antenna gain + connector loss
	Macro-eNB: 17 dBi

Low power node: 5 dBi

	Channel estimation
	Ideal

	Network synchronization
	Ideal Synchronization

	UL overhead assumption
	Demodulation RS ( 2 Symbols per subframe ); sounding RS 10 ms period ; PUCCH, 4/50 RBs. (Overhead ratio: 0.2185)

	Traffic model
	Full buffer

	Link adaptation
	Ideal
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