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1. Introduction

Evaluation assumptions for UL CoMP were agreed at RAN1 meeting #64. In this contribution, the operation of uplink power control in conjunction with UL CoMP is considered. In particular, we investigate the impact of path loss (PL) difference between multiple receive points. 
2. Uplink Power Control Formula
In the LTE uplink, the fractional PC formula compensates the path loss of the serving cell only, and aims to control inter-cell interference by appropriate setting of the compensation factor α together with closed-loop power control:
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The suitability of this methodology for UL CoMP is not obvious, since CoMP reception involves multiple reception points.  In particular, the PLs between the UE and the multiple reception points are likely to be different because of the different propagation paths and scattering environments. Single-cell 
PL compensation and interference management in the UL power control might prevent the maximum UL CoMP performance from being achieved.
In the following section, we therefore focus on evaluating UL CoMP performance when different PLs are measured at the different receiving points in the cooperative set, and we consider some possible modifications to the path loss compensation. 

3. Discussion Regarding CoMP PC Method
In the presence of different PLs  between the UE and the reception points in the CoMP cooperating set,  we evaluate several options to modify the PL compensation to make it more appropriate to UL CoMP. 
We denote the path loss between a UE and the N reception points as {PL1, PL2,…, PLN}. We examine the following possibilities for deriving PL in the UL power control formula:
· Option (a): current PL compensation to the serving cell only
· PL = PLserving
· Option (b): Maximum value among CoMP receive points
· PL = max{PL1, PL2,…, PLN}

· Option (c): Non-linear averaging function as follows: 
· 
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4. UL CoMP Performance Evaluation
Table 1 in the Annex shows the simulation assumptions. 
For CoMP Scenario 1, we compare option (c) with existing PL compensation option (a).  For Scenario 2, we compare the PL compensation of option (b) with option (a). The results are shown in Tables 1 and 2. 

Scenario 1:
Table 1.  Power control options for CoMP scenario 1, 2D
	Power control
	IoT
	cell spectral efficiency
	cell-edge spectral efficiency
	Avg. gain
	Edge gain

	Option_a
	3.9399
	1.00934
	0.03924
	
	

	Option_c
	3.8634
	1.146353
	0.03858
	13.57%
	-1.67%


This shows the average throughput performance of UL CoMP scenario 1 could be improved using option (c). 
Scenario 2: 
Table 2.  Power control options for CoMP scenario 2, 2D
	Power control
	IoT
	cell spectral efficiency
	cell-edge spectral efficiency
	Avg. gain
	Edge gain

	Option_a
	7.7084
	1.489376
	0.062457
	
	

	Option_b
	8.0312
	1.740076
	0.061334
	16.83%
	-1.80%


This shows the average throughput performance of UL CoMP scenario 2 could be improved using option (b).
5. Conclusions
In this contribution, the application of PC to UL CoMP was discussed,  considering that the PL may differ between the reception points. We make the following initial observations:
· Modification of the uplink power control mechanism to support multi-cell reception needs to be studied;
· The modification of pathloss derivation for UL CoMP could be considered.
· Both option (b) and option (c) give significant performance improvements in the respectively-considered scenarios. Option b is simpler compared to Option c.
· Higher layer signalling could be used to set the uplink power control appropriately for single cell and CoMP scenarios.
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Appendix : simulation assumptions

	Parameter
	Value

	CF
	2GHz

	ISD
	500(meters)

	BW
	10MHz

	Duplex method 
	FDD

	Network synchronization
	Synchronized

	Uplink transmission scheme
	1x2 SIMO

	Uplink scheduler
	Proportional fair scheduler

	Uplink Power control
	Closed loop fractional power control using the path loss difference between the serving cell and strongest neighbor cell , target IoT 5dB, α=0.8. 

	Uplink HARQ
	Maximum four transmissions, Chase Combining

	Link adaptation 
	Post processing SINR, non-ideal interference covariance estimation for link adaptation.

	Antenna pattern 
	2D

	Channel model
	3GPP Spatial Channel Model (SCM) with high spread( TR 25.996)

	UE max Tx power 
	23dBm

	UE speed
	3km/h

	Antenna configuration base station
	Co-polarized antennas separated 4 wavelengths

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site, wrap round

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Penetration Loss
	20dB

	Lognormal Shadowing with standard deviation 
	8dB

	Correlation distance of Shadowing
	50 m  

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	UE traffic 
	Full buffer

	User distribution
	Randomly and uniformly distributed over area. The minimum distance to site is 35m, Re-drop users within minimum distance

	Number of UE in the sector
	10


�This is already said in the first paragraph
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