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1. Introduction

It is known that LTE UL performance is very sensitive to UL power control (PC) settings.  As defined in [1], LTE UL PC is a combination of an open-loop mechanism (OLPC) and a closed-loop mechanism (CLPC),
· The OLPC is responsible for a rough setting of UE transmit power, which compensates slow changes of path-loss (including shadowing) in order to achieve a certain mean received signal power for all UEs within a single cell.  
· The CLPC is used for UE-specific adjustments of the power settings, which can mitigate the impact of fast channel variations and further optimize general network performance.
The setting of PUSCH transmit power in each subframe is derived from the semi-static operating point for OLPC and dynamic offset for CLPC, according to the number of RBs actually scheduled for PUSCH transmission.  The single-cell PC formula in LTE Rel-8 PUSCH transmission is given by,
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Considering UL CoMP, the mean received signal power for all UEs within a single cell may change significantly compared to the conventional single-cell OLPC mechanism.  Bearing in mind that the UL CoMP cooperating sets would typically be UE-specific and may overlap with each other, the conventional OLPC mechanism based on the pathloss from a single access point to the desired UE is not optimal to fully achieve the UL CoMP gains. 
Therefore, for UL CoMP in both homogeneous networks and heterogeneous networks, it is necessary to consider how to handle the three key OLPC parameters, namely the semi-static base level 
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, the pathloss compensation factor 
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 and the pathloss 
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This contribution is an update of R1-111433 [2], taking into account the UL PC considerations for CoMP in homogeneous networks as in [2] and also those in heterogeneous networks.
2. UL Power Control for CoMP in Homogeneous Networks

In R1-111433 [2], the different pathlosses between the desired UE and the reception points in the CoMP cooperating set were considered together as an effective pathloss to make it more appropriate to UL CoMP.  

Here the pathlosses between the desired UE and the 
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 reception points are denoted as 
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.  The following options of effective pathloss calculation were evaluated by system simulations.  The simulation assumptions are summarized in Appendix A.
· Option (a): current PL compensation to the serving cell only
· PL = PLserving
· Option (b): Maximum value among CoMP reception points
· PL = max{PL1, PL2,…, PLN}

· Option (c): Non-linear averaging function as follows: 
· 
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For CoMP Scenario 1, we compare Option (c) with existing pathloss 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, respectively. 

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%


Table 1 shows the average throughput performance of UL CoMP scenario 1 could be improved using the effective pathloss calculation of 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%


Table 2 shows the average throughput performance of UL CoMP Scenario 2 could be improved using the effective pathloss calculation of Option (b).

It is noted that the predefined calculation function of the effective pathloss is not always optimum in various scenarios.  This motivates us to investigate a possible adaptive pathloss calculation methodology in Section 3, especially for heterogeneous networks.
3. UL Power Control for CoMP in Heterogeneous Networks 
In heterogeneous networks, the picocells with lower power nodes (LPNs) are used to increase network capacityand extend macrocell coverage.  However, one of the major problems of co-channel deployment of the picocell is their interference with existing macrocell network or other picocells.

For UL transmissions in heterogeneous networks, the main UL co-channel interference appears in two typical scenarios as follows,

· At the edge of the macrocell, macro-UEs transmit with high power to overcome high pathloss towards their serving macro-eNB.  Thus for the picocells at the edge of the macrocell, the level of UL interference measured at these picocells is usually higher.

· On the other hand, for the picocells located close to a macro-eNB, the pico-UEs may become a serious threat of interference to the macro-UEs.

To achieve a tradeoff performance between the two layers (i.e., macro-layer and pico-layer) of heterogeneous networks, the individual OLPC power setting for a macrocell and different picocells has been investigated in [3] with respect to the non-CoMP aspects.  However, with UL CoMP, the CoMP algorithms may be different and the cooperating sets for different UEs may overlap.  Compared to the purely heterogeneous networks without considering CoMP, it becomes complicated to find appropriate sets of OLPC parameters (including 
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) , in which each set is optimal for every cell regardless of the overlaps.
Therefore, we consider a possible uniform power setting scheme with a common set of 
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 in the same way as a macro-only system. 
As illustrated in Fig. 1, it is assumed that a macro-UE, MUE1, is close to RRH2, which incurs serious interference to the pico-UEs (PUEs) associated to RRH2.  Thus MUE1 may be served cooperatively by both Macro-eNB and RRH2 so that MUE1 can be mapped to a “virtual UE”, MUE1’, as it works in a macro-only system.  Its corresponding virtual pathloss, 
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, from the macro-eNB to this virtual MUE1’, is a function of both the real pathloss from macro-eNB to MUE1, 
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, and the pathloss from RRH2 to MUE1, 
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 depends on the specific CoMP processing algorithm for MUE1.
For the PUE, PUE1, which is located at the edge of RRH1 and close to both RRH2 and RRH3, its signals can be cooperatively received by its nearby RRHs, including RRH1, RRH2 and RRH3.  Similarly, it can be mapped to its virtual UE, PUE1’, as in a macro-only system.  Its’ corresponding virtual pathloss, 
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, from macro-eNB to this virtual PUE1’, is a function of both the real pathloss from macro-eNB to PUE1, 
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, and the pathlosses from all coordinated points including 
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 depends on the specific CoMP processing algorithm for PUE1.
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Fig. 1 The mapping of the virtual UEs due to UL CoMP in heterogeneous networks

Therefore, to realize uniform power setting for all UEs with common 
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, like in a macro-only system, we consider a virtual pathloss, 
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The function of virtual pathloss as given by Equation (1) varies according to the specific CoMP processing algorithms for the desired UE and is composed of two parts:  

· The first part is all pathlosses, 
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, …, 
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, corresponding to all coordinated points in the cooperating set, which reflects the effective received SINR at the associated point of the desired UE after CoMP processing.  

· The second part is the pathloss, 
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, from macro-eNB to the desired UE no matter whether the macro-eNB is in cooperating set of the desired UE or not, which reflects the interference level to the neighboring macrocells.

In practice, the network would derive 
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 in an implementation-dependent way, based on knowledge of pathloss differences and CoMP reception algorithms. The parameter
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could then be transmitted to the UE by higher layer signalling as a UE-specific parameter.  Note that this is equivalent to being able to signal the value of 
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UE-specifically, rather than setting the same value for all UEs in the cell. 
As a result, it is possible to set OLPC parameters for all UEs in a CoMP het-net scenario in a very similar way to a macro-only non-CoMP system.  
4. Conclusions

In this contribution, we discuss the UL PC operation for CoMP systems in homogeneous and heterogeneous networks.

The following two signalling changes are seen to be beneficial:

1. To signal to each UE a set of CoMP reception points whose path-loss the UE should take into account when deriving the path-loss for the UL PC, for example: PL = max{PL1, PL2,…, PLN}.

2. To signal to each UE a gain factor to apply to the path loss - i.e. equivalent to a UE-specific component of the fractional path-loss compensation factor 
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Appendix A: Simulation Assumptions in Homogeneous Networks
	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  

	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
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