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1. Introduction
In the previous contribution [1] for RAN1#73, we have discussed the main challenges of the current fractional power control (FPC) algorithm, especially in the dense deployment of small cells and the scenarios with correlated shadowing.  It was suggested considering the PL to neighboring cells and/or the interference caused to neighboring cells into the UL power control mechanism for small cell enhancements, in order to overcome the inter-cell interference (ICI) issues.
In this contribution we investigate an interference-suppressed UL power control algorithm for small cell enhancements, taking the abovementioned two interference elements into account.  

2. An Interference-Suppressed Power Control Algorithm
This interference-suppressed power control (ISPC) algorithm considers both the useful signals’ power spectral density (PSD) at the serving cell and the level of ICI generated by a UE to one or more neighbouring cells.  Firstly, a common interference density target, , is set that all UEs within the serving cell need to comply to.  Secondly, the UE-specific interference density is compensated according to the aggregated pathlosses (PLs) to the selected neighbouring cell(s), with the goal of having each UE not exceeding the target amount of interference.  To trade off the useful signals’ PSD and ICI PSD for a certain UE, these two components are partially compensated by different scales,  and , respectively.
This UL power control algorithm could be expressed by, 

where PSD is the UE’s transmitted PSD,  is the target of received interference PSD generated by the UE, which is common for all UEs within the serving cell.  The interference PSD target is beneficial for the system IoT control.   is the aggregated interference PL to the selected neighbouring cell(s), which is used to partially control the generated ICI to the system.   is the PL from the desired UE to the serving cell, which indicates how the UL transmit power is related to the useful signal.   and  are the compensation factors to the useful signal PL and the interference PL, respectively, which could trade off the effects of signal PL and interference PL on the UL transmit power.
The interference PL, , could be calculated by aggregating the reciprocal of the PLs to individual interfered neighbouring cells, as given by,

where , considering that in current system, the UE measures and reports the RSRP values from 7 neighboring cells in addition to the serving cell.  This means that, for a given average path loss to the interfered cells, the more cells the UE interferes with, the lower its transmit power will be. 
The PL of respective neighboring cell, , could be derived from the RSRP measurements as follows:

For simplification purpose, we just consider the interference to 3 neighboring cells, i.e., setting , under the assumption that the interference of the desired UE to these 3 closest neighboring cells dominates the most interference to the entire system.
In the following, we discuss two implementation solutions according to the location of interference PL calculation.
2.1. Implementation Solution I – Calculating interference PL at serving cell
To simplify the complexity of UE behaviour, the aggregated interference PL, , could be calculated at the serving cell while the serving cell PL estimation remains at UE as in the current system.  Since the interference PL is calculated at the serving cell, it is unnecessary to inform the DL transmit power of neighbouring cells to the UE.  
The detailed procedures and operations of this solution are illustrated in Fig. 1.

[bookmark: _Ref363619859]Fig. 1  Procedures of ISPC Solution I
To minimize the impact on the specifications, we consider an implementation solution of this algorithm which preserves the conventional open-loop power control formula.  The interference PSD target, , could be configured by setting cell-specific  component, i.e, .  The effect from the interference PL could be considered by setting UE-specific  component, i.e, .  Since the interference PL spans from several tens to more than one hundred dB, the range of UE-specific  component, , should be extended to the values up to several tens dB from the current range of 15dB.  Furthermore, in the FPC algorithm, the cell-specific  component, , is set as the desired received signal PSD; while in this new algorithm,   is set as the wanted ICI PSD,, so that they have significantly lower dynamic ranges.  Thus , may be extended due to its different utilization in the new UL PC mechanism.
2.2. Implementation Solution II – Calculating interference PL at UE
In Solution I, the interference PL is updated every time there is a RSRP report, which may lead to frequent updates of , and may also require RSRP reports to be sent more frequently than would otherwise be necessary.  In Solution II, the UE estimates the PL from the neighbouring cells directly.  The DL transmit power of the selected multiple neighbouring cells needs be signalled to the UE by introducing additional higher-layer signalling.  But these values are pretty static, and therefore seldom updated. 
The detailed procedures and operations of Solution II are illustrated in Fig. 2.

[bookmark: _Ref363852089]Fig. 2  Procedures of ISPC Solution II
Note that in Solution II, the formula of open-loop power control component would be changed to involve the effect of the UE’s interference PL into the UL power control.

3. Simulation Results
In this section, we provide some simulation results to demonstrate the performance advantages of the described UL interference-suppressed PC mechanism.  The simulation scenario is SCE Scenario 2a as described in [2].  Some additional assumptions and parameters are summarized in Table 2.
We investigate the performance of ISPC in SCE Scenario 2a with 1 cluster, in terms of IoT distribution and throughput performances, as shown in Fig. 3, Fig. 4 and Fig. 5, respectively.  In Fig. 3 and Fig. 4, the IoT distribution curves of ISPC has steeper slope than those of FPC, which demonstrates that the new mechanism ISPC has a better IoT control than the conventional FPC algorithm in SCE Scenario 2a.
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[bookmark: _Ref363656732]Fig. 3  IoT distribution of Macro-Cell in SCE #2a (1cluster)
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[bookmark: _Ref363656740]Fig. 4  IoT distribution of Small Cells in SCE #2a (1cluster)
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[bookmark: _Ref363656923]Fig. 5  Normalized User Throughput Performance for SCE Scenario 2a (1 cluster)

[bookmark: _Ref363657149][bookmark: _Ref363657135]Table 1  Gains of ISPC over FPC for SCE Scenario 2a (1 cluster)
	
	IoT level (dB)
	Normalized User Throughput (bps/Hz/User)

	
	Macro cell
	Small cell
	5%
	Gains
	Mean
	Gains

	FPC, 
 (Macro)
 (Small)
	7.0355
	11.5488
	0.0018
	–
	0.0452
	–

	ISPC, , 

	6.5751
	11.2291
	0.0028
	55.6%
	0.0581
	28.5%


Table 1 compares the throughput performance of ISPC and FPC under the assumption of similar IoT levels.  With the given configuration, ISPC could achieve 55.6% cell-edge performance gain while 28.5% average throughput performance gain over FPC.
It is observed that the cell-edge performances of both ISPC and FPC are very low, which implicitly illustrates the coverage problem of SCE Scenario 2a with outdoor small-cell eNBs and 80% indoor UEs.

4. Conclusions
In this contribution, we provide an Interference-Suppressed PC algorithm considering both the PL to neighbouring cells and the wanted interference PSD caused to neighbouring cells, in order to address the complicated interference situation in SCE.  One way in which it can be implemented is by just extending the dynamic range of  in current UL PC formula.  Our simulation results show that ISPC has significant performance gain over FPC in terms of both cell-edge and average throughput.  Therefore, we suggest,
· Proposal: The UL power control mechanism to take into account interference generated to non-serving cells.
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Annex
[bookmark: _Ref363655567]Table 2  Additional Simulation Assumptions and Parameters
	System Parameters
	Network topology
	1. SCE Scenario 2a with 1 cluster/sector
2. SCE Scenario 2a with 2 clusters/sector

	Scheduler Parameters
	Traffic model
	Full buffer

	
	UL Scheduler
	PF

	
	Scheduling granularity
	5 PRBs

	
	UL link adaptation
	Non-idea link adaption with 7ms delay

	
	BLER target
	10%

	
	UL HARQ
	Synchronous HARQ with max. 4 transmissions for CC

	
	UL receiver
	MMSE

	Channel Parameters
	Propagation scenario
	SCE Scenario 2a

	
	ICI modeling
	Explicitly

	
	Channel estimation
	ideal

	Macro Cell
	Macro cell layout
	Hexagonal grid, 3 sectors/site, 7 Macro sites, wrap-around

	
	Antenna configuration
	2 Rx antennas

	Small Cell
	Small cell layout
	4 small cells/cluster

	
	Bias
	6dB

	
	Antenna configuration
	2 Rx antennas

	UE
	UL transmission scheme
	1x2 SIMO

	
	Antenna configuration
	1 Tx antenna (0 dBi antenna gain, omni-directional)

	UL power control parameters
	FPC
	
dBm (Macro cell) 
dBm (Small cell)

	
	ISPC 
	, 
dBm

	
	CLPC
	Not used
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