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1. Introduction
For the Rel-11 work item on “Further Enhanced Non-CA Based ICIC for LTE”, the following is listed as one of the objectives:

· Uplink enhancements e.g. uplink interference mitigation for Macro-Pico and Macro-Femto
In this contribution we therefore provide input to study of uplink (UL) HetNet performance for the listed scenarios. Our starting point is to quantify the UL HetNet performance for plain co-channel cases without any explicit eICIC in order to establish a baseline performance reference. As will be discussed in more details in this contribution, the baseline performance depends strongly on the used UL power control settings, so it is important to first have mechanism for accurate setting of those. Thus, methods to help facilitate accurate setting of UL power control settings are discussed in this contribution as an attempt to establish a common UL HetNet baseline performance reference.
The contribution is organized as follows: In Section 2 the challenges that are addressed by this contribution are presented, in Section 3 the proposed solutions are described, in section 4, the simulation results are presented preceded by assumptions’ description whereas in section 5 the findings are summarized and conclusions presented.

2. Challenges of proper PC settings for co-channel configurations 
In heterogeneous networks – especially with common frequency resources for different network layers - there are several challenges related to UL power control settings. One of them is related to different propagation conditions and interference environment which lead to different optimal UE Tx power control settings for each UE. Another is the trade off that is to be found between using high Tx power for securing successful transmission and minimizing negative impact by reducing the generated interference.

Downlink transmission power levels can vary significantly among different base station categories (e.g.  46dBm output power of a macro eNB and up to 20dBm for femto node) when considering joint deployments of macro nodes and low power nodes (LPN). For this reason the pathloss between a UE located close to the macro cell border and other neighboring cells can differ significantly. Since UL power spectral density depends on the UE pathloss towards its serving cell there is a strong need to apply different UL PC settings for various eNBs in order to avoid large differences in transmit power among UEs located close to one another but connected to different nodes.  

In order to optimize the overall performance of such heterogeneous deployments the following techniques were studied:

· PC parameter setting based on equalizing UE power spectral density on layer borders
· Per-layer PC parameter settings based on maximizing overall system throughput performance (e.g. cell-edge and median UL cell area throughput)
In this contribution we only consider open loop PC, and hence mainly refer to Alpha and Po when discussing optimization of uplink PC parameters. 
3. Methods for UL performance optimization

3.1 Power setting based on equalizing UE power spectral density on layer borders  

One of the basic approaches of setting the power control parameters is to use a set of parameters which aims at setting similar transmit power spectral density for UEs located on the layer borders.

At the border of cells belonging to different layers the power received from strongest measured macro node should then be the same as the power from low power node, optionally increased by range extension bias:
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Therefore the relation between pathloss towards macro and LPN can be described by the following equation:
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To obtain equality in UL power spectral density (PSD):
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Therefore, to ensure P0 independent from actual UE pathloss towards eNB, the parameters 
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 must be set to the same value.

Therefore the relation between P0 parameters for macro and low power nodes is as follows
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That approach for power control parameter setting has been applied to macro+pico and macro+HeNB case and examined in this study.

3.2 Per-layer power settings based the maximization of selected KPIs
In order to improve balance of UE throughput between layers UL PC settings can be based on maximizing some selected KPIs. This, however, even in the analysis phase requires testing several UL PC parameter settings to obtain the optimized set of parameters. 

The main KPIs taken into account here are:

· 5%-ile UE throughput (TPT5%)

· Median user throughput (TPT50%)
Both of the values were calculated for all UEs in cell area (served by both macro and low-power nodes). To reduce optimization problem to one criterion the new metric (C) was introduced and defined as a product of ‘5%-ile UE throughput’ and ‘Median user throughput’:
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Performance evaluation

4.1 Simulation assumptions
Simulation results are presented for the standard 3GPP HetNet deployment model assuming a macro network with 7 sites and 500m ISD. The statistics is collected from 3 central sectors. Simple round robin packet scheduler and full buffer traffic is used

The HeNB simulation assumptions are as in [8]. In general we consider 10 MUEs per sector, 20% of the MUEs in dense urban “dual stripe” apartment. The studies were conducted for:

· HeNB deployment ratio 
{0.1,0.2, 0.4}

· {24, 48, 96} HeNB per ‘dual stripe’ cluster

· activation ratio of  1

· 1 HUE per HeNB

· co-channel frequency deployment

· HeNB Access control: CSG

Macro + pico scenario is aligned with the assumptions provided in [4]. There are four pico eNBs per each macro cell and two UE deployments are studied:

· Case 4a  where 4 UEs are dropped  within the radius of 40m around each pico eNB. Remaining UEs are uniformly distributed.
· Case 4b where 2/3 of UEs are placed in the vicinity of pico eNBs. Remaining UEs are uniformly distributed.
4.2  Performance evaluation
4.2.1 Reference Uplink simulation results
The macro-only reference performance is reported in Table 1 for the case were HeNBs and pico’s are off.. The UE deployment, however, remains the same, as adequate number of UEs are clustered around virtual positions of pico nodes or dropped in the rooms as in the corresponding macro+femto cases deployments.
Table 1 Reference performance for macro-only case in macro+LPN deployment (LPN turned off)

	                                               Case

Performance Metric
	Macro + HeNB
Deployment ratio:
	Macro + Pico
UE deployment:

	
	0.1
	0.2
	0.4
	4a
	4b

	5%-ile UE throughput  [kbps]
	174.3
	96.9
	39.3
	134.3
	134.1

	Median UE throughput [kbps]
	373.8
	235.0
	135.6
	249.1
	257.7

	UL PC parameters
	 Macro: Alpha= 0.9; P0 = -80dBm
	Macro: Alpha= 0.9; P0 = -70dBm


The differences in performance originates from different UE deployment and various number of UEs in the cell for different deployment ratios. Thanks to uplink power control with fractional pathloss compensation the difference between 5%-ile and median is relatively low. 
4.2.2 Results for power setting with UL PC parameters based on equalizing the power on layer borders.

The main goal of this method is to assure well balanced SINR distribution. However, UEs connected to LPNs are transmitting with similar power as macro UEs, therefore they increase the overall interference level in the network. The basic KPIs achieved with the method are summarized in Table 2.

Table 2 Macro+LPN performance for equalizing power on layers border power setting method. Gains are relative adequate macro-only case.
	                                              Case

Performance Metric
	Macro + HeNB
Deployment ratio:
	Macro + Pico
UE deployment:

	
	0.1
	0.2
	0.4
	4a
	4b

	5%-ile UE throughput  [kbps]
	151
	87
	0
	66.5
	86.9

	gain over reference:
	(-14%)
	(-10%)
	(-100%)
	(-50%)
	(-35%)

	Median UE throughput [kbps]
	42820.3
	33322.7
	24345.5
	136
	299.7

	gain over reference:
	(+11355%
	(+14077%)
	(+17848%)
	(-45%)
	(+16%)

	%UEs served by LPN
	68
	80
	86
	32
	45

	UL PC parameters
	Macro: Alpha= 0.9; P0 = -80dBm
HeNB: Alpha = 0.9; P0 = -56dBm
	Macro: Alpha= 0.9; P0 = -70dBm
Pico: Alpha = 0.9; P0 = -58dBm


However, using this parameterization of PC obviously does not results in attractive UL performance as reported in Table 2. 

Main drawback of this method is that UEs connected to LPNs operate on the similar power level as macro users. Since, especially in the macro+HeNB case, the number of UEs connected to LPNs is high the total interference caused by local layer on macro layer is high. Thus, further optimization and care of setting the UL PC patrameters is obviously needed.
4.2.3 Results for power setting with UL PC parameters based on KPI maximizing

In order to find most optimal case from the KPI point of view several variants of UL PC settings were tested. Alpha values were tested with the step of 0.1 whereas P0 values were tested with a step of 5dB for all layers. In table 3 results for most optimal sets are provided

Table 3 Macro+LPN performance for KPIs maximizing power setting method. Gains are relative adequate macro-only case.
	                                               Case

Performance Metric
	Macro + HeNB
Deployment ratio:
	Macro + Pico
UE deployment:

	
	0.1
	0.2
	0.4
	4a
	4b

	5%-ile UE throughput  [kbps]
	754
	622
	605
	242.1
	291.1

	gain over reference:
	(+333%)
	(+542%)
	(+1441%)
	(80%)
	(117%)

	Median UE throughput [kbps]
	38239.3
	32558.3
	24448.2
	429.8
	587.2

	gain over reference:
	(+10129%)
	(+13752%)
	(+17924%)
	(73%)
	(128%)

	%UEs served by LPN
	68
	79
	87
	32
	45

	UL PC parameters
	Macro: Alpha= 0.9; P0 = -80dBm
HeNB: Alpha = 0.4; P0 = -55dBm
	Macro: Alpha= 0.9; P0 = -80dBm
Pico: Alpha = 0.7; P0 = -70dBm


By using proper UL PC parameters significant increase in UE throughput distribution can be achieved. Thanks to using a KPI that takes into consideration both 5%-ile and median UE throughput it is assured that both cell-edge as cell-center UEs will benefit from deploying pico eNBs on the top of macro network and situation described in 4.2.2 can be avoided.
5. Concluding remarks

In this contribution we addressed the uplink issues for the Rel-11 Non-CA based enhancements work item. After presenting two main ideas of setting the UL PC parameters corresponding results have been shown and compared to macro only case.

The main outcome from our studies is that the UL can work using standard UL PC method. Our studies have shown that it is possible to achieve gains from introducing LPN on the similar level as in the DL case. However, achieving the gains requires very careful setting of UL PC parameters, where UEs connected to LPN transmit with lower power than macro UEs. 
As there are many degrees of freedom when searching for most optimal UL PC parameterization our proposal is to  adopt the method defined in section 3.2 as the reference for more advanced schemes. 
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