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1 Introduction
This contribution discusses solution and performance assessment for the use case uplink (UL) interference in macro-pico environments as described in [1]. The list of possible solutions to the problem have been collected in [2], where pico-based methods (power control, solution 2b) are left to be discussed in RAN1. In this contribution we provide a summary of the results that indicate such solution is possible. As will be discussed in more details in this contribution, the performance depends strongly on the used UL power control settings. The performance results for optimized power control settings lead to the conclusion that when power control is set accurately the problem of macro-UE to pico-eNB interference is not severe.
The contribution is organized as follows: In Section 2 the problem summary and studies from other companies are recalled, in Section 3, the simulation results are presented preceded by assumptions’ description whereas in Section 4 the findings are summarized and conclusions presented.
2 Summary of interference scenario in macro-pico environment 
The problem described in [1] refers to the case when a macro UE (MUE) interferes in the UL with the pico cell, while not being able to detect the pico. Both, macro and pico share at least one carrier. The Pico cell is either located within the coverage of a macro cell or it is bordering a macro cell. The interference results from an imbalance between the coverage areas of the pico cell UL and DL. The MUE cannot report the pico cell to the macro eNB because the MUE cannot detect the DL of the pico cell. However, due to the UL/DL coverage imbalance, the MUE causes interference to the pico cell UL [3].
Multiple companies approach the aforementioned problem from various perspectives. The solutions are split into those assuming identification of the interfering MUE(s) to allow macro eNB to take appropriate actions. The proposed solutions e.g. combination of past scheduling decisions and Overload Indicator report for interfering MUE identification described in [4], or usage of RACH preamble to identify aggressor MUE [5]. However, the solutions in [4] and [5] are rather complex that in worst case results in significant signalling overhead.

3 Performance evaluation
3.1 Simulation assumptions
Simulation results are presented for deployment model assuming a macro network build on 7 macro 3-sector sites with 500m inter-site distance and wrap around technique.
The macro + pico scenario is aligned with the assumptions provided in [6], using the 4b UE deployment model. There are four pico eNBs per each macro cell where 2/3 of UEs are placed in the vicinity of pico eNBs and remaining UEs are uniformly distributed. More simulation assumptions can be found in Appendix A of this document.
In this study optimized power control parameters were used to obtain performance figures. The optimization approach was to set power control parameters (alpha, P0) separately per macro- and pico-layer. This approach was previously described in [7]. Best power control parameters configuration is presented in Table 1.
Table 1 Optimal Power Control parameter settings

	                        UE type
UL PC parameters
	Macro UEs
	Pico UEs

	alpha
	0.9
	0.8

	P0 [dBm]
	-90
	-80


Note: all simulation results presented in this contribution were obtained macro UE parameters presented in the table above. 

3.2 Performance evaluation: macro+pico
Fist, results shown in the Figure 1 indicate that it is possible to achieve good pico- and overall UE performance in macro+pico when proper power control parameters are used. The results were obtained with 0dB pico eNBs Cell Range Extension (CRE - offset added to small cell RSRP to facilitate macro-layer offload) and optimized uplink power control [8] parameters for macro eNBs and pico eNBs. The optimal parameterization in terms of maximization of 5%-ile and 50%-ile UE throughput is captured in Table 1.
Bar plot shown in Figure 1 presents throughput KPIs for all UEs in the network and also for macro- and pico-UEs separately.
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Figure 1 UE throughput for 5th an 50th percentile of macro UEs, pico UEs and all UEs
The observation is: both macro and pico layers achieve good performance. 5% of worst macro users are able to transmit 95 kbps what is sufficient at least for voice services. This means that when proper power control parameters are used the discussed problem of macro to pico layer interference is not severe.
To illustrate that the pico-UEs performance is not heavily affected by interfering MUEs a CDF plot of pico-UE throughput for case with best UL PC parameters (found as: alpha=0.8, P0= -80dBm) is shown in Figure 2. 
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Figure 2 Pico UE throughput CDF (CRE=0dB)
Since there is good performance obtained for pico-UEs, we propose that per-layer optimization of UL PC parameters can considered as baseline for investigating more advanced solutions. The discussed problem of MUE to PUE is getting even less severe when the Cell Range Extension is applied (see performance results in Appendix B)
3.3 Discussion on importance of UL power control
In this subsection we show that LTE UL performance in macro+pico case strongly depends on power control parameter settings. Here we use the standardized open loop UL power control formula, and especially focus on how parameter setting of P0 and alpha (a.k.a. the path loss compensation factor) influence on the performance.
Figure 3 shows the 5%-ile UL throughput for terminals connected to the picos. In these results the UL power control settings are fixed for macro connected UEs, setting of P0 and alpha are varied for the pico connected users. First observation is that the pico UE 5%-ile throughput is very sensitive on P0 value for Pico UEs. The deviation of P0 by 5 dBm from the optimal P0 cause on average 76 kbps (31%) loss in 5% throughput (see Appendix B for the calculation). However, with proper setting of P0 and alpha for pico-UEs, good pico-UE performance is achieved, indicating that uplink interference from MUEs is not causing major problems.
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Figure 3 The 5th percentile UE throughput for various pico-UE power control parameters (various alpha and P0), (CRE=0dB)
In Figure 4 we present results that shows range of both 5%-ile and 50%-ile throughput according to changes of P0 for pico UEs. For example performance curve for alpha pico = 0.8 shows:

· 5%-ile throughput  dynamic range of 29-242 kbps 
(up to 88% degradation from best result)
· 50%-ile throughput dynamic range of 336-1148 kbps 
(up to 71% degradation from best result)
for pico UE P0 values in range of -60 to -95dBm.
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Figure 4 The 5th and 50th percentile UE throughput for various pico UE power control parameters (CRE=0dB)

4 Concluding remarks
Good uplink performance can be achived for LTE co-channel deployment without explicit interference coordination by using proper settings for uplink power control parameters. In that case the problem of MUEs interfering pico-eNBs is not severe. The currently standardized uplink UE power control formular is found to be working also for HetNet scenarios. However, our studies have shown that the uplink performance is very sensitive to the setting of the uplink power control parameters such as alpha and P0, and hence solutions that help provide self-adjustment of those would be worth further studying.
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Appendix A – detailed simulation assumptions

Table 2 Simulation parameters

	Layout 
	7sites, 3 sector each; 4 pico per macro sector, ISD=500m 

	System Bandwidth 
	10MHz, macro+pico co-channel deployment

	UEs per sector 
	10MUE, 20PUE per macro cell

	Macro eNB antenna configuration 
	Rx:2, Tx:1 

	Pico eNB antenna configuration 
	Rx:2, Tx:1 

	HARQ 
	Synchronous, 4 Channels, Delay 4TTIs 

	Link Adaptation 
	Fast AMC 

	Scheduling 
	Proportional Fair scheduling with adaptive transmission bandwidth.

	Traffic Model 
	Full Buffer 

	Simulation Time 
	5 runs (5s each), 1s warm-up time 

	Max scheduled users per TTI
	8 

	Other losses 
	20 dB (all users indoor )


Appendix B – complementary simulation results

Sensitivity analysis

To illustrate how fragile 5%-ile throughput is on changes of P0 the sensitivity calculation was performed and details of calculation are presented below.
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Figure 5 The 5%- ile UE througput performance for pico alpha=0.8 and P0=-80dBm
Table 3. Optimal configuration found: alpha 0.8, P0=-80dBm and corresponding 5%-ile throughput
	Suboptimal values of P0:
	P0-1
	P0-2

	
	-85
	-75

	5% throughput for given PC configuration [kbps]
	172.3
	161.0

	|ΔP0| Deviation from optimal P0 ( |P0-x-P0-optimal|) [dBm]
	5
	5

	ΔTpt  Throughput degradation for suboptimal P0 [kbps]
	70.2
	81.5

	Sensitivity ( ΔTpt/|ΔP0| ) [kbps/dBm]
	14.04
	16.3


On average, for pico UE P0 deviation 5dBm the 76 kbps degradation of 5%-ile throughput was observed.
UL performance when 16 dB Cell Range Extension is applied

As stated in Section 3.2: the discussed problem of MUE to PUE is getting even less severe when the Cell Range Extension is applied.
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Figure 6 UE throughput for 5th an 50th percentile of macro UEs, pico UEs and all UEs, CRE=0dB (left, for comparison), CRE=16dB (right)
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