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1. Introduction

Latest RAN1 requirements and scenarios for Small Cell Enhancements (SCE) were discussed [1] and [2]. Particularly, scenario 1 assumes outdoor macro and small cell eNBs deployed at 2GHz, whereas scenario 2a deploys macro eNBs at 2GHz and indoor small cells deployed at 3.5 GHz. This contribution reports UL signal level statistics and performance results for both of these scenarios described in [1] and [2]. Statistics common for UL and DL such as total path gain for serving cell in Scenario 1 and Scenario 2a likewise pico cell offloading are shown in our DL contribution [3].
The rest of the contribution is organized as follows. In Section 2 we present the signal level statistics and in Section 3 initial UL performance results for RAN1 calibration purposes. Some conclusions are given in Section 4. Appendix A includes additional simulation assumptions used for results presented in this contribution.
2. Signal level statistics
Two signal level statistics are presented in this chapter: CDF of UE TX power and CDF of UE average RX SINR after antenna combing and equalization. In our DL performance results [3] we have shown CDF of pathloss which is applicable also for UL. In Figure 1 we show the UE TX power statistic (in dBm) for scenario 1 and 2a. It can be observed that in scenario 2a UE TX power in pico cells is partly increased compared to scenario 1 due higher carrier frequency. Differences in UE TX power distribution between Scenario 1 and Scenario 2a are also caused by differences in cell selection criteria as well as on inter-cell interference, leading to different pico offloading ratios as shown in [3].
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Fig. 1: CDF’s of the UE TX power for 4picos per one cluster, for macro users on the left side, and for pico users on the right side.
Figure 2 shows the UE RX SINR after antenna combining and equalization (in dB) for scenarios 1 and 2a. For Scenario2a we observe better UE RX SINR distribution. Improvement in UE RX SINR in case of Scenario2a provides better throughput if cell load is not changed. Since there is less offloading in pico cells for Scenario2a [3] this throughput gain will increase further.
[image: image3.png]CDF

0s
08
07
08
0s
04
03
0z

01

0
-10

Scenario 22

SINR [dB] in Macro



 [image: image4.png]CDF

03

08

07

08

0s

04

03

0z

01

Scenario 1
Scenario 22

0 5 10 15 20
SINR [dE] in Pico

25 a0 @




Fig. 2: CDF’s of the UE RX SINR for 4picos per one cluster, for macro users on the left side, and for pico users on the right side.
3. Performance results
4. Concluding remarks

In this contribution we have presented baseline UL system level statistics and baseline performance results for the Scenario 1 and Scenario 2a, at relatively low load. These results enable light SCE calibration of the different results among companies in RAN1. By this way RAN1 work load for simulation result calibration among different companies does not increase too much. 
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Appendix A: Simulation Assumptions
The simulated scenarios follow the settings in [1] and [2]. Quasi-static system level simulator is used for this study. Some of the relevant parameters in the simulations are shown in the Table 1. 
Table 1. System simulation assumptions

	Parameter 
	Setting 

	Network Layout 
	500m macro-layer inter-site distance 

	Cell layout 
	7 macro-sites (21 macro-cells), wrap around 

	Traffic model 
	Finite buffer: 0.5Mbytes payload, Poisson arrival, average offered load per macrocell area is 12Mbps 

	UE placement 
	2/3 UEs inside the cluster; the remaining UEs are uniformly distributed within the macro-cell area; 80% users indoors 

	Transmit power 
	Macro-eNB: 46dBm; pico-eNB: 30dBm, UE: 23dBm

	Bandwidth 
	Macro: 10MHz at 2GHz; Small cell: 10MHz at 2GHz (scenario 1) and 10MHz at 3.5GHz (scenario 2a) 

	Antenna system 
	1x2 (Rel-8 SIMO) 

	Antenna gain 
	Macro: 17 dBi; pico: 5 dBi; UE: 0 dBi 

	Antenna pattern 
	Macro: 3D; Pico and UE: Omni 

	Path loss 
	Macro-eNB to UE: ITU UMa; Pico-eNB to UE: ITU UMi 

	Shadow fading 
	Macro-eNB to UE: ITU UMa; Pico-eNB to UE: ITU UMi 

	eNB packet scheduling 
	Proportional Fair (PF)

	Cell selection criteria 
	RSRP (scenario 1) and RSRQ (scenario 2a) 

	Number of clusters per macro 
	1

	Number of small cells per cluster 
	4

	Simulation time 
	Finite buffer: 2 runs, 5s warm up, 15s simulation time 

	CRE (Cell Range Extension)
	0dB (no ICIC)

	Open loop power control
	Macro: P0(-95dB) alpha(0.9)   Pico: P0(-82dB) alpha(0.9) 


