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1.
Introduction

This contribution provides simulation results for the reference sensitivity of E‑UTRA Medium Range Base Stations in the context outlined in [1]. The simulations are based on the assumptions discussed at the RAN4#62 meeting and detailed in [2]. A summary of the assumptions is provided below.

2. Simulation Scenarios and Assumptions
As detailed in Table 6.2-1 of [2], three (3) coexistence simulation cases have been defined to characterize the E-UTRA reference sensitivity requirements of medium range (MR) multi-standard radio (MSR) basestations, namely cases E1a, E1b-1 and E1b2. These cases represent scenarios with a (i) micro network as an aggressor and the victim network as a Manhattan grid micro network, (ii) tri-sector macro network with an inter-cell distance (ISD) of 500 and (iii) tri-sector macro network with an ISD of 1732 meters respectively. For reference the details of each case are reproduced in Table 1 below. For each of these coexistence scenarios the aggressor system is assumed to be a network of medium range basestations deployed in a Manhattan grid pattern as defined in [2] and reproduced below in Figure 1 for reference. The locations of the MR MSR victim basestations are indicated by the blue dots and the corresponding aggressor micro basestations by the red dots.

[image: image1.emf] 

added blocks to achieve symmetry

aggressor network micro nodes 

victim network micro nodes 

victim network micro nodes for data collection


Figure 1: Modified MR MSR Manhattan grid network layout of aggressor and victim micro networks. The locations of the micro basestations are indicated by the blue or red dots and the green circles identify the micro basestations employed for gathering statistics in the victim network.
As defined in [2], [3] and [4], the micro basestations are positioned in the streets of the Manhattan grid in the indicated pattern with an assumed block size of 75m and street size of 15m. Note that in Figure 1 an additional column of blocks has been added relative to the definition in [3] and [4]. When the Manhattan grid is employed as a victim network (i.e. case E1a) the basestations highlighted by the green circles are employed for gathering of interference output statistics from the aggressor network. For scenario E1a, the relative overlay of the victim and aggressor networks is illustrated in Figure 1 above. For case E1b-1 the relative overlay of the micro network relative to the macro network is illustrated in Figure 2 below.
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Figure 2: Relative overlay of Manhattan micro network relative to the victim macro network for case E1b-1.
Macro Cell 3 is employed to gather interference statistics
Table 1: Overview of Reference Sensitivity simulation cases
	Case
	Aggressor
	Victim
	Simulated link
	Network Layout
	Statistics
	Target RF requirement

	E1a
	E-UTRA 

Micro
	E-UTRA 

Micro
	Uplink
	Micro + micro 
(Figure 6.3.1.2-6)
	Throughput loss
	Reference sensitivity

	E1b-1
	E-UTRA 

Micro
	E-UTRA 

Macro
	Uplink
	Micro + 
Macro (ISD = 500 m)

(Figure 6.3.1.2-3)
	Throughput loss
	Reference sensitivity

	E1b-2
	E-UTRA 

Micro
	E-UTRA 

Macro
	Uplink
	Micro + 
Macro (ISD = 1723 m)

(Figure 6.3.1.2-4)
	Throughput loss
	Reference sensitivity


The reference sensitivity simulation was carried out by uniformly dropping, for each snapshot, 3 UE’s per basestation station (micro or macro) over the aggressor and victim networks. The propagation models employed in the micro and Manhattan grids are as defined in [2], [3] and [4]. The impact on the UL capacity of the victim network as a function of the micro BS sensitivity is then calculated.  Power control is applied to the UEs of both the victim and aggressor networks. For the initial simulations presented in this contribution, the power control setting schemes PC1 and PC2 of [6] have been employed. The UL capacity of the victim network is calculated as a function of the micro BS noise floor. The outcome is a relative UL capacity degradation (either for the micro or macro system) as a function of the micro basestation noise floor. This is achieved by calculating the nominal UE transmit powers (macro or micro) based on the given power control scheme and then raising the noise floor progressively in the micro UEs. The micro UE throughput is kept constant by raising the micro UE transmit power an amount equal to the noise floor within the restriction of the maximum UE transmit power. The macro UE transmit power is also raised an equal amount within the restriction of the maximum UE transmit power. Relative degradation is seen when the given UE’s (macro or micro) reach their maximum transmit power, at which point the SINR for those UE's will degrade as the noise floor is raised further.
It is assumed that the micro and macro networks operate on adjacent frequencies.  The relative UL capacity degradation has been calculated based on the truncated Shannon bound approach of [6].  Additional simulation assumptions are detailed in section 6.3 of [6].
3
Reference Sensitivity Simulation Results
Based on the simulation methodology and assumptions defined in section 2 above, Figures 3 to 7 below illustrate the relative throughput loss of a victim micro or macro network in the presence of an aggressor micro-network for cases E1a,  E1b-1 and E1b-2. A noise figure of 5 dB at the victim basestation has been assumed as defined in [2].
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Figure 3: Relative uplink throughput loss of a victim micro network in the presence of an aggressor micro network for case E1a. Power control scheme PC2 was employed for both of the micro networks. 
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Figure 4: Relative uplink throughput loss of a victim macro network in the presence of an aggressor micro network for case E1b-1. Power control scheme PC2 was employed for both the micro and macro networks. 
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Figure 5: Relative uplink throughput loss of a victim macro network in the presence of an aggressor micro network for case E1b-1. Power control scheme PC1 was employed for both the micro and macro networks.
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Figure 6: Relative uplink throughput loss of a victim macro network in the presence of an aggressor micro network for case E1b-2 (macro ISD =1732m). Power control scheme PC2 was employed for both the micro and macro networks. 
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Figure 7: Relative uplink throughput loss of a victim macro network in the presence of an aggressor micro network for case E1b-2 (macro ISD =1732m).  Power control scheme PC1 was employed for both the micro and macro networks. 
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Discussion and Conclusions
Table 2 below summarizes the throughput loss for cases E1a, E1b-1 and E1b-2 based on the simulation results illustrated in Figures 3 to 7 above. The last column of Table 2 indicates the level of micro noise floor rise corresponding to a 3% throughput loss at the victim basestation (macro or micro). For the E1a and E1b-1 scenarios with an ISD of 500 meters the noise floor rise has to reach at least 8 dB before a throughput loss of 3% is observed. This also includes the scenario in which the aggressor micro network employs a more optimized power control scheme PC3, with a P_xile value of 105 dB as defined in [9]. For the scenario of the micro UEs employing PC3, it was assumed that the macro UEs employed PC1.
For the E1b-2 scenario with an ISD of 1732 it should be noted from Figure 6 that use of power control setting scheme 2 in the macro network results in a throughput loss of greater than 3% even without any noise floor rise in the aggressor micro network. However use of power control scheme PC2 by UL link budget limited macro UEs near the cell edge of an ISD 1732 m macro cell is not a realistic deployment assumption. A more realistic power control scheme for such a scenario would be for the macro UEs to employ a PC1 power control scheme. In such a case the noise floor rise is 6 dB corresponding to a 3% throughput loss in the macro victim network.
Table 2: Throughput loss relative to micro BTS noise floor rise

	Scenario
	Power Control Setting
	ISD
	Micro BTS Noise floor rise for a 3% throughput loss

	E1a
	PC2
	500 m
	> 16 dB

	E1b-1
	PC2
	500 m
	12 dB

	E1b-1
	PC1
	500 m
	> 15 dB

	E1b-1
	PC3
	500m
	8 dB

	E1b-2
	PC1
	1732 m
	6 dB


Based on the throughput loss versus micro basestation noise floor rise summarized in Table 2, we propose a reference sensitivity level for E-UTRA MR BS class which is 6 dB desensitized compared to WA BS class. 
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