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1. Introduction
Document ‎[1] presented some results of co-existence analysis  between LTE UL at Band 26 FUL_high = 849 MHz and narrow band public safety (PSNB) systems operating in the adjacent band at 851MHz. The methodology tries to take into account the probability of the victim PSNB portable being at Rx sensitivity level and at the same time to capture the probability of the LTE UE Tx power. For this purpose, the probability of interference caused by the LTE UE is obtained using a mixture of Monte-Carlo simulation and numerical calculation, where the statistics of the aggressor’s Tx power and the victim’s Rx power are taken from the Monte Carlo simulation. This approach improves the traditional deterministic analysis which assumes the maximum Tx power of the aggressor and the wanted signal at 3dB above the receiver sensitivity of the victim However, the study assumes that the distance between the aggressor UE and the victim UE was fixed to be 1 meter, 2 meters or 3 meters. In addition, the impact of the user density wasn’t taken into account. In fact, the probability of the close geographical proximity between two UEs may be very low.
We suggest conducting Monte Carlo simulation to take into account the user density and distribution further. Before system simulations can be undertaken, it is first important to establish and agree upon the system assumptions, parameters and also simulation methodologies, so that multiple companies can provide results that can be meaningfully compared and consolidated for agreement. Obviously, in any such simulation, the number of system parameters can be very large making for very complex simulations. It is therefore necessary to apply simplifications to be able to manage the task, but it is important that all companies providing simulation results agree to the same simplifications.

We suggest taking major assumptions and methodologies for LTE from TR36.942. The overall interference probability and cell edge interference probability can be analyzed by Monte Carlo simulation, which improves the method suggested in [1] by taking into account the user density and the aggregated interference from multiple LTE UE Tx to PSNB portable Rx. 
In this paper, we propose the deployment scenario, assumptions and methodologies for the Monte Carlo simulation between LTE UL and adjacent PSNB DL. 
2. Deployment scenario, Assumptions and Methodology
2.1. Deployment scenario
We suggest considering the urban outdoor scenario where the close geographical proximity between LTE UE and PSNB portable may happen most likely.  The network layout of the simulation is shown in Figure 1. IMT clusters are randomly dropped into PSNB coverage area, where each cluster consists of 57 cells. The wrap-around technique is applied between the LTE UE and PSNB portable due to the following advantages 
1. The approach will guarantee that each PSNB portable is surrounded by enough LTE UEs in at least three network layers even if this PSNB portable is located at the IMT cluster edge or at the PSNB coverage edge. In this manner and by avoiding edge effects, there is no risk that the interference from LTE UE Tx to PSNB portable Rx is underestimated and with a high confidence the LTE interference to PSNB portable corresponds to the reality

2. The computational complexity can be under control even if the PSNB coverage is much larger compared to the LTE coverage.
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Figure 1: Simulation layout

The edge area can be defined according to some criteria, e.g. as the area where the wanted signal Xd  meets  
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 with MUS denoting the minimum usable signal level for the PSNB subscriber.
2.2. Assumptions and Methodology

The major assumptions and methodology for LTE UL refer to the urban outdoor scenario TR36.942 ‎[2] and are given in the Annex A.1. Regarding PSNB system, we propose to model and analyze two different deployments corresponding to two NS values. PSNB is a TDMA system, where in each cell and time slot, just one PSNB portable is active. Therefore, each Mote-Carlo snapshot represents a PSNB TDMA time slot with one active PSNB portable in the simulation layout of Figure 1.
In terms of propagation model, there will be three types of propagation models for the link between PSNB BS and PSNB portable, the link between LTE BS and LTE UE and the link between PSNB portable and LTE UE.

· LTE UE and PSNB portable: dual slope model [3] 
· LTE BS and LTE UE: TR36.942 Urban model
· PSNB BS and PSNB portable: ITU-R recommendation P.1546-4, Look-up tables for the 50% time curves and frequency of 850MHz with interpolating method between 600MHz and 2000MHz.
Simulation description
For i=1:# of snapshots

1. Distribute an LTE cluster into PSNB coverage area randomly. 
2. Distribute LTE UEs randomly throughout the LTE cluster area such that to each cell within the handover (HO) margin of 3 dB, at least 3 users are allocated. Attach 3 UEs to each cell randomly.
3. Perform PS operation for all cells:

· Loop over all cells

· Loop over all LTE UEs attached to the cell

· Select the next UE to be scheduled based on the scheduling metric (i.e. randomly for Round Robin)
· Pick 8 RB among the “not scheduled” ones and mark it as “scheduled”

· Set UE transmit power to 
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4. Distribute a PSNB portable terminal randomly in the IMT cluster area. When the distance between PSNB portable and PSNB BS is smaller than 1km  (P.1546 can be applicable when the distance is greater than 1km.), drop again until the distance is greater than 1km.
5. Calculated the aggregated interference from the active LTE UEs to the PSNB portable terminal. The wrap-around technique is applied between the LTE UE and PSNB portable terminal. Calculate SINR of PSNB portable terminal according to the following equation.
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SINR=wanted signal/(thermal noise+(IMT power-pathloss-ACIR))
PSNB outage criteria

If the SINR of a PSNB portable terminal is smaller than minimal usable SINR plus the fast fading margin, it is judged to be outage. 

Simulation output

The outage rate of the single PSNB system without LTE interference and the outage rate of PSNB system with the aggregated IMT interference will be analyzed by the simulation in overall PSNB coverage area and the edge area, respectively. The statistic of PSNB SINR degradation due to the LTE interference can be analyzed.
3. Way forward
We would like to suggest conducting Monte Carlo simulation to evaluate the interference between LTE UE and PSNB portable terminal. A specific approach was presented for the case of coexistence between the two networks at the 849 MHz boundary.  A similar simulation should also be conducted for the case of coexistence between the two networks at the 814 MHz boundary, but in this case, between the LTE UE and the PS basestation. Discuss and reach consensus on all assumption and methodology of Monte Carlo simulation at this RAN4 meeting.
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Annex: Simulations assumptions proposal
A.1:
LTE UL Assumptions
The assumption of the simulation is summarized in the following table.
Table A-1: Simulation assumptions for 10 MHz LTE UL (aggressor) and 10 MHz LTE RN access UL (victim)
	Parameter
	Assumption

	Simulation type
	Snapshot

	Carrier frequency
	850 MHz

	System bandwidth
	5 MHz

	Cellular layout
	Hexagonal grid, 19 cell sites, 57 sectors

with BTS in the corner of the cell , 
65-degree sectored beam. 

	Wrap around 
	Employed

	Inter-site distance
	750m

	Traffic model
	Full buffer

	BS antenna pattern
	TR36.942

	BS antenna gain
	15 dBi

	MS antenna gain and body loss
	-10dBi

	White noise power density
	-174 dBm/Hz

	Scheduling algorithm
	 Round Robin

	LTE RB width
	180kHz

	LTE user number per cell
	3

	RB number per user
	8

	Link simulation interface
	Attenuated and truncated form of the Shannon bound in TR36.942.doc

	Environment
	Macro Cell, Urban Area


UL Power control modelling for E-UTRA 

The following power control equation shall be used for the initial coexistence simulations:
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where Pmax is the maximum transmit power, Rmin is the minimum power reduction ratio to prevent UEs with good channels to transmit at very low power level, PL is the path loss for the UE and PLx-ile is the x-percentile path loss (plus shadowing) value. With this power control equation, the x percent of UEs that have the highest pathloss will transmit at Pmax.  Finally, 0<(<=1 is the balancing factor for UEs with bad channel and UEs with good channel:

The parameter sets for power control are specified in table A-2. 

Table A-2: Power control algorithm parameter

	Parameter set
	Gamma
	PLx-ile

	
	
	5 MHz bandwidth

	Set 1
	1
	115

	Set 2
	0,8
	133


The power control parameters may need to be checked for this simulation further. 

Adjacent Channel Interference Power Ratio (ACIR = 1/(1/ACLR + 1/ACS)) which is a function of interfering Tx Adjacent Channel Leakage Ratio (ACLR) and affected Rx Adjacent Channel Selectivity (ACS) was determined from the Correspondence Group agreed parameters. We assume that the ACLR values dominated the corresponding ACIR, So although ACS was considered in the simulation.  The observations and recommendations focus on determining an appropriate ACLR (OOB emission) limit.

TR36.942 presented ACLR model for 5MHz E-UTRA interferer and UTRA victim. We adjusted the bandwidth of victim from 3.84MHz to 6.25kHz. The ACLR model is presented in the following table A-3.
Table A-3: ACLR model for 5MHz E-UTRA interferer, 6.25kHz victim 

	Location of aggressor 8RBs (bandwidth = 8*180 kHz) 
	Adjacent to victim channel edge
	at least 8 RBs away from channel edge

	ACLR dBc/6.25kHz
	57.9 + X
	70.9+X

	X serves as the step size for simulations, X = … -10, -5, 0, 5, 10… Db


A.2:
PSNB DL Assumptions

	 
	Base Station
	Portable

	Carrier frequency
	850 MHz

	Channel bandwidth
	6.25 kHz

	Cell radius
	12 km

	Antenna height
	100 m from ground 
	1.5m

	Lognormal fading
	10 dB

	Antenna gain and antenna pattern
	11dBi omni-directional
	Antenna gain + body loss = -10 dBi

	Noise figure
	5.7 dB
	9.75 dB

	Transmit power
	45dBm
(after combiner loss)
	36 dBm

	SNR Threshold
	16.5 dB
	16.5 dB

	Minimal usable SNR
	16.5dB
	16.5dB

	Fast fading margin
	
	[5.8 dB]

	Effective Noise Bandwidth (ENBW)
	6.25 kHz
	6.25 kHz

	Noise Floor 
	-130.3dBm / 6.25 kHz
	-126.3dBm / 6.25 kHz

	Sensitivity
	-113.8dBm / 6.25 kHz
	-109.8dBm / 6.25 kHz

	MS antenna gain and body loss
	
	-10dBi
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