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1. Introduction
We present in this contribution the results of Monte Carlo simulations for the LTE TDD eIMTA multiple operator scenario, where two macro operators use adjacent channels. Two sets of results are presented: the first one is based on assumptions agreed within RAN4 while the second set includes results based on some additional assumptions to investigate the sensitivity of results to a few parameters as BS antenna downtilt angle, network offset, additional ACIR and user equipment density. This contribution is based on the RAN4 contribution [2] and provided to RAN1 for discussion. 
2. Deployment scenario, assumptions and methodology
For the macro-macro multiple operator scenario, the aggressor network and the victim network operate in adjacent channels. Both networks consist of 19 cells and 3 sectors per cell. Wrap-around technique is applied in simulations. The offset between the aggressor base stations (BSs) and the victim BSs is the default value which is a cell radius. In each network (victim or aggressor) and in a given time, the transmission direction in all sectors belonging to that network is the same (i.e. either DL or UL). The baseline case in the simulations is defined as the case, where the victim and the aggressor networks align their transmission directions. In another case which is the subject of these coexistence studies, the transmission direction of one operator (e.g. victim) is different from that of the other one (i.e. aggressor).
3GPP RAN4 has reached consensus on macro-macro simulation assumption with detailed parameters sets, as attached to this contribution. The simulation methodology for macro networks follows 3GPP TR36.942 [1]. In each snapshot, the UEs are uniformly dropped in the aggressor and victim networks. Both intra-system and inter-system interference will be collected to evaluate the degradation of UL SNR and DL geometry due to UL/DL interference.
3. Simulation results
3.1 Simulation results with RAN4 agreed parameters
Figures 1 and 2 show the UL and DL geometry for macro-macro deployment scenario with multiple operators, respectively.
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Figure 1. UL SNR for macro-macro multiple operators in adjacent channels
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Figure 2. DL geometry for macro-macro multiple operators in adjacent channels
Based on the results, we have following observations for the case that the transmission direction in the victim network is different from that of the aggressor network:

1. The UL SNR is significantly degraded due to BS-BS interference, however this result doesn’t consider some mitigation techniques, such a antenna downtilt and additional BS filtering, which are usually practiced in the macro network deployment. These will be studied in the next section. 
2. The DL geometry is even better than that of the baseline case. It is because the UE-UE interference is less than BS-UE. There are several reasons for this effect as described below.

I. In the RAN4 simulation assumptions on TDD eIMTA, no density for the simultaneously active UEs in the networks is explicitly defined. In the above figure, we have assumed in each snapshot 1 active UE per cell. We will evaluate the coexistence performance with a greater user density in the following section.
II. Another effect which contributes to this observation is the uniform distribution of UEs in macro networks according to RAN4 assumptions. Such a distribution results in a low probability of close proximity between UEs. For a more realistic assessment of the UE-UE coexistence performance, we have presented in the next section some results for a hotspot-type distribution of UEs. 
III. The “worst case” offset used in RAN4 assumptions for the placement of interfering network in FDD coexistence studies will represent in fact the “best case” offset for the UL to DL interference scenario (i.e. UE-UE interference). Such a network layout is designed such that the weakest victim UEs receives the strongest BS interference and the highest power UE is located right under the tower of the victim BS caused the maximum possible interference. However, for the UE-UE interference scenario, the strongest interfering UE is only next to those UEs of the victim network which are located in cell centre. Such victim UEs have in general very good receiving conditions and could tolerate much higher interference than victim UEs at the cell edge. In the following section, we assess the impact of smaller offset between the BSs of the aggressor and the victim networks on the results. The co-site case is studied as well.
3.2 Further simulation results 
In this section, simulation results for some additional assumptions are presented. The motivation is to investigate the sensitivity of results to a few parameters as BS antenna downtilt angle, network offset, additional ACIR and UE density.
BS antenna downtilt:

The RAN4 agreed assumption in terms of BS antenna model is a 2D horizontal antenna pattern. However, BS downtilt is used in real network deployments which requires a 3D antenna model for simulations. We provide here more simulation results with a 3D antenna pattern to investigate the impact of different antenna downtilt angles on the coexistence performance. The pattern used in the simulations is as follows. 
The horizontal antenna pattern given below is the same used for 2D antenna pattern.
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 is the 3dB beam width which corresponds to 65 degrees, and 
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The vertical antenna pattern is as follows.
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The parameter 
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is the electrical antenna downtilt.  Antenna height at the base station is set to 30m. Antenna height at the UE is set to 1.5m.
Figure 3 shows UL SNR results for different BS antenna downtilt angles. The results are based on the assumption that the geographical offset between the BSs of the two networks is the cell radius R, agreed by RAN4. With increasing downtilt angle, the interference between BS and BS can be mitigated significantly. Depending on the ACIR value, a 15° antenna downtilt can improve the UL SNR at 50% CDF, by 12dB to 17dB compared to a 6° antenna downtilt case.
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Figure 3. Impact of downtilt of BS antenna on UL SNR (Macro-Macro adjacent channel)
Offset between networks:

Figure 4 shows the impact of network offset on UL SNR. The results for the BS-BS ACIR of 43dB and 53dB are presented. As could be expected, the greater the network offset, the less is the interference to the victim BSs.
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Figure 4. Impact of aggressor and victim network offset on UL SNR (Macro-Macro adjacent channel)

Base Station ACIR:
Figure 5 shows the impact of different ACIR values on UL SNR. For this purpose, a network offset = R/2 which results in higher BS-BS interference is used in contrast to the network offset = R agreed by RAN4. This assumption enables a more realistic assessment of the isolation required for the BS. With the basic BS-BS ACIR of 43dB, UL SNR would be degraded significantly due to undue interference of aggressor BS in the adjacent channel. Additional filters both at the victim BS receiver and at the aggressor BS transmitter will mitigate the interference. An ACIR value in the order of 73dB would be required to achieve a performance comparable to that of a synchronized operation for a network operation with a flexible UL/DL configuration.
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Figure 5. Impact of ACIR on UL SNR (Macro-Macro adjacent channel)
User equipment density:

In terms of UE-UE interference, the most sensitive factor is the user density in the aggressor network. To investigate this case, we increased the user density from 1 simultaneously active UE per cell to 12 simultaneously active UEs per cell. In this study the UEs are still uniformly distributed. For UE-UE propagation model, we applied both dual slope LOS and Xia model, respectively, and compared the results.
Figure 6 shows simulations results for DL geometry in the case that different TDD UL/DL configurations are used in the aggressor and the victim networks. Some of the simulation assumptions are different from those agreed by RAN4. The main differences are ISD of 750m (instead of R = 500m) to reduce the RSSI of DL and intra-network interference, an antenna downtilt of 15° and aggressor and co-sited victim and aggressor networks. The results show that the UE-UE interference becomes more severe when the user density and the ISD are increased. In addition, it appears that Dual slope model is more conservative than Xia model.
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Figure 6. DL geometry with high user density with uniform distribution  
Furthermore, the UE-UE interference will become more severe if some hotspots are served by macro BSs. The higher user density in the small hotspot region will significantly deteriorate the UE-UE coexistence performance. Figure 7 shows this phenomenon, where UEs served by a macro sector are distributed in some hotspots. For example, we distribute 12 UE uniformly in two small circle areas (each 40 meters of radius) which are randomly deployed in each macro sector. Obviously, the UE-UE interference becomes more severe.
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Figure 7. DL geometry with high user density with hotspot distribution
4. Conclusions

According to the simulation results, BS-BS interference (i.e. DL to UL interference), would be significant if the macro networks operating in adjacent channels are not synchronized. A combination of conventional mitigation techniques as a larger downtilt angle of the macro BS antenna and additional filters both at the victim BS receiver and at the aggressor BS transmitter can be used as a remedy to alleviate the interference situation.
In terms of the UE-UE coexistence (i.e. UL to DL interference), the simulation results show that there are problems for the case of high density active UEs, in particular for higher user density in hotspot regions in the network, where the UE-UE coexistence performance is significantly degraded. Therefore the UE-UE coexistence case needs to be handled in order to mitigate these cases. 
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Annex: Simulations assumptions
The excel table of RAN4 agreed simulation assumptions by email discussion are attached. 
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general assumptions

		simulation methodology		Approach 1: deterministic		Approach 2: Monte Carlo

		Scenarios		adjacent channel macro-macro cell		Adjacent channel macro-macro cell  and the aggressor (operator #1 on F1) and victim (operator #2 on F2) systems are offset by a cell radius

		Evaluation metric		Minimum required macro/macro site separation distance following approach 1		DL/UL geometry and/or throughput following approach 2

		System bandwidth		10MHz		10MHz

		Carrier frequency		2 GHz		2 GHz

		ACIR BS-BS		43dB		43dB

		ACIR BS-UE		N/A		33dB

		ACIR UE-BS		N/A		30dB

		ACIR UE-UE		N/A		28dB

		UL Power control		N/A		Macro UE: P0 = -82 dBm; alpha = 0.8                                                                                                     [36.213]

		UE antenna gain		N/A		0 dBi
[36.942]

		UE noise figure		N/A		9 dB
[36.101]

		UE power class		N/A		23 dBm (200 mW)
[36.101]

		Macro deployment		N/A		19-cell and 3-sectored hexagon system layout
[36.942]

		Inter-site distance		N/A		500 m                                                                                           [case1 in 36.942]

		Macro antenna gain		15 dBi
[36.942]		15 dBi
[36.942]

		Macro antenna pattern		N/A		q 3dB =  65 degrees, Am = 20 dB (65 degree horizontal beamwidth)                                         [horizontal 2D 36.942]

		Macro max transmission power		46 dBm
[36.942]		46 dBm
[36.942]

		Macro noise figure		5 dB
[36.104]		5 dB
[36.104]

		Macro DL power control		Not modeled, i.e. assuming max macro Tx power		Not modeled, i.e. assuming max macro Tx power

		Shadowing correlation between UEs		N/A		0

		Shadowing correlation between Macro cells		N/A		A Shadowing correlation factor of 0.5 for the shadowing between sites (regardless aggressing or victim system) and of 1 between sectors of the same site shall be used[36.942]

		Minimum distance between UE and UE		N/A		N/A

		PDSCH or PUSCH scheduling		N/A		Randomly scheduled, with one scheduled UE per PRB per cell

		Fast fading		Not modelled		Not modelled





Macro-Macro cell

				Approach 1: deterministic		Approach 2: Monte Carlo

		number of macro UEs per macro cell		N/A		20

		Minimum distance 
between UE and macro		N/A		35m
[36.814]

		Macro UE distribution		N/A		randomly and uniformly

		Shadowing standard deviation between UE and macro		N/A		8 dB
[36.814]

		Shadowing standard deviation between UE and UE				12dB

		Pathloss

		UE to macro		N/A		PLLOS(R)=103.4+24.2log10(R)             PLNLOS(R)= 131.1+42.8log10(R)                         For 2GHz, R in km.                                                                Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)                                   [36.814: table A2.1.1.5-2 ]

		UE to UE		N/A		If R<=50m;PL=98.45+20*log10(R),R in km  (free space model)
If R>50m;PL=55.78 +40*log10(R),R in m (Xia model)                                              [Section 7.4.1.2.1.4 of TS25942
Annex B1.8.1.2 of TR 101 112(ETSI)
ETSI STC SMG2 UMTS L1#9    Tdoc 679/98]

		Macro BS to Macro BS		PL=98.45+20*log10(R),R in km                [Free space model]		PL=98.45+20*log10(R),R in km                [Free space model]

		Simulation cases		N/A		Case 1:  Baseline is the transmission directions of all cells are the same.
Case 2: All macro cells of one operator are of the same transmission direction (i.e. either DL or UL) and the transmission direction of  all Macro cells of another operator is different to the victim system.
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