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Introduction
In this contribution we provide a set of pathloss, coupling loss, Signal to Interference ratio (SIR) and Signal to Interference and Noise ratio (SINR) curves for NR coexistence simulation in urban macro (UMa) scenario. Only Downlink (DL) case is taken into account. Rather than deriving RF requirements based on the outcome of the adjacent channel coexistence simulation, the goal of this paper is to provide input to the ongoing calibration process across different companies involved in the RAN4 coex study. All the results are based on the methodology we proposed in [1].
Discussion
This contribution mainly consists of a collection of curves which can be used as input for the calibration process of NR coex simulators. The methodology we adopted is described with high level of details in [1]. In the following section, we will only recap the main assumptions. 
[bookmark: _Ref458615668]Methodology and main assumptions
The simulation process is based on the following steps:
1. Aggressor and victim network are generated
2. UE associations: UE are associated to base station based on coupling loss. In this step there are two possible alternatives:
a. Associations is made assuming a single element pointing to the sector direction.
b. Associations is made assuming the MxN array pointing at the sector direction.
3. Once association is done, round robin scheduling is used. BF weights are adjusted to point to the LOS direction between BS-UE. This done for both victim and aggressor networks.
4. SINR Throughput are measured in the victim systems without considering ACI, i.e. , where  is the inter-cell interference.
5. SINR and throughput are computed considering ACI: , where  is the adjacent channel interference.
6. RF parameters are determined based degradation cause by ACI: . 
Note that in this paper we will not show final throughput degradation results, but we will focus on the signals and interference distributions.
Regarding the layout we assume hexagonal cells with wrap around with aggressor system (adjacent channel operator) placed at cell edge compared to the victim system, as depicted in Figure 1. In this contribution, we assumed the inter site distance (ISD) to be 500m.
[image: cell_layout2]
[bookmark: _Ref458612114]Figure 1. Hexagonal cells layout for UMa scenario. Aggressor BS are placed at cell edge of the victim system.
This paper focus on DL simulation only, i.e. NR eNodeB is transmitting and all the statistics are collected at UE side (all statistics refer to the serving cell).
Regarding the way interference from adjacent channel is injected we will assume a single Adjacent Channel Interference Ratio (ACIR) number which takes into account both eNodeB transmitter imperfections (ACLR) and UE receiver imperfections (ACS). As proposed and motived in [1], we will assume the adjacent channel interference is beam-formed as the wanted signal. In other words, we will assume that the adjacent channel leakage maintains the same spatial correlation as the wanted signal. Regarding the ACIR shape in the frequency domain in this analysis we assume a single flat value.
BS antenna model is based on a uniform rectangular panel array (URPA) which consists of multiple (Mg∙Ng) antenna panels, on each of which, uniform rectangular array is placed, which comprises multiple antenna elements with (M, N, P) and (dH, dV) as defined in [2], where M, N represent the number of vertical and horizontal elements in each panel, respectively, and P represents the number of available polarizations.
In this contribution the following cases are considered:
· BS Antenna:
· Element gain: as described in [2]: 65 degrees theta and phi 3dB angles, peak element gain equal to 8dBi
· Array factor: we will compare two assumptions:
· Fixed beam (FB): the configuration adopted in RAN1 for large scale pathloss calibration [2]. This configuration consists of 1 Panel (Mg=Ng=1), with 10 vertical elements (i.e. M=10 and N=1). In this case the beam orientation is fixed: the beam is pointing with a downtilt angle of 102 degrees and oriented to the sector direction in the azimuth domain (note that this configuration only creates vertical beam steering). All elements are equally spaced by λ/2.
· Dynamic beam (DB): in this configuration we also assume single panel (Mg=Ng=1) with variable number of elements in the panel (variable M and N). All element are equally spaced by λ/2 and single polarization is used. The main difference compared to the fixed beam configuration is that in this case the beam directly points to the schedule UE. To this purpose the beam forming weights are adjusted as described in [1].
· UE Antenna:
· Omni direction with 0dBi gain. 
Other relevant parameters adopted in the simulation are the following:
· Carrier Frequency: 30GHz
· Tx Power: 43dBm
· UE Noise Figure: 13dB
· Channel BW: 100MHz
Pathloss and coupling loss curves
Figure 2 shows the path loss and coupling loss CDF obtained in the scenario described in section 2.1. The black curve represents the path loss distribution, while red and green curves represent coupling loss distribution, i.e. antenna gains are added compared to the black curve. Green curve is obtained considering only element gain at the BS, while for the red curve cases element gain plus the fixed beam (FB) with (M=10, N=1) configuration is adopted. 
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[bookmark: _Ref458615631]Figure 2. Path Loss and Coupling Loss distribution.
SIR curves
In this section we consider signal to interference ratio (SIR) curves. Note that in this particular case, thermal noise is not considered, therefore these plots are very useful to isolate the gain due to beam forming.
Figure 3 shows the SIR CDFs for the case in which only co-channel interference from other cells is considered, i.e. adjacent channel interference is not present. Black curve represents the reference point in which only a single element is radiating, while the red curve represents the RAN1 channel model calibration scenario (fixed beam with M=10, N-1). Blue curves show the SIR available when a dynamic beam is created. The configuration in the label represents the M x N configuration, i.e. the number of vertical (elements in a column) and horizontal elements (elements in a row), respectively. As it can be observed moving from (M=1, N=16) to (M=4, N=16) brings negligible gain compared to the shift from (M=4, N=16) to (M=4, N=64). Indeed, although in both cases there is an increase of elements by a factor 4, increasing the azimuthal gain shows much better benefit compared to increasing the elevation discrimination. This is especially true in case of large cells, where the discrimination in the horizontal domain brings much higher compare to the one in the elevation domain.
Figure 4 shows a comparison of SIR due to inter cell co-channel and adjacent channel interference for a single element (SE) and a (M=4, N=64) dynamic beam (DB) scenario. The curves show the impact of different ACIR values. At it can be noted the shape of the adjacent channel interference is much more spread compared to the co-channel interference. One of the main reason for this behaviour is that victim and aggressor BS are not co-located, and aggressor BS are placed at cell edge of the victim system. Because of this layout, UEs at cell edge of the victim system could see adjacent channel interference dominating compared to the co-channel interference. This is clearly seen by the crossing point between ICI and ACI curves. The crossing point is of course a function of the ACIR value. Looking at the median point ICI is always dominating even for moderated value of ACIR. It is also worth noticing that ICI for the single element system is dominating compared to the adjacent channel interference present in the system with high beam forming gain. All these considerations need to be taken into account in order to derive proper requirements for the millimiter wave (mmW) scenarios. 
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[bookmark: _Ref458616763]Figure 3. SIR distributions. Only Interference from other co-channel cells is considered.
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[bookmark: _Ref458620642]Figure 4. SIR distributions. Interference from other co-channel cells and adjacent channel interference are considered.
SINR curves
[bookmark: _GoBack]SINR curves are collected in Figure 5. Black curves show the SE case, blue curves are obtained with DB (M=1, N=16) configuration, while the red curves refer to the DB (M=4, N=64) case. As it can be observed even for the DB (M=4, N=64) case, many UEs are in very low SINR region (or in outage). The overall SINR distribution needs to be carefully evaluated by RAN4: depending on the channel bandwidth, the number of antenna elements at BS and UE, cell sizes, and other parameters, the right assumptions about maximum Tx power needs to be derived to avoid extreme outage conditions.
[image: ]
[bookmark: _Ref458622266]Figure 5. SINR distributions. Interference from other co-channel cells and adjacent channel interference are considered.
Conclusions
In this contributions we presented a collection of pathloss, coupling loss, SIR and SINR curves. The curves are intended to be used for the calibration phase in the NR adjacent channel coexistence study. We focused on urban macro scenario with hexagonal cells and considered DL simulation with several beamforming configurations.
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