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1 Introduction

During RAN4#79, the impact of the spatial pattern of adjacent channel emissions and the amount of correlation between adjacent channel unwanted emissions between different transmitters was discussed. It is necessary to decide on how the spatial pattern of adjacent channel emissions should be modelled and the amount of correlation to assume. The issue is not new and was studied to some degree during the BS AAS Study Item and subsequent Work Item. Simulations indicated that the impact of an AAS aggressor system performing beamforming to a victim system depends on the total radiated power of the unwanted emissions, but is independent of the spatial pattern of the unwanted emissions and the correlation level. In the release 13 AAS specification, ACLR based on power at an antenna connector (i.e. total power) is retained as a requirement also for beamforming systems.

In order to confirm the observations of the study item, we have performed simulations in more detail with a much more descriptive and complex model of the basestation, deployment environment and propagation. This modelling has confirmed that there is no dependency between the co-existence performance and the spatial pattern of unwanted emissions between the transmitters.
2 AAS studies
During the AAS Study Item and Work Item, co-existence simulations were performed to investigate the impact of beamforming systems on co-existence properties. The co-existence studies were performed for a hexagonal grid urban macro scenario with full buffer traffic and were aligned to some extent with the E-UTRA co-existence studies described in 36.941. The AAS studies are described in more detail, including simulation assumptions in TR 37.842.

During these studies, the impact of correlation of adjacent channel unwanted emissions was taken into account by simulating with assumptions of 0%, 50% and 100% correlation. With the simulation assumptions used for the studies, 100% correlation implies that the unwanted emissions are beamformed in the same manner as the wanted signal. Such correlation is very unlikely, but was included in the study for completeness. 0% correlation implies that the unwanted emissions are not beamformed but are radiated with the individual antenna element pattern.
A sample of results from several companies is depicted in figure 1. The figure indicates ACLR at the antenna connector on the x axis vs throughput loss in the victim system on the y axis. The ACLR at the antenna connector captures the total radiated emissions, but nothing about the spatial pattern of the unwanted emissions. It should be noted that the UE ACS was fixed at 33dB during these studies.

Comparing the results, it can be observed that in all cases, the level of correlation (and hence the spatial pattern of the emissions) does not impact the co-existence performance.
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Figure 1: Some results for co-existence of E-UTRA AAS  and E-UTRA legacy basestations from the AAS Study Item. Comparing the correlation levels, the co-existence impact are the same.
Further results are available in the AAS TR
3 Additional, more detailed simulations
The AAS Study Item and Work Item studied cell specific beamforming and to some extent UE specific beamforming in a pretty simple deployment scenario of hexagonal grid and full buffer traffic, with a simple channel model. In order to confirm the assumption that the spatial pattern of adjacent channel unwanted emissions does not impact co-existence performance, we have performed simulations with a much more advanced model, including more realistic modelling of deployment, propagation, traffic and beamforming properties.

The model is not aligned with the ITU-R simulation assumptions as it is more detailed. The intention is to provide confidence in the observations on the impact of correlation. Some key details of the model are as follows:

Deployment model

A dense deployment within a city center area has been modelled. The city center model consists of a dense placement of buildings of average height 30m. Different types of building material with different frequency dependent penetration losses are modelled in different types of buildings.
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Figure 2: Example of simulated city model
Within the city center area, basestations are deployed with a mean ISD of 400 meters. Two systems are deployed; an aggressor system and a victim system. Three variants of victim-aggressor placement are modelled; “0% shift”, in which the aggressor and victim are co-located, “50% shift”, in which the aggressor system basestations are located away from the victim system basestations, but not in the worst case positions and “100% shift” in which the aggressor basestations are located in the worst case positions in respect to co-existence interference to the victim network.
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Figure 3: Different network shifts
Propagation model

A very detailed multidimensional propagation model has been utilized, which explicitly and in detail models reflection, diffraction, shadowing and indoor to outdoor propagation losses and frequency dependent outdoor to indoor losses.
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Figure 4: Example output of propagation model
Traffic model

Users are split between indoors and outdoors with an 80/20 split (80% of users are indoors). Different load levels are applied to the network, characterized as “low”, “medium” and “high” load. The same load level is applied in each cell.
AAS BS model

A 64TX AAS BS has been modelled. Each transmitter feeds a 1x4 subarrays and a total of 8x4 subarrays are included with 2 polarizations.
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Figure 5: Array geometry
As well as the antenna array, unwanted emissions have been modelled using a PA model. The PA model is based around modelling of PAs used for terminals today and aims to capture variations between different transmitters (as a function of applied signal and phase) that will impact the relative amplitudes and phases of the unwanted emissions and thus the unwanted emissions and ACLR pattern.
Frequency and bandwidth

The simulations have been carried out in the context of NR at a frequency of 4.5GHz and with a bandwidth of 200MHz. Although these simulations are not at mm wave frequencies, we believe that the tendencies indicated in the simulations are applicable for all frequencies.

Unwanted emission spatial pattern model

Two extremes of unwanted emissions spatial pattern have been modelled. At one extreme, it is assumed that the unwanted emissions are fully correlated between transmitters and have the same level of directivity as the wanted signal. The actual emissions level itself is calculated based on a PA model such that the impact of different amplitude weightings and hence PA operating points on the emissions spatial pattern is properly accounted for. With this extreme, EIRP of the unwanted emissions will be maximum. 

At the other extreme, a simple emissions model has also been investigated, in which the unwanted emissions are modelled as uncorrelated between transmitters and hence radiated with the antenna module pattern.

For both types of emissions modelling (i.e. both the detailed and extreme approaches), the TRP of the emissions is equal for both approaches for a given ACLR level

ACIR model
Where ACLR is used in a plot, the ACLR is the average ACLR over the whole sphere. 

During the simulations, two approaches have been used to model the ACLR. An ACLR value is calculated that is applied to the beamformed aggressor signal. With the first approach, the ACLR to be applied to the beamformed aggressor signal for a particular victim UE is modelled as follows:
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anglebeam  = angle between aggressor RBS and it’s targeted user

anglevictim = angle between aggressor RBS and victim user
The function ACLR(dirbeam,dirvictim) is a function that adjusts the wanted signal spatial pattern to be an unwanted signal spatial pattern according to the responses of the individually modelled PAs based on the input spatial directions of the wanted beam (from the aggressor basestation) and the victim UE (in relation to the aggressor basestation). The ACLR(dirbeam,dirvictim) function has been obtained by means of extensive link level simulation of the PA models. The first modelling approach is termed “spatial ACLR”

For the second modelling approach, the ACLR is fixed to be uniform in space and the same as the average ACLR. This in effect models the PAs all producing totally correlated unwanted emissions such that the wanted and unwanted emissions have the same beamforming pattern. The second modelling approach is termed “average ACLR”.
Figures 6-8 show throughputs obtained vs integrated ACLR for the 0%, 50% and 100% shift scenarios and at multiple load levels. Note that in these plots, the UE ACS is set to 33dB. The curves reach a throughput ceiling due to the fixed UE ACS during the simulations. The ACLR is modelled using the “spatial ACLR” approach in these curves; i.e. spatial variations due to different PA behavior is accounted for.
As might be expected, the impact of adjacent channel interference becomes larger for 50%-100% shift. Also the impact of adjacent channel interference is more significant for high load levels.

At the high load level, the cell edge user throughput is nearly zero; thus the high load level can be viewed as somewhat beyond the likely normally dimensioned operating point for a network. However it illustrates that the impact of adjacent channel interference is manageable even in this scenario.
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Figure 6: Coexistence results with 0% shift
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Figure 7: Coexistence results with 50% shift
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Figure 8: Coexistence results with 100% shift

In figures 9-11, results are compared using the advanced and the simple ACLR spatial models (i.e. unwanted emissions with spatial directivity due to the PA differences vs unwanted emissions radiated with the same pattern as the wanted signal).
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Figure 9: Comparison of co-existence results using the simple and advanced ACIR models 0% shift
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Figure 10: Comparison of co-existence results using the simple and advanced ACIR models 50% shift
[image: image19.png]Gri;lughift 100%, ACS = 33 dB, Same Traffic Load Both Networks

600 15¢
7
& 500 .
2
Fao — =
= o - -
3300l & -
£ S, -
b 5
= y2 -
52002 -
B L4
100 Phe
I —
-
ISR ———

0 5 10 15 20 25 30 35
ACIR [dB]



 [image: image20.png]5" perc, Low load, spatial ACLR model

== =50" perc, Low load, spatial ACLR model

5" perc, Low load, spatial ACLR model
e 5" parc, Low load, average ACLR model

== =50" perc, Low load, average ACLR model

5" perc, Low load, average ACLR model
5" perc, Medium load, spatial ACLR model
== =50" perc, Medium load, spatial ACLR model
im load, spatial ACLR model
porc, Medium load, average ACLR model
== =50" perc, Medium load, average ACLR model
5" perc, Medium load, average ACLR model
5" perc, High load, spatial ACLR model

== =50" perc, High load, spatial ACLR model
195" perc, High load, spatial ACLR model
5" perc, High load, average ACLR model

== =50" perc, High load, average ACLR model
95" perc, High load, average ACLR model





Figure 11: Comparison of co-existence results using the simple and advanced ACIR models 100% shift
Figures 9-11 show no difference between the results with both advanced spatial ACLR model and the average ACLR model, which implies that whether the emissions would have the same spatial pattern as the wanted signal or would have a realistic spatial pattern, the spatial pattern does not impact co-existence properties. 
4 Conclusion

The impact of correlation between transmitters has been investigated using both simplistic simulations during the AAS Study and Work Items and a more complex and realistic simulation environment, which models not only realistic deployment, propagation and traffic but also the spatial pattern of the unwanted emissions in a more realistic manner. In both cases, it is demonstrated that the spatial properties of adjacent channel unwanted emissions do not substantially impact co-existence properties. The results are for sub 6GHz, but mm wave is expected to be similar.

Considering the timescales for ITU-R simulations, it is suggested that either 0% correlation (i.e. flat absolute unwanted emissions in space) or 100% correlation (i.e. flat ACLR) can be assumed as each company prefers, since there is no difference in simulation results and companies can use whichever approach suits their simulation tool better..
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