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1 Introduction
At previous two meetings, how to conduct the NR coexistence study was discussed including methodology, scenarios and assumptions, etc. In particular, it is important to agree on the simulation assumptions so results from different companies can be compared and calibrated. In this contribution, we continue the discussion on the assumptions focusing on beamforming, ACLR/ACS modeling, and noise figure.

2 Discussion
2.1 Beamforming Modeling 

As discussed in [1], after extensive research in both academia and wireless industry, there seems to be a general consensus that the so called “hybrid beamforming” architecture will be adopted to compensate the additional large path loss and at the same being able to contain the implementation complexity to a reasonable level for high frequencies. This hybrid beamforming consists of both analog beamforming and digital beamforming, as shown in Fig. 1. That said, it is also worth noting that in the RAN1 discussion, all three kinds of beamforming methods, i.e. analog, digital and hybrid, are being considered.
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Figure 1. Block diagram of hybrid beamforming
Also, RAN1 made some agreement on the BS antenna configuration for high frequencies:
· At 30GHz:
· Dense urban and Urban macro:

· Baseline: (M,N,P,Mg,Ng) = (4,8,2,2,2). (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (2.0, 4.0)λ.

· Note that companies are also encouraged to investigate a larger panel spacing, e.g. (dg,V,dg,H) = (4,8) λ

· Indoor hotspot:

· FFS

· At 70GHz:

· Dense urban:

· Baseline: (M,N,P,Mg,Ng) = (8,16,2,2,2). (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (4.0, 8.0) λ. 

· Note that companies are also encouraged to investigate a larger panel spacing, e.g. (dg,V,dg,H) = (8,16) λ

· Indoor hotspot:

· FFS
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Figure 2. URPA (uniform rectangular panel array) antenna model [2]
With such configurations, antenna elements are further placed on multiple (Mg∙Ng) antenna panels. Together with the different variations of how to map the TRXU to each antenna element and the possible designs of codebooks, there could be many variations on the resulting beamforming patterns. 
Given the limited time, we are unable to wait for RAN1 discussion to settle. It therefore seems important to simplify the modeling as much as possible while being able to capture the essence of beamforming behavior in RAN4 coexistence simulation. We propose the following assumptions:

1. The number of beams: we assume there are all the antenna elements on each panel with the same polarization direction collectively form on beam. Taking the 30GHz baseline configuration, i.e. Baseline: (M,N,P,Mg,Ng) = (4,8,2,2,2), there are four panels and two polarization directions. This would mean there are 8 beams formed.  As can be seen, only analog beamforming is considered in this proposal. This should be ok because since in our simulation how the beam is formed, i.e. through analog/digital/hybrid, is less of a concern as long as we can achieve good beamforming gain to ensure desired coverage and throughput. The beauty of this approach is we avoid the complicated discussion of how much beamforming gain is due to digital beamforming and how much due to analog beamforming and the interaction between the two. Furthermore, we can then use the similar weighting factors as used in the AAS study without considering a more complicated and yet to be agree-upon beamforming design. There is one thing that may need further discussion, how much beamforming gain is needed for each deployment scenario, i.e. Indoor hotspot, Urban macro, and Dense urban, that has different coverage requirements. Using free space passloss model, there is a 20dB increase for 30GHz compared to 3GHz. So in the above 30GHz baseline configuration, if we consider legacy BS has one antenna with a column of 10 antenna elements providing an 15-18dBi antenna gain, to compensate for the additional 20dB pathloss from the BS side alone, the number of antenna elements may need to be 100 times higher, i.e. reaching 1000 antenna elements assuming similar coverage. Considering there are up to 32 antenna elements on the UE side, the number of antenna elements at the BS can be reduced accordingly. If the above division of the antenna element cannot provide enough gain, we can reduce the number of panels (and beams) to increase the gain, say using 64 or even 128 antenna elements at the BS to form one beam.

2. The number of supported UEs: for simplicity, we can assume each beam supports one UE. Therefore, the number of UEs is equal to the number of beams. In reality, the number of UEs is likely to be more than 1. However, since we run Monte Carlo simulations, the actual number of UEs should not matter much. 
3. The weighting factors: a good starting point is to reuse the ones for the 2D antenna arrays in the AAS study [5]. The weighting factors basically align the phases of signals coming from different antenna elements and thus realizing the beamforming gain. Note that we need to scale the weighting factors with the number of antenna elements in a NR BS. The only question is whether we need to maximize the beamforming gain for each target UE, which may cause more interference to the adjacent cell in the same system if the target UE is located at the cell edge. But this may be ok as we are dealing with the relative throughput loss due to adjacent channel interference and some variation of the baseline performance is less of a concern. 
4. UE beamforming: In general, we can always assume the UE beam direction is perfectly aligned with the beam of its own BS in both DL and UL. Whether this needs to be explicitly simulated in the simulation depends on the spatial properties of the ACLR/ACS. If they are flat in space, the impact of UE beamforming on the simulation results should be little besides that due to the resulting beamforming gain. For accuracy of simulation, it is ok to simulate it too, but then the beamforming weighs need to be agreed upon for UE.
2.2 ACLR and ACS modeling 

We can first take a look at the AAS study [5], in which coexistence simulation was conducted to gain understanding of the AAS BS ACLR requirement. It was observed 

“The impact of correlation level to the system coexistence is evaluated. Simulation results in Case 1a(AAS to Legacy) and Case 1b(AAS to AAS) show that different correlation levels have little impact on the throughput loss due to the fact that the dominant source of adjacent channel interference is due to UE ACS”

Note the study was done based on two key assumptions, i.e. UE antenna pattern is omni-directional with 0dBi gain and the UE ACS level is 33dB. 
With this observation, it was concluded that it is not the spatial direction of ACLR, but the total amount of adjacent channel power radiated that matters in the coexistence performance. Also, it is noted that the current discussion in AAS for ACLR OTA requirement seems to indicate that TRP is the choice due to practical difficulties in implementation and testing [3]. 

Let us then take the UE antenna model into account. If UE has some kind of beamforming capacity, i.e. the omni-directional antenna model is no longer valid, we can in general argue that the victim UE will experience less interference. This is because the inference will most likely come from a different direction than the wanted signal thus may experience less beamforming gain. Note also that there is no ACS spatial model available yet.
Therefore, for DL it seems reasonable from the perspective of simulating worst case scenarios that we assume either BS ACLR or the adjacent channel interference can modeled as flat in space, and the UE ACS can be modeled flat in space. 
Since we already have derived some spatial model for ACLR in the AAS study [5], we believe companies can also use that model to verify the validity of the above assumption.
If we agree on this assumption for the DL, then it is believed that we can make similar assumption for the UL because:
· UE has a much small number of antennas, thus the effect of directivity should be smaller for ACLR (or the adjacent channel interference). It can also be reasonably assumed that the UE ACLR will play a dominant role than the BS ACS in the adjacent channel interference.
· Again, BS ACS flat in space would mean worse coexistence performance than actual performance because BS has better capability of steering its receive antennas to suppress interference. 

In terms of flatness in frequency, for simplicity we can assume both ACLR and ACS would be flat. If a UE occupies a smaller bandwidth than the channel bandwidth for transmission, we may consider a two stop ACLR model in frequency to avoid overly estimating interference, as done in LTE coexistence study [6].
Therefore, our proposal is two-fold:
1. For the sake of time, it is assumed that both ACLR (or the adjacent channel interference) and ACS are flat in both space and frequency. 

2. Companies are encouraged to explicitly simulate the spatial property of ACLR to verify point 1. 
2.3 Noise Figure
Noise figure is an important RF assumption as it directly determines the BS/UE receiver sensitivity. Currently, there has been no agreement on BS noise figure although RAN1 made a proposal of 8dB for above 6GHz. Based on our understanding, this proposal may be too optimistic because:

1. For below 6GHz, the BS noise figure is 5dB. For above 6GHz, there was some survey of the RF component performance that shows an increase of 3-6dB is needed. It is important to point out that the figure is based on RF component performance only. As we all understand, the overall noise figure would also depend on the RF architecture and system design, which needs to consider many factors such as cost, implementation complexity, and performance, besides the state-of-the-art of RF component performance. For example, there might be some tradeoff between power consumption and linearity at the receiver due to the large number of TRXs and wide bandwidth that would affect the overall RX noise figure.
2. It is also noted that for high frequency, due to the large number of antennas and TRXs, the common assumption that BS always has more room to use large size RF components for optimized performance and heat dissipation is less of an issue may need to be revisited. Without such an advantage compared with UE, and also given the fact that many RF components’ performance is not optimized for BS yet, BS may have to use RF components that are not significantly better than those used by UEs. This would mean unlike the case for below 6GHz, the BS noise figure may not be much better than the UE’s..
Therefore, we propose:

It is proposed to further discuss the BS noise figure taking into account the above points.

3 Conclusion

In this contribution, we discuss some key coexistence simulation assumptions and provide our proposals. Given the short time, it is imperative RAN4 make some agreement to progress the simulation work.
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