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1	Introduction
RAN4 has been discussing the number of cells and beams the UE shall be able to monitor during many meetings without consensus. Companies have provided system level simulation result as input to the discussion to facilitate the discussion. In this paper, we continue the discussion and present new system level simulation results based including results using a high number of beams per cell. 
2	Discussion
In last meeting in Dubrovnik we raised concern [2] regarding the current RAN4 simulation assumptions which may turn out to be too simplistic compared to what we can expect the UE to able to experience ones deployed in the real networks:
Observation 6: RAN4 need to be very careful when selecting the UE monitoring requirements numbers based on the current simulation settings.
Proposal 1: RAN4 would need to consider deployment realistic cell and beam forming when developing UE minimum requirements.
This has also been discussed in our paper [3] in which it is shown that with high likelihood that for UMa deployments the network would need to use high order antenna array to ensure 200m cell coverage. This leads to usage of narrow beams which again leads to more dense cell deployment.
All of this may influence the UE requirements related to number of beams and cells the UE should be able to monitor in higher carrier frequencies. 
In this paper, we look at both static simulations. We look at simulation setup where we have changed the number of beams per cell to see how this affects the results. 

2.1	Simulation setup
In the simulations, we have used the simulation assumptions as agreed in [1]. The network layout is illustrated in figure 1.
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Figure 1 Illustration of the network layout used in the simulation.
We have used an Urban Macro layout with 21 cells and 200ms ISD. In this paper, we have included results from  static simulations using 11, 16 and 32 beams per cell.. 
In the simulations, the UEs are static and there is 1 UE per cell. A SSB burst periodicity of 20ms has been used which is also used as UE sampling rate. I.e. the UE measurement rate is 20ms. More detailed assumptions can be found in Appendix A.1.
We have applied an offset between the SSB transmissions to reduce SSB transmissions collisions from different cells. By applying a random offset between the SSB transmissions, the beam collisions during measurement are randomized
An all simulations L1 measurement filter of 4 samples has been applied, which together with the SSB transmission offset reduces the interference seen by the UE when performing SSB based measurements.

2.1 Simulation results
2.1.1 Static Simulation results at 30GHz
Following figure 1 shows the results when using 11 beams simulation setup as we have used earlier. Results are shown for both LOS and for NLOS with slow fading:
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Figure 2 11 beams per cell, LOS
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Figure 3 11 beams per cell, slow fading and NLOS
From the results in figures 1 and 2 we can observe, as expected, that the number of cells and beams per identified cell that the UE can identify decreases in SF+NLOS conditions compared to LOS. This indicates that LOS conditions will be representing the worst-case scenario for UEs when considering number of detectable cells and beams.
Observation 1: LOS conditions represents the worst-case scenario for UEs when considering number of detectable cells and beams
Looking next at the impact from increased number beams per cell – we increase the number of beams in the setup such that we have 16 beams per cell in line with the agreed simulation assumptions. Similar results as for those in figures 1&2 for 11 beams per cell are given in figures 3 and 4 for the 16 beams per cell:
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Figure 4 16 beams per cell, LOS
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Figure 5 16 beams per cell, NLOS and slow fading
As expected we see similar trend as for the 11 beams case under same conditions. I.e. NLOS+SF decreases the number of cells and beams per cell the UE can detect. And the LOS represents the worst-case scenario concerning requirements related number of cells and beams the UE can detect.
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Figure 6 32 beams per cell, NLOS and slow fading
The results in figure 6 illustrates the same setup as used with the former results. We have increased the number of beam per cell to 32. We see that the number of detected cell, compared to the the 16 beams/cells case, does not change much. However, and as expected, the number of beams the UE detects increases.
From the results shown in figures 1 – 6 we can observe that when we keep the cell aperture constant and increase the number of beams per cell, the number of detectable beams per cell increase (as expected).
In tables 1 and 2 we have collected the statistics for number of detected cells and number of detected beams during the connection lifetime for 11, 16 and 32 beams respectively. Results are illustrated for different number of assumed UE Rx panels. In all cases the cell aperture is kept at 120 degrees.
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Figure 7 number of detectable cell and beams for UMa 200m ISD assuming NLOS and slow fading
Looking further at scenarios in which we use 32 beams per with same cell aperture we observe that compared to using 16 beams we see a saturation in the number of detected cells. This is quite natural as the cell size in the 16 and 32 beam scenario is same covering 120 degrees. 
Looking at the number of detectable beams we observe a significant increase as function of increasing the number of beams used on gNB side. We see a doubling in the detected beams during the connection lifetime when doubling the sued number of beams.
Observation 2: When increasing the number of beams in the system the number of detectable beams increase.
From the results shown in this paper it is clear that there is clear dependency between the number of transmitted beams per cell and the number of beams per cell the UE can detect. These observations are in line with what could be expected.
It would be necessary also to investigate if a more narrow cell aperture will lead to a similar increase in detected cell.
Observation 3: More investigation of the impact from more narrow cell aperture on number of detectable cells is needed.
When looking at our discussion in [3], it is clear that for UMa there is most likely a need for using more beams and narrow cell aperture in order to ensure cell edge coverage. The numbers used in [3] is assuming a 30GHz carrier frequency. However, as the impact of higher carrier frequency e.g. 39GHz is clear, and it will lead to an increased number of beams and more narrow cell aperture (assuming same 200m ISD). Therefore, RAN4 need to carefully consider this when developing the minimum UE requirements and further simulations are needed.
UMa is one use case. As mentioned above we observe that LOS is representing the worst-case scenario concerning the number of cells and beams the UE is able to detect. RAN4 have not yet seen many results related to indoor hotspot which is a scenario which is dominated by LOS conditions. 
Proposal 1: Further simulations using more realistic simulation assumption at higher carrier frequencies are needed.
As static simulation might be good enough for determining number of cells and beams the UE may detect when placed at certain spot under certain condition – it does not account for any mobility. To evaluate the impact of mobility dynamic simulations needed. From such simulations, it will also become RAN4 will also get more information related to measurement period and measurement latency impact. Especially taking the observations from the static simulations into account concerning number of detectable cells and beams at higher carrier frequencies – we think further dynamic simulations are needed.
Proposal 2: Dynamic simulations are needed to allow RAN4 to get fuller picture of necessary UE measurement requirements.

2.1.1 UE implementation assumption regarding minimum number of panels
Another aspect that needs to be discussed and decided in RAN4 is the assumed minimum number of panels on the UE side. In [4] in Nagoya meeting we concluded based on using omnidirectional antenna simulation assumptions:
Observation 1: Omni directional antenna assumption should not be used when developing UE requirements for higher carrier frequencies.
Reasoning behind this observation was that if using omni directional assumptions at UE side in higher carrier frequencies, there were situations where UEs would not be able to detect any cell/beam. From the results in figures 1 – 5 it is also observable that there is clear difference in the UE performance dependent on whether 1, 2 or 4 Rx panels are used in the UE.
In the second set of results in [4] we used omni directional antenna assumptions at the UE side at 4GHz and 2 panels with 5 dBi directional antennas at 0° and 180° when operating in 30GHz.
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Figure 8 number of identified cells and beams using omni direction antenna at 4GHz and 2 antenna panels at 30GHz.
Using a 2-panel assumption at the UE side we observe that in more than 99% of the measurement occasions the UE can detect more than 2 BSs. Additionally, we observe that at least one beam can be identified per identified cell.
From figure 2 we can observe almost all the time (more than 99% of the time) the UE will detect more than 2 cells. 
Proposal 3: RAN4 does not assume Omni directional antenna at UE when developing UE requirements for higher carrier frequencies.
RAN4 will need to discuss further whether 2 or 4 panels are assumed.
Proposal 4: RAN4 need to decide whether 2 or 4 panel UE is assumed as baseline when deriving the UE requirements.
3	Conclusion
In this paper, we continue the discussion and present new system level simulation results based including results using a high number of beams per cell. Based on the results we observe:
Observation 1: LOS conditions represents the worst-case scenario for UEs when considering number of detectable cells and beams
Observation 2: When increasing the number of beams in the system the number of detectable beams increase.
Observation 3: More investigation of the impact from more narrow cell aperture on number of detectable cells is needed.
We propose following next steps:
Proposal 1: Further simulations using more realistic simulation assumption at higher carrier frequencies are needed.
Proposal 2: Dynamic simulations are needed to allow RAN4 to get fuller picture of necessary UE measurement requirements.
Proposal 3: RAN4 does not assume Omni directional antenna at UE when developing UE requirements for higher carrier frequencies.
Proposal 4: RAN4 need to decide whether 2 or 4 panel UE is assumed as baseline when deriving the UE requirements.
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A	Simulation Parameters

A.1 Static simulation assumptions
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