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1	Introduction
RAN4 has been discussing the number of cells and SSBs 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 including results using a high number of SSBs per cell. 
2	Discussion
In earlier meetings we raised concern [2] regarding the current RAN4 simulation assumptions which may turn out to be too simplistic. In Reno meeting we provided input related to deployment requirements in [3] illustrating what field requirements the UE can expect to experience in the real networks. We have been observing and proposing following:
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.
In our paper [3] it is shown that with high likelihood for UMa deployments the network would need to use high order antenna array to ensure cell coverage. This leads to usage of narrow beams which again leads to denser cell deployment. Illustration was done using 30GHz as baseline. Increasing the carrier frequency will increase the challenge.
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 applied the number of beams and cells according to [3] to see how this affects the results. 

2.1	Simulation setup
In the simulations, we have used the baseline simulation assumptions as agreed in [1] changing the necessary parameters to apply cell and SSB settings according to [3]. 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 7x4-sector sites, 28 sectors total and 200ms ISD. Sector aperture in the simulations is 90 degrees. In this paper, we have included static simulations results using 48 SSBs per cell using 3 elevations. The hexagonal grid is only for illustrative purposes and have no real meaning. 
[bookmark: _Hlk503696363]In the simulations, the UEs are static and there is at most 21 UEs active. 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 measurements are randomized.
In all simulations, an 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.

[bookmark: _Hlk503696632]2.2	Simulation results
Following figure 2 shows the simulation results using static simulations at 30GHz and when using new 48 SSBs simulation setup as discussed in [3]. 
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Figure 2 number of identified cells and SSBs/beams per cell
In figure 2 the number of SSBs/beams are illustrated.
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Figure 3 Number of identified SSBs/beams
Using this new more realistic simulation setup for 30GHz carrier frequency, we see that the number of detected cell and beams/SSBs, compared to the results shown in [5] increases. I.e. as expected, the number of cells and SSBs/beams the UE detects increases.
In table 1 we show the number of detectable cells and number of detectable beams/SSBs using the 48 Tx SSBs simulation case (results from figures 1 and 2 above). Results are illustrated for different number of assumed UE Rx panels. In all cases the cell aperture is kept at 90 degrees.
Table 1 detected beams/SSBs using 48 Tx beams
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In tables 2 we show  the statistics for number of detected cells and number of detected beams/SSBs for 11, 16 and 32 beams respectively (as presented in [5] in Reno meeting). Results are illustrated for different number of assumed UE Rx panels. In all cases the cell aperture is kept at 120 degrees.
Table 2 detected beams/SSBs for 11, 16 and 32 beams
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Looking at the number of detectable SSBs/beams we observe a significant increase as function of increasing the number of SSBs/beams used on gNB side. We see a linear trend between the number of detected SSBs/beams on UE side during the measurement period and the number transmitted SSBs/beams on gNB side.
Observation 1: When increasing the number of SSBs/beams in the system the number of detectable SSBs/ beams on UE side increase.
From the results shown in this paper, and earlier papers, it is clear that there is clear dependency between the number of transmitted SSBs/beams per cell and the number of SSBs/beams per cell the UE can detect. These observations are in line with what could be expected.
Observation 2: There seems to be a linear trend between used SSBs/beam at the gNB side and the number of SSBs/beams the UE can detect.
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 in FR2. The numbers used in [3] is assuming a 30GHz carrier frequency. However, as the impact of higher carrier frequency e.g. 30GHz is clear, and will lead to a need for using an increased number of SSBs/beams and more narrow cell aperture (assuming same 200m ISD), RAN4 need to carefully consider this when developing the minimum UE requirements and further simulations are needed.
UMa is one use case. As mentioned in [5] we observed that LOS is representing the worst-case scenario concerning the number of cells and SSBs/beams the UE is able to detect. RAN4 have not had a chance to analyze many results related to e.g. indoor hotspot which is a scenario which is dominated by LOS conditions. 
Proposal 1: Further simulations using other deployment use case assumptions at higher carrier frequencies are needed.
[bookmark: _Hlk503694652]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 – however, it does not account for any mobility. To evaluate the impact of mobility dynamic simulations are needed. From such simulations, RAN4 will also get more information related to measurement period and measurement latency impact. 
Proposal 2: Dynamic simulations are needed to get a full picture of necessary UE measurement requirements.
In [6] we present our initial results from dynamic simulations.

2.3	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 when operating in higher carrier frequency, there were situations where UEs would not be able to detect any cells. From the results in figures 1 and 2 and the tables, it is also observable that there is significant 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 4 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.
Proposal 3: RAN4 does not assume Omni directional antenna at UE side 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: When increasing the number of SSBs/beams in the system the number of detectable SSBs/ beams on UE side increase.
Observation 2: There seems to be a linear trend between used SSBs/beam at the gNB side and the number of SSBs/beams the UE can detect.
We propose following next steps:
Proposal 1: Further simulations using other deployment use case assumptions at higher carrier frequencies are needed.
Proposal 2: Dynamic simulations are needed to get a full picture of necessary UE measurement requirements.
Proposal 3: RAN4 does not assume Omni directional antenna at UE side 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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1 1 1.5 25 4.0 12 13 16
1 2 2.8 3.9 5.7 14 22 28
1 4 34 4.7 6.8 17 26 35
16 1 1.8 29 4.7 18 20 24
16 2 3.3 4.5 6.6 26 34 41
16 4 4.1 5.5 7.8 33 41 53
32 1 2.0 3.0 4.8 36 41 48
32 2 34 4.7 6.8 52 67 82

32 4 4.2 5.7 8.0 65 82 105
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Parameter Value

Duplexing TDD, 9DL + 1UL radio frame (uplink not simulated)

Bandwidth 40 MHz on 30 GHz band, 14 RBs

DL Tx power 43 dBm, scaled down to 40 dBm due to 40 MHz BW (instead of 80 MHz)

BS antennas 12 x 16 vertical pol. elements (192 elems total), 0.5\ h/v spacing, 25 m height, 1 panel
BS noise figure 9dB

UE antennas 1 panel of 1 “plus” element (2 elems total), omni antenna, 1.5m height

2, 4 panels of 1 “plus” element each, oriented at 0° and 180° (2 panels) and 0°:90°:270° (4 panels)
UE noise figure 13dB

Shadowing spatially correlated, std. 4 dB (LOS), 6 dB (nLOS)

Path loss UMa (TR 38.900), LOS/nLOS, all terminals outdoors (no penetration loss)

Channel model 3GPP_5G (TR 38.900)

Initial cell selection identification: RSRP + Es/loT, RSRP thr: -87.4 dBm, Es/loT thr: -6 dB; selection: RSRP_FF
Grid of Tx beams 48 beams: 3 elevation angles, see next

BS ant. rad. pattern TR 36.814, horiz. bw: 65°, vert. bw: 65°, 8 dBi gain

SC spacing 240 kHz, 2.88 MHz per RB, 12 subcarriers/RB, 16 TTls in 1 ms (14 symbols per TTI)

UE mobility static terminals
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