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1 Introduction
In RAN4#84, initial system simulations for NR covering both mm-wave and sub 6GHz were discussed with results in [2]

 REF _Ref491924129 \r \h 
[3]

 REF _Ref491924131 \r \h 
[4]

 REF _Ref491924133 \r \h 
[5]

 REF _Ref491924138 \r \h 
[6]

 REF _Ref491924141 \r \h 
[7] and [8], and we proposed updated simulation assumptions,[1] raising some issues which we identified in the first round. Some of the proposed updates were:
1. UE cell measurements: We proposed that SS block RSRP of a cell is the average of the N best SS blocks and N=1 is used for simulations. This only impacts measured RSRP, and does not impact the detectability of a cell (a cell is considered detected if at least one SS block can be detected, regardless of the configuration of N).

2.  UE RX beamforming. In the earlier simulations, we used genie aided UE RX beamforming, which triggered some discussion. In the results for this contribution, we use as similar approach to 
3. Beam shaping and number of beams. According to earlier results, the beam shaping and number of beams transmitted from the TRxP in the simulations has significant impact to the statistics that will be observed in system level simulation on SS blocks. In this contribution, we followed the approach in [3] for beam shaping.
In addition, there was discussion in some papers on collection of statistics for cell edge UEs. Since the criteria for cell edge has not been specified in simulation assumptions, this aspect could be discussed further.
In this contribution, we provide further results for both indoor hotspot (IHs) and urban macro (UMa) scenarios, and also investigate the difference in number of detectable SS blocks and cells for cell edge UEs compared to the entire UE population.
2 Discussion

2.1 Simulation assumptions

This contribution is based on the simulation assumptions in[9]. In addition, the following additional assumptions and observations were made

Carrier frequency
· All simulations in this contribution are for 30GHz.

SS beam direction colliding model

· Each SS block within the SS burst set is transmitted in a different beam direction

· Each SS block within the SS burst is beamformed with a DFT codeword.

· For IHs, the total number of codewords is 8 in the azimuth x 4 in the zenith = 32 (option 1) or 2 in azimuth + 2 in zenith + 1 beam in boresight direction (option 2).
· For UMa the total number of codewords is 8 in the azimuth x 1 in the zenith = 8
UE beam and cell measurements
· SSRP of a cell is the average of the N best SS blocks

· N=1 is used for simulations

· A beam is considered detected if it has an SINR≥-6dB

· A cell is considered detected if any beam from the cell is detected

UE panel modelling
According to [9], there are multiple options for UE antenna panel modelling. In the simulations in this contribution Config 1: (Mg, Ng) = (1, 2); Θmg,ng=90; Ω0,1=Ω0,0+180; (dgH, dgV)=(0,0) is used.
UE Receive beamforming
· Option 1: Isotropic antenna model is used for simulation purposes

· Option 2: Genie aided UE receive beamforming

· UE performs beamforming in the direction of the target cell being measured

· SINR for the measurement of a target cell is evaluated is evaluated with the same beamforming weights for the interfering cells as for the target cell measurement

· Option 3: Genie aided UE receive beamforming with codeword selection

· UE performs beamforming in the direction of the target cell being measured, which is quantised with a step size of 45 degrees in both azimuth and zenith directions

· SINR for the measurement of a target cell is evaluated is evaluated with the same beamforming weights for the interfering cells as for the target cell measurement

Cell edge UE

· In the following simulations, a cell edge UE is defined as a UE with SSB cell RSRP in the lowest 10th percentile.
2.2 Urban Macro baseline results

In this section, we provide baseline results for the urban macro scenario at 30GHz carrier frequency. For UE RX beamforming, option 1 (omni directional antenna) is used in the baseline results
Figure 1a shows the CDF of number of detected cells, figure 1b shows the CDF of number of detected beams and figure 1c shows SINR distribution for the best (strongest RSRP) beam of the 4 best (strongest RSRP) measured cells.
[image: image1.emf] 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 1

 0  5  10  15  20  25  30  35

CDF of detected beams

Omni RX beamforming


Figure 1a: CDF of detected beams for the baseline urban macro setup (omni directional UE antenna, all UEs in simulation considered) 
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Figure 1b: CDF of detected beams for the baseline urban macro setup (omni directional UE antenna, all UEs in simulation considered)
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Figure 1c: CDF of cell SINR for the baseline urban macro setup (omni directional UE antenna, all UEs in simulation considered), best cell, 2nd best cell, 3rd best cell and 4th best cell

Observation 1: The UE can detect approximately 15 beams or less in the baseline urban macro setup with a probability of 90%
Observation 2: The UE can detect approximately 8 cells or less in the baseline urban macro setup with a probability of 90%

2.3 Indoor hotspot baseline results

For the indoor hotspot scenario, some discussion is necessary on the DFT weight selection for SSB beamforming. Since the boresight direction of the cells points from the ceiling directly towards the floor, it is necessary to perform electrical beamforming in both azimuth and zenith directions. In [3] it was proposed (for the UMa scenario) to use DFT based weights for transmit beamforming with the number of beams equal to the number of TX antenna elements. Since the indoor hotspot scenario uses an 8x4 array, this would lead to a sweep of 32 beams. One aspect we would like to highlight is that the antenna elements have θ3dB =φ3dB=90̊ and hence can transmit beams almost parallel to the ceiling, albeit with some limitations because this corresponds to transmitting from the side of the panel. If the full DFT based beam weight selection is used in simulations, these beams parallel to the ceiling will reach across the entire (100mx50m) office space. This is illustrated in figure 2a and 2b. As can be seen from the figure, many of the UE (approx. 50%) are able to detect all 12 cells used in the scenario, and the UEs detect a very large number of individual beams with high probability (close to 50 beams at median). As we have observed in previous results, the number of beams detected by a UE scales almost linearly with number of beams transmitted in the sweep. The results confirm this observation below.
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Figure 2a: CDF of detected cells for the baseline indoor hotspot setup with 32 beams/cell transmitted (omni directional UE antenna, all UEs in simulation considered)
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Figure 2b: CDF of detected beams for the baseline indoor hotspot setup with 32 beams/cell transmitted (omni directional UE antenna, all UEs in simulation considered)
Since 12 cells are provided in the scenario for offloading/throughput purposes rather than because it is necessary to use 12 sites for coverage purposes, it seems reasonable not to transmit such many beams. Hence the DFT based codewords which are used can be a subset of all possible DFT codewords, which is essentially the approach we used in our previous results in [2]. For this study, we down select to 5 beams transmitted in direction (θ,φ)=(-45,-45), (-45,45), (45,-45), (45,45) and (0,0) degrees. Results are shown in figure 2c, 2d and 2e.
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Figure 2c : CDF of detected cells for the baseline indoor hotspot setup with 5 beams/cell transmitted (omni directional UE antenna, all UEs in simulation considered)
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Figure 2d: CDF of detected beams for the baseline indoor hotspot setup with 5 beams/cell transmitted (omni directional UE antenna, all UEs in simulation considered)
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Figure 2e: CDF of SINR for best, 2nd best, 3rd best and 4th best cell for the baseline indoor hotspot setup with 5 beams/cell transmitted (omni directional UE antenna, all UEs in simulation considered)
Observation 3: Number of detected beams scales near linearly with number of transmitted beams in indoor hotspot scenario

Observation 4:  Number of detectable cells also increases significantly with number of transmitted beams in indoor hotspot scenario. With 32 beams, most UE can detect all 12 cells

Observation 5: For the 5-beam simulation UEs can detect up to 5 cells at the 90th percentile.

Observation 6: For the 5-beam simulation UEs can detect up to 9 beams at the 90th percentile.
Since it is obvious that despite observation 4 the UE will not perform handover to any of the 12 cells, we propose that the results with 5 beams per cell may be used for further work on mobility requirements
2.4 Comparison of UE beamforming schemes

In this section, we compare 3 possible UE RX beamforming simulation options.
· Option 1: Isotropic antenna model is used for simulation purposes

· Option 2: Genie aided UE receive beamforming

· UE performs beamforming in the direction of the target cell being measured

· SINR for the measurement of a target cell is evaluated is evaluated with the same beamforming weights for the interfering cells as for the target cell measurement

· Option 3: Genie aided UE receive beamforming with codeword selection

· UE performs beamforming in the direction of the target cell being measured, which is quantised with a step size of 45 degrees in both azimuth and zenith directions

· SINR for the measurement of a target cell is evaluated is evaluated with the same beamforming weights for the interfering cells as for the target cell measurement

For the 3 options, the CDF of number of detected cells is shown in figure 3a, and the CDF of number of detected beams is shown in figure 3b.

For this study, we used the indoor hotspot scenario with 5 beams.
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Figure 3a: Number of detected cells for different RX beamforming options
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Figure 3b: Number of detected beams for different RX beamforming options

As expected, RX beamforming significantly improves the SINR of received beams due to the directional properties of the antenna elements and the beamforming operation, compared to an omnidirectional (isotropic) antenna. The SINR improvement, and hence the number of detected cells is somewhat lower with codebook based beamforming, since the UE does not perform genie aided beamforming in the optimal direction, but nevertheless the number of detected cells and beams is closer to the genie aided performance limit than the omnidirectional statistics. As the antenna panels have (M,N)=(2,2) they have a relatively wide beam width and hence the impact of beam misalignment due to the codeword quantisation is not so large.
It should be emphasised that in addition to beamforming some of the antenna gain comes from the horizontal and vertical gain of the antenna elements which have θ3dB =φ3dB=90̊, and there are 2 modelled panels according to Config 1: (Mg, Ng) = (1, 2); Θmg,ng=90; Ω0,1=Ω0,0+180; (dgH, dgV)=(0,0) was used. This means that some gain comes due to panel selection.  In the omnidirectional results, a single isotropic (0dBi gain) antenna is modelled.

Observation 7: The number of beams and cells which can be detected by the UE may be significantly increased (beams more than doubled at the median) due to UE beamforming.

This leaves something of a dilemma in how to set minimum requirements based on UE beamforming, since ultimately the UE antenna configuration and beamforming gain depends on UE implementation. On one hand, it is likely that the additional beams and cells seen using RX beamforming are relatively weak or noisy since they cannot be detected without significant antenna gain. On the other hand, it would be expected that a UE with more antenna gain (and correspondingly more sophisticated RX beamforming algorithms to control the RX beamforming operation) could perform better (e.g. not drop connections at locations where handover may be problematic without beamforming). It seems difficult to do fully dynamic system simulations due to the NR timeline, and even dynamic simulation may not fully answer the question of how many beams and cells the UE needs to be able to track with RX beamforming to get good mobility performance. 
To address this, we propose

Proposal 1: Number of beams and cells for NR is based on system simulation for omni UE directional antenna with some additional scaling to allow for RX beamforming

2.5 Comparison of cell edge UE and full population of UE

In this study, the urban macro scenario was used. Cell edge UE were defined similarly to [8], as UEs with RSRP in the bottom 10% of the full population. For these UEs, the number of detected cells and beams were logged. Results are shown in figure 4a and 4b.
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Figure 4a: Number of detected cells for all UE and cell edge UE
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Figure 4b: Number of detected beams for all UE and cell edge UE

Observation 8 Cell edge UEs are typically able to detect around the same number of cells but 2-3 fewer beams than the full population of UEs in the urban macro simulations without UE RX beamforming
Our assumption is that the 2-3 additional beams detected by non-cell edge UEs are other beams from the serving cell, and that these become increasingly difficult to detect when the UE is close to the cell edge. A similar trend was observed in [5] and a similar explanation was considered as part of the reason, although the cell edge criteria in those results was slightly different (max SINR < 6dB).
2.6 Study of detected beams per cell

In previous sections, we have looked at number of cells detected, and total number of beams detected. In this section, we look at statistics for number of beams detected per cell for the best cell, 2nd best cell, 3rd best cell and 4th best cell. Codebook based UE RX beamforming was used for the study.

Results for indoor hotspot (32 beam transmission) are shown in figure 4a and results for urban macro (8 beam transmission) are shown in figure 5b.
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Figure 5a: CDF of detected beams per cell, indoor hotspot, 32 beams transmitted per cell, UE codebook RX beamforming
[image: image14.emf] 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 1

 0  1  2  3  4  5  6  7  8

Detected beams per cell CDF

Best cell

2nd best cell

3rd best cell

4th best cell


Figure 5b: CDF of detected beams per cell, urban macro, 8 beams transmitted per cell, UE codebook RX beamforming
As expected, fewer beams are detected from weaker cells, compared with the number of beams detected on strong cells. Especially for the strongest (serving) cell, large number of beams is detected, and in both UMa and IHs a few UEs detect all transmitted beams on the strongest cell. In both scenarios, the median number of beams per cell for the best cell is more than half of the transmitted beams.

Observation 9: A significant proportion of the beams transmitted by cells are detected by many UEs at least for the best and 2nd best cells.
3 Conclusions

In this paper, we provide system simulation results for indoor hotspot and urban macro scenarios, and make the following observations for SSB measurements:
Observation 1: The UE can detect approximately 15 beams or less in the baseline urban macro setup with a probability of 90%

Observation 2: The UE can detect approximately 8 cells or less in the baseline urban macro setup with a probability of 90%

Observation 3: Number of detected beams scales near linearly with number of transmitted beams in indoor hotspot scenario

Observation 4:  Number of detectable cells also increases significantly with number of transmitted beams in indoor hotspot scenario. With 32 beams, most UE can detect all 12 cells

Observation 5: For the 5 beam per cell indoor hotspot simulation UEs can detect up to 5 cells at the 90th percentile.

Observation 6: For the 5 beam per cell indoor hotspot simulation UEs can detect up to 9 beams at the 90th percentile.
Observation 7: The number of beams and cells which can be detected by the UE may be significantly increased (beams more than doubled at the median) due to UE beamforming.

Observation 8 Cell edge UEs are typically able to detect around the same number of cells but 2-3 fewer beams than the full population of UEs in the urban macro simulations without UE RX beamforming
Proposal 1: Number of beams and cells for NR is based on system simulation for omni UE directional antenna with some additional scaling to allow for RX beamforming

Observation 9: A significant proportion of the beams transmitted by cells are detected by many UEs at least for the best and 2nd best cells.
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