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Introduction 
In last RAN4 meeting, a WF [1] was agreed to keep discussing system-level simulation plan. The corresponding agreements are captured below:

	· It is expected separate simulation assumptions will be agreed for system level simulations

· Companies are invited to consider also introduction of high speed scenario.
· It is expected separate simulation assumptions will be agreed for link level simulations


The detail simulation assumptions are agreed in another WF [2]. In this paper, we provide our simulation results based on [2]. 
2
Simulation assumptions 

In this section, we provide our setting used in the simulation in Table 1 and Table 2. We focus on the Urban macro scenario with 30GHz carrier frequency. Before starting the simulation, we found that it is not clear on how to use 2 polarizations and multiple panels in the SLS for L3 mobility. 
· Regarding polarization, one typical scenario to use both polarizations is on the dual layer case, where the two polarizations under the same analog beam direction carry the signals for different layers. In our opinion, this scenario has nothing to do with L3 mobility. Another discussed scenario in RAN1 is to allocate the 2 polarization into 2 different Tx ports. Just like CRS in LTE, UE can report the RSRP based on both ports. However, it was already agreed in RAN1 that the SS block is single port. Therefore, it seems that some discussions in RAN4 is needed to clarify how both polarizations are to be used for SS block in the L3 mobility.
Observation 1: It is not clear how to use both polarizations for SS block in L3 mobility.
· Regarding multiple panels, in our opinion, when gNB has total 64 antenna elements, dividing the antenna elements into 4 different panels could allow the gNB to schedule 4 different UEs at the same time, like MU-MIMO case in LTE. From the viewpoint of L3 mobility, it is still not clear about the benefit of using multiple panels. For examples, 
· If different panels (with 16 antenna elements) transmit at the same time for the same SS block, it is not clear that the coverage of the beam will be better than that formed by a single big panel with 64 antenna elements, on which the analog beamforming weight can be controlled jointly.

· If different panels transmit at different time for different SS block, it is also not clear that the coverage of each beam would be better than that formed by a single big panel.

Therefore, some further clarification on the benefit of using multiple panels might be needed.

Observation 2: It is not clear about the benefit of using multiple panels for SS block in L3 mobility.
As a result, we simulated single polarization and single panel at gNB. The simulations were conducted with one single snap shot without actual scheduling. The SS beam direction colliding model follows the description in [2]:
•
SS blocks from different cells are colliding in the same time/frequency resource

-
BS Tx beam sweeping (TDM scheme)

-
Mapping between beam directions and SS blocks is random
Table 1 General system-level simulation assumptions

	Parameters 
	Value 

	Scenario
	Urban macro

	Layout 
	Single layer
Macro layer: Hex. Grid 

	# of cells
	19

	Inter-BS distance 
	200m (for 30GHz)

	Carrier frequency 
	30GHz 

	Simulation bandwidth 
	80 MHz

	Subcarrier spacing
	120 KHz

	Channel model 
	5GCM UMa 

	BS Tx power 
	43dBm, PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 43dBm 

EIRP should not exceed 78 dBm (*) 

	BS antenna height 
	25 m 

	UE antenna height 
	Follow TR36.873 

	UE receiver noise figure 
	13dB 

	UE distribution 
	20% Outdoor in cars: 30km/h, 

80% Indoor in houses: 3km/h 

10 users per TRP for full buffer traffic 

(10 users per TRP is the baseline with full buffer traffic. 20 users per TRP with full buffer traffic is not precluded.) 

Mix of O2I penetration loss models for higher carrier frequency - Low loss model – 50% / High-loss model – 50% 

	RSRP calculation 
	ideal

	(*):
See Appendix in R1-164383 and R1-167533 for the derivation of maximum allowed EIRP. EIRP limit is only used for evaluation purpose in RAN1. 

(**):
Step 1 shall be used for the evaluation of spectral efficiency KPIs. Step2 shall be used for the evaluation of the other deployment scenario dependant KPIs. 

(***):
Companies are encouraged to investigate the ratio of UEs between the macro and micro cell geographical area depending on options for micro cell dropping (See Figures A.2.1-3 and A.2.1-4 and Table A.2.1-8) 


Table 2 Assumptions about BS and UE antenna configurations
	Parameters 
	Value 

	TXRU mapping
	· Per panel, reuse models in TR 36.897. 

· A single TXRU is mapped per panel per polarization. 
· TXRU to antenna mapping weights are adjustable and used to steer the panel beam direction in multi beam based approaches in time domain: 8 beams

	# of BS antenna elements across all panels
	32 Tx antenna elements in single panel

	# of UE antenna elements
	4 Rx antenna element per panel
2 panels per UE

	BS (M,N,P,Mg,Ng)
	(4,8,1,1,1)

	BS (dH,dV,dH,g,dV,g)
	(dH,dV) = (0.5, 0.5)λ 
(dg,H,dg,V) = (N/A, N/A)λ 

	UE (M,N,P,Mg,Ng)
	(1,2,2,1,2)

	BS antenna element gain pattern
	See Table A.2.1-6 and Table A.2.1-7 in [3]

	UE antenna element gain pattern
	See Table A.2.1-8 in [3]


3
Discussions and Results
Regarding the metrics to be looked at, there were no conclusions reached in last RAN4 meeting. In [2], the following aspects are expected to be evaluated: 
1) Number of SS block beams to be detected

2) Number of cells to be detected

a. Note: A cell is called a detected cell to a UE if one of its beams is detected by that UE.

3) Mobility performance

In the paper, we focus on 1) and 2). In our previous paper [3], we mentioned that the definition of cell-level SINR is unclear. Therefore, in this paper, we focus on beam-level SINR only. Also, we expect the performance requirement for RSRP and cell identification will be also defined by the (best) beam-level SINR, but not cell-level SINR.

Observation 3: The cell-level SINR is not clear under multiple Tx beam scenarios. RAN4 can consider to define performance requirement based on the (best) beam-level SINR.

Regarding 3), the exact procedure and metric definition for mobility performance is still not clear now, e.g., the beam failure rate and handover failure rate. We expect more discussion in RAN4 for clear definitions.
Proposal 1: RAN4 to discuss the definition of beam failure rate and handover failure. 
Regarding to definition of detected beam, some LLS evaluation is needed to check under what SINR level UE can detect a beam with acceptable detection rate. However, there was no agreement on the SINR and nor on the detection rate in the last meeting. Therefore, in this paper, we just reuse the definition of LTE: 

· A beam is called a detected beam to a UE, if the SS block SINR is higher than -6dB.
The simulations were conducted with one single snap shot without real scheduling. CDFs of detected cells and detected beams are provided in Figure 2(a), while CDF of detected beams per detected cell are provided in Figure 2(b). Note the results are collected from all UEs in the simulation. Regarding the detected beams per detected cell, we first logged the number of detected beam for each pair of {Cell, UE}. Then the CDF is made by taking into account all numbers except 0. A simple example is provided in Table 1. 
Table 1 A simple example for CDF of detected beams per detected cell

	
	Beam detected by each UE
	CDF
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	Cell#1
	Cell#2
	Cell#3
	

	UE#1
	3
	2
	0
	

	UE#2
	1
	5
	3
	

	UE#3
	0
	0
	1
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(a)                                      (b)

Figure 1. Simulation results of all UEs (a) CDF of number of detected cells and beam, (b) CDF of detected beams per detected cell
From Figure 1, we have some observations.

1.  90% of UE cannot detect more than 6 cells.

2.  90% of UE cannot detect more than 19 beams
3.  There is a small amount of UE (1.4%) cannot detect one single beam.

4.  When a cell is detected by a UE, there is around 50% that the UE can detect less than 3 beam of that cell.

In Figure 2, we provide the SINR CDF of the n-th strongest beam of all UEs, where n = 1, 2, …, 10. From Figure 2, one can see that there are around 50% of UE cannot detect the 10th strongest beam (assuming -6dB as the threshold of detected beam).
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Figure 2 CDF of SINR for the x-th strongest beam

Typically, a cell-edge UE intends to measure more cells or beams as a cell-center UE. Therefore, it is more reasonable to focus on cell-edge UEs. Therefore, to take a closer look, we plot the results which only count the UEs with max SINR < 6 dB in Figure 2. The reason that we use this criterion to narrow down the number of UEs we care is that we think low-SINR UEs are more likely to be at cell edge. Note that the definition for cell-edge can be further discussed in RAN4.
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Figure 3. Simulation results of UEs with max SINR< 6dB (a) CDF of number of detected cells and beam, (b) CDF of detected beams per detected cell

If we compare Figure 1 and Figure 2, it is very interesting to find that there are less detected beams in Figure 2. It could be the following reasons that lead to this observation
a)  In higher frequency cases, the path-loss is high. It is a noise-limited scenario rather than an interference-limited scenario as LTE. Therefore, the low SINR is usually resulted by weak signal strength, but not strong interference.
b)  Different analog beam directions are not perfectly disjoint in space. One example is provided in Figure 4. For a cell-center UE (UE#1), it is more likely to observe multiple beams from the same cell with sufficient signal strength. Even though the side lobe of a beam can still contribute a strong received signal power, if the distance is not far. For a cell-edge UE (UE#2), it is less likely to observe multiple beams from one cell.
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Figure 4. One example on the number of observed beams for cell-center (UE#1) and cell-edge (UE#2) UEs
Observation 4: Cell-edge UE does not necessary observe more beams and cells than cell-center UEs.

4
Summary 
In this paper, we provide our system-level simulation results and also discuss some issues we find during the simulation. We have the following observations and proposals. 
Observation 1: It is not clear how to use both polarizations for SS block in L3 mobility.
Observation 2: It is not clear about the benefit of using multiple panels for SS block in L3 mobility.
Observation 3: The cell-level SINR is not clear under multiple Tx beam scenarios. RAN4 can consider to define performance requirement based on the (best) beam-level SINR.
Observation 4: Cell-edge UE does not necessary observe more beams and cells than cell-center UEs.
Proposal 1: RAN4 to discuss the definition of beam failure rate and handover failure.
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