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

	Option 1 : System level simulations are used to study suitable requirements for sub 6GHz and >6GHz frequency ranges

Option 2 : System level simulations are used to study suitable requirements for >6GHz frequency range only

Note : System simulation assumptions for >6Ghz do not depend on which option is chosen

· Scenarios will be based on Indoor hotspot, Dense urban, Rural and Urban macro scemarios in 38.802

· Detailed assumptions need to be discussed in RAN4 NR AH#2 eg UE RX beamforming and antenna modelling assumptions

· Techniques may be considered which minimise simulation time (eg limiting certain combinations of paramters which do not need to be simulated).


Based on the WF, we conducted system-level simulations for urban macro. The results of some metrics are provided in this paper. Also, we provide our views on some open issues we found during the simulation.
2
Simulation assumptions 

In last meeting, there are papers [1][2] addressing the issues of system-level simulation. But no conclusions were reached. In this section, we provide our setting used in the simulation in Table 1 and Table 2. The simulations were conducted with one single snap shot without actual scheduling.
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 
	500m 

	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 

	BS receiver noise figure 
	7dB 

	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
	64 Tx antenna elements in single panel

	# of UE antenna elements
	1 Rx antenna element 

	BS (M,N,P,Mg,Ng)
	(4,16,1,1,1). 

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

	UE antenna model parameters
	Omi-directional

	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 [1][2], suggestions were to check metrics like: 
1. Number of cells to be measured

2. Number of beams to be measured

3. Log SINR CDF of 1st strongest cell, 2nd strongest cell,…., Nst strongest cell

4. Log SINR CDF of 1st strongest beam, 2nd strongest beam,…., Nst strongest beam 
5. SINR for side conditions 
6. Handover failure rate (not covered in this paper)
7. Radio link failure rate (not covered in this paper)
During the simulation, we found that some clarifications on SINR are needed. 
· It is still not clear whether the SS burst (or blocks) of a cell will collide in both time and frequency locations with the SS bursts of other cells. (Here SS burst means the 5ms window where all SS blocks are confined.)
· If SS bursts from different cells collided in the same time/frequency resource, then the interference part would be the sum of received signal from the SS bursts of all the other cells, except the target cell. This is the case assumed in our simulation.
· If SS bursts from different cells are non-colliding, the interference part would be the RS or PDSCH from other cells, which depends on the scheduling decision of other cells.

Observation 1: Clarification is needed for whether the SS burst locations in time and frequency are the same for all cells.
· The exact mapping between beam directions and SS blocks is important. Assuming colliding SS burst, the number of beams that UE can observed in a given slot depends on network implementation. Figure 1 provides an example. Assume that SS block #n is transmitted in slot #n for n = 0, 1, 2, 3, as shown in Figure 1(a). The exact beam direction mapping is shown in Figure 1(b). 
· UE-1 is in the beam directions of SS block #2 of both cells. Thus, UE-1 can observe 2 strong beams from the 2 cells in slot #2. The SINR for each beam is expected to be low (although the exact value could also depend on other factors). 
· For UE-2, beam #3 from Cell #1 is observed in slot #3 without dominant interference. The corresponding SINR condition would be better. 
In our simulation, we used random mapping. RAN4 can discuss whether more detail simulation assumptions on the mapping between beam directions and SS blocks is required.
Observation 2: How beam directions are mapped to SS blocks is important in system-level simulation.
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Figure 1. An example on mapping between beam directions and SS blocks
· The definition of cell-level SINR is unclear. In the case with analog beamforming, all transmitted signals are beamformed. One cell is expected to have multiple transmit beams. UE cannot observe all beams from a cell. In this case, how to derive cell-level SINR from beam-level SINR is undefined. Cell-level SINR is a key side information used in legacy LTE test case, but the definition needs to be revisited in NR. 
Proposal 1: RAN4 to revisit the definition of cell-level SINR in NR and discuss how it should be modified in NR test cases.
Since there are still open issues for both beam-level and cell-level SINR, in this paper we focus on the results on the number of detected beams and number of detected cells. 
· A beam is called a detected beam to a UE, if the SS block RSRP is within X dB offset to the strongest beam observed by that UE, where X=6, 9 and 12 in our simulation. Of course, the strongest beam is one of its detected beams. 
· A cell is called a detected cell to a UE if one of its beams is detected by that UE. 
Note that above definitions are tentative used in out simulation. The exact definition of detected beam to be used in RAN4 need further discussions. The simulations were conducted with one single snap host without real scheduling. CDFs of detected cells and detected beams are provided in Figure 2(a), while CDFs of detected beams per detected cell are provided in Figure 2(b). Note the results are collected from all UEs in the simulation. If RAN4 agrees to focus on only cell-edge UEs, the results will be different. (The definition of cell-edge UE needs to be concluded first.)
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(a)                                      (b)
Figure 2. Simulation results with X=9. (a) CDF of number of detected cells and beam, (b) CDF of detected beam per detected cell 

Also, we compare the CDF of RSRP between Omni-directional Tx and beamformed Tx. The results are provided in Figure 3. For Omni-directional case, each RSRP value corresponds to a cell, while for beamformed case, each RSRP value corresponds to a beam. From Figure 3, we can see a clear gain on RSRP value when beamforming is applied. For alignment purpose, omni-directional Tx would be easier. There are less detail needs to be discussed, such as the number of beams transmitted per cell, and how each beam is mapped in time location for each cells. RAN4 can discuss whether companies needs to provide both omni-directional and beamformed results.
[image: image4.png]COF

RSRP

03

08

07

06

0s

04

03

0z

01

Non-beamfarmed RSRP
Strongest SS Block RSRP (8 beans)

0
-180

140

EET) EL ) )




Figure 2. CDF of RSRP between omni-directional Tx and beamformed Tx under 19-cell deployment. 

In Table 1, we provide some statistics for the averaged number of detected cells, beams and beam per cell. Again, the values were obtained by average all UEs. If only cell edge UE is to be focused, the values should be different. A clear definition of the metric should be discussed in RAN4.
Table 1 Statistics from the simulation
	Deployed cells
	Offset to the  strongest beams
	Avg. detected cells
	Avg. detected beams
	Avg. detected beams per cell

	19 cells
	6dB
	1.56
	3.19
	2.05

	
	9dB
	1.94
	4.78
	2.45

	
	12dB
	2.45
	7.09
	2.89


Proposal 2: RAN4 to discuss the detail definition of metrics to be looked at in the system-level simulation campaign. 

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 propsoals. 
Observation 1: Clarification is needed for whether the SS burst locations in time and frequency are the same for all cells.
Observation 2: How beam directions are mapped to SS blocks is important in system-level simulation.
Proposal 1: RAN4 to revisit the definition of cell-level SINR in NR and discuss how it should be modified in NR test cases.
Proposal 2: RAN4 to discuss the detail definition of metrics to be looked at in the system-level simulation campaign.
4
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