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Introduction
[bookmark: _Ref457461021]In last RAN4 meeting, some simulation assumptions for co-existence study for WP 5D were discussed and summarised in the WF [1]. After the meeting, there were some e-mail discussions among interested companies in order to calibrate the simulation results.
In this contribution, we provide further considerations on the simulation assumptions based on the agreed WF [1] and RAN1 discussion.  
Simulation assumptions
General assumptions 
The simulation assumptions used in our simulation are illustrated in Table 2.1-1. Considering the current stage of the discussion in RAN1 and RAN4 email reflector, only parameters for 30GHz is proposed in this paper .
Table 2.1-1 general assumptions
	Carrier frequency
	30GHz

	Victim system carrier frequency
	30.2GHz

	Channel Bandwidth
	200MHz

	ALCR/ACS model
	The same as in TR 36.942

	Evaluation metrics
	Throughput degradation compared to single operator case, i.e. no ACI. Both mean and 5%-tile are considered.

	Link-level performance model 
	Scaled Shannon’s formula in TR 36.942 before RAN1’s result

	Deployment scenario
	Urban Macro
	Dense Urban
	Indoor Hotspot

	Network layout
	Hex. Grid with 19 sites, tri-sector (wrap-around)
	Micro layer: Manhattan grid pattern
	Indoor floor: 12BSs per 120m x 50m

	ISD
	500m
	
	20m

	System loading
	Full buffer
	Full buffer
	Full buffer

	DL power control
	No
	No
	No

	UL power control
	Using TR 36.942 [2] as starting point, and further evaluate whether the parameter sets are applicable for >6GHz
	Using TR 36.942 [2] as starting point, and further evaluate whether the parameter sets are applicable for >6GHz
	Using TR 36.942 [2] as starting point, and further evaluate whether the parameter sets are applicable for >6GHz

	Victim system location
	Uncoordinated
	Uncoordinated
	Uncoordinated

	No. of UEs per cell (DL)
	10
	10
	10

	No. of UEs per cell (UL)
	10
	10
	10

	Penetration loss for O-2-I UE
	50% low loss, 50% high loss (80% indoor UE)
	50% low loss, 50% high loss
(80% indoor UE)
	0

	Shadowing fading standard deviation
	The same as TR 38.900 [4], described in section 2.2
	The same as TR 38.900 [4], described in section 2.2
	The same as TR 38.900 [4], described in section 2.2

	Shadowing correlation
	Between cells: 0.5;
Between sites:1.0
	FFS
	No

	Path-loss model
	The same as TR 38.900 [4], described in section 2.2
	The same as TR 38.900 [4], described in section 2.2
	The same as TR 38.900 [4], described in section 2.2

	Minimum coupling loss
	70 dB as a starting point
	53Db as a starting point
	45dB as a starting point

	Handover margin
	0 dB for calibration
	0 dB for calibration
	0 dB for calibration

	Maximum Tx power
	BS: 46dBm
UE: 23dBm
	BS: 33dBm
UE: 23dBm
	BS: 23dBm
UE: 23dBm

	Antenna height
	BS: 25m
UE: 1.5m
	BS: 10m
UE: 1.5m
	BS: 3m
UE:1.5m

	Beamforming pattern
	BS: The same as TR 37.842 [3], described in section 2.4
UE: FFS
	BS: The same as TR 37.842 [3], described in section 2.4
UE: FFS
	BS: The same as TR 37.842 [3], described in section 2.4
UE: FFS

	Number of Beamforming pattern per cell
	BS: 10
UE: 1
	BS: 10
UE: 1
	BS: 10
UE: 1

	Maximum antenna gain
	BS: 8dBi
UE: 0dBi
	BS: 6dBi
UE: 0dBi
	BS: 0dBi
UE: 0dBi

	Noise figure
	BS: 8dBm (Take 8dBm as the starting point)
UE: 13dBm
	BS: 8dBm (Take 8dBm as the starting point)
UE: 13dBm
	BS: 8dBm (Take 8dBm as the starting point)
UE: 13dBm




Path-loss model 
The path-loss models and LOS probability are the same as TR 38.900 [4] and provided in Table 2.2-1 and Table 2.2-2, respectively. 
Table 2.2-1: Path loss models [4]
	Scenario
	Path loss [dB], fc is in GHz and d is in meters (6)
	Shadow 
fading 
std [dB]
	Applicability range, 
antenna height 
default values 

	RMa LOS
	



	




	10 m < d2D < dBP (5)


dBP < d2D < 10 000 m,
hBS = 35 m, hUT = 1.5 m,
W = 20 m, h = 5 m
h = avg. building height
W = avg. street width
The applicability ranges:
5 m < h < 50 m
5 m < W < 50 m 
10 m < hBS < 150 m 
1 m < hUT < 10 m

	RMa NLOS
	



	

	10 m < d2D < 5 000 m,

hBS = 35 m, hUT = 1.5 m,
W = 20 m, h = 5 m
h = avg. building height
W = avg. street width
The applicability ranges:
5 m < h < 50 m
5 m < W < 50 m 
10 m < hBS < 150 m 
1 m < hUT < 10 m

	UMa LOS
	



	σSF=4.0


 σSF=4.0
	10m < d2D < d'BP 1)

d'BP < d2D <5000m
1.5m ≦ hUT≦ 22.5m
hBS = 25 m


	UMa NLOS
	




	σSF =6
	10 m < d2D < 5 000 m
1.5 m ≦ hUT ≦ 22.5 m
hBS = 25 m
Explanations: see note 3

	
	
Optional 
	σSF =7.8
	

	UMi - Street Canyon
LOS
	




	σSF=4.0


 σSF=4.0
	10m < d2D < d'BP 1)
d'BP < d2D <5000m
1.5m ≦ hUT≦ 22.5m
hBS = 10 m

	UMi – Street Canyon NLOS
	



	σSF=7.82
	10 m < d2D < 5000m
1.5m ≦ hUT≦ 22.5m
hBS = 10 m 
Explanations: see note 4

	
	
 Optional 
	σSF=8.2
	

	InH - Office LOS
	

	σSF=3.0
	1<d3D<100m

	InH - Office NLOS
	



	σSF=8.03
	1<d3D<86m

	
	
 Optional 
	σSF=8.29
	1< d3D <86m

	InH - Shopping mall
LOS
	

	σSF=2.0
	1<d3D<150m

	Note 1:	d'BP  = 4 h'BS h'UT fc/c, where fc is the centre frequency in Hz, c = 3.0108 m/s is the propagation velocity in free space, and h'BS and h'UT are the effective antenna heights at the BS and the UT, respectively. In UMi scenario the effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – 1.0 m, h'UT = hUT–1.0 m, where hBS and hUT are the actual antenna heights, and the effective environment height is assumed to be equal to 1.0 m. In UMa scenario the effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – hE, h'UT = hUT – hE, where hBS and hUT are the actual antenna heights, and the effective environment height hE is a function of the link between a BS and a UT. In the event that the link is determined to be LOS, hE=1m with a probability equal to 1/(1+C(d2D, hUT)) and chosen from a discrete uniform distribution uniform(12,15,…,(hUT-1.5)) otherwise. 
Note 2:	The applicable frequency range of the PL formula in this table is 0.8 < fc < fH GHz, where fH = 30 GHz for RMa and fH = 100 GHz for all the other scenarios. It is noted that RMa path loss model for >7 GHz is validated based on a single measurement campaign conducted at 24 GHz.
Note 3:	UMa NLOS path loss is from TR36.873 with simplified format and and PLUMa-LOS = Path loss of UMa LOS outdoor scenario.
Note 4:	PLUMi-LOS = Path loss of  UMi-Street Canyon LOS outdoor scenario.
Note 5:	Break point distance dBP  = 2π hBS hUT fc/c, where fc is the centre frequency in Hz, c = 3.0  108 m/s is the propagation velocity in free space, and hBS and hUT are the antenna heights at the BS and the UT, respectively.
Note 6:	fc  denotes the center frequency normalized by 1GHz, all distance related values are normalized by 1m, unless it is stated otherwise.



Table 2.2-2 LOS probability [4]
	Scenario
	LOS probability (distance is in meters)

	RMa
	


	UMi – Street canyon
	Outdoor users:



Indoor users:

Use d2D-out in the formula above instead of d2D


	UMa
	Outdoor users:


where


and


Indoor users:
Use d2D-out in the formula above instead of d2D

	Indoor - Mixed office
	


	Indoor – Open office
	


	Note: 	The LOS probability is derived with assuming antenna heights of 3m for indoor, 10m for UMi, and 25m for UMa



Additionally, the indoor UE fraction is assumed to be 80%, and the actual UE height hUT is calculated according to TR 36.873 as listed below:
General equation: 	hUT=3(nfl – 1) + 1.5
nfl for outdoor UEs:  1
nfl for indoor UEs: 	nfl ~ uniform(1,Nfl), where Nfl ~ uniform(4,8)
 Antenna radiation pattern
According to TR38.900, the radiation pattern of each antenna element is shown in Table 2.3-1.
 Table 2.3-1: Antenna radiation pattern [4]
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	


	Antenna element horizontal radiation pattern (dB)
	


	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	8 dBi



Beamforming pattern
The beamforming pattern for BS is based on TR 37.842 as the formula illustrated below , where  is the element pattern defined in Table 2.3-1, and and are array factors defined in Table 2.4-1.


Table 2.4-1 Composite antenna pattern for UE specific beam forming [3]
	Configuration
	Multiple columns (NVxNH elements)

	
Composite Array radiation pattern in dB 
	For beam i:


the super position vector is given by:


the weighting is given by:



	Antenna array configuration (Row×Column)
	10×1

	Horizontal radiating element spacing d/
	0.5

	Vertical radiating element spacing d/
	0.5

	Down-tilt angle (deg)
	12 degrees



UL power control
The UL power control method for further work can be based on TR 36.942 as the formula illustrated below. 


[bookmark: _Ref321985207][bookmark: _Ref321985177]where Pmax is the maximum transmit power, Rmin is the minimum power reduction ratio to prevent UEs with good channels to transmit at very low power level, CL is the path coupling loss defined as max{path loss-G_Tx-G_Rx, MCL}, where path loss is propagation loss plus shadowfading, G_TX is the transmitter antenna gain in the direction of the receiver, G_RX is the receiver antenna gain in the direction of the transmitter and CLx-ile is the x-percentile CL value. With this power control equation, the x percent of UEs that have the highest coupling loss will transmit at Pmax.  Finally, 0<<=1 is the balancing factor for UEs with bad channel and UEs with good channel. The parameter sets are specified in Table2.5-1. 


Table 2.5-1 Power control algorithm parameter of LTE coexistence [2]
	Parameter Set
	Gamma
	CLx-ile

	
	
	40MHz
	10MHz

	Set 1
	1
	
112-
	
112-

	Set 2
	0.8
	
129-
	
129-

	

Note:, adjustment parameter related to different carrier frequency point. For fc=2GHz, =0dB.



However, as the parameter sets above are defined for LTE situations, where the path-loss model and carrier frequency are considered, it may not applicable for the new scenarios in 5G. In addition, considering that the above PC parameters are used for macro cells, we need to investigate whether these parameters are still valid for micro cells. 
Considerations on BF accuracy
As BF is a very important aspect in 5G NR, it’s better to settle problems as much as possible in BF part. One of the potential problem need to investigate is whether the BF gain should be maximized towards the target UE in the simulations. The maximum BF gain pointing to the target UE is an ideal assumption which is usually not the case in reality considering BF accuracy. Especially for UEs with mobility, there should be some BF gain loss due to the estimation error of the UE positions. Moreover, if we consider not maximizing the BF gain in all situations, something like BF accuracy needs to be defined for different scenarios. Thus, we propose to consider some BR accuracy so that the BF performance in the evaluation is closer to realistic situations. Similar problem needs to be considered at UE side. And compared with BS, the UE antenna will always change its direction due to the user’s moving, which might introduce additional BF accuracy error.     
Proposal: To analyse the influence of the BF accuracy in both BS and UE sides for co-existence study.         
Conclusions
In this contribution, we provide our considerations on 5G NR co-existence simulation assumptions in 30GHz. Considering that BF is a very important aspect of 5G, we analyzed the potential impact of BF accuracy on co-existence performance. We propose to further analyze the influence of the BF accuracy in both BS and UE sides for co-existence study.  
References
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