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Summary

This contribution provides adjacent channel coexistence studies between LAA and Wi-Fi in the unlicensed spectrum in 5 GHz.
1
Introduction
In RAN #65 a new study item on Licensed-Assisted Access (LAA) using LTE was approved [1]. Coexistence between LTE and Wi-Fi in the 5 GHz unlicensed spectrum was discussed in RAN4 #74. A way forward on adjacent channel coexistence evaluation parameters and methodology was agreed [2]. The main purpose of the adjacent channel coexistence study is to find out whether the interference from LAA to Wi-Fi is severer than the interference from Wi-Fi to Wi-Fi or not. Several companies provided preliminary simulation results to the RAN4 #74Bis, and a TP with preliminary conclusion was approved [9-16]. This contribution provides updated adjacent channel coexistence studies between LAA and Wi-Fi.
2
Methodology and assumptions
The way forward [2] lists the agreed methodology and assumptions. Some methodology and assumptions follow those agreed in RAN1 [3]. Offline discussions were conducted via emails after the RAN4 #74 meeting. This section provides the methodology and assumptions which are used in the coexistence studies in this contribution.
Since co-channel coexistence of LAA and Wi-Fi is studied in RAN1, it was agreed that RAN4 primarily focuses on adjacent channel coexistence studies using static simulations. Co-channel interference is not considered in this study. LAA occupies a 20 MHz channel while Wi-Fi occupies the adjacent 20 MHz channel. Both LAA interfering Wi-Fi and Wi-Fi interfering LAA are studied. There are two deployment scenarios, indoor and outdoor. The evaluation metrics are SINR distributions and throughput degradations.
The following figure shows the indoor deployment scenario (one snapshot as an example). Circles and squares are LTE BS and Wi-Fi AP, respectively. Dots and crosses are LTE UE and Wi-Fi STA, respectively. All 8 nodes (BS/AP) are at X-axis. The four nodes of operator A are equally spacing by 30 meters. The four nodes of operator B are equally spacing by 30 meters. The four nodes of operator A are shifted to the left by x meters. The four nodes of operator B are shifted to the right by x meters. The minimum distance between two nodes from different operators is 3 meters. Shift distance of x could be in range of [1.5-13.5] meters.
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Figure 2-1: An example of indoor deployment (building size 50m x 120m)
The following figure shows the outdoor deployment scenario (one snapshot as an example). Circles and squares are LTE BS and Wi-Fi AP, respectively. Dots and crosses are LTE UE and Wi-Fi STA, respectively.
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Figure 2-2: An example of outdoor deployment

The path-loss models used in this contribution are those recommended in TR36.889 [3]. For indoor BS/AP-BS/AP and BS/AP-UE/STA, ITU InH model is recommended, which is in Table B.1.2.1-1 in TR36.814 [4]. For indoor UE/STA-UE/STA, the model in TR36.843 (D2D) is recommended [5]. In TR36.843, it refers to the ITU InH model (Table A.2.1.1.5-1 in TR36.814) [4]. By comparing the ITU InH model in Table B.1.2.1-1 in TR36.814 and the ITU InH model in Table A.2.1.1.5-1 in TR36.814, it is found out that they are exactly the same. So, for the indoor scenario the ITU InH model is used for BS/AP-BS/AP, BS/AP-UE/STA, and UE/STA-UE/STA. This indoor path-loss model is listed below.
LOS: PL = 16.9log10(d) + 32.8 + 20log10(fc)
3 m < d < 100 m; d in meters; fc in GHz
Standard deviation of lognormal shadowing fading ( = 3
NLOS: PL = 43.3log10(d) + 11.5 + 20log10(fc)
10 m < d < 150 m; d in meters; fc in GHz
Standard deviation of lognormal shadowing fading ( = 4
LOS probability is a function of distance d (in meters) which is given in the following equations.
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For outdoor BS/AP-BS/AP and BS/AP-UE/STA, ITU UMi model is recommended, which is in Table B.1.2.1-1 (note: in TR36.889 it refers to Table B.1.2.1-4 in TR36.814, but there is no Table B.1.2.1-4 in TR36.814) in TR36.814 [4].
LOS: PL = 22.0log10(d) + 28.0 + 20log10(fc), 10 m < d < d’BP; d in meters; fc in GHz
PL = 40log10(d) + 7.8 – 18log10(h’BS) –18log10(h’UT) + 2log10(fc), d’BP < d1 < 5000; d in meters; fc in GHz
d’BP  = 4 h’BS h’UT fc/c, where fc is the centre frequency in Hz, c = 3.0(108 m/s
hBS’ = hBS – 1.0; hUT’ = hUT – 1.0
Standard deviation of lognormal shadowing fading ( = 3
NLOS: PL = 36.7log10(d) + 22.7 + 26log10(fc), 10 m < d < 2 000 m; d in meters; fc in GHz
Standard deviation of lognormal shadowing fading ( = 4

LOS probability: [image: image4.wmf](
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As to outdoor UE/STA-UE/STA (note: in TR36.889 A.1.2 table, it says indoor UE-to-indoor UE, but it should be outdoor.), TR36.843 (D2D) recommends the WINNER+B1 model [6], which is provided below.
PL_B1_tot(d) = max(PLfreespace(d), PL_B1(d))
Where, d is the distance between UEs

PLfreespace is free space path loss (Eq. 4.24 in [7]),
PL_B1 is the Winner + B1 ([6] Table 4-1) channel model for hexagonal layout with the following offsets

· LOS offset = 0 dB

· NLOS offset = -5 dB

While calculating Winner + B1 pathloss the following values shall be used

h_BS = h_MS = 1.5m, h_BS' = h_MS' = 0.8m
LOS: PL = 22.7 log10(d) + 27.0 + 20.0log10 (fc ), 10m < d < d’BP; d in meters; fc in GHz
PL = 40.0 log10(d) + 7.56 – 17.3log10 (h_BS') – 17.3log10 (h_MS') + 2.7log10 (fc ), d’BP < d < 5km; d in meters; fc in GHz
d’BP= 4 h’BS h’MS fc/c, where fc is the centre frequency in Hz, c = 3×108 m/s.

Standard deviation of lognormal shadowing fading ( = 3

NLOS: PL=(44.9-6.55log10(hBS))log10(d)+5.83log10(hBS)+18.38+23log10(fc), 10 m < d < 2 000 m; d in meters; fc in GHz
Standard deviation of lognormal shadowing fading ( = 4

LOS probability:
PLOS= min(18/ d,1) (1-exp( d /36)) + exp( d /36), d in meters
In each snapshot, all cells are active. For each cell, only one link is active. At the end of the simulation of each snapshot, SINR is collected and the throughput is calculated. The mapping from SINR to throughput follows the link level performance model in TR36.942 [8], which parameters are given in the following table.
The details of methodology, assumptions, and parameters used in the simulations are listed in the following table.

Table 2-1: Simulation methodology, assumptions and values of parameters

	Deployment scenario
	Indoor LTE
	Indoor Wi-Fi
	Outdoor LTE
	Outdoor Wi-Fi

	Carrier frequency in GHz
	5.0
	5.0
	5.0
	5.0

	Number of channels
	1
	1
	1
	1

	Size of nominal channel BW in MHz
	20
	20
	20
	20

	Number of BS or AP
	4
	4
	4
	4

	Number of MS or STA
	10
	10
	10
	10

	Noise equivalent BW in MHz
	18
	18
	18
	18

	BS/AP height in meters
	6
	6
	10
	10

	BS/AP max TX power in dBm
	18
	18
	18
	18

	BS/AP antenna gain in dBi
	5
	5
	5
	5

	AP noise figure
	n/a
	9
	n/a
	9

	UE/STA height in meters
	1.5
	1.5
	1.5
	1.5

	STA max TX power in dBm
	n/a
	
	n/a
	

	UE/STA antenna gain in dBi
	0
	0
	0
	0

	UE/STA noise figure in dB
	5
	5
	5
	5

	BS/AP ACLR in dB
	45
	26
	45
	26

	AP ACS in dB
	n/a
	22 to 29
	n/a
	22 to 29

	STA ACLR in dB
	n/a
	26
	n/a
	26

	UE/STA ACS in dB
	27
	22 to 29
	27
	22 to 29

	Link-level performance model
	As in Annex A.1 in [3]
	
	As in Annex A.1 in [3]
	

	DL throughput penalty factor
	0.6
	0.55
	0.6
	0.55

	UL throughput penalty factor
	n/a
	0.55
	n/a
	0.55

	Min SINR for throughput calculation in dB
	-10
	-2
	-10
	-2

	Max SINR for throughput calculation in dB
	22
	19.7
	22
	19.7

	Ambient temperature in Kelvin
	290
	290
	290
	290

	UE/STA distribution
	Randomly and uniformly distributed
	Randomly and uniformly distributed
	Randomly and uniformly distributed
	Randomly and uniformly distributed

	Simultaneously active link in each cell
	1
	1
	1
	1

	Intra BS/AP distance in meters
	30
	n/a

	Min intra BS/AP distance in meters
	n/a
	20

	Min BS-AP distance in meters
	3
	10

	Min BS/AP-UE/STA distance in meters
	3
	3

	Min UE-STA distance in meters
	3
	3

	Building size in meters
	120 x 50
	n/a

	Hotspot radius in meters
	n/a
	70

	Radius of the circle where BS/AP locate in meters
	n/a
	50

	BS-AP path-loss model
	TR36.814 B.1.2.1-1 InH
	TR36.814 B.1.2.1-1 UMi

	BS/AP-UE/STA path-loss model
	TR36.814 B.1.2.1-1 InH 
	TR36.814 B.1.2.1-1 UMi 

	UE-STA path-loss model
	TR36.814 A.2.1.1.5-1 InH (same as B.1.2.1-1 InH)
	“WINNER+ B1”

	Shadowing correlation
	iid
	iid

	Number of snapshots in each simulation
	50000
	50000


3
Simulation results
This section presents simulation results. LAA is DL only in the agreed assumption. In this contribution, in order to compare the interference from Wi-Fi STA to LTE UE and the interference from LTE UE to LTE UE, LTE UL is also simulated for comparison purpose. In calculating SINR, co-channel interference from its own network (other cells of the same operator) is not considered. Only the adjacent channel interference from the other operator is included.
3.1 Results of indoor deployment
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Figure 3.1-1: Received ACI at LAA indoor
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Figure 3.1-2: Throughput of LAA indoor
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Figure 3.1-3: Received ACI at Wi-Fi indoor (Wi-Fi ACS 22dB)
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Figure 3.1-4: Throughput of Wi-Fi indoor (Wi-Fi ACS 22dB)
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Figure 3.1-5: Received ACI at Wi-Fi indoor (Wi-Fi ACS 29dB)
3.2 Results of outdoor deployment
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Figure 3.2-1: Received ACI at LAA outdoor
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Figure 3.2-2: Throughput of LAA outdoor
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Figure 3.2-3: Received ACI at Wi-Fi outdoor (Wi-Fi ACS 22dB)
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Figure 3.2-4: Throughput of Wi-Fi outdoor (Wi-Fi ACS 22dB)
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Figure 3.2-5: Received ACI at Wi-Fi outdoor (Wi-Fi ACS 29dB)
4
Conclusion

From the simulation results in both indoor and outdoor scenarios, we can see that the adjacent channel interference from Wi-Fi AP to LTE UE is severer than the adjacent channel interference from LTE BS to LTE UE. The adjacent channel interference from LTE BS to Wi-Fi AP/STA is not as severe as the adjacent channel interference from Wi-Fi AP to Wi-Fi AP/STA. 
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