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Summary

This contribution adopts the statistical approach, e.g. Monte-Carlo simulation, to study the impact of Band 39 UE spurious emission on Band 3 DL performance when they are in the same hotspot in various environments, as well as the impact of Band 1 UE spurious emission on Band 39 DL performance when they are in the same hotspot in various environments. Based on the simulation results of all scenarios, we can conclude that Band 39 UE spurious emission of -15.5dBm/5MHz (-22.5dBm/MHz) is sufficient to protect Band 3 DL at the frequency range of 1870-1880MHz, and Band 1 UE spurious emission of -15.5dBm/5MHz (-22.5dBm/MHz) is sufficient to protect Band 39 DL at the frequency range of 1910-1920MHz.

1
Introduction
Band 3 and Band 39 UE-UE coexistence has been studied for quite a while. In RAN4 #68BIS, [1] provided a study on this topic, and the CR in [6] was agreed. This contribution adopts the statistical approach, e.g. Monte-Carlo simulation, to study the impact of Band 39 UE spurious emission on Band 3 DL performance, as well as the impact of Band 1 UE spurious emission on Band 39 DL performance. This approach was used in the ECC report 131 [2]. 
2
Description of simulation methodology
This study adopts the simulation methodology in Section 5 (impact of TS-TS interference on throughput) and Annex 3 in [2], with assumptions and parameters’ values taken from [2], [3], and [4]. A good measure to evaluate the performance of the network is to check the throughput degradation of an average mobile and to check the number of mobiles that don’t get service anymore when they are exposed to the spurious emissions from interfering system UE. This contribution simulates these values taking into account not only the transmitter noise, but also the receiver characteristics, the geometry scenarios and the associated receive and transmit levels.

The following figure shows the spectrum of Band 3, Band 39, and Band 3 with 10 MHz channel bandwidth. 
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Figure 2-1: Band 3, Band 39, and Band 1 with 10 MHz channel bandwidth
This contribution studies the impact of Band 39 UE spurious emission on Band 3 DL performance, as well as the impact of Band 1 UE spurious emission on Band 39 DL performance. Throughput loss and outage rate are collected to evaluate the impact. A victim UE is in outage if its final SINR is less than the required minimum SINR which is -10dB [3] in this study, and its throughput is counted as 0 bps. Throughput loss of 5% is used as the protection criterion. Two kinds of adjacent channel interferences are considered, TX spurious emission and RX inter-modulation.
The worst case scenario of UE-UE coexistence is when they are in the close proximity. This study is focused on the UEs which are in the same hotspot. In reality, the BS serving these UEs could be in various deployment environments. This study covers hotspot in indoor, hotspot in urban micro, hotspot in urban macro, hotspot in suburban macro, and hotspot in rural macro environments.
2.1
Band 39 to Band 3

When considering interference to Band 3, the aggressors are the UEs in the frequency blocks of 9 to 12, and the victim is the UE in any of FDD DL frequency block. It is noted that block 8 is chosen in the simulations. Since block 8 is the victim frequency block, RX inter-modulation interferences are from pairs of interfering blocks 9 and 10, 10 and 12..
It is assumed that Band 39 (TDD) and Band 3 (FDD) are deployed in the same geographical area. A seven-cell model [2] is used in this study, which is shown below. FDD UE is randomly and uniformly distributed in the whole area. FDD UE is associated with the strongest FDD BS and the FDD UE is in the center of the hotspot. The interfering TDD UEs are randomly and uniformly distributed within the hotspot, and they are served by a TDD BS. The location of the hotspot within the TDD BS serving area is also randomly and uniformly distributed. The distance between FDD BS and TDD BS is stochastic. The cell sizes of FDD and TDD are the same.
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Figure 2.1-1: Cell layout and hotspot location [2] (Note that 1km and 25m in the figure is only an example. The actual values depend on the simulation scenario.)
Within a hotspot in the cases of indoor and urban micro, it is assumed that the spatial density is one user per 3 square meters. Within a hotspot in the cases of urban macro, suburban macro, and rural macro, a spatial density of one user per 5 square meters is assumed. 10% of these users are considered to be using their wireless devices simultaneously. It is then assumed that 50% of the terminals operate in the 1.9 GHz band and the remaining 50% are in the other bands. Among the terminals in the 1.9 GHz band, 40% of them are in TDD mode (Band 39) and the other 60% are in FDD mode (Band 3). The TDD terminals are assumed to be uniformly distributed across the 4 TDD frequency blocks with each of them is 10 MHz.
In each snapshot of the simulation, FDD UE location, TDD UEs locations, hotspot location within TDD cell, and TDD BS location are changed. FDD UE is interfered by intra-system BS and the hotspot TDD UEs. TDD UE UL power control is considered, and it is affected by intra-system co-channel interference and the distance from its serving TDD BS. TDD UL intra-system co-channel interferences are from the UEs in the surrounded six cells. It is modelled that each of these six cells has one UE at the cell edge transmitting at maximum power [2]. When calculating inter-system interference from TDD UL to victim FDD DL, TDD UL scheduling is considered, and the collision of TDD UL packet and the FDD DL packet is taken into account.
Simulation assumptions and values of parameters for different deployment scenarios [2] [3] [4] are provided in the following table.
Table 2.1-1: Simulation assumptions and values of parameters for 10 MHz channel bandwidth
	Deployment scenario
	Indoor
	Urban 
micro
	Urban 
macro
	Suburban macro
	Rural macro

	Victim system
	Band 3

LTE FDD
	Band 3

LTE FDD
	Band 3

LTE FDD
	Band 3

LTE FDD
	Band 3

LTE FDD

	Aggressor system
	Band 39

LTE TDD UL:DL=2:3
	Band 39

LTE TDD UL:DL=2:3
	Band 39
LTE TDD UL:DL=2:3
	Band 39

LTE TDD UL:DL=2:3
	Band 39

LTE TDD UL:DL=2:3

	Carrier frequency in GHz
	1.880
	1.880
	1.880
	1.880
	1.880

	Size of each nominal channel BW in MHz
	10
	10
	10
	10
	10

	Number of aggressor frequency blocks (channels)
	5
	5
	5
	5
	5

	Noise equivalent BW for each frequency block in MHz
	9
	9
	9
	9
	9

	Inter site distance in meter
	60
	130
	750
	1299
	1732

	Distance between FDD BS and TDD BS
	Stochastic 
	Stochastic 
	Stochastic 
	Stochastic 
	Stochastic 

	Victim UE distribution in its cell
	Randomly and uniformly distributed
	Randomly and uniformly distributed
	Randomly and uniformly distributed
	Randomly and uniformly distributed
	Randomly and uniformly distributed

	Victim UE and aggressor UEs locations
	Victim UE at the center of hotspot
	Victim UE at the center of hotspot
	Victim UE at the center of hotspot
	Victim UE at the center of hotspot
	Victim UE at the center of hotspot

	
	Aggressor UEs randomly and uniformly distributed within hotspot
	Aggressor UEs randomly and uniformly distributed within hotspot
	Aggressor UEs randomly and uniformly distributed within hotspot
	Aggressor UEs randomly and uniformly distributed within hotspot
	Aggressor UEs randomly and uniformly distributed within hotspot

	Hotspot location
	Randomly and uniformly distributed in the aggressor cell
	Randomly and uniformly distributed in the aggressor cell
	Randomly and uniformly distributed in the aggressor cell
	Randomly and uniformly distributed in the aggressor cell
	Randomly and uniformly distributed in the aggressor cell

	Hotspot radius in meter
	25
	25
	50
	50
	50

	Number of victim UE
	1
	1
	1
	1
	1

	Aggressor UE spatial density per frequency block in m-2
	1/(10x2x2.5x4)/3
Very high-density
	1/(10x2x2.5x4)/3
Very high-density
	1/(10x2x2.5x4)/5
High-density
	1/(10x2x2.5x4)/5
High-density
	1/(10x2x2.5x4)/5
High-density

	Number of aggressor UEs per scheduling period per frequency block in a hotspot
	4
	4
	8
	8
	8

	BS antenna height in meter
	6
	10
	30
	30
	45

	BS max TX power in dBm
	24
	41
	46
	46
	46

	BS antenna gain including feeder loss in dBi
	0
	6
	15
	15
	15

	UE antenna height in meter
	1.5
	1.5
	1.5
	1.5
	1.5

	UE max TX power in dBm
	23
	23
	23
	23
	23

	UE antenna gain in dBi
	0
	0
	0
	0
	0

	Minimum horizontal distance of victim UE and aggressor UE in meter
	1
	1
	1
	1
	1

	Minimum horizontal distance of victim BS and victim UE in meter
	3
	10
	25
	35
	35

	Minimum horizontal distance of aggressor BS and aggressor UE in meter
	3
	10
	25
	35
	35

	BS noise figure in dB
	5
	5
	5
	5
	5

	UE noise figure in dB
	9
	9
	9
	9
	9

	Ambient temperature in Kelvin
	290
	290
	290
	290
	290

	BS-UE path-loss model
	Indoor hotspot model as in [4] 
	Modified Hata urban model as in [5]
	Modified Hata urban model as in [5]
	Modified Hata suburban model as in [5]
	Modified Hata open area model as in [5]

	Standard deviation of BS-UE log-normal shadow fading in dB
	3 for LoS and 4 for NLoS
	10 for BS-UE distance of larger than 40m, otherwise 3.5
	10 for BS-UE distance of larger than 40m, otherwise 3.5
	10 for BS-UE distance of larger than 40m, otherwise 3.5
	10 for BS-UE distance of larger than 40m, otherwise 3.5

	Shadowing correlation
	Inter-cell 0.5 intra-cell 1
	Inter-cell 0.5 intra-cell 1
	Inter-cell 0.5 intra-cell 1
	Inter-cell 0.5 intra-cell 1
	Inter-cell 0.5 intra-cell 1

	UE-UE path-loss model
	IEEE 802.11 Model C as in Annex 2 in [2]
	IEEE 802.11 Model C as in Annex 2 in [2]
	IEEE 802.11 Model C as in Annex 2 in [2]
	IEEE 802.11 Model C as in Annex 2 in [2]
	IEEE 802.11 Model C as in Annex 2 in [2]

	Standard deviation of UE-UE log-normal shadow fading in dB
	4 for UE-UE distance of larger than 5m, otherwise 3
	4 for UE-UE distance of larger than 5m, otherwise 3
	4 for UE-UE distance of larger than 5m, otherwise 3
	4 for UE-UE distance of larger than 5m, otherwise 3
	4 for UE-UE distance of larger than 5m, otherwise 3

	Victim DL RX duration
	1 to 20 subframe in the whole BW in a scheduling period
	1 to 20 subframe in the whole BW in a scheduling period
	1 to 20 subframe in the whole BW in a scheduling period
	1 to 20 subframe in the whole BW in a scheduling period
	1 to 20 subframe in the whole BW in a scheduling period

	Aggressor system service
	30 kbps VoIP, 360 kbps video
	30 kbps VoIP, 360 kbps video
	30 kbps VoIP, 360 kbps video
	30 kbps VoIP, 360 kbps video
	30 kbps VoIP, 360 kbps video

	Aggressor system scheduling algorithm
	As in Annex 3 in [2] to maximize the number of satisfied UEs
	As in Annex 3 in [2] to maximize the number of satisfied UEs
	As in Annex 3 in [2] to maximize the number of satisfied UEs
	As in Annex 3 in [2] to maximize the number of satisfied UEs
	As in Annex 3 in [2] to maximize the number of satisfied UEs

	Scheduling period in ms
	20
	20
	20
	20
	20

	UE 3rd order inter-modulation reference interference power in dBm
	-46
	-46
	-46
	-46
	-46

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

	Number of snapshots in each simulation
	50000
	50000
	50000
	50000
	50000


2.2
Band 1 to Band 39

When considering interference from Band 1 to Band 39, the aggressors are the UEs in the frequency blocks of 13 to 18, and the victim is the UE in any of Band 39 frequency block. It is noted that block 12 is chosen in the simulations. Since block 12 is the victim frequency block, RX inter-modulation interferences are from pairs of interfering blocks 13 and 14, blocks 14 and 16, and blocks 15 and 18.

It is assumed that Band 1 and Band 39 are deployed in the same geographical area. A seven-cell model [2] is used in this study, which is shown below. Band 39 UE is randomly and uniformly distributed in the whole area. Band 39 UE is associated with the strongest Band 39 BS and the Band 39 UE is in the center of the hotspot. The interfering Band 1 UEs are randomly and uniformly distributed within the hotspot, and they are served by a Band 1 BS. The location of the hotspot within the Band 1 BS serving area is also randomly and uniformly distributed. The distance between Band 1 BS and Band 39 BS is stochastic. The cell sizes of Band 1 and Band 39 are the same.


[image: image3]
Figure 2.2-1: Cell layout and hotspot location [2]

Within a hotspot in the cases of indoor and urban micro, it is assumed that the spatial density is one user per 3 square meters. Within a hotspot in the cases of urban macro, suburban macro, and rural macro, a spatial density of one user per 5 square meters is assumed. 10% of these users are considered to be using their wireless devices simultaneously. It is then assumed that 50% of the terminals operate in Band 1 and the remaining 50% are in the other bands. The Band 1 terminals are assumed to be uniformly distributed across the 6 frequency blocks with each of them is 10 MHz.

In each snapshot of the simulation, Band 39 UE location, Band 1 UEs locations within hotspot, hotspot location within Band 1 cell, and Band 1 BS location are changed. Band 39 UE is interfered by intra-system BS and the hotspot Band 1 UEs. Band 1 UE UL power control is considered, and it is affected by intra-system co-channel interference and the distance from its serving Band 1 BS. Band 1 UL intra-system co-channel interferences are from the UEs in the surrounding six cells. It is modelled that each of these six cells has one UE at the cell edge transmitting at maximum power [2]. When calculating inter-system interference from Band 1 UL to victim Band 39 DL, Band 1 UL scheduling is considered, and the collision of Band 1 UL packet and the Band 39 DL packet is taken into account.

Simulation assumptions and values of parameters for different deployment scenarios [2] [3] [4] are provided in the following table.

Table 2.2-1: Simulation assumptions and values of parameters for 10 MHz channel bandwidth
	Deployment scenario
	Indoor
	Urban 
micro
	Urban 
macro
	Suburban macro
	Rural macro

	Victim system
	Band 39

UL:DL=2:3
	Band 39

UL:DL=2:3
	Band 39

UL:DL=2:3
	Band 39

UL:DL=2:3
	Band 39

UL:DL=2:3

	Aggressor system
	Band 1
	Band 1
	Band 1
	Band 1
	Band 1

	Carrier frequency in MHz
	1920
	1920
	1920
	1920
	1920

	Size of each nominal channel BW in MHz
	10
	10
	10
	10
	10

	Number of aggressor frequency blocks (channels)
	6
	6
	6
	6
	6

	Noise equivalent BW for each frequency block in MHz
	9
	9
	9
	9
	9

	Inter site distance in meter
	60
	130
	750
	1299
	1732

	Distance between FDD BS and TDD BS
	Stochastic 
	Stochastic 
	Stochastic 
	Stochastic 
	Stochastic 

	Victim UE distribution in its cell
	Randomly and uniformly distributed
	Randomly and uniformly distributed
	Randomly and uniformly distributed
	Randomly and uniformly distributed
	Randomly and uniformly distributed

	Victim UE and aggressor UEs locations
	Victim UE at the center of hotspot
	Victim UE at the center of hotspot
	Victim UE at the center of hotspot
	Victim UE at the center of hotspot
	Victim UE at the center of hotspot

	
	Aggressor UEs randomly and uniformly distributed within hotspot
	Aggressor UEs randomly and uniformly distributed within hotspot
	Aggressor UEs randomly and uniformly distributed within hotspot
	Aggressor UEs randomly and uniformly distributed within hotspot
	Aggressor UEs randomly and uniformly distributed within hotspot

	Hotspot location
	Randomly and uniformly distributed in the aggressor cell
	Randomly and uniformly distributed in the aggressor cell
	Randomly and uniformly distributed in the aggressor cell
	Randomly and uniformly distributed in the aggressor cell
	Randomly and uniformly distributed in the aggressor cell

	Hotspot radius in meter
	25
	25
	50
	50
	50

	Number of victim UE
	1
	1
	1
	1
	1

	Aggressor UE spatial density per frequency block in m-2
	1/(10x2x6x3)
Very high-density
	1/(10x2x6x3)
Very high-density
	1/(10x2x6x5)
High-density
	1/(10x2x6x5)
High-density
	1/(10x2x6x5)
High-density

	Number of aggressor UEs per scheduling period per frequency block in a hotspot
	6
	6
	13
	13
	13

	BS antenna height in meter
	6
	10
	30
	30
	45

	BS max TX power in dBm
	24
	41
	46
	46
	46

	BS antenna gain including feeder loss in dBi
	0
	6
	15
	15
	15

	UE antenna height in meter
	1.5
	1.5
	1.5
	1.5
	1.5

	UE max TX power in dBm
	23
	23
	23
	23
	23

	UE antenna gain in dBi
	0
	0
	0
	0
	0

	Minimum horizontal distance of victim UE and aggressor UE in meter
	1
	1
	1
	1
	1

	Minimum horizontal distance of victim BS and victim UE in meter
	3
	10
	25
	35
	35

	Minimum horizontal distance of aggressor BS and aggressor UE in meter
	3
	10
	25
	35
	35

	BS noise figure in dB
	5
	5
	5
	5
	5

	UE noise figure in dB
	9
	9
	9
	9
	9

	Ambient temperature in Kelvin
	290
	290
	290
	290
	290

	BS-UE path-loss model
	Indoor hotspot model as in [13] 
	Modified Hata urban model as in [14]
	Modified Hata urban model as in [14]
	Modified Hata suburban model as in [14]
	Modified Hata open area model as in [14]

	Standard deviation of BS-UE log-normal shadow fading in dB
	3 for LoS and 4 for NLoS
	10 for BS-UE distance of larger than 40m, otherwise 3.5
	10 for BS-UE distance of larger than 40m, otherwise 3.5
	10 for BS-UE distance of larger than 40m, otherwise 3.5
	10 for BS-UE distance of larger than 40m, otherwise 3.5

	Shadowing correlation
	Inter-cell 0.5 intra-cell 1
	Inter-cell 0.5 intra-cell 1
	Inter-cell 0.5 intra-cell 1
	Inter-cell 0.5 intra-cell 1
	Inter-cell 0.5 intra-cell 1

	UE-UE path-loss model
	IEEE 802.11 Model C as in Annex 2 in [9]
	IEEE 802.11 Model C as in Annex 2 in [9]
	IEEE 802.11 Model C as in Annex 2 in [9]
	IEEE 802.11 Model C as in Annex 2 in [9]
	IEEE 802.11 Model C as in Annex 2 in [9]

	Standard deviation of UE-UE log-normal shadow fading in dB
	4 for UE-UE distance of larger than 5m, otherwise 3
	4 for UE-UE distance of larger than 5m, otherwise 3
	4 for UE-UE distance of larger than 5m, otherwise 3
	4 for UE-UE distance of larger than 5m, otherwise 3
	4 for UE-UE distance of larger than 5m, otherwise 3

	Victim DL RX duration
	1 to 12 subframe in the whole BW in a scheduling period
	1 to 12 subframe in the whole BW in a scheduling period
	1 to 12 subframe in the whole BW in a scheduling period
	1 to 12 subframe in the whole BW in a scheduling period
	1 to 12 subframe in the whole BW in a scheduling period

	Aggressor system service
	30 kbps VoIP, 360 kbps video
	30 kbps VoIP, 360 kbps video
	30 kbps VoIP, 360 kbps video
	30 kbps VoIP, 360 kbps video
	30 kbps VoIP, 360 kbps video

	Aggressor system scheduling algorithm
	As in Annex 3 in [9] to maximize the number of satisfied UEs
	As in Annex 3 in [9] to maximize the number of satisfied UEs
	As in Annex 3 in [9] to maximize the number of satisfied UEs
	As in Annex 3 in [9] to maximize the number of satisfied UEs
	As in Annex 3 in [9] to maximize the number of satisfied UEs

	Scheduling period in ms
	20
	20
	20
	20
	20

	UE 3rd order inter-modulation reference interference power in dBm
	-46
	-46
	-46
	-46
	-46

	Link-level performance model
	As in Annex A.1 in [12]
	As in Annex A.1 in [12]
	As in Annex A.1 in [12]
	As in Annex A.1 in [12]
	As in Annex A.1 in [12]

	Number of snapshots in each simulation
	50000
	50000
	50000
	50000
	50000


3
Simulation results of Band 39 to Band 3
3.1
Simulation results of Band 39 to Band 3 with fixed victim RX activity factor

For each deployment scenario in this section, simulations are run for the case of aggressor UEs using video service and for the case of aggressor UE using VoIP service. Victim UE RX duration is assumed 1 subframe in the whole BW in a scheduling period (20 subframes). In other words, victim UE RX activity factor is 1/20. Simulation results with larger victim UE RX activity factors (2/20 to 20/20) are presented in Section 3.2. It is noted that the figures are shown with the unit dBm/MHz on the x-axis.

The simulation results in the following subsections show that the worst case scenario is when both victim UEs and aggressor UEs are in the same hotspot in urban macro environment with aggressor UEs using video service. When the aggressor UE spurious emission is at -15.5dBm/5MHz (-22.5dBm/MHz), the victim UE average throughput loss is as low as 1%.

3.1.1

Indoor
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Figure 3.1.1-1: Victim UE performance with aggressor UEs using video service
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Figure 3.1.1-2: Victim UE performance with aggressor UEs using VoIP service
3.1.2

Urban micro
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Figure 3.1.2-1: Victim UE performance with aggressor UEs using video service
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Figure 3.1.2-2: Victim UE performance with aggressor UEs using VoIP service
3.1.3

Urban macro
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Figure 3.1.3-1: Victim UE performance with aggressor UEs using video service
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Figure 3.1.3-2: Victim UE performance with aggressor UEs using VoIP service
3.1.4

Suburban macro
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Figure 3.1.4-1: Victim UE performance with aggressor UEs using video service
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Figure 3.1.4-2: Victim UE performance with aggressor UEs using VoIP service 
3.1.5

Rural macro
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Figure 3.1.5-1: Victim UE performance with aggressor UEs using video service
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Figure 3.1.5-2: Victim UE performance with aggressor UEs using VoIP service
3.2
Simulation results with various victim RX activity factors (2/20 to 20/20)

As shown in the previous section, the worst case scenario is when both victim UEs and aggressor UEs are in the same hotspot in urban macro environment with aggressor UEs using video service. This worst case scenario is chosen for further study in this section. This section presents the simulation results of victim UE performance with various victim UE RX activity factors (AF), from 2 ms per scheduling period to 20 ms per scheduling period (20 ms).

The results in the following figures show that the victim UE RX activity factor does not affect its average throughput loss in percentage significantly. When the aggressor UE spurious emission is -15.5dBm/5MHz (-22.5dBm/MHz), the victim UE average throughput loss is as low as 1.4% with victim UE RX activity factor of 20/20.
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Figure 3.2-1: Victim UE (AF: 2/20) performance with aggressor UEs using video service
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Figure 3.2-2: Victim UE (AF: 5/20) performance with aggressor UEs using video service
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Figure 3.2-3: Victim UE (AF: 10/20) performance with aggressor UEs using video service
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Figure 3.2-4: Victim UE (AF: 20/20) performance with aggressor UEs using video service
The interference source is at a fixed data rate of 360kbps for video service. For each interfering UE in each snapshot, its TX duration within the 20ms scheduling period depends on its channel condition. If the channel condition is good, it only needs a small portion of the UL time within 20ms. On the other hand, if the channel condition is bad, it needs a large portion of the UL time within 20ms or even needs the whole UL time within 20ms. If the channel condition is really bad, even occupying the whole UL time within 20ms is not enough to support its service. If the channel condition is fixed in each snapshot, then its TX duration is fixed. In the simulations, its TX duration changes according to its channel condition. So, the interfering UE TX duration depends on its channel condition, and it is irrelevant to the victim UE activity factor.

Given certain channel condition of an interfering UE, its TX duration within 20ms is fixed. When the victim RX activity factor is low, the probability of collision with the interfering TX packet is small. When the victim RX activity factor is high, the probability of collision with the interfering TX packet is large. However, the overlap portion of the RX packet with the interfering TX packet during a collision is different for the case of low RX activity factor and the case of high RX activity factor. The higher the victim RX activity factor, the smaller the overlap portion of the RX packet during a collision statistically. So, different victim UE RX activity factor affects victim UE throughput loss but it does not affect its throughput loss in percentage significantly. This phenomenon is reflected in Figure 3.2-1 to 3.2-4. As the victim RX activity factor increases, the average throughput improves for both with and without inter-system interference, but the average throughput loss in percentage remains about the same.
4
Simulation results of Band 1 to Band 39

4.1
Simulation results of Band 1 to Band 39 with fixed victim RX activity factor

For each deployment scenario in this section, simulations are run for the case of aggressor UEs using video service and for the case of aggressor UE using VoIP service. Victim UE RX duration is assumed 1 subframe in the whole BW in a scheduling period (20 subframes). In other words, victim UE RX activity factor is 1/20. Simulation results with larger victim UE RX activity factors (2/20 to 12/20) are presented in Section 4.2. It is noted that the figures are shown with the unit dBm/MHz on the x-axis.

The simulation results in the following subsections show that the worst case scenario is when both victim UEs and aggressor UEs are in the same hotspot in urban macro environment with aggressor UEs using video service. When the aggressor UE spurious emission is at -15.5dBm/5MHz (-22.5dBm/MHz), the victim UE average throughput loss is as low as 2.5%.

4.1.1

Indoor
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Figure 4.1.1-1: Victim UE performance with aggressor UEs using video service
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Figure 4.1.1-2: Victim UE performance with aggressor UEs using VoIP service

4.1.2

Urban micro
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Figure 4.1.2-1: Victim UE performance with aggressor UEs using video service
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Figure 4.1.2-2: Victim UE performance with aggressor UEs using VoIP service
4.1.3

Urban macro
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Figure 4.1.3-1: Victim UE performance with aggressor UEs using video service
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Figure 4.1.3-2: Victim UE performance with aggressor UEs using VoIP service
4.1.4

Suburban macro
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Figure 4.1.4-1: Victim UE performance with aggressor UEs using video service
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Figure 4.1.4-2: Victim UE performance with aggressor UEs using VoIP service 
4.1.5

Rural macro
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Figure 4.1.5-1: Victim UE performance with aggressor UEs using video service
[image: image50.emf]-50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0

400

500

600

700

800

900

1000

1100

1200

spurious emission in dBm/MHz

average throughput in kbps

average throughtput vs spurious emission

 

 

without inter-system interference

with inter-system interference

 [image: image51.emf]-50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0

0

1

2

3

4

5

6

7

8

9

10

spurious emission in dBm/MHz

average throughput loss in % and outage rate in %

average throughtput loss and outage rate vs spurious emission

 

 

average throughput loss

outage rate


Figure 4.1.5-2: Victim UE performance with aggressor UEs using VoIP service

4.2
Simulation results with various victim RX activity factors (2/20 to 12/20)

As shown in the previous section, the worst case scenario is when both victim UEs and aggressor UEs are in the same hotspot in urban macro environment with aggressor UEs using video service. This worst case scenario is chosen for further study. This section presents the simulation results of victim UE performance with various victim UE RX activity factors (AF), from 2 ms per scheduling period to 12 ms per scheduling period (20 ms).

The results in the following figures show that the victim UE RX activity factor does not affect its average throughput loss in percentage significantly. When the aggressor UE spurious emission is -15.5dBm/5MHz (-22.5dBm/MHz), the victim UE average throughput loss is as low as 3.3% with victim UE RX activity factor of 12/20.
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Figure 4.2-1: Victim UE (AF: 2/20) performance with aggressor UEs using video service
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Figure 4.2-2: Victim UE (AF: 5/20) performance with aggressor UEs using video service
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Figure 4.2-3: Victim UE (AF: 10/20) performance with aggressor UEs using video service
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Figure 4.2-4: Victim UE (AF: 12/20) performance with aggressor UEs using video service
5
Conclusion

Both victim UEs and aggressor UEs in the same hotspot in various environments are considered in this study, as well as different victim UE RX activity factors and different aggressor system data rates (voice and video). From all the simulation results presented in the previous sections, it can be seen that even in the worst case scenario the average throughput degradation is as low as 3.3% (which is below the 5% limit) when the aggressor UE spurious emission is at -15.5dBm/5MHz (-22.5dBm/MHz). Therefore, it can be concluded that Band 39 UE spurious emission of -15.5dBm/5MHz (-22.5dBm/MHz) is sufficient to protect Band 3 DL at the frequency range of 1870-1880MHz, and Band 1 UE spurious emission of -15.5dBm/5MHz (-22.5dBm/MHz) is sufficient to protect Band 39 DL at the frequency range of 1910-1920MHz.
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