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1 Introduction
CPE to CPE/UE/PS coexistence assumptions [1] were discussed in two tele-conferences after RAN4 Meeting #55. This contribution presents the deterministic analysis results of CPE to CPE/UE/PS coexistence based on these assumptions. 
2 Deterministic analysis
Deterministic analysis assumptions are introduced briefly in the following [2].

· Deterministic methodology 

· Required Spurious Emission = victim allowed noise rise + MCL + penetration Loss
· MCL = Path_loss – Tx antenna gain(including cable loss) – Rx antenna gain(including cable loss)

where, path loss is assumed to be free space path loss as follows.

Free space path loss = 20*log10(fc[MHz]) – 27.6 + 20*log10(d[m])
· Scenario and Assumptions 
· CPE to CPE : assume indoor CPE to indoor CPE and location on different building
· CPE to UE  :  assume indoor CPE to indoor UE and location on different/same building
· CPE to PS  :  in case of indoor CPE to indoor PS, assume CPE and PS locates on same  building  
Table 1 is the parameters for the deterministic analysis of CPE to CPE/UE coexistence. Parameters for 

CPE to PS is shown in Table 2.  

When analyzing the coexistence for indoor CPE to indoor CPE/UE/PS, it is necessary to consider indoor to indoor penetration loss since at least one interior wall between aggressor and victim will exist. Here we assumed interior penetration loss to be 5dB as in the case of indoor HeNB simulation assumption. 
For example, in case of indoor CPE to indoor UE, if CPE and UE are located in different buildings, total penetration loss is 20dB, but if in same building, the total penetration loss is 5dB. Case for indoor CPE to indoor PS is the same situation as above indoor CPE to indoor UE case. In case of indoor CPE to indoor CPE, it is assumed that two CPEs always are located in different building. So, total penetration loss for this case is assumed to be 20dB.

And, in case of coexistence of outdoor CPE, it is necessary to consider antenna radiation pattern to antenna gain according to location of PS as Figure 1. 
In the past UE to UE coexistence analysis or simulation, UE was agreed to have omni-directional antenna pattern. 
This is not the case for the outdoor CPE reminding that outdoor CPE antenna has kind of directional pattern, which is shown in Eq.(1):
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where, 
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degrees, Am = 15 dB.

Therefore, when we consider the deterministic coexistence analysis for outdoor CPE, this directional antenna pattern has to be taken into account.
For example, in case of indoor PS, antenna radiation pattern is assumed to be -15dB. In case of outdoor PS, antenna radiation pattern is different according to angle difference between CPE to eNB and CPE to PS. In this case, considering angle range is assumed to 
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 only mean value of antenna radiation patterns within these angles is considered for analysis.  Here this mean value is about -3dB. 
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Figure 1. Antenna radiation pattern for outdoor CPE to indoor/outdoor PS
Table 1. Parameters for CPE to CPE/UE Co-existence analysis
	Parameters 
	Indoor CPE to Indoor CPE/UE 
	Indoor CPE to Indoor CPE/UE 

	LTE terminal maximum power 
	27 dBm
	23 dBm

	LTE terminal Antenna height 
	1m
	1m

	LTE terminal effective Antenna height 
	1m
	1m

	LTE terminal Antenna gain (minus cable loss)
	3 dBi
	3 dBi

	LTE terminal Antenna radiation pattern
	360°
	360°

	Building penetration loss
	10 dB
	10 dB

	Interior penetration loss
	5 dB
	5 dB

	LTE BS antenna height
	60m
	60m

	LTE BS antenna gain (minus cable loss (dBi)
	15 dBi
	15 dBi

	Victim LTE terminal antenna height 
	1.5m
	1.5m

	PS emission target FCC
	-35dBm/6.25KHz
	-35dBm/6.25KHz

	PS emission target NS_07 signalling
	TBD
	TBD

	Desense 
	3dB
	3dB


Table 2. Parameters for CPE to PS Co-existence analysis

	Parameters 
	Indoor CPE to Indoor PS 
	Indoor CPE to Outdoor PS 
	Indoor CPE to Indoor PS 
	Indoor CPE to Outdoor PS 
	Outdoor CPE to Indoor PS  
	Outdoor CPE to Outdoor PS  

	LTE terminal maximum power 
	27 dBm
	27 dBm
	23 dBm
	23 dBm
	23 dBm
	23 dBm

	LTE terminal Antenna height 
	1m
	1m
	1m
	1m
	6m
	7m

	LTE terminal effective Antenna height 
	1m
	1m
	1m
	1m
	? m
	? m

	LTE terminal Antenna gain (minus cable loss)
	3 dBi
	3 dBi
	3 dBi
	3 dBi
	7 dBi
	7 dBi

	LTE terminal Antenna radiation pattern
	360°
	360°
	360°
	360°
	90°
	90°

	PS antenna gain (minus cable loss)
	-10 dBi
	-10 dBi
	-10 dBi
	-10 dBi
	-10 dBi
	-10 dBi

	Building penetration loss
	10 dB
	10 dB
	10 dB
	10 dB
	10 dB
	10 dB

	Interior penetration loss
	5 dB
	5 dB
	5 dB
	5 dB
	5 dB
	5 dB

	LTE BS antenna height
	60m
	60m
	60m
	60m
	60m
	60m

	LTE BS antenna gain (minus cable loss (dBi)
	15 dBi
	15 dBi
	15 dBi
	15 dBi
	15 dBi
	15 dBi

	PS terminal  antenna height 
	1.5m
	1.5m
	1.5m
	1.5m
	1.5m
	1.5m

	PS emission target FCC
	-35dBm/6.25KHz
	-35dBm/6.25KHz
	-35dBm/6.25KHz
	-35dBm/6.25KHz
	-35dBm/6.25KHz
	-35dBm/6.25KHz

	PS emission target NS_07 signalling
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Desense
	3dB
	3dB
	3dB
	3dB
	3dB
	3dB


3 Analysis Results
· CPE to CPE 
Table 3. Results for CPE to CPE Co-existence analysis
	Scenario
	Indoor CPE(27dBm) to Indoor CPE(27dBm)
	Indoor CPE(27dBm) to Indoor CPE(23dBm)

	Spurious Emission at 10m distance[dBm/1MHz]/current UE Spurious Emission
	-41/-50
	-41/-50

	Distance with current UE Spurious Emission
	4
	4


Analyzed spurious emission for both cases of indoor CPE to indoor CPE with 27dBm and 23dBm meets current spurious emission of UE having 9dB margin. And when considering current spurious emission, calculated minimum distance is 4m for both cases.

· CPE to UE 
Table 4. Results for CPE to UE Co-existence analysis

	Scenario
	Location on different building
	Location on same building

	
	Indoor CPE(27dBm) to Indoor UE(23dBm)
	Indoor CPE(23dBm) to Indoor UE(23dBm)
	Indoor CPE(27dBm) to Indoor UE(23dBm)
	Indoor CPE(23dBm) to Indoor UE(23dBm)

	Spurious Emission at 10m distance[dBm/1MHz]/current UE Spurious Emission
	-38/-50
	-38/-50
	-53/-50
	-53/-50

	Distance with current UE Spurious Emission
	3
	3
	14
	14


In case of CPE and UE located in different buildings, analyzed spurious emissions for both cases with 27dBm and 23dBm meet current spurious emission of UE having 12dB margin. When considering current spurious emission, minimum distance is 3m for both cases. However, in case of CPE and UE located in the same building, analyzed spurious emission for both cases is -53dBm which is high by 3dB compared with current spurious emission of UE. And distance of 14m is calculated when using -50dBm/1MHz.
· CPE to PS 
Table 5. Results for CPE to PS Co-existence analysis

	Scenario
	Indoor CPE(27dBm) to Indoor PS 
	Indoor CPE(27dBm) to Outdoor PS 
	Indoor CPE(23dBm) to Indoor PS 
	Indoor CPE(23dBm) to Outdoor PS 
	Outdoor CPE(23dBm) to Indoor PS  
	Outdoor CPE(23dBm) to Outdoor PS  

	Spurious Emission at 10m distance[dBm/6.25kHz]/current UE Spurious Emission
	-65/-57
	-60/-57
	-65/-57
	-60/-57
	-49/-57
	-71/-57

	Distance with current UE Spurious Emission
	25
	14
	25
	14
	4
	49


Outdoor CPE to indoor PS among 6 scenarios of CPE to PS meets current spurious emission of -57dBm/6.25kHz with 8dB margin. The other cases don’t meet it.  
For both cases of indoor CPE to outdoor PS with CPE power of 27dBm and 23dBm assuming distance of 10m, calculated spurious emissions are 3dB more tight compared to current spurious emission and calculated distance with current spurious emission is 14m. 
For both cases of indoor CPE to indoor PS with CPE power of 27dBm and 23dBm assuming distance of 10m, calculated spurious emissions are 8dB more tight compared to current spurious emission and calculated distance with current spurious emission is 25m. 
Outdoor CPE to outdoor PS has a big difference of 14dB between calculated spurious emission with 10m distance and current spurious emission of UE. And distance using current spurious emission of UE is 49m. 
4 Conclusion
We analyzed CPE to CPE/UE/PS coexistences and compared the results with the current spurious emission of UE. Also we derived the distance between CPE and CPE/UE/PS corresponding to current spurious emission of UE. In this analysis, interior penetration loss for indoor CPE to indoor UE/PS and antenna radiation pattern for outdoor CPE to indoor PS/outdoor PS were considered. It is proposed to discuss further on these methodology and results for analysis on CPE to CPE/UE/PS. 
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