3GPP TSG GERAN#67                                                   GP-150729
Yin Chuan, P. R. China                                        Agenda Item: 7.1.5.3.5.5
10th – 14th August, 2015

Source: Huawei Technologies Co., Ltd., HiSilicon Technologies Co., Ltd.

pCR 45.820 NB-CIoT - Simulation Results for Coexistence with UTRA and E-UTRA
1 Introduction
This document provides the text proposal on simulation results for the coexistence of NB-CIoT with UTRA and E-UTRA.
2 Proposed text for the TR
	First Change


7.3.6.6 Coexistence evaluation

7.3.6.6.3 Coexistence with UTRA, uplink
The uplink simulation results for coexistence with UTRA were derived using the assumptions in Annex G.2.

7.3.6.6.3.1 Simulation cases

The simulation cases are summarized in Table 7.3.6.6.3-1.

Table 7.3.6.6.3-1 Simulation cases for coexistence with UTRA, uplink
	Cases
	Aggressor
	Victim
	Link direction

	1
	NB-CIoT
	UTRA
	Uplink

	2
	UTRA
	NB-CIoT
	Uplink


7.3.6.6.3.2 Simulation assumptions

Table 7.3.6.6.3-2 lists simulation assumptions for NB-CIoT uplink. For other assumptions, see Annex G.2.

Table 7.3.6.6.3-2 Simulation assumptions for NB-CIoT, uplink
	Parameter
	Setting

	UE maximum transmit power (dBm)
	23

	UE antenna gain (dBi)
	-4

	Building Penetration Loss
	Scenario 1 with inter-site correlation coefficient 0.5
(Not applied for the case of UE aggressor)

	UE number
	20 users per cell

	ACLRadj-x step (dB)*
	5

	ACSadj-x step (dB)**
	5

	ACP (dB)
	25


* ACLRadj-x represents the x-th adjacent channel leakage power ratio which is defined over the 5 kHz uplink channels used in NB-CIoT, where x = floor(carrier spacing/channel bandwidth) + 1. In the simulations, only ACLRadj-119 was modelled for UE because of the in-band guard band of 580kHz for 5MHz FDD UTRA system and an intra guard band of 10kHz on each side of the NB-CIoT wanted signal (119 = floor(590/5)+1). An adjacent channel leakage power ratio equal to ACLRadj-119 for the uplink are also assumed for frequency offsets with uplink adjacent channel index greater than 119. (i.e. worst case flat ACLR for these frequency offsets). 

** ACSadj-x represents the x-th adjacent channel selective which is defined over the 5 kHz uplink channels used in NB-CIoT, where x = floor(carrier spacing/channel bandwidth) + 1. ACS is assumed to be the same for all frequency offsets from the NB-CIoT allocated channel in the simulation.
*** NB-CIoT was fully loaded, i.e. all resources were occupied in each simulation.
7.3.6.6.3.3 Simulation results

Simulation result for each case is listed below respectively.

For case 1,
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For case 2, 
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The UTRA performance losses due to NB-CIoT interference are summarized in Table 7.3.6.6.3-3.

Table 7.3.6.6.3-3 Summary of UTRA performance loss due to interference of NB-CIoT, uplink
	5MHz UTRA uplink capacity loss
	UE ACLR at 119th adjacent channel

	~8.2 %
	50 dB

	~3.3 %
	55 dB


Note: an interpolation of the results in above table shows that the minimum required UE ACLR adj-119 for NB-CIoT at less than 5% (i.e. around 4.9%) uplink capacity loss is 53 dB.

The NB-CIoT performance losses due to UTRA interference are summarized in Table 7.3.6.6.3-4.

Table 7.3.6.6.3-4 Summary of NB-CIoT performance loss due to interference of UTRA, uplink
	Uplink coverage probability loss at 20dB enhancement
	BS ACS at 119th adjacent channel

	~1.1 %
	30 dB


7.3.6.6.3.4 Conclusion

Simulation results show that the following uplink RF system characteristics for NB-CIoT are sufficient for NB-CIoT to be deployed in coexistence with UTRA in uncoordinated deployment.
	BS ACS at 119th adjacent channel
	UE ACLR at 119th adjacent channel

	30 dB
	53 dB

	Uplink coverage probability loss at 20dB enhancement
	5MHz UTRA uplink capacity loss

	~1.1 %
	~4.9%


7.3.6.6.4 Coexistence with UTRA, downlink
The downlink simulation results for coexistence with UTRA were derived using the assumptions in Annex G.2.

7.3.6.6.4.1 Simulation cases

The simulation cases are summarized in Table 7.3.6.6.4-1.

Table 7.3.6.6.4-1 Simulation cases for coexistence with UTRA, downlink
	Cases
	Aggressor
	Victim
	Link direction

	1
	NB-CIoT
	UTRA
	Downlink

	2
	UTRA
	NB-CIoT
	Downlink


7.3.6.6.4.2 Simulation assumptions

Table 7.3.6.6.4-2 lists simulation assumptions for NB-CIoT downlink. For other assumptions, see Annex G.2.

Table 7.3.6.6.4-2 Simulation assumptions for NB-CIoT, downlink
	Parameter
	Setting

	UE antenna gain (dBi)
	-4

	Building Penetration Loss
	Scenario 1 with inter-site correlation coefficient 0.5
(Not applied for the case of UE aggressor)

	UE number
	20 users per cell

	ACLRadj-x step (dB)*
	5

	ACSadj-x step (dB)**
	5


* ACLRadj-x represents the x-th adjacent channel leakage power ratio which is defined over the 200 kHz downlink channel bandwidth used in NB-CIoT, where x = floor(carrier spacing/channel bandwidth) + 1. In the simulations, only ACLRadj-3 was modelled for BS because of the in-band guard band of 580kHz for 5MHz FDD UTRA system (3 = floor(580/200)+1). An adjacent channel leakage power ratio equal to ACLRadj-3 for the downlink are also assumed for frequency offsets with downlink adjacent channel index greater than 3. (i.e. worst case flat ACLR for these frequency offsets). 

** ACSadj-x represents the x-th adjacent channel selective which is defined over the 200 kHz downlink channel bandwidth used in NB-CIoT, where x = floor(carrier spacing/channel bandwidth) + 1. ACS is assumed to be the same for all frequency offsets from the NB-CIoT allocated channel in the simulation.
*** NB-CIoT is fully loaded, i.e. all resources were occupied in each simulation.
7.3.6.6.4.3 Simulation results

Simulation result for each case is listed below respectively.

For case 1,
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For case 2,
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The UTRA performance losses due to NB-CIoT interference are summarized in Table 7.3.6.6.4-3.

Table 7.3.6.6.4-3 Summary of UTRA performance loss due to interference of NB-CIoT, downlink
	5MHz UTRA downlink capacity loss
	BS ACLR at 3rd adjacent channel

	~7.1 %
	30 dB

	~3.7 %
	35 dB


Note: an interpolation of the results in above table shows that the minimum required BS ACLR adj-3 for NB-CIoT at less than 5% (i.e. around 4.9%) downlink capacity loss is 33 dB.

The NB-CIoT performance losses due to UTRA interference are summarized in Table 7.3.6.6.4-4.

Table 7.3.6.6.4-4 Summary of NB-CIoT performance loss due to interference of UTRA, downlink
	Downlink coverage probability loss at 20dB enhancement
	UE ACS at 3rd adjacent channel

	~2.7 %
	30 dB


7.3.6.6.4.4 Conclusion
Simulation results show that the following downlink RF system characteristics for NB-CIoT are sufficient for NB-CIoT to be deployed in coexistence with UTRA in uncoordinated deployment.
	UE ACS at 3rd adjacent channel
	BS ACLR at 3rd adjacent channel

	30 dB
	33 dB

	Downlink coverage probability loss at 20dB enhancement
	5MHz UTRA downlink capacity loss

	~ 2.7 %
	~4.9 %


7.3.6.6.5 Coexistence with E-UTRA, uplink
The uplink simulation results for coexistence with E-UTRA were derived using the assumptions in Annex G.2.

7.3.6.6.5.1 Simulation cases

The simulation cases are summarized in Table 7.3.6.6.5-1.

Table 7.3.6.6.5-1 Simulation cases for coexistence with E-UTRA, uplink
	Cases
	Aggressor
	Victim
	Link direction

	1
	NB-CIoT
	E-UTRA
	Uplink

	2
	E-UTRA
	NB-CIoT
	Uplink


7.3.6.6.5.2 Simulation assumptions

Table 7.3.6.6.5-2 lists simulation assumptions for NB-CIoT uplink. For other assumptions, see Annex G.2.

Table 7.3.6.6.5-2 Simulation assumptions for NB-CIoT, uplink
	Parameter
	Setting

	UE maximum transmit power (dBm)
	23

	UE antenna gain (dBi)
	-4

	Building Penetration Loss
	Scenario 1 with inter-site correlation coefficient 0.5
(Not applied for the case of UE aggressor)

	UE number
	20 users per cell

	ACLRadj-x step (dB)*
	5

	ACSadj-x step (dB)**
	5

	ACP (dB)
	25


* ACLRadj-x represents the x-th adjacent channel leakage power ratio which is defined over the 5 kHz uplink channels used in NB-CIoT, where x = floor(carrier spacing/channel bandwidth) + 1. In the simulations, only ACLRadj-103 was modelled for UE because of the in-band guard band of 500kHz for 10MHz E-UTRA system and an intra guard band of 10kHz on each side of the NB-CIoT wanted signal (103 = floor(510/5)+1). An adjacent channel leakage power ratio equal to ACLRadj-103 for the uplink are also assumed for frequency offsets with uplink adjacent channel index greater than 103. (i.e. worst case flat ACLR for these frequency offsets). 

** ACSadj-x represents the x-th adjacent channel selective which is defined over the 5 kHz uplink channels used in NB-CIoT, where x = floor(carrier spacing/channel bandwidth) + 1. ACS is assumed to be the same for all frequency offsets from the NB-CIoT allocated channel in the simulation.
*** NB-CIoT is fully loaded, i.e. all resources were occupied in each simulation.
7.3.6.6.5.3 Simulation results

Simulation result for each case is listed below respectively.

For case 1,
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For case 2,
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The E-UTRA performance losses due to NB-CIoT interference are summarized in Table 7.3.6.6.5-3.

Table 7.3.6.6.5-3 Summary of E-UTRA performance loss due to interference of NB-CIoT, uplink
	10MHz E-UTRA uplink average throughput loss
	UE ACLR at 103rd adjacent channel

	~5.4%
	40 dB

	~2.3%
	45 dB

	10MHz E-UTRA uplink 5%-ile throughput loss
	UE ACLR at 103rd adjacent channel

	~14.2%
	35 dB

	~3.6%
	40 dB


Note: an interpolation of the results in above table shows that the minimum required UE ACLR adj-103 for NB-CIoT at less than 5% (i.e. around 4.9%) uplink average throughput loss is 41 dB, and the minimum required UE ACLR adj-103 for NB-CIoT at less than 5% (i.e. around 4.9%) uplink 5%-ile throughput loss is 39 dB.

The NB-CIoT performance losses due to E-UTRA interference are summarized in Table 7.3.6.6.5-4.

Table 7.3.6.6.5-4 Summary of NB-CIoT performance loss due to interference of E-UTRA, uplink
	Uplink coverage probability loss at 20dB enhancement
	BS ACS at 103rd adjacent channel

	~2.4%
	35 dB


7.3.6.6.5.4 Conclusion

Simulation results show that the following uplink RF system characteristics for NB-CIoT are sufficient for NB-CIoT to be deployed in coexistence with E-UTRA in uncoordinated deployment.
	BS ACS at 103rd adjacent channel
	UE ACLR at 103rd adjacent channel

	35 dB
	41 dB

	Uplink coverage probability loss at 20dB enhancement
	10MHz E-UTRA uplink average throughput loss

	~2.4%
	~4.9%


7.3.6.6.6 Coexistence with E-UTRA, downlink
7.3.6.6.6.1 Simulation cases

The simulation cases are summarized in Table 7.3.6.6.6-1.

Table 7.3.6.6.6-1 Simulation cases for coexistence with E-UTRA, downlink
	Cases
	Aggressor
	Victim
	Link direction

	1
	NB-CIoT
	E-UTRA
	Downlink

	2
	E-UTRA
	NB-CIoT
	Downlink


7.3.6.6.6.2 Simulation assumptions

Table 7.3.6.6.6-2 lists simulation assumptions for NB-CIoT downlink. For other assumptions, see Annex G.2.

Table 7.3.6.6.6-2 Simulation assumptions for NB-CIoT, downlink
	Parameter
	Setting

	UE antenna gain (dBi)
	-4

	Building Penetration Loss
	Scenario 1 with inter-site correlation coefficient 0.5
(Not applied for the case of UE aggressor)

	UE number
	20 users per cell

	ACLRadj-x step (dB)*
	5

	ACSadj-x step (dB)**
	5


* ACLRadj-x represents the x-th adjacent channel leakage power ratio which is defined over the 200 kHz downlink channel bandwidth used in NB-CIoT, where x = floor(carrier spacing/channel bandwidth) + 1. In the simulations, only ACLRadj-3 was modelled for BS because of the in-band guard band of 500kHz for 10MHz E-UTRA system (3 = floor(500/200)+1). An adjacent channel leakage power ratio equal to ACLRadj-3 for the downlink are also assumed for frequency offsets with downlink adjacent channel index greater than 3. (i.e. worst case flat ACLR for these frequency offsets). 

** ACSadj-x represents the x-th adjacent channel selective which is defined over the 200 kHz downlink channel bandwidth used in NB-CIoT, where x = floor(carrier spacing/channel bandwidth) + 1. ACS is assumed to be the same for all frequency offsets from the NB-CIoT allocated channel in the simulation.
*** NB-CIoT is fully loaded, i.e. all resources were occupied in each simulation.
7.3.6.6.6.3 Simulation results

Simulation result for each case is listed below respectively.

For case 1,
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For case 2,
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The E-UTRA performance losses due to NB-CIoT interference are summarized in Table 7.3.6.6.6-3.

Table 7.3.6.6.6-3 Summary of E-UTRA performance loss due to interference of NB-CIoT, downlink
	10MHz E-UTRA downlink average throughput loss
	BS ACLR at 3rd adjacent channel

	~9.4 %
	25 dB

	~4.2 %
	30 dB

	10MHz E-UTRA downlink 5%-ile throughput loss
	BS ACLR at 3rd adjacent channel

	~5.3 %
	35 dB

	~2.1 %
	40 dB


Note: an interpolation of the results in above table shows that the minimum required BS ACLR adj-3 for NB-CIoT at less than 5% (i.e. around 4.9%) downlink average throughput loss is 29.5 dB, and the minimum required BS ACLR adj-3 for NB-CIoT at less than 5% (i.e. around 4.9%) downlink 5%-ile throughput loss is 35.5 dB.

The NB-CIoT performance losses due to E-UTRA interference are summarized in Table 7.3.6.6.6-4.

Table 7.3.6.6.6-4 Summary of NB-CIoT performance loss due to interference of E-UTRA, downlink
	Downlink coverage probability loss at 20dB enhancement
	UE ACS at 3rd adjacent channel

	~3.8 %
	30 dB


7.3.6.6.6.4 Conclusion
Simulation results show that the following downlink RF system characteristics for NB-CIoT are sufficient for NB-CIoT to be deployed in coexistence with E-UTRA in uncoordinated deployment.
	UE ACS at 3rd adjacent channel
	BS ACLR at 3rd adjacent channel

	30 dB
	35.5 dB

	Downlink coverage probability loss at 20dB enhancement
	10MHz E-UTRA downlink 5%-ile throughput loss

	~3.8 %
	~4.9 %


	End of Changes
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