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1 Introduction

At RAN4#77 meeting, coexistence study assumptions and methodology for NB-IoT were discussed [1][2]. 
At RAN#70 meeting, the update WID of NB-IoT was approved [3] where uplink numerology of NB-IoT is stated as follows,

· For the uplink: 

· Single tone transmissions are supported. Two numerologies should be configurable by the network for single-tone transmission: 3.75 kHz and 15 kHz. A cyclic prefix is inserted. Frequency domain sinc pulse-shaping in the physical layer description.

· Multi-tone transmissions are supported, based on SC-FDMA with 15 kHz UL subcarrier spacing.
· FFS: Additional mechanisms for PAPR reduction.

· The UE shall indicate the support single-tone and/or multi-tone, details to be discussed by RAN WGs

In this contribution, we propose the uplink coexistence simulation results between NB-IoT and legacy LTE/UMTS/GSM for stand-alone operation. Both single-tone transmission with 3.75 kHz and multi-tone with 15 kHz are studied.
2 Discussion
2.1 Simulation cases
Simulation cases both for the uplink are summarized in Table 1.
Table 1 Simulation cases
	Cases
	Aggressor
	Victim

	1
	NB-IoT
	LTE

	2
	LTE
	NB-IoT

	3
	NB-IoT
	UMTS

	4
	UMTS
	NB-IoT

	5
	NB-IoT
	GSM

	6
	GSM
	NB-IoT


2.2 Simulation results
Target SINR of open-loop power control for NB-IoT is assumed to be 15dB with full path-loss compensation [1] for all cases to generate the relative C-xile value respectively which summarized in Table 2. And in the following evaluations 48 users each per 3.75 kHz is assumed for single-tone transmission while 3 users each per 60 kHz is assumed for multi-tone transmission, which model a full load system for NB-IoT [1].
Table 2 C-xile setting for NB-IoT power control
	NB-IoT User number
	BW per User (kHz)
	C-xlie (dB)

	3
	60
	129

	12
	15
	135

	48
	3.75
	141


2.2.1 Case1: NB-IoT aggressor, LTE victim
1) For carrier frequency 900MHz
For NB-IoT single-tone transmission, the results of LTE throughput loss are given in Figure 1 and summarized in Table 3. 
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Figure 1 LTE uplink throughput loss, 900MHz
Table 3 Summary of LTE uplink throughput loss, 900MHz
	UE ACLR (dB)
	20
	25
	30
	35
	40
	45
	50
	60

	Average throughput loss (%), 900MHz
	75.9
	60.7
	43.5
	27.3
	14.9
	7.1
	3.1
	0.6

	5%-ile throughput loss (%), 900MHz
	99.1
	95.7
	70.9
	47.4
	23.4
	8.7
	2.9
	0.2


The SINR distribution of LTE can be observed in Figure 2.
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Figure 2 LTE uplink SINR distribution, 900MHz
For NB-IoT multi-tone transmission, the results of LTE throughput loss are given in Figure 3 and summarized in Table 4.
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Figure 3 LTE uplink throughput loss, 900MHz
Table 4 Summary of LTE uplink throughput loss, 900MHz

	UE ACLR (dB)
	20
	25
	30
	35
	40
	45
	50
	60

	Average throughput loss (%), 900MHz
	52.4
	38.3
	26.1
	16.6
	9.7
	5.3
	2.7
	0.7

	5%-ile throughput loss (%), 900MHz
	96.6
	86.8
	69.3
	46.6
	24.9
	13.5
	4.8
	0.2


The SINR distribution of LTE can be observed in Figure 4.
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Figure 4 LTE uplink SINR distribution, 900MHz
2) For carrier frequency 2000MHz, 
For NB-IoT single-tone transmission, the results of LTE throughput loss are given in Figure 5 and summarized in Table 5. 
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Figure 5 LTE uplink throughput loss, 2000MHz
Table 5 Summary of LTE uplink throughput loss, 2000MHz

	UE ACLR (dB)
	20
	25
	30
	35
	40
	45
	50
	60

	Average throughput loss (%), 2000MHz
	80.9
	66.5
	49.3
	32.1
	18.1
	9.0
	4.0
	0.9

	5%-ile throughput loss (%), 2000MHz
	100
	98.6
	77.1
	52.6
	27.8
	11.3
	4.0
	0.5


The SINR distribution of LTE can be observed in Figure 6.
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Figure 6 LTE uplink SINR distribution, 2000MHz
For NB-IoT multi-tone transmission, the results of LTE throughput loss are given in Figure 7 and summarized in Table 6. 
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Figure 7 LTE uplink throughput loss, 2000MHz
Table 6 Summary of LTE uplink throughput loss, 2000MHz

	UE ACLR (dB)
	20
	25
	30
	35
	40
	45
	50
	60

	Average throughput loss (%), 2000MHz
	52.5
	38.4
	26.3
	16.8
	9.9
	5.4
	2.8
	0.8

	5%-ile throughput loss (%), 2000MHz
	96.6
	87.1
	70.5
	48.6
	27.4
	15.2
	5.9
	0.3


The SINR distribution of LTE can be observed in Figure 8.
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Figure 8 LTE uplink SINR distribution, 2000MHz
If GSM UE mask is assumed for NB-IoT, the equivalent ACLR can be regard larger than 60dB at the LTE victim’s bandwidth where frequency offset to the central of NB-IoT is larger than 600kHz (i.e. considering LTE internal guard) [4]. Accordingly, the throughput loss of LTE is less than 1% both for 900MHz and 2000MHz, whatever single-tone or multi-tone transmission.
2.2.2 Case2: LTE aggressor, NB-IoT victim

1) For carrier frequency 900MHz, 

For NB-IoT single-tone transmission, the result of NB-IoT SINR distribution is given in Figure 9.
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Figure 9 NB-IoT uplink geometry, 900MHz
For NB-IoT multi-tone transmission, the result of NB-IoT SINR distribution is given in Figure 10.
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Figure 10 NB-IoT uplink geometry, 900MHz

2) For carrier frequency 2000MHz, 

For NB-IoT single-tone transmission, the result of NB-IoT SINR distribution is given in Figure 11.
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Figure 11 NB-IoT uplink geometry, 2000MHz

For NB-IoT multi-tone transmission, the result of NB-IoT SINR distribution is given in Figure 12.
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Figure 12 NB-IoT uplink geometry, 2000MHz

If GSM BS ACS is assumed for NB-IoT, the equivalent ACS can be regard as 58dB at the LTE aggressor’s bandwidth where frequency offset to the central of NB-IoT is larger than 600kHz (considering LTE internal guard) [4]. Accordingly, the SINR loss of NB-IoT is expected very minor both for 900MHz and 2000MHz, whatever single-tone or multi-tone transmission.
2.2.3 Case3: NB-IoT aggressor, UMTS victim
Carrier frequency 900MHz is assumed. 
For single-tone transmission, simulation result of UMTS capacity loss is summarized in Figure 13 and Table 7 as follows.

[image: image17.png]UMTS capacity loss, single-tone

oo ooo
N &n T e

(%)sso] Ayoedey

ACLR(dB)





Figure 13 UMTS uplink capacity loss, 900MHz

Table 7 UMTS uplink capacity loss, 900MHz
	UE ACLR (dB)
	40
	45
	50
	55
	60

	Capacity loss (%)
	73.6
	34.8
	12.6
	4.9
	2.1


For multi-tone transmission, simulation result of UMTS capacity loss is summarized in Figure 14 and Table 8 summarized as follows.
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Figure 14 UMTS uplink capacity loss, 900MHz

Table 8 UMTS uplink capacity loss, 900MHz
	UE ACLR (dB)
	40
	45
	50
	55
	60

	Capacity loss (%)
	70.2
	32.5
	11.8
	4.8
	2.0


If GSM UE mask is assumed for NB-IoT, the equivalent ACLR can be regard larger than 60dB at the LTE victim’s bandwidth where frequency offset to the central of NB-IoT is larger than 680kHz (considering UMTS internal guard) [4]. Accordingly, the capacity loss of UMTS is around 2%.
2.2.4 Case4: UMTS aggressor, NB-IoT victim

Carrier frequency 900MHz is assumed. 
For single-tone transmission, simulation result of NB-IoT SINR is summarized in Figure 15 as follows.
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Figure 15 NB-IoT uplink geometry
For multi-tone transmission, simulation result of NB-IoT SINR is summarized in Figure 16 as follows.
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Figure 16 NB-IoT uplink geometry
If GSM BS ACS is assumed for NB-IoT, the equivalent ACS can be regard as 58dB at the LTE aggressor’s bandwidth where frequency offset to the central of NB-IoT is larger than 680kHz (considering UMTS internal guard) [4]. Accordingly, the SINR loss of NB-IoT is expected very minor.
2.2.5 Case5: NB-IoT aggressor, GSM vicitm
For NB-IoT single-tone transmission, the results of GSM SINR and outage increase are summarized in Figure 17 and Table 9 as follows.
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Figure 17 GSM uplink geometry
Table 9 Summary of GSM uplink outage increase
	UE ACLR (dB)
	20
	25
	30
	35
	40
	45
	50
	60

	Outage increase (-point %)
	5.8
	3.0
	1.6
	1.1
	0.8
	0.2
	0.08
	0.06


For NB-IoT multi-tone transmission, the results of GSM SINR and outage are summarized in Figure 18 and Table 10 as follows.
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Figure 18 GSM uplink geometry

Table 10 Summary of GSM uplink outage increase
	UE ACLR (dB)
	20
	25
	30
	35
	40
	45
	50
	60

	Outage increase (-point %)
	3.2
	1.7
	1.2
	0.8
	0.3
	0.12
	0.07
	0.05


If GSM UE mask is assumed for NB-IoT, the equivalent ACLR can be regard as 36dB at the adjacent GSM carrier and larger than 60dB for other GSM carriers (considering 100kHz additional guard) [4]. Accordingly, the GSM outage increase is less than 1% for the adjacent GSM and less than 0.1% for other GSM carriers.
2.2.6 Case6: GSM aggressor, NB-IoT vicitm

For single-tone transmission, simulation result of NB-IoT SINR is summarized in Figure 19 as follows.
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For multi-tone transmission, simulation result of NB-IoT SINR is summarized in Figure 20 as follows.

Figure 19 NB-IoT uplink geometry
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Figure 20 NB-IoT uplink geometry
If GSM BS ACS is assumed for NB-IoT, the equivalent ACS at the adjacent GSM carrier can be regard as 47dB at the adjacent GSM carrier and larger than 55dB for other GSM carriers (considering 100kHz additional guard) [4]. Accordingly, the SINR loss of NB-IoT is expected very minor.
3 Conclusions
In this contribution we presented uplink coexistence study results between NB-IoT and other legacy systems. 
Observation 1: The impact on the uplink of legacy systems or NB-IoT due to the interference leakage between each other is minor for NB-IoT stand-alone operation, both for single-tone and multi-tone transmission.
Proposal 1: RAN4 approves to capture the above uplink coexistence study results for NB-IoT stand-alone operation.
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