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1 Introduction

At RAN#76bis meeting, coexistence methodology and assumptions for NB-IOT were discussed [1]. 
In this contribution, we propose the downlink coexistence study results between legacy LTE/UMTS/GSM and NB-IOT for stand-alone operation, where NB-IOT and the legacy system are uncoordinated deployment.
2 Discussion
2.1 Simulation settings
2.1.1 Assumptions

In this paper, the simulation assumptions are based on GERAN study TR 45.820 [2], which takes into UMTS and LTE related assumptions in TR25.942 [3] and TR36.942 [4]. Some additional assumptions discussed in [1] are also observed in this paper’s study. Key common parameters are listed in Table 1 and others for each system (i.e. NB-IOT, LTE, UMTS and GSM) are summarized in Table A.1 of Annex.

Table 1 Common simulation assumptions for coexistence study
	Parameter
	Assumption (Common)

	Carrier frequency
	For coexistence with GSM/UMTS: 900MHz
For coexistence with LTE: 900MHz/2000MHz

	Inter-site distance
	For coexistence with GSM: 1732m
For coexistence with UMTS: 750m
For coexistence with LTE: 750m for 900MHz/ 500m for 2000MHz

	Propagation model
	L=I + 37.6log10(R), R in kilometers

- I=120.9 for the 900 MHz
- I=128.1 for the 2000 MHz


2.1.2 Simulation cases
Simulation cases both for the downlink and uplink are summarized in Table 2.
Table 2 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 Downlink
There are two downlink numerology options of NB-IOT (i.e. 15 kHz sub-carrier spacing and 3.75 kHz sub-carrier spacing) considered in the WID [5].The downlink numerology in this evaluation is 3.75kHz sub-carrier spacing.
2.2.1 Coexistence with LTE
For the case 1 of NB-IOT BS as aggressor, simulation results are summarized as follows.
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Figure 1 LTE downlink throughput loss
Table 3 Summary of LTE downlink throughput loss

	BS ACLR (dB)
	40
	45
	50
	55
	60

	Average throughput loss (%), 2000MHz
	1.8
	0.77
	0.4
	0.27
	0.23

	5%-ile throughput loss (%), 2000MHz
	6.2
	2.3
	1.5
	1.2
	1.0

	Average throughput loss (%), 900MHz
	1.7
	0.74
	0.38
	0.26
	0.22

	5%-ile throughput loss (%), 900MHz
	5.4
	2.2
	1.4
	1.1
	1.0


For the case 2 of NB-IOT UE as victim, the difference of NB-IOT UE antenna gain assumptions only impacts the performance of NB-IOT UE as victim cases for the downlink. The geometry of NB-IOT between two UE antenna gain values is compared in Figure 2.
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Figure 2 NB-IOT downlink geometry comparisons
It can be seen that the difference between -4dBi and 0dBi is negligible both for 900MHz and 2000MHz. Thus for all downlink cases study of NB-IOT as victim, only single value of NB-IOT UE antenna is applied for simplicity. Simulation results are summarized as follows.
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Figure 3 NB-IOT downlink geometry
Table 4 Summary of NB-IOT outage degradation
	UE ACS (dB)
	20
	25
	30
	35
	40

	Outage degradation (-point %), 2000MHz
	6.4
	3.5
	2.1
	1.2
	0.6

	Outage degradation (-point %), 900MHz
	6.3
	3.5
	2.0
	1.1
	0.6


2.2.2 Coexistence with UMTS
For the case 3 of NB-IOT BS as aggressor, simulation results are summarized as follows.
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Figure 4 UMTS downlink capacity loss
Table 5 Summary of UMTS downlink capacity loss

	BS ACLR (dB)
	40
	45
	50
	55
	60

	Capacity loss (%)
	4.01
	2.27
	1.54
	1.32
	1.28


For the case 4 of NB-IOT UE as victim, simulation results are summarized as follows.
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Figure 5 NB-IOT downlink geometry
Table 6 Summary of NB-IOT outage degradation
	UE ACS (dB)
	20
	25
	30
	35
	40

	Outage degradation (-point %)
	4.5
	2.4
	1.3
	0.7
	0.3


2.2.3 Coexistence with GSM
For the case 5 of NB-IOT BS as aggressor, simulation results are summarized as follows.
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Figure 6 UMTS downlink capacity loss

Table 7 Summary of UMTS downlink capacity loss
	BS ACLR (dB)
	40
	45
	50
	55
	60

	Outage degradation (-point %)
	3.4
	2.3
	1.9
	1.6
	1.5


For the case 6 of NB-IOT UE as victim, simulation results are summarized as follows.
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	UE ACS (dB)
	20
	25
	30
	35
	40

	Outage degradation (-point %)
	4.9
	2.8
	1.5
	0.8
	0.4


3 Conclusions
In this contribution we presented downlink coexistence study results between NB-IOT of downlink 3.75 kHz sub-carrier spacing and other legacy systems. 
Proposal 1: RAN4 approves to capture the above coexistence study results for downlink coexistence.
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Annex 

Coexistence study simulation assumptions for NB-IOT and GSM/UMTS/LTE are summarized in Table A.1.

Table A.1 Coexistence study simulation assumptions for NB-IOT and LTE/UMTS/GSM
	Parameter
	Assumption (NB-IOT)

	System bandwidth
	200kHz

	Channel allocation guard
	To LTE and UMTS: no additional guard bandwidth

To GSM: 100kHz additional guard bandwidth

	Frequency reuse
	1

	Transmit power
	BS: 43dBm

UE: Maximum 23 dBm, Minimum -40 dBm

	Power control
	DL: No

UL: Based on TR 36.942

- Full path-loss compensation with CLx-ile adapted to bandwidth.

	UE antenna
	0dBi and -4dBi

	Building Penetration Loss
	Annex D.1 of TR 45.820
(Not applied for the case of UE aggressor)

	System loading
	For the downlink, 1 active UE with full subcarrier
For the uplink, full loaded active UEs with 1 sub-carrier per UE

	ACLR
	BS: [40, 45, 50, 55, 60] dB
UE: [20, 25, 30, 35, 40, 45, 50] dB

	ACS
	BS: [40, 45, 50] dB
UE: [20, 25, 30, 35, 40] dB

	Performance metric
	Outage (i.e. SINR threshold corresponding to 164 dB coupling loss, as 20dB coverage enhancement) degradation

	Parameter
	Assumption (LTE)

	System bandwidth
	10MHz

	Frequency reuse
	1

	Transmit power
	BS: 46dBm

UE: Maximum 23 dBm, Minimum -40 dBm

	Power control
	DL: No

UL: according to TR 36.942

	System loading
	For the downlink, 1 active UE per sub-frame with 50 RBs per UE.
For the uplink, 3 active UEs per sub-frame with 16 RBs per UE for uplink (total 48 RBs)

	ACLR
	BS: 45dB

UE: ACLR1 30dB, ACLR2 43dB

	ACS
	BS: 45dB

UE: 33dB

	Performance metric
	Throughput reduction.
Link level performance model see Annex A, 3GPP TR 36.942

	Parameter
	Assumption (UMTS)

	System bandwidth
	5MHz

	Frequency reuse
	1

	Transmit power
	BS: 43dBm

UE: Maximum 24 dBm, Minimum -50 dBm

	Power control
	DL: according to TR 25.942

UL: according to TR 25.942

	System loading
	- The number of users in the uplink is evaluated according to a 6 dB noise rise over the thermal noise in the UL.

- The number of users in the downlink is evaluated that 95 % of the users achieve an Eb/No of at least (target Eb/No -0,5 dB) (i.e. 95 % of users are satisfied).

	Target Eb/No
	UL: 6.1dB

DL: 7.9dB

	ACLR
	BS: 45dB

UE: 33dB

	ACS
	BS: 45dB

UE: 33dB

	Performance metric
	Capacity reduction.

- For the downlink, capacity is the number of satisfied speech users.

- For the uplink, capacity is the number of users when 6dB noise rise is reached.

	Parameter
	Assumption (GSM)

	System bandwidth
	2.4MHz

	Frequency reuse
	4/12

	Transmit power
	BS: 43dBm

UE: Maximum 33 dBm, Minimum 5 dBm

	Power control
	DL: No

UL: CS power control based on 25.816

	Target SINR
	DL: 9dB

UL: 6dB

	System loading
	100%

	ACLR
	ACLR for BS and UE are derived from 3GPP TS 45.005, with the assumption that ACLR for the base station includes both wideband noise emissions and IM products.

	ACS
	ACS for BS and UE are derived from 3GPP TS 45.005, under the condition that a guard band of 100 kHz or more between NB-IOT and GSM is assumed.

	Performance metric
	Outage (i.e. 0.5 dB less than target SINR) degradation













































































