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1 Introduction

At RAN#69 plenary meeting, a new WI, namely NB-IOT was approved [1] based on techniques described in [2]. The modes of operation are recapped as follows:
NB-IOT should support 3 different modes of operation: 

1.
‘Stand-alone operation’ utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers

2.
‘Guard band operation’ utilizing the unused resource blocks within a LTE carrier’s guard-band 

3.
‘In-band operation’ utilizing resource blocks within a normal LTE carrier
And the following for downlink and uplink are stated:

· 180 kHz UE RF bandwidth for both downlink and uplink
· OFDMA on the downlink

· Two numerology options will be considered for inclusion: 15 kHz sub-carrier spacing (with normal or extended CP) and 3.75 kHz sub-carrier spacing. Technical analysis will either perform a down-selection or decide on inclusion of both based on the feasibility of meeting relevant requirements while achieving commonality (to be finalized by RAN #70)

· For the uplink, two options will be considered: FDMA with GMSK modulation (as described in 3GPP TR 45.820 section 7.3), and SC-FDMA (including single-tone transmission as a special case of SC-FDMA) 

· Technical analysis will either perform a down-selection or decide on inclusion of both
In this contribution, we summarize NB-IOT coexistence studies of downlink 3.75kHz sub-carrier spacing and uplink FDMA with GMSK modulation for stand-alone operation under the agreement of assumptions in [2] which have been done in GERAN named as NB-CIoT. The terminology used in GERAN is modified to comply with description in the NB-IOT WID.
2 Discussion
2.1 Uplink
2.1.1 NB-IOT assumptions

Table 1 lists the major assumptions for NB-IOT uplink FDMA with GMSK. For other detailed assumptions, see Annex.

Table 1 Simulation assumptions for NB-IOT, uplink
	Parameter
	Setting

	Cell frequency reuse
	1/3

	Sub-carrier spacing (kHz)
	5

	Sub-carrier number per cell
	12

	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 (i.e. greater than the number of sub-carriers per cell, to simulate a fully loaded system)

	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 FDMA with GMSK, where x = floor(carrier spacing/channel bandwidth) + 1. In the simulations, 
For coexistence with GSM, only ACLRadj-23 was modeled for UE because of the additional guard band of 100 kHz and an intra guard band of 10 kHz on each side of the 180kHz UE RF bandwidth (23 = floor(110/5) + 1). An adjacent channel leakage power ratio equal to ACLR adj-23 for the uplink are also assumed for frequency offsets with uplink adjacent channel index greater than 23. (i.e. worst case flat ACLR for these frequency offsets). 

For coexistence with UTRA, only ACLRadj-119 was modeled for UE because of the UTRA guard band of 580kHz for 5MHz FDD UTRA system and an intra guard band of 10kHz on each side of the 180kHz UE RF bandwidth (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).
For coexistence with E-UTRA, only ACLRadj-103 was modeled for UE because of the E-UTRA guard band of 500kHz for 10MHz E-UTRA system and an intra guard band of 10kHz on each side of the 180kHz UE RF bandwidth (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 FDMA with GMSK, where x = floor(carrier spacing/channel bandwidth) + 1. ACS is assumed to be the same for all frequency offsets from the NB-IOT UE allocated channel in the simulation.
*** NB-IOT was fully loaded, i.e. all resources were occupied in each simulation.
2.1.2 Coexistence with GSM
Table A.1 in Annex list the assumptions for coexistence with GSM.
The simulation cases are summarized in Table 2.

Table 2 Simulation cases for coexistence with GSM, uplink
	Cases
	Aggressor
	Victim
	Link direction
	GSM frequency reuse
	Deployment

	1
	NB-IOT
	GSM
	Uplink
	4/12
	Coordinated

	2
	GSM
	NB-IOT
	Uplink
	4/12
	Coordinated

	3
	NB-IOT
	GSM
	Uplink
	3/9
	Coordinated

	4
	GSM
	NB-IOT
	Uplink
	3/9
	Coordinated

	5
	NB-IOT
	GSM
	Uplink
	4/12
	Uncoordinated

	6
	GSM
	NB-IOT
	Uplink
	4/12
	Uncoordinated

	7
	NB-IOT
	GSM
	Uplink
	3/9
	Uncoordinated

	8
	GSM
	NB-IOT
	Uplink
	3/9
	Uncoordinated


10 legacy GSM users dropped in each cell and randomly selected (i.e. greater than the number of timeslots per cell, to simulate a fully loaded system).
The observed worst case among the total GSM victim cases is case 5 where the required UE ACLRadj-23 was found to be larger than others. To reflect one company’s suggestion in GERAN, this case was then re-simulated as case5a but assuming a lightly loaded GSM victim system (i.e. only one out of eight TSs were occupied per GSM carrier per snapshot). 
The overall simulation results include lightly loaded GSM victim case show that the following uplink RF system characteristics for FDMA with GMSK are sufficient for NB-IOT to be deployed in coexistence with GSM both in coordinated and uncoordinated deployment under stand-alone operation.
Table 3 Summary of coexistence with GSM, uplink
	BS ACS at 23rd adjacent channel
	UE ACLR at 23rd adjacent channel

	50 dB
	44.5 dB

	Coverage probability loss at 20dB enhancement (uplink)
	EGPRS uplink 5%-ile throughput reduction (%)
	GSM speech outage degradation (uplink)

	~4.5%
	~4.9%
	~1.8%


2.1.3 Coexistence with UTRA

Table A.2 in Annex list the assumptions for coexistence with UTRA.

The simulation cases are summarized in Table 4.

Table 4 Simulation cases for coexistence with UTRA, uplink
	Cases
	Aggressor
	Victim
	Link direction

	1
	NB-IOT
	UTRA
	Uplink

	2
	UTRA
	NB-IOT
	Uplink


Simulation results show that the following uplink RF system characteristics for FDMA with GMSK are sufficient for NB-IOT to be deployed in coexistence with UTRA in uncoordinated deployment under stand-alone operation.
Table 5 Summary of coexistence with UTRA, uplink
	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%


2.1.4 Coexistence with E-UTRA

Table A.2 in Annex list the assumptions for coexistence with E-UTRA.

The simulation cases are summarized in Table 6.
Table 6 Simulation cases for coexistence with E-UTRA, uplink
	Cases
	Aggressor
	Victim
	Link direction

	1
	NB-IOT
	E-UTRA
	Uplink

	2
	E-UTRA
	NB-IOT
	Uplink


Simulation results show that the following uplink RF system characteristics for FDMA with GMSK are sufficient for NB-IOT to be deployed in coexistence with E-UTRA in uncoordinated deployment under stand-alone operation.
Table 7 Summary of coexistence with E-UTRA, uplink
	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%


2.2 Downlink
2.2.1 NB-IOT assumptions

Table 8 lists assumptions for NB-IOT downlink 3.75 kHz sub-carrier spacing. For other assumptions, see Annex.

Table 8 Simulation assumptions for NB-IOT, downlink
	Parameter
	Setting

	Cell frequency reuse
	1/3

	Sub-carrier spacing (kHz)
	3.75

	Sub-carrier number per cell
	15

	BS maximum transmit power (dBm)
	38.2

	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 (i.e. greater than the number of sub-carriers per cell, to simulate a fully loaded system)

	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 re-farming from GSM carrier, where x = floor(carrier spacing/channel bandwidth) + 1. In the simulations,
For coexistence with GSM, only ACLRadj-1 was modeled for BS because an additional guard band of 100 kHz on each side of the NB-IOT (1 = floor(100/200)+1). An adjacent channel leakage power ratio equal to ACLRadj-1 for the downlink are also assumed for frequency offsets with downlink adjacent channel index greater than 1. (i.e. worst case flat ACLR for these frequency offsets).
For coexistence with UTRA, only ACLRadj-3 was modeled for BS because of the UTRA 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).
For coexistence with E-UTRA, only ACLRadj-3 was modeled 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-IOT, where x = floor(carrier spacing/channel bandwidth) + 1. ACS is assumed to be the same for all frequency offsets from the NB-IOT allocated channel in the simulation.
*** NB-IOT was fully loaded, i.e. all resources were occupied in each simulation.
2.2.2 Coexistence with GSM

Table A.1 in Annex list the assumptions for coexistence with GSM.

The simulation cases are summarized in Table 9.

Table 9 Simulation cases for coexistence with GSM, downlink
	Cases
	Aggressor
	Victim
	Link direction
	GSM frequency reuse
	Deployment

	1
	NB-IOT
	GSM
	Downlink
	4/12
	Coordinated

	2
	GSM
	NB-IOT
	Downlink
	4/12
	Coordinated

	3
	NB-IOT
	GSM
	Downlink
	3/9
	Coordinated

	4
	GSM
	NB-IOT
	Downlink
	3/9
	Coordinated

	5
	NB-IOT
	GSM
	Downlink
	4/12
	Uncoordinated

	6
	GSM
	NB-IOT
	Downlink
	4/12
	Uncoordinated

	7
	NB-IOT
	GSM
	Downlink
	3/9
	Uncoordinated

	8
	GSM
	NB-IOT
	Downlink
	3/9
	Uncoordinated


10 legacy GSM users dropped in each cell and randomly selected (i.e. greater than the number of timeslots per cell, to simulate a fully loaded system).
The observed worst case among the total GSM victim cases is case 7 where the required BS ACLRadj-1 was found to be larger than others. To reflect one company’s suggestion in GERAN, this case was then re-simulated as case7a but assuming a lightly loaded GSM victim system (i.e. only one out of eight TSs were occupied per GSM carrier per snapshot). 

The overall simulation results include lightly loaded GSM victim case show that the following downlink RF system characteristics for 3.75 kHz sub-carrier spacing are sufficient for NB-IOT to be deployed in coexistence with GSM both in coordinated and uncoordinated deployment under stand-alone operation.
Table 10 Summary of coexistence with GSM, downlink
	UE ACS at 1st adjacent channel
	BS ACLR at 1st adjacent channel

	25 dB
	40 dB

	Coverage probability loss at 20dB enhancement (downlink)
	EGPRS downlink 5%-ile throughput reduction (%)
	GSM speech outage degradation (downlink)

	~4.0%
	~4.9%
	~2.0%


2.2.3 Coexistence with UTRA

Table A.2 in Annex list the assumptions for coexistence with UTRA.

The simulation cases are summarized in Table 11.

Table 11 Simulation cases for coexistence with UTRA, downlink
	Cases
	Aggressor
	Victim
	Link direction

	1
	NB-IOT
	UTRA
	Downlink

	2
	UTRA
	NB-IOT
	Downlink


Simulation results show that the following downlink RF system characteristics for 3.75 kHz sub-carrier spacing are sufficient for NB-IOT to be deployed in coexistence with UTRA in uncoordinated deployment under stand-alone operation.
Table 12 Summary of coexistence with UTRA, downlink
	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 %


2.2.4 Coexistence with E-UTRA

Table A.2 in Annex list the assumptions for coexistence with E-UTRA.

The simulation cases are summarized in Table 13.
Table 13 Simulation cases for coexistence with E-UTRA, downlink
	Cases
	Aggressor
	Victim
	Link direction

	1
	NB-IOT
	E-UTRA
	Downlink

	2
	E-UTRA
	NB-IOT
	Downlink


Simulation results show that the following downlink RF system characteristics for 3.75 kHz sub-carrier spacing are sufficient for NB-IOT to be deployed in coexistence with E-UTRA in uncoordinated deployment under stand-alone operation.
Table 14 Summary of coexistence with E-UTRA, downlink
	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 %


3 Conclusions
The summary and overall conclusion of compliance with compatibility objective for coexistence with GSM/UMTS/LTE in GERAN is that NB-CIoT show compliance to this objective. Hence we believe that NB-IOT downlink 3.75kHz sub-carrier spacing and uplink FDMA with GMSK modulation can coexist with GSM/UMTS/LTE for stand-alone operation.
Proposal 1:When RAN4 considers the coexistence study, it is proposed that RAN4 can reuse the GERAN conclusion that NB-IOT downlink 3.75kHz sub-carrier spacing and uplink FDMA with GMSK solution can coexist with GSM/UMTS/LTE for stand-alone operation.
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Annex 

General simulation assumptions for coexistence between CIoT and GSM are summarized in Table A.1.

Table A.1 Summary of simulation assumptions for coexistence with GSM

	No
	Parameter
	Assumption

	1
	Analysis method
	- Snapshot based Monte-Carlo simulation

- The victim performance losses as a function of ACIR

	2
	Network layout
	CIoT and GSM networks are deployed in,

- Coordinated operation

- Uncoordinated operation (i.e. worst-case shift between operators, GSM site being located at CIoT cell edge)

	3
	Simulation cases
	There are four simulation cases for each network layout,

- Case 1, GSM MS victim and CIoT BS aggressor.

- Case 2, GSM BS victim and CIoT MS aggressor.

- Case 3, CIoT MS victim and GSM BS aggressor.

- Case 4, CIoT BS victim and GSM MS aggressor.

	4
	Channel allocation
	There are two channel allocation scenarios,

- Scenario 1, the CIoT system is placed at one end of a number of contiguous GSM carriers in uncoordinated operation.

- Scenario 2, the CIoT system is placed in the middle of a number of contiguous GSM carriers in coordinated operation.

	5
	Cellular Layout
	- Macro environment

- Hexagonal grid

- 3 sectors per site

- Inter-site distance 1732m

	6
	Frequency usage
	- GSM cell frequency reuse: 3/9 and 4/12

- No frequency hopping for GSM

	7
	User distribution
	- Users dropped uniformly in entire cell

	8
	System parameters
	- BS Antenna pattern (horizontal) see table 5-7, 3GPP TR 45.914, 65° H-plane.
- BS antenna gain 18dBi

- BS cable loss 3dB

- BS-MS minimum coupling loss 59dB

For GSM,

- MS antenna gain 0dBi

	9
	Propagation model
	- Frequency band 900 MHz

- L=I + 37.6log10(.R), R in kilometers

- I=120.9 for the 900 MHz band

- Shadowing standard deviation 8dB

- Correlation distance of shadowing 110m

- Shadowing correlation, 0.5 between cell sites and 1 between sectors of same site

	10
	Building Penetration Loss
	For GSM,

- No additional building penetration loss.

For CIoT,

- - See Annex D.1 of 3GPP TR 45.820. (No additional building penetration loss for the case of CIoT UE aggressor)

	11
	Power control
	For GSM, 

Stabilization algorithm same as for WCDMA (C/I based) with a margin of 5 dB added to the SIR target.

- Maximum power (TRx): 43 dBm 

- Minimum power (TRx): 10 dBm (non-BCCH)

- Maximum power (MS): 33 dBm

- Minimum power (MS): 5 dBm

	12
	SINR target
	For GSM speech,

- Downlink: 9 dB

- Uplink: 6 dB

	13
	Performance metrics
	For GSM speech,

- Outage (i.e. 0.5 dB less than target SINR) degradation due to CIoT interference.

For GSM data,

- Throughput reduction in percent relative to the reference throughput without CIoT interference, separately for all UE and for the 5% throughput CDF UE..

For CIoT,

- SINR reduction due to GSM interference.

	14
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For GSM,

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


General simulation assumptions for coexistence with E-UTRA and UTRA are summarized in Table A.2.

Table A.2 Summary of simulation assumptions for coexistence with E-UTRA and UTRA

	No
	Parameter
	Assumption (common)
	Remarks

	1
	Analysis method
	- Snapshot based Monte-Carlo simulation.

- The victim performance losses as a function of ACIR.
	- According to section 5.1 in 3GPP TR36.942

- According to section 5.1.7.1.2 in 3GPP TR25.942 and section 5.1.1.9 in 3GPP TR36.942

	2
	Network layout
	E-UTRA/UTRA networks are deployed in,

- Uncoordinated deployment (i.e. worst-case shift between operators, E-UTRA/UTRA site being located at CIoT cell edge)
	- According to section 4.4.2.1 in 3GPP TR36.942

	3
	Simulation cases
	There are four simulation cases for each network layout,

- Case 1, E-UTRA/UTRA UE victim and CIoT BS aggressor.

- Case 2, E-UTRA/UTRA BS victim and CIoT UE aggressor.

- Case 3, CIoT UE victim and E-UTRA/UTRA BS aggressor.

- Case 4, CIoT BS victim and E-UTRA/UTRA UE aggressor.
	- According to section 6.1 in 3GPP TR36.942

	4
	Channel allocation
	The CIoT system is placed at one end of E-UTRA/UTRA carrier in uncoordinated operation.
	- According to section 4.2 in 3GPP TR25.816

	5
	Cellular Layout
	- Macro environment

- Urban area

- Hexagonal grid

- 3 sectors per site

- 19 sites (i.e., 57 sectors) with wrap-around

- Inter-site distance 750m
	- According to Table C.1 in 3GPP TR36.942

	6
	Frequency usage
	- E-UTRA/UTRA frequency reuse 1.
	- According to section 5.1.1.4 in TR36.942

	7
	User distribution
	- Users dropped uniformly in entire cell
	- According to section 5.1.5.1 in TR25.942

	8
	System parameters
	- BS antenna pattern (horizontal) see sub-clause 4.2.1.1, 3GPP TR 36.942.
- BS antenna gain (including cable loss) 15dBi

- Minimum coupling loss 70dB

For E-UTRA/UTRA,

- MS antenna gain 0dBi

- Handover margin 3dB

- BS noise figure 5dB

- UE noise figure 9dB
	- According to Table C.1 in 3GPP TR36.942

	9
	Propagation model
	- Frequency band 900 MHz

- L=I + 37.6log10(.R), R in kilometers

- I=120.9 for the 900 MHz band

- Shadowing standard deviation 10dB

- Shadowing correlation, 0.5 between cell sites and 1 between sectors of same site
	- According to Table C.1 in 3GPP TR36.942

	10
	Building Penetration Loss
	For CIoT,

- see Annex D.1 of 3GPP TR 45.820.
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	- According to section 5.1.1.3 and section 9.1.2.5 in 3GPP TR25.942

	No
	Parameter
	Assumption (E-UTRA)
	

	12
	System bandwidth
	- 10MHz
	- According to Table C.1 in 3GPP TR36.942

	13
	Power control
	- See sub-clause 5.1.1.6 of 3GPP TR 36.942

- BS max tx power: 46dBm

- UE max tx power: 23dBm

- UE min tx power: -40dBm
	- According to section 5.1.1.6 and  Table C.1 in 3GPP TR36.942

	14
	System loading
	- Traffic model: full buffer

- Resource Block size: 180kHz

- 1 active UE per sub-frame with 50 RBs per UE for downlink

- 3 active UEs per sub-frame with 16 RBs per UE for uplink (total 48 RBs)
	- According to section 12.1.2 and Table C.1 in 3GPP TR36.942

	15
	ACLR/ACS
	For BS,

- ACLR: 45dB

- ACS: 45dB

For UE,

- ACLR1: 30dB, ACLR2: 43dB (over bandwidth of aggressor)

- ACS: 33dB
	- According to table 9.1 in 3GPP TR25.942, section 6.6.2.3 and section 7.5 in 3GPP TS36.101, section 6.6.2 in 3GPP TS36.104

	16
	Performance metric
	- Throughput reduction in percent relative to the reference throughput without external interference vs. ACIR, separately for all UE and for the 5% throughput CDF UE. 

- Link level performance model see Annex A, 3GPP TR 36.942
	- According to section 5.1.1.9 in 3GPP TR36.942

	No
	Parameter
	Assumption (UTRA)
	

	17
	System bandwidth
	- 5MHz
	- According to Table C.1 in 3GPP TR36.942

	18
	Power control
	- See sub-clause 5.1.6.2 and 5.1.6.3 of 3GPP TR 25.942

- BS max tx power: 43dBm

- UE max tx power: 21dBm

- UE min tx power: -50dBm
	- According to section 5.1.6.2 and section 5.1.6.3 of 3GPP TR 25.942 and Table C.1 in 3GPP TR36.942

	19
	System loading
	- Traffic model: Speech (8kbps), full buffer

- 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).
	- According to Table C.1 in 3GPP TR36.942 and section 5.1.7 in 3GPP TR25.942



	20
	Non orthogonality factor
	- UL: N/A

- DL: 0.4
	- According to Table C.1 in 3GPP TR36.942

	21
	Target Eb/N0
	For speech (8kbps),

- UL: 6.1dB

- DL: 7.9dB
	- According to Table C.1 in 3GPP TR36.942

	22
	ACLR/ACS
	For BS,

- ACLR: 45dB

- ACS: 45dB

For UE,

- ACLR: 33dB

- ACS: 33dB
	- According to section 6.6.2.2 and section 7.5 in 3GPP TS25.101, section 6.6.2.2 in 3GPP TS25.104, table 9.1 in 3GPP TR25.942

	23
	Performance metric
	- Capacity reduction in percent relative to the reference capacity without external interference vs. ACIR, separately for downlink and uplink.

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

- For uplink, capacity is the number of users when 6dB noise rise is reached.
	- According to section 5.1.1.9 in 3GPP TR36.942 and section 5.1.7 in 3GPP TR25.942
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