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1	Introduction
The study item on NB-IoT RF requirement for coexistence with CDMA was approved at RAN #72. According to WID [1], the study item has set up objectives as follows:
	· Identify operating bands for interference evaluation on NB-IoT coexistence with CDMA, such as bands around 800M (B5, B26 etc.)
· [bookmark: OLE_LINK9][bookmark: OLE_LINK10]For the NB-IoT stand-alone operation mode, evaluate coexistence requirement between NB-IoT and CDMA, and further evaluate whether R13 NB-IoT RF requirements could be reused or not.
· Identify necessary additional RF requirements to ensure NB-IoT for co-existence with CDMA.


In this contribution, we provide the initial simulation results for the uplink coexistence simulation scenarios between NB-IoT and CDMA system. The related coexistence simulation scenarios and methodology are described in our accompanying contribution [2], and the detailed simulation assumptions and parameters are provided in another accompanying contribution [3].

2 [bookmark: OLE_LINK30][bookmark: OLE_LINK31]Coexistence Simulation Results
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]As described in [2], there are total 4 coexistence simulation cases between NB-IoT and CDMA2000 1x system. In this paper, we only provide the simulation results for the two uplink cases, i.e. Case 3 and Case 4 in below table.
Table 2.1 Simulation cases of coexistence study for NB-IoT with CDMA
	Cases
	Operation mode
	Aggressor
	Victim
	Direction

	1
	Stand-alone
	NB-IoT
	CDMA2000 1x
	Downlink

	2
	Stand-alone
	[bookmark: OLE_LINK5][bookmark: OLE_LINK6]CDMA2000 1x
	NB-IoT
	Downlink

	3
	Stand-alone
	NB-IoT
	CDMA2000 1x
	Uplink

	4
	Stand-alone
	CDMA2000 1x
	NB-IoT
	Uplink



The detailed simulation assumptions and parameters can be referred in our accompanying contribution [3].
The simulation results are provided in Table 2.2 and Table 2.3 for Case 3 and Case 4 respectively. In below simulation results, 3 types of NB-IoT UE configurations are provided, i.e. 3/12/48 UEs per cell with 60/15/3.75 KHz bandwidth per UE.




Table 2.2 Simulation results for Case 3: Standalone uplink, NB-IoT aggressor, CDMA victim
	# of NB-IoT UE
	CDMA capacity loss (%) vs. NB-IoT UE ACLR

	
	20
	25
	30
	35
	40
	45
	50

	3 UEs – 60 KHz
	95.53
	89.11
	61.86
	31.25
	13.06
	4.98
	1.86

	12 UEs – 15 KHz
	95.61
	95.38
	79.09
	39.52
	14.84
	5.25
	1.98

	48 UEs – 3.75 KHz
	95.61
	95.61
	90.77
	45.63
	15.94
	5.40
	2.10



Table 2.3 Simulation results for Case 4: Standalone uplink, CDMA aggressor, NB-IoT victim
	# of NB-IoT UE
	# of NB-IoT UE
	NB-IoT SINR loss (dB) vs. NB-IoT BS ACS

	
	
	40
	45
	50

	3 UEs – 60 KHz
	SINR loss 5%-tile
	0.01
	0.01
	0.01

	
	SINR loss 50%-tile
	0.03
	0.02
	0.02

	
	SINR loss 95%-tile
	0.11
	0.10
	0.09

	
	SINR loss 99%-tile
	0.12
	0.10
	0.09

	12 UEs – 15 KHz
	SINR loss 5%-tile
	0.01
	0.01
	0.01

	
	SINR loss 50%-tile
	0.03
	0.03
	0.03

	
	SINR loss 95%-tile
	0.10
	0.09
	0.08

	
	SINR loss 99%-tile
	0.14
	0.12
	0.11

	48 UEs – 3.75 KHz
	SINR loss 5%-tile
	0.01
	0.01
	0.01

	
	SINR loss 50%-tile
	0.03
	0.03
	0.03

	
	SINR loss 95%-tile
	0.10
	0.09
	0.08

	
	SINR loss 99%-tile
	0.10
	0.09
	0.09



Based on the above results, it can be observed that:
1) For Case 3, i.e. NB-IoT interfering CDMA in uplink, when NB-IoT UE ACLR is 45 dB (defined on 180 KHz bandwidth), the CDMA system average capacity loss is around 5%. So, to satisfy the CDMA performance loss criteria that capacity loss is less or equal to 5%, the requirement for NB-IoT UE ACLR should be larger than 45 dB for its own bandwidth.
2) For Case 4, i.e. CDMA interfering NB-IoT in uplink, since the legacy CDMA UE ACLR is fixed to 33.8 dB (defined on 180 KHz bandwidth), and the input of NB-IoT BS ACS is 40/45/50 dB (defined on 180 KHz bandwidth), we can see that the major ACIR interference is from CDMA UE ACLR. The results show that even when the NB-IoT BS ACS is 40 dB (defined on 180 KHz bandwidth), it can well satisfy the NB-IoT performance loss criteria that average of SNR value loss is less or equal to 1 dB.

The above observations can be summarized as below:
[bookmark: OLE_LINK50]Observation 1: To satisfy CDMA performance loss criteria, the requirement for NB-IoT UE ACLR should be larger than 45 dB for its own bandwidth.
Observation 2: The NB-IoT performance loss criteria can be well satisfied even when NB-IoT BS ACS is 40 dB for its own bandwidth.

3 Conclusion
In this contribution, we provide our results for the uplink scenarios based on the simulation assumptions and parameters provided in our accompanying contribution [3]. Based on the simulation results, the following observations are given:
Observation 1: To satisfy CDMA performance loss criteria, the requirement for NB-IoT UE ACLR should be larger than 45 dB for its own bandwidth.
Observation 2: The NB-IoT performance loss criteria can be well satisfied even when NB-IoT BS ACS is 40 dB for its own bandwidth.

4 [bookmark: OLE_LINK63][bookmark: OLE_LINK64]Reference
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5 Appendix
The detailed simulation parameters are provided as below:
Table 2.1 Simulation assumption for coexistence study between NB-IoT and CDMA2000 1x system
	
	NB-IoT
standalone
	[bookmark: OLE_LINK15][bookmark: OLE_LINK16]CDMA2000 1x
Refer to TR25.942

	Carrier frequency in GHz
	0.85
	0.85

	Size of each nominal channel BW in MHz
	0.2
	1.23

	Transmission bandwidth in MHz
	0.18
	1.23

	Environment
	Urban macro
	Urban macro

	Network layout
	19-sites [57 sectors] with wrap-around
	19-sites [57 sectors] with wrap-around

	Inter-site distance in meter
	750m 
(Same for aggressor and victim)
	750m 
(Same for aggressor and victim)

	System loading and activity
	Full buffer 100%
	All users with 9.6kbps speech

	Network location
	Non co-located (at cell edge of legacy)
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Non co-located with IoT

	UL
	See RP-152284(both multi-tone and single-tone)
	n/a

	UL power control
	36.942 section 5.1.1.6 (set 1) by bandwidth scale, target SNR at BS is 15 dB
	TR25.942
(reuse UMTS PC)

	Frequency reuse
	1
	1

	Number of scheduled UE per cell (UL)
	3 for multi-tone (60kHz per UE), 12 for 15kHz single-tone, 48 for 3.75kHz single-tone
	according to 5.5dB noise rise; target Eb/N0=4.0dB
no MUD utilized, beta=0

	BS antenna height in meter
	30
	30

	BS antenna gain including feeder loss in dBi
	15
	15

	BS antenna pattern
	Horizontal (TR36.942)
	Horizontal 
(65deg for -3dB)

	BS antenna front-back ratio in dB
	20
	20

	UE antenna height in meter
	1.5
	1.5

	UE TX power in dBm
	-40 to 23
	-52 to 23

	UE antenna gain in dBi
	0
	0

	Building penetration loss
	45.820 Annex D.1 
	n/a

	Cell selection margin in dB
	3
	3

	BS-MS min couple loss in dB
	70
	70

	BS ACLR in dB
	40 to 60*
	36.8
(own channel measurement BW: 1.23MHz
adjacent channel measurement BW: 180kHz)

	BS ACS in dB
	40 to 50*
	81
(own channel measurement BW: 1.23MHz
adjacent channel measurement BW: 180kHz)

	UE ACLR in dB
	20 to 50*
	33.8 
(own channel measurement BW: 1.23MHz
adjacent channel measurement BW: 180kHz)

	UE ACS in dB
	20 to 40*
	49.5 
(own channel measurement BW: 1.23MHz
adjacent channel measurement BW: 180kHz)

	BS noise figure in dB
	5
	5

	BS-UE path-loss model
	TR36.942 macro urban
	TR36.942 macro urban

	Standard deviation of BS-UE log-normal shadow fading in dB
	10
	10

	Shadowing correlation
	Inter-cell 0.5 intra-cell 1
	Inter-cell 0.5 intra-cell 1

	Evaluation metrics
	SINR vs ACS (as victim)
	Capacity vs NB-IoT ACLR (as victim). For DL, capacity is the number of satisfied users. For UL, capacity is the number of users when 5.5dB noise rise is reached


*Similar to coexistence study in TR36.802, NB-IoT ACLR and ACS are defined for its own bandwidth size.
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