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1 Introduction
In RAN plenary #72 a new study item related to the coexistence of NB-IoT with CDMA systems [1]. According to the study item description, the objective is to identify the operating bands and evaluate if existing Release 13 NB-IoT RF requirements could be reused and identify any new one that would be needed to make sure both systems could coexist properly. This contribution initiates discussion on those topics.

During last RAN4#80 meeting, simulation assumptions and methodology [4] have been agreed. Following simulations results are based on assumptions specified in this document
2 Downlink Simulation results 
2.1 Case 1 - Aggressor: NB-IoT – Victim: CDMA
Following Table 1 captures coexistence results in downlink when NB-IoT is the aggressor and CDMA the victim.
	NB-IoT BS ACLR
	40
	45
	50
	55
	   60

	CDMA capacity loss (%)
	0.10
	0.03
	0.01
	0
	0


Table 1: Case 1: BS ACLR vs Capacity Loss
A BS with 40 dB ACLR would not impact much CDMA performances in downlink.

2.2 Case 2 - Aggressor: CDMA – Victim: NB-IoT

Following Figure 1 shows coexistence results in downlink when CDMA is the aggressor and NB-IoT the victim.
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Figure 1: Case 2 - NB-IoT SINR impact
From previous figure, following Table 2 captures coexistence results in downlink when CDMA is the aggressor and NB-IoT the victim.
	%-percentile
	5%
	50%
	95%
	99%

	SINR loss (dB) - ACS 20dB
	6.0
	1.3
	0.3
	0.1

	SINR loss (dB) – ACS 25dB
	2.8
	0.8
	0.2
	0.0

	SINR loss (dB) – ACS 30dB
	1.6
	0.5
	0.0
	0.0

	SINR loss (dB) – ACS 35dB
	0.9
	0.3
	0.0
	0.0

	SINR loss (dB) – ACS 40dB
	0.7
	0.2
	0.0
	0.0


Table 2: Case 2 - UE ACS vs SINR loss
From 30 dB ACS UE, impact is low (less than 5% for 50, 95 and 99%-percentile) and very low from 35 dB ACS.
3 Uplink simulation results

3.1 Case 3 - Aggressor: NB-IoT – Victim: CDMA
Following Table 3 captures coexistence results in uplink when NB-IoT is the aggressor and CDMA the victim.
	NB-IoT UE ACLR
	20
	25
	30
	35
	40
	45
	50

	CDMA capacity loss (%)
	3 UEs 60KHz
	73.18
	65.23
	52.78
	35.49
	18.50
	7.96
	2.66


Table 3: Case 3 - UE ACLR vs Capacity loss

We have not run simulations for 12 UEs (15 kHz) and 48 UEs (3.75 kHz) but, as noticed in [3], they should give similar results:  the corresponding CLx-ile values are updated according number of UEs to maintain similar SNR level in the cell.
From 50 dB ACLR UE, impact on CDMA would be acceptable (less than 5%).
3.2 Case 4 - Aggressor: CDMA – Victim: NB-IoT

3.2.1 Multitone: 3 UEs – 60 kHz each
Following Figure 2 shows coexistence results in uplink when CDMA is the aggressor and NB-IoT the victim (3 NB-IoT UEs – 60 kHz each).
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Figure 2: Case 4 - NB-IoT SINR impact – 3 NB-IoT UEs 
From previous figure, following Table 4 captures coexistence results in uplink when CDMA is the aggressor and NB-IoT the victim.
	%-percentile
	5%
	50%
	95%
	99%

	SINR loss (dB) – ACS 40dB
	0.4
	0.1
	0.0
	0.2

	SINR loss (dB) – ACS 45dB
	0.4
	0.1
	0.0
	0.2

	SINR loss (dB) – ACS 50dB
	0.4
	0.1
	0.0
	0.2


Table 4: Case 4 - BS ACS vs SINR loss – 3 NB-IoT UEs
From 40 dB ACS BS, impact is very low on NB-IoT performance considering multi-tone UEs.
3.2.2 Single tone: 12 UEs – 15 kHz each

Following Figure 3 shows coexistence results in uplink when CDMA is the aggressor and NB-IoT the victim (12 NB-IoT UEs – 15 kHz each)
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Figure 3: Case 4 - NB-IoT SINR impact – 12 NB-IoT UEs
From previous figure, following Table 5 captures coexistence results in uplink when CDMA is the aggressor and NB-IoT the victim.
	%-percentile
	5%
	50%
	95%
	99%

	SINR loss (dB) – ACS 40dB
	0.0
	0.1
	0.3
	0.5

	SINR loss (dB) – ACS 45dB
	0.0
	0.1
	0.3
	0.4

	SINR loss (dB) – ACS 50dB
	0.0
	0.1
	0.3
	0.4


Table 5: BS ACS vs SINR loss – 12 NB-IoT UEs
From 40 dB ACS BS, impact is very low on NB-IoT performance considering single tone UEs (15 kHz).
Results for 3 UEs – 60kHz and 12 UEs-15 kHz are quite similar. This is aligned with other coexistence simulations captured in [3]. This is also consistent outcomes as the corresponding CLx-ile values are updated according number of UEs to maintain similar SNR level in the cell.
Simulations with 48 UEs – 3.75 kHz should so give similar results.
4 Conclusion
In this contribution, we presented coexistence results between CDMA and NB-IoT for downlink and uplink.
Based on the agreed criteria (1dB SNR loss for NB-IoT and 5% capacity loss for CDMA), following Table 6 recaps all simulations results from NB-IoT – CDMA coexistence study.
	BS / UE
	NB-IoT 
ACLR / ACS 
	Value (dB)
	Impacts

	BS
	ACLR
	40
	CDMA capacity loss 0.1%

	
	ACS
	40
	0.0 dB loss at 5%

0.5 dB loss at 95%

	UE
	ACLR
	50 (*)
	CDMA capacity loss 2.7%

	
	ACS
	35
	0.9 dB loss at 5%

0.0 dB loss at 95%


(*) This would correspond to an effective ACLR value of 42 dB

Table 6: NB-IoT-CDMA Coexistence simulations results
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