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1	Introduction
The study item on NB-IoT RF requirement for coexistence with CDMA was approved at RAN #72 [1]. In RAN4 #80, the details of coexistence simulation methodology has been well discussed with the way forward agreed [2], and the coexistence study simulation results from companies are provided and aligned in RAN4 #80Bis [3]. Based on the results and group discussion, the conclusion on two scenarios related to BS requirements has been made, captured in the RAN4 #80Bis chairman notes:
	· Rel-13 NB-IoT BS ACLR requirement is stringent enough to guarantee the protection for CDMA system, and no additional requirement is required.
· Rel-13 NB-IoT BS ACS requirement is stringent enough to guarantee the coexistence with neighboring CDMA system, and no additional requirement is required.



And the following way forward was also agreed [4]: 
	· RAN4 will study whether the achievable ACLR value obtained from Rel-13 NB-IoT UE RF requirement can guarantee the coexistence with CDMA, with the following method to obtain the achievable ACLR values from Rel-13 requirement:
· Using NB-IoT UE spectrum emission mask specified in Table 6.6.2F.1-1, with 385kHz edge to edge separation for CDMA, i.e., around 49dB ACLR (integrated over 180kHz adjacent channel frequency based on the emission mask with 23dBm assumed for Tx power).

· The way to determine the required ACLR value for coexistence with CDMA from submitted simulation results: 
· FFS.

· Companies are encouraged to check the simulation and bring results in RAN4 #81 for further alignment and analysis, by focusing on the following scenarios:
· Scenario-2: DL CDMA BS interfere to NB-IoT UE.
· Scenario-3: UL NB-IoT UE interfere to CDMA BS.

· For better alignment and more time for company to perform analysis, companies should provide their updated simulation results for Scenario 2 and 3, over RAN4 email reflector before 31th Oct. (one week before RAN4#81 contribution submission deadline).

· In RAN4 #81, RAN4 should make the conclusion on whether or not Rel-13 NB-IoT UE RF requirement can satisfy the coexistence with legacy CDMA system.



In this contribution, the text proposal is provided to complete the analysis parts in the final technical report TR36.752. For Scenario 1&4 in which conclusions have been made in RAN4 #80Bis, TP is based on group discussion and agreement, while TP for Scenario 2&3 is prepared based on analysis in this paper with group’s simulation alignment. 
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3 Text Proposal
<<< Start of text proposal for TR >>>
[bookmark: _Toc458781256]7	RF requirement evaluation for NB-IoT coexistence with CDMA
[bookmark: _Toc458781257][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Co-existence simulations are performed between NB-IoT and CDMA systems. These simulation results summarized in the previous chapter will be utilized to study whether or not Rel-13 NB-IoT BS and UE RF requirement can satisfy the coexistence with legacy CDMA system. 
It should be noted that based on the approved simulation assumption, the carrier separation between NB-IoT and CDMA is 1.1 MHz. Correspondingly the edge to edge frequency separation is 385 kHz. The analysis is based on this assumption.
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7.1	Study of BS requirement
<Text will be added>
7.1.1 NB-IoT BS Adjacent Channel Leakage power Ratio (ACLR)
From the simulation results, BS ACLR requirements are summarized in Table 7.1.1-1.
Table 7.1.1-1: Simulation results outcomes for BS ACLR
	BS
	Company
	Value
(dB)
	Impact
	Agreed ACLR Requirement (dB)

	ACLR
	Samsung
	40
	1.44% capacity loss
	<40

	
	Huawei
	30
	1.6% capacity loss
	

	
	Qualcomm
	35
	0.39% capacity loss
	

	
	Ericsson
	40
	0.1% capacity loss
	



Based on simulation results for the coexistence scenario 1 from different companies, the CDMA performance loss criteria (equal or less than 5% capacity loss) can be well satisfied even when NB-IoT BS ACLR is 40 dB (defined for its own bandwidth). By comparing with current Rel-13 NB-IoT requirement defined in TS 36.104, the current requirements (40dB for 1st neighboring channel and 50dB for 2nd neighboring channel) are stringent enough to guarantee the protection for CDMA system, especially considering more guard band (1.1 MHz for central frequency separation, or equivalently 385kHz edge to edge separation) is provided for the coexistence scenario for CDMA system.
Therefore, Rel-13 NB-IoT BS ACLR requirement is stringent enough to guarantee the protection for CDMA system, and no additional requirement is needed.

7.1.2 NB-IoT BS Adjacent Channel Selectivity (ACS)
From the simulation results, BS ACS requirements are summarized in Table 7.1.2-1.
Table 7.1.2-1: Simulation results outcomes for BS ACS
	BS
	Company
	Value
(dB)
	Impact
	Agreed ACS Requirement (dB)

	ACS
	Samsung
	40
	[0.01; 0.10] dB
	<45

	
	Huawei
	45
	[0.01; 0.07] dB
	

	
	Qualcomm
	40
	[0.001; 0.02]
	

	
	Ericsson
	40
	[0.0; 0.40] dB
	



Based on simulation results for the coexistence scenario 4 from different companies, the NB-IoT performance loss criteria (equal or less than 1dB SINR loss) can be well satisfied even when NB-IoT BS ACS is 45 dB for its own bandwidth. By comparing with current Rel-13 NB-IoT requirement defined in TS 36.104, the current requirements (~45 dB at 100 KHz edge to edge frequency offset) are stringent enough to guarantee the protection for CDMA system. The guard band (1.1 MHz for central frequency separation, or equivalently 385kHz edge to edge separation) also provide enough margin to guarantee the protection requirement for CDMA system can be meet easily.
Hence, Rel-13 NB-IoT BS ACS requirement is stringent enough to guarantee the coexistence with neighboring CDMA system, and no additional requirement is needed.
[bookmark: _Toc458781258]7.2	Study of UE requirement
<Text will be added>
7.2.1 NB-IoT UE Adjacent Channel Leakage power Ratio (ACLR)
From the simulation results, UE ACLR requirements are summarized in Table 7.2-1
Table 7.2.1-1: Simulation results outcomes for UE ACLR
	UE
	Company
	Value
(dB)
	Impact
	Agreed ACLR Requirement (dB)

	ACLR
	Samsung
	45
	[2.82; 4.15] % capacity loss
	<50

	
	Huawei
	40
	[3.20;5] % capacity loss
	

	
	Qualcomm
	50
	[2.03;3.26]% capacity loss
	

	
	Ericsson
	50
	2.66% capacity loss
	



As RAN4 group agreement, NB-IoT UE spectrum emission mask specified in Table 6.6.2F.1-1 in TS 36.101 will be used to study whether the achievable ACLR value obtained from Rel-13 NB-IoT UE RF requirement can guarantee the coexistence with CDMA. Specifically, with 385kHz edge to edge separation between CDMA and NB-IoT deployment, around 49dB ACLR (integrated over 180kHz adjacent channel frequency based on the emission mask with 23dBm assumed for Tx power) can be provided. Furthermore, more than 50dB can be expected with 485kHz edge to edge separation. 
Based on simulation results for the coexistence scenario 3 from different companies, the CDMA performance loss criteria (equal or less than 5% capacity loss) can be well satisfied when the minimum requirement for NB-IoT UE ACLR is within the range of 45-50 dB (defined for its own bandwidth). Considering the practical NB-IoT UE implementation margin from spectrum emission mask, the ACLR requirement to protect CDMA can be easily satisfied without the necessity to introduce extra requirement and test case.
Hence, Rel-13 NB-IoT UE ACLR requirement (with 385kHz edge to edge separation between CDMA and NB-IoT deployment), can guarantee the coexistence with neighboring CDMA system considering practical NB-IoT UE implementation margin, and no additional requirement is needed. 

7.2.2 NB-IoT UE Adjacent Channel Selectivity (ACS)
From the simulation results, UE ACS requirements are summarized in Table 7.2.2-1
Table 7.2.2-1: Simulation results outcomes for UE ACS
	UE
	Company
	Value
(dB)
	Impact
	Agreed ACS Requirement (dB)

	ACS
	Samsung
	25
	[0.01; 0.76] dB
	<35

	
	Huawei
	35
	[0;1.17] dB
	

	
	Qualcomm
	30
	[0.01;0.89]dB
	

	
	Ericsson
	35
	[0;0.9] dB
	



Based on the simulation results for the coexistence scenario 2 from different companies, the NB-IoT performance loss criteria (equal or less than 1dB SINR loss) can be well satisfied when the requirement for the NB-IoT UE ACS is equal or larger than 35 dB for its own bandwidth, except one worst case simulation result from an individual company, in which SINR loss could be as large as 1.17dB for 5%-tile UE under 35dB ACS.
With the current Rel-13 NB-IoT requirement analyzed in TR 36.802, the current requirements provide 30dB UE ACS for neighboring GSM signal and 35dB UE ACS for neighboring E-UTRA signal. By comparing the test condition for 35dB E-UTRA ACS requirement, the guard band between CDMA and NB-IoT deployment is much larger, (i.e., 1.1MHz central frequency separation, and equivalently 385kHz edge to edge separation), which is able to provide enough gap to guarantee the protection requirement even for the worst case simulation result.
Therefore, Rel-13 NB-IoT UE ACS requirement is stringent enough to guarantee the coexistence with neighboring CDMA system, and no additional requirement is needed.
[bookmark: _GoBack]7.3	Further consideration
Based on RAN4 discussion, there are some options which can further help reducing UE ACLR needs and then improve NB-IoT and CDMA systems coexistence. Two of those options are provided here for information, which does not have any impact on the final conclusion drawn from this study. 
By improving BS scheduler to schedule the less power aggressive UEs on NB-IoT tone(s) close to CDMA band and the other UEs on the other side of NB-IoT PRB (example shown on Figure 7.3-1), or/and by using A-MPR feature for those UEs which are scheduled on tone(s) close to CDMA band (example shown on Figure 7.3-2) would guarantee even better coexistence in between both RATs.



[bookmark: _Ref465432500]Figure 7.3-1: NB-IoT UEs scheduling depending on used output power



[bookmark: _Ref465432955]Figure 7.3-2: NB-IoT UE and A-MPR consideration
<<< Unchanged sections omitted >>> 
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