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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.


[bookmark: _GoBack]Based on the simulation assumptions and evaluation methodology for the coexistence study between CDMA and NB-IoT agreed in RAN4 #80 [2], we have provided our simulation results in accompanying contributions [3][4], for the four scenarios. Based on that, we will provide our analysis on whether or not additional NB-IoT RF requirements is needed to ensure NB-IoT for co-existence with CDMA. 

2 [bookmark: OLE_LINK30][bookmark: OLE_LINK31]Discussion on RF Requirement Impact
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]As described in [2], there are total four coexistence simulation scenarios between NB-IoT and CDMA2000 1x system as below. In the following discussion, we will focus on the impact on RF requirement based on the simulation results of below scenarios respectively. 
[bookmark: OLE_LINK13]Table 2.1 Simulation Scenarios of coexistence study for NB-IoT with CDMA
	Cases
	Aggressor system
	Victim system
	Link Direction
	Deployment

	1
	NB-IoT
	CDMA 1x
	DL
	Uncoordinated

	2
	CDMA 1x
	NB-IoT
	DL
	Uncoordinated

	3
	NB-IoT
	CDMA 1x
	UL
	Uncoordinated

	4
	CDMA 1x
	NB-IoT
	UL
	Uncoordinated



2.1 NB-IoT BS ACLR Based on Scenario-1
Based on our simulation results for the coexistence scenario 1 [3], 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 for its own bandwidth. By comparing with current Rel-13 NB-IoT requirement defined in TS 36.104, as listed in the below table, the current requirements (40dB for 1st neighboring channel and 50dB for 2nd one) are stringent enough to guarantee the protection for CDMA system, especially considering more guard band (1.1 MHz for central frequency separation) is reserved for the coexistence scenario for CDMA system. 
Table 2.1.1 Base Station ACLR for standalone NB-IoT operation in paired spectrum in Rel-13
	Channel bandwidth of NB-IoT lowest/highest carrier transmitted BWChannel [kHz] 
	BS adjacent channel centre frequency offset below the lowest or above the highest carrier centre frequency transmitted
	Assumed adjacent channel carrier (informative)
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	ACLR limit

	200
	300 kHz
	Standalone NB-IoT
	Square (180 kHz)
	40 dB

	
	500 kHz
	Standalone NB-IoT
	Square (180 kHz)
	50 dB



Proposal 1: Rel-13 NB-IoT BS ACLR requirement is stringent enough to guarantee the protection for CDMA system, and no additional requirement is required.

2.2 NB-IoT UE ACS Based on Scenario-2
Based on our simulation results for the coexistence scenario 2 [3], to satisfy NB-IoT performance loss criteria (equal or less than 1dB SINR loss), the requirement for NB-IoT UE ACS should be equal or larger than 25 dB for its own bandwidth. By comparing with current Rel-13 NB-IoT requirement analyzed in TR 36.802, as listed in the below table, the current requirements (30dB for neighboring GSM signal and 35dB for neighboring LTE signal) are stringent enough to guarantee the protection for CDMA system. Similar to our analysis on NB-IoT BS ACLR requirement, the guard band assumption here (1.1 MHz for central frequency separation) also provide enough gap to guarantee that the protection requirement for CDMA system can be meet easily. 
Table 2.2.1 NB-IoT ACS requirement parameters analysed in TR 36.802
	ACS1 test Parameters

	Interferer
	GSM (GMSK)
	E-UTRA

	NB-IoT signal power
(Pwanted  ) / dBm
	REFSENS + 14 dB

	interferer signal power 
(PInterferer ) / dBm 
	REFSENS + 44 dB – SNR
	REFSENS + 49 dB – SNR

	Interferer bandwidth
	200 kHz
	5 MHz

	Interferer offset from NB-IoT channel edge
	±200 kHz
	±2.5 MHz

	ACS2 test Parameters

	Interferer
	GSM (GMSK)
	E-UTRA

	NB-IoT signal power
(Pwanted  ) / dBm
	-25 dBm -30 dB + SNR
	-25 dBm -35 dB + SNR

	interferer signal power 
(PInterferer ) / dBm 
	-25 dBm

	Interferer bandwidth
	200 kHz
	5 MHz

	Interferer offset from NB-IoT chanel edge
	±200 kHz
	±2.5 MHz



Proposal 2: Rel-13 NB-IoT UE ACS requirement is stringent enough to guarantee the coexistence with neighboring CDMA system, and no additional requirement is required.

2.3 NB-IoT UE ACLR Based on Scenario-3
Based on our updated simulation results for the coexistence scenario 3 [4], 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 equal or larger than 45 dB for its own bandwidth. By revisiting current Rel-13 NB-IoT requirement defined in TS 36.101, as listed in the below table, the current ACLR requirements is 20dB over adjacent GSM channel and 37dB over adjacent UTRA channel. 
Table 2.3.1 NB-IoT UE ACLR Requirement in TS 36.101
	Victim system
	GSM
	UTRA

	ACLR
	20 dB
	37 dB

	Adjacent channel
measurement bandwidth
	180 kHz
	3.84 MHz

	Measurement filter
	Rectangular
	RRC-filter α=0.22

	Adjacent channel
 center frequency offset
from NB-IoT Channel edge
	±200 kHz
	±2.5 MHz



Since UTRA and CDMA system has similar the channel bandwidth and channel separation, their corresponding ACLR requirements can be comparable. By scaling the ACLR requirement for UTRA (i.e. 37dB over 3.84MHz measurement bandwidth) to 180kHz, we can reach that around 50dB is required over 180kHz measurement bandwidth, which is more stringent than the requirement for CDMA coexistence, i.e. 45dB. However, on the other hand, the difference between ACLR requirements for legacy system and CDMA is relatively limited, therefore we propose that this NB-IoT UE ACLR requirement could be further analyzed and discussed: 
Proposal 3: Based on simulation results, Rel-13 NB-IoT UE ACLR requirement can guarantee certain protection for CDMA system. Whether or not additional requirement is needed could be further analyzed and discussed.

2.4 NB-IoT BS ACS Based on Scenario-4
Based on our simulation results for the coexistence scenario 4 [4], the NB-IoT performance loss criteria (equal or less than 1dB SINR loss) can be well satisfied even when NB-IoT BS ACS is 40 dB for its own bandwidth. By comparing with current Rel-13 NB-IoT requirement defined in TS 36.104, the current requirements (-49dBm neighboring interfering signal and PREFSENS + 12 dB for wanted signal) are stringent enough to guarantee the protection for CDMA system. Similarly, the guard band assumption here (1.1 MHz for central frequency separation) also provide enough margin to guarantee the protection requirement for CDMA system can be meet easily.
Proposal 4: Rel-13 NB-IoT BS ACS requirement is stringent enough to guarantee the coexistence with neighboring CDMA system, and no additional requirement is required.

3 Conclusion
In this contribution, we provide our analysis on whether or not additional NB-IoT RF requirements is needed to ensure NB-IoT for co-existence with CDMA. Based on our simulation results provided in accompanying papers, the following observations are given:
Proposal 1: Rel-13 NB-IoT BS ACLR requirement is stringent enough to guarantee the protection for CDMA system, and no additional requirement is required.
Proposal 2: Rel-13 NB-IoT UE ACS requirement is stringent enough to guarantee the coexistence with neighboring CDMA system, and no additional requirement is required.
Proposal 3: Based on simulation results, Rel-13 NB-IoT UE ACLR requirement can guarantee certain protection for CDMA system. Whether or not additional requirement is needed could be further analyzed and discussed.
Proposal 4: Rel-13 NB-IoT BS ACS requirement is stringent enough to guarantee the coexistence with neighboring CDMA system, and no additional requirement is required.
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