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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 RAN4#80 meeting, simulation assumptions and methodology [4] have been agreed. Based on this, companies ran simulations, with results captured in [5].  
A new Way Forward [6] was agreed during RAN4#80b. First conclusion was that BS Rel-13 requirements are sufficient to guarantee coexistence with CDMA.
This contribution further discusses UE NB-IoT Rel 13 requirements and NB-IoT/CDMA coexistence.
2 Discussion 
2.1 Simulations outcomes
From [5] and later emails exchanged, Table 1 collects all companies’ results

	UE
	Company
	Value

(dB)
	Impact
	Average
(dB)

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

	
	Huawei
	40
	[3.20;5] % capacity loss
	

	
	Qualcomm
	50
	[2.02;3.26]% capacity loss
	

	
	Ericsson
	50
	2.66% capacity loss
	

	ACS
	Samsung
	25
	[0.01; 0.76] dB
	<35

	
	Huawei
	40
	[0;0.81] dB
	

	
	Qualcomm
	30
	[0.01; 0.89] dB
	

	
	Ericsson
	35
	[0;0.9] dB
	


Table 1: Simulation results outcomes for UE
First analysis, considering average of companies results, would come to the conclusion UE would need:
· 35 dB ACS would be sufficient with [0;0.97] dB loss for NB-IoT. 

· But one case (only, at 5% with 1.17 dB loss) has been observed, 40 dB would be needed then.

· 50 dB ACLR would be sufficient with [0.6; 2.66]% capacility loss for CDMA.

· UE ACLR value would even be in between 45 and 50 dB.

2.2 NB-IoT Rel13 requirements
NB-IoT UE specifications TS 36.101 specifies or refer to following values to specify ACLR and ACS:

· ACLR

· GSM (200 kHz at 200 kHz offset): 20 dB (effective ACLR value)
· UTRA (3.84 MHz at 2.5 MHz offset): 37 dB (effective ACLR value)
· Note: Those values correspond to a 50dB ACLR used for coexistence simulations.
· ACS

· GSM/UTRA: 30 dB

· E-UTRA (5 MHz): 35 dB

And the UE spectrum emission mask has been specified in table 6.6.2F.1-1:
Table 6.6.2F.1-1: category NB1 UE spectrum emission mask 
	ΔfOOB (kHz)
	Emission limit (dBm)
	Measurement bandwidth

	( 0
	26
	30 kHz 

	( 100
	-5
	30 kHz

	( 150
	-8
	30 kHz

	( 300
	-29
	30 kHz

	( 500-1700
	-35
	30 kHz


In addition to this, and to make a complete analysis of Rel-13 NB-IoT UE requirements, for the BS, a 200 kHz frequency offset (from carrier center) has also been specified from which BS unwanted emission mask has been specified. This offset was not considered in the simulation assumptions for this coexistence study (385 kHz separation), but it should have been for a coexistence study where both RATs might not belong to same operator or any agreement was achieved to overlap NB-IoT offset with CDMA guard band. 
2.3 Comparison and discussion
2.3.1 UE ACS

From 2.1, 35 dB UE ACS would be enough. This is also the considered ACS value for NB-IoT Rel-13 when adjacent signal is LTE 5 MHz, where separation between each edge is 250 kHz only, while we considered 385 kHz for this CDMA coexistence study.

Note that even the worst case ACS value from the simulation (40 dB) would be fulfilled with this higher separation (385 vs 250 kHz).
Following Table 2 synthetizes UE ACS from simulation results and compare to Rel-13 specified value.
	
	
	TS 36.101
	CDMA coex

	UE
	ACS
	30 dB (UTRA)

35 dB (E-UTRA)
	<35 dB 


Table 2: UE ACS values comparison
2.3.2 UE ACLR
From 2.1, 50 dB UE ACLR would be enough. Based on the NB-IoT UE SEM definition, we could calculate the achievable power ratio for NB-IoT UE ACLR by integrating UE SEM (as specified in table6.6.2F.1-1) for this 385 kHz separation in between NB-IoT and CDMA.
This would indicate 49 (50) dB ACLR is achievable for UE for 385 (485) kHz..
Following Table 3 synthetizes UE ACLR from simulation results and compare to Rel-13 specified value.
	
	
	TS 36.101
	CDMA coex

	UE
	ACLR
	20 dB (GSM at 200 kHz offset)
37 dB (UTRA at 2.5 Mhz offset)
From SEM, 50 dB achievable at 485 kHz offset edge to edge.
From SEM, 49 dB achievable at 385 kHz offset edge to edge.
	<50 dB



Table 3: UE ACLR values comparison
Based on this, we might conclude NB-IoT Release 13 requirements would be sufficient to guaranty coexistence with CDMA system based on assumptions specified in [4]. 
2.4 Release 13 requirements

Based on the previous section 2.3.1 and 2.3.2, and based on the agreeed WF [6], we can conclude the following.

Proposal 1: Release-13 requirements would be sufficient to guarranty coexistence in between NB-IoT and CDMA, when both carriers are separated with 1.2 MHz. 

Proposal 2: Release-13 requirements would be sufficient to guarranty coexistence in between NB-IoT and CDMA, when optimizing spectrum usage by overlaping CDMA guard and NB-IoT 100KHz offset (both carriers would be then separated with 1.1 MHz).
2.5 Further considerations to improve coexistence

In this section we would further detail additional mechanisms that would improve NB-IoT and CDMA coexistence. This would especially improve coexistence when separation in between both RATs edge is reduced to 385 kHz.

2.5.1 CLx-ile

A first approach would be to limit the overall SNR generated in the NB-IoT cells. This would reduce NB-IoT interference level on the CDMA network. This can be done by increasing targeted CLx-ile value used in NB-IoT network. 
As seen in Table 2, increasing CLx-ile value by 6 would decrease UE ACLR’s need by 5dB; 45 dB UE ACLR would then be suffcient. Such 5dB gain might be too big, it’s just an example. But it shows this can be easily achievable. 
	NB-IoT UE ACLR

(dB)
	
	30
	35
	40
	45
	50

	CDMA capacity loss (%)
	CLx-ile: 129
	52.78
	35.49
	18.50
	7.96
	2.66

	
	CLx-ile: 135
	41.83
	39.13
	13.02
	3.77
	1.50


Table 4: NB-IoT UE ACLR vs CLx-ile
The main drawback of such method is that NB-IoT UEs would generally transmit with less power, cell size would be smaller. But this might be compensated by increasing the number of repetitions needed to transmit NB-IoT data and extend cell coverage. Nevertheless, the expected extended coverage gain of 20 dB (with NB-IoT introduction) would be reduced depending on this CLx-ile choice. But that might still be an acceptable trade off for some deployments.
2.5.2 Scheduling improvements
A second approach would be to improve NB-IoT scheduler and introduce some clever rules. 
From 2.3, adding 100 kHz offset would definitively guarantee coexistence in any cases. As NB-IoT PRB is 180 kHz wide, a clever repartition of scheduled UEs on the NB-IoT frequency band according to their transmitted power would increase CDMA network protection: for example, from the 180 kHz NB-IoT bandwidth, NB-IoT scheduler could decide to allocate the closest 90 kHz to CDMA band to the UEs transmitting with lowest power, and the other 90 kHz to the other UEs transmitting with highest power, as shown on Figure 1. 
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Figure 1: NB-IoT UEs scheduling depending on used output power

Distance in between the more aggressive NB-IoT UE(s) and CDMA would then been increased. This would facilitate then both system coexisting and reduce high UE ACLR need. 
This approach, comparing to the previous one, won’t impact cell coverage. Its drawback might be some complexity to manage scheduling properly all NB-IoT UEs if a large majority of them would have to transmit with high power. But as NB-IoT UEs are expected to transmit small amount of data spread over time, such improved scheduling looks easily feasible. 

2.5.3 A-MPR

A third approach would be to use A-MPR for those UEs which transmit on frequencies close to CDMA band edge. 
By doing so, those UEs (transmitting on frequencies close to CDMA band) would pollute less, as shown on Figure 2. Both systems’ coexistence will be facilitated. 
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Figure 2: NB-IoT UE and A-MPR consideration
The drawback of this approach is that those UEs transmitting close to CDMA band would have less coverage. But again that could be compensated by increasing the needed number of repetitions. It’s not obvious this would finally impact UE power consumption: even if UEs would transmit longer in time, they would still transmit with less power.
2.5.4 Other alternative
By combining any of those approaches (e.g. scheduling improvement and A-MPR usage), solution would even been optimized, taking advantages of each approach and minimizing drawbacks.
Proposal 3: Some enhancements would further help reducing UE ACLR needs and then improve NB-IoT and CDMA systems coexistence. Improving scheduler by scheduling the less power aggressive UEs on NB-IoT tone(s) closer to CDMA band and the other UEs on the other side of NB-IoT PRB, or/and using A-MPR for those UEs which are scheduled on tone(s) close to CDMA band would guarantee even better coexistence between both RATs.
3 Conclusion
In this contribution, we did a first analyze of the coexistence simulations results and check if UE Rel-13 requirements would be sufficient to guaranty coexistence with CDMA, based on assumptions and methodology described in [4]. 
Finally, we exposed several proposals that would help NB-IoT and CDMA coexisting. 

Proposal 1: Release-13 requirements would be sufficient to guarranty coexistence in between NB-IoT and CDMA, when both carriers are separated with 1.2 MHz. 

Proposal 2: Release-13 requirements would be sufficient to guarranty coexistence in between NB-IoT and CDMA, when optimizing spectrum usage by overlaping CDMA guard and NB-IoT 100KHz offset (both carriers would be then separated with 1.1 MHz).
Proposal 3: Some enhancements would further help reducing UE ACLR needs and then improve NB-IoT and CDMA systems coexistence. Improving scheduler by scheduling the less power aggressive UEs on NB-IoT tone(s) closer to CDMA band and the other UEs on the other side of NB-IoT PRB, or/and using A-MPR for those UEs which are scheduled on tone(s) close to CDMA band would guarantee even better coexistence between both RATs.
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