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     Discussion
1 Introduction

The methodology of coexistence study for in-band and guard band operation has been captured in [1], where contains 3 steps to perform the whole study. 

· First step

· Computing the amount of power leakage:

· From NB-IoT to the N-th adjacent LTE PRBs. 

· From LTE to NB-IoT.
This step does not involve Monte-Carlo simulation. 

· Second step

· Use system level Monte-Carlo simulation to compute:

· the SINR distribution at n-th adjacent LTE PRB

· SINR distribution for NB-IoT users 

· Third step

· Determining the degradation:

· LTE throughput degradation due to NB-IoT
· NB-IoT degradation
In this contribution, we propose the uplink coexistence simulation results between NB-IoT and legacy LTE for guard band operation, according to the assumptions and methodology in [1]. Single-tone transmission with numerology of 3.75 kHz for NB-IoT is studied.
2 Discussion

2.1 Simulation cases
Simulation cases for guard band operation of Table 6.1-1 [1] are studied, which are listed in Table 1 and highlighted by yellow background.
Table 1 Simulation cases
	Cases
	Operation mode
	Aggressor
	Victim
	Direction

	1
	Stand-alone
	NB-IoT
	LTE
	Downlink

	2
	Stand-alone
	LTE
	NB-IoT
	Downlink

	3
	Stand-alone
	NB-IoT
	UMTS
	Downlink

	4
	Stand-alone
	UMTS
	NB-IoT
	Downlink

	5
	Stand-alone
	NB-IoT
	GSM
	Downlink

	6
	Stand-alone
	GSM
	NB-IoT
	Downlink

	7
	Stand-alone
	NB-IoT
	LTE
	Uplink

	8
	Stand-alone
	LTE
	NB-IoT
	Uplink

	9
	Stand-alone
	NB-IoT
	UMTS
	Uplink

	10
	Stand-alone
	UMTS
	NB-IoT
	Uplink

	11
	Stand-alone
	NB-IoT
	GSM
	Uplink

	12
	Stand-alone
	GSM
	NB-IoT
	Uplink

	13
	Guard band
	NB-IoT
	LTE
	Uplink

	14
	Guard band
	LTE
	NB-IoT
	Uplink

	15
	In-band
	NB-IoT
	LTE
	Uplink

	16
	In-band
	LTE
	NB-IoT
	Uplink


2.2 Step1: Power leakage model

In this paper, firstly we model the power leakage between NB-IoT and LTE by their signal waveforms and no additional filtering is assumed. Then the model is applied to system simulation to get the coexistence simulation results. The NB-IoT tone index is numbering from 0 to 47 which represent the lowest frequency and highest frequency of tones deployed in the LTE guard band (i.e. close to the LTE PRB 49).

For the power leakage from NB-IoT to LTE, the leakage is observed per LTE PRB and summarized in Table 2 as follows, 

Table 2 Power leakage from NB-IoT to LTE, guard band
	LTE PRB index
	NB-IoT leakage (dB)

	49
	< -21

	48
	< -32

	47
	< -37

	others
	< -40


For the power leakage from LTE to NB-IoT, the leakage is observed per NB-IoT tone and summarized as follows, 

Table 3 Power leakage from LTE to NB-IoT, guard band
	NB-IoT tone index
	LTE Leakage (dB)

	0
	< -5

	3,4,7,8
	< -10

	1,2,11,12,15,16,19,20,23,24,27,28
	< -15

	5,6,9,10,13,14,31,32,35,36,39,40,43,44,47
	< -20

	17,18,21,22,25,26,29,30,33,34,37,38,41,42,45,46
	< -25


2.3 Step2: SINR distribution
For the second step, SINR distribution is observed by system level Monte-Carlo simulation for each case. 
2.3.1 Case13: NB-IoT aggressor, LTE victim
For carrier frequency of 900MHz and 2000MHz, the LTE PRB SINR distribution is shown in Figure 1 and Figure 2 respectively.
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Figure 1 LTE PRB SINR distribution, 900MHz
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Figure 2 LTE PRB SINR distribution, 2000MHz
2.3.2 Case14: LTE aggressor, NB-IoT victim
For carrier frequency of 900MHz and 2000MHz, the NB-IoT SINR distribution is shown in Figure 3 and Figure 4 respectively.
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Figure 3 NB-IoT SINR distribution, 900MHz
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Figure 4 NB-IoT SINR distribution, 2000MHz
2.4 Step3: Degradation

For the third step, here we give the performance degradation based on the observed SINR in last step for each system respectively, with the methodology and output metric discussed in [2].

For LTE victim system, the performance degradation is summarized in Table 4 and Table 5.
Table 4 Summary of LTE performance degradation, 900MHz
	Metric
	1st adjacent PRB (P1)
	2nd adjacent PRB (P2)
	3rd adjacent PRB (P3)
	other PRB (P4)
	Overall for adjacent 16 PRBs (P5)
	Overall for all 50 PRBs (P6)

	Average throughput loss
	3.5%
	0.3%
	0.02%
	0%
	0.24%
	0.08%

	5%-ile throughput loss
	1.3%
	0.2%
	0.01%
	0%
	0.09%
	0.03%


Table 5 Summary of LTE performance degradation, 2000MHz
	Metric
	1st adjacent PRB (P1)
	2nd adjacent PRB (P2)
	3rd adjacent PRB (P3)
	other PRB (P4)
	Overall for adjacent 16 PRBs (P5)
	Overall for all 50 PRBs (P6)

	Average throughput loss
	3.7%
	0.35%
	0.02%
	0%
	0.25%
	0.08%

	5%-ile throughput loss
	1.4%
	0.2%
	0.01%
	0%
	0.1%
	0.03%


It can be observed that the impact on LTE PRB due to the power leakage from guard band NB-IoT is minor even without additional filtering.

For NB-IoT victim system, the performance degradation is summarized in Table 6 and Table 7.
Table 6 Summary of NB-IoT performance degradation, 900MHz
	SINR loss   5%
	SINR loss 50%
	SINR loss 95%
	SINR loss 99%

	0.12
	0.2
	0.4
	0.4


Table 7 Summary of NB-IoT performance degradation, 2000MHz
	SINR loss   5%
	SINR loss 50%
	SINR loss 95%
	SINR loss 99%

	0.16
	0.3
	0.5
	0.5


3 Conclusions
In this contribution we presented uplink coexistence simulation results between NB-IoT 3.75 kHz single-tone transmission and LTE for guard band operation. 
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