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NB M2M – Simulation Results for Coexistence with GSM (coordinated)
1 Introduction
One of the objectives of the Cellular IoT (CIoT) study item [1] is to avoid negative impacts to legacy 3GPP systems deployed in the same frequency band.

In this contribution, the coexistence between NB M2M and GSM under coordinated deployment is evaluated with channel allocation scenario 2 defined in [2] (i.e. the NB M2M channel is located in the middle of the GSM frequency band and has 100 kHz additional guard band on each side). This document is an update of [3] to reflect new agreements on the proposed common evaluation framework and assumptions updated in [2].
2 Discussion
2.1 Assumptions for NB M2M
Table 1 lists simulation assumptions for NB M2M. Other common assumptions are defined in section 4 of [2].
Table 1 Simulation assumptions for NB M2M

	Parameter
	Setting

	UE maximum transmit power (dBm)
	23

	UE antenna gain (dBi)
	-4

	Building Penetration Loss
	Scenario 1 with inter-site correlation coefficient 0.5

	UE number*
	20 users per cell

	ACLRadj-x step (dB)**
	5 dB

	ACSadj-x step (dB)***
	5 dB


* 10 legacy GSM users dropped in each cell and randomly selected.
** ACLRadj-x represents the x-th adjacent channel leakage power ratio which is defined over the 15 kHz downlink channels and over 5 kHz uplink channels used in NB M2M [2]. In the simulations, only ACLRadj-8 is modelling for BS and ACLRadj-23 is modelling for UE given that there is additional guard band of 100 kHz on each side of the NB M2M signal. An adjacent channel leakage power ratio equal to ACLRadj-8 for the downlink and equal to ACLR adj-23 for the uplink are also assumed for frequency offsets with downlink adjacent channel index greater than 8 and uplink adjacent channel index greater than 23. (i.e. worst case flat ACLR for these frequency offsets)..
*** ACSadj-x represents the x-th adjacent channel selective which is defined over the 15 kHz downlink channels and 5 kHz uplink channels used in NB M2M [2]. ACS is assumed to be the same for all frequency offsets from the NB M2M allocated channel in the simulation.
2.2 Simulation cases

The simulation cases for the coordinated deployment of NB M2M with legacy GSM are shown in Table 2.
Table 2 Simulation cases in coordinated operation

	Cases
	Aggressor
	Victim
	Link direction
	GSM frequency reuse
	Channel allocation

	1
	NB M2M
	GSM
	Downlink
	4/12
	Scenario 2

	2
	NB M2M
	GSM
	Uplink
	4/12
	Scenario 2

	3
	GSM
	NB M2M
	Downlink
	4/12
	Scenario 2

	4
	GSM
	NB M2M
	Uplink
	4/12
	Scenario 2

	5
	NB M2M
	GSM
	Downlink
	3/9
	Scenario 2

	6
	NB M2M
	GSM
	Uplink
	3/9
	Scenario 2

	7
	GSM
	NB M2M
	Downlink
	3/9
	Scenario 2

	8
	GSM
	NB M2M
	Uplink
	3/9
	Scenario 2


2.3 Simulation results
Simulation results have been generated for the eight simulation cases according to the evaluation methodology and performance metrics proposed in [2].
For case 1, the performance impact on the GSM downlink is shown in Figure 1. It can be seen that for an SINR of 8.5 dB (so 0.5 dB less than the 9 dB downlink target SINR [2]), the GSM outage degradation due to NB M2M interference is negligible.
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Figure 1 Simulation result of case 1
For case 2, the performance impact on the GSM uplink is shown in Figure 2. It can be seen that for an SINR of 5.5 dB (so 0.5 dB less than the 6 dB uplink target SINR [2]), the GSM outage degradation due to NB M2M interference is negligible.
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Figure 2 Simulation result of case 2
For case 3, the performance impact on the NB M2M downlink is shown in Figure 3. It can be seen that the SINR reduction due to interference from legacy GSM interference is small except at high SINR values. For example, the degradation in coverage probability is negligible at -3.6 dB SINR (which is the target downlink SINR for 20 dB extended coverage) for all simulated ACS values.
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Figure 3 Simulation result of case 3
For case 4, the performance impact on the NB M2M uplink is shown in Figure 4. It can be seen that the SINR reduction due to interference from legacy GSM is larger than for the downlink. This is because NB M2M UEs experienced larger coupling loss than legacy GSM UEs due to the high building penetration loss (BPL) assumed only for CIoT UEs but not for legacy GSM UEs in the simulation. The degradation in coverage probability is around 2.5% assuming 35 dB ACS and around 1.2% assuming 40 dB ACS at -5.7 dB SINR (which is the target uplink SINR for 20 dB extended coverage). 
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Figure 4 Simulation result of case 4
For case 5, the performance impact on the GSM downlink is shown in Figure 5. It can be seen that for an SINR of 8.5 dB (so 0.5 dB less than the 9 dB downlink target SINR [2]), the GSM outage degradation due to NB M2M interference is less than 1% for all simulated ACLRadj-8 values.
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Figure 5 Simulation result of case 5
For case 6, the performance impact on the GSM uplink is shown in Figure 6. It can be seen that for an SINR of 5.5 dB (so 0.5 dB less than the 6 dB uplink target SINR [2]), the GSM outage degradation due to NB M2M interference is negligible.

[image: image6.emf]0 10 20 30 40 50

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Geometry(dB)

CDF

NB M2M aggressor vs GSM victim, Uplink

 

 

ACLR

adj-23

 = 40

ACLR

adj-23

 = 45

ACLR

adj-23

 = 50

ACLR

adj-23

 = 55

Baseline


Figure 6 Simulation result of case 6
For case 7, the performance impact on the NB M2M downlink is shown in Figure 7. It can be seen that the SINR reduction due to interference from legacy GSM interference is small except at high SINR values. For example, the degradation in coverage probability is negligible at -3.6 dB SINR (which is the target downlink SINR for 20 dB extended coverage) for all simulated ACSadj-8 values.
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Figure 7 Simulation result of case 7
For case 8, the performance impact on the NB M2M uplink is shown in Figure 8. It can be seen that the SINR reduction due to interference from legacy GSM is larger than for the downlink. This is because NB M2M UEs experienced larger coupling loss than legacy GSM UEs due to the high building penetration loss (BPL) assumed only for CIoT UEs but not for legacy GSM UEs in the simulations. The degradation in coverage probability is around 2.7% assuming 35 dB ACS and around 1.4% assuming 40 dB ACS at -5.7 dB SINR (which is the target uplink SINR for 20 dB extended coverage). 
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Figure 8 Simulation result of case 8
From the above results under coordinated deployment, the following observations can be made:
- For the NB M2M aggressor and GSM victim scenario, the GSM outage degradation due to NB M2M interference is negligible both for the downlink and the uplink.

- For the GSM aggressor and NB M2M victim scenario, the performance loss due to GSM interference is small for the downlink. For the uplink, the performance loss can be larger than downlink depending on the ACS of NB M2M base station receiver. This is due to the high coupling loss that can be experienced by the NB M2M signal mainly due to building penetration loss. Note that such a problem exists not only in NB M2M but also in other CIoT candidate solutions, including those belonging to the GSM evolution path. The sourcing companies believe that performance evaluation for all candidate solutions are needed on this aspect. This impact can be controlled by ensuring appropriate ACS performance of the base station receiver. The ACS requirement for the NB M2M base station receiver should be further studied during the WI stage. 
3 Conclusion
In this contribution, the results from the coexistence study between NB M2M and GSM under coordinated deployment are discussed. Simulation results for channel allocation scenario 2, as defined in [2], show that the assumed RF system characteristics for NB M2M are sufficient for NB M2M to be deployed in coexistence with GSM in coordinated operation.
The NB M2M performance degradation due to legacy GSM interference is larger in uplink than in downlink mainly due to high building penetration loss (BPL) assumed for CIoT UEs. Note that such a problem exists not only in NB M2M but also in other CIoT candidate solutions, including those belonging to the GSM evolution path. The sourcing companies believe that performance evaluation for all candidate solutions are needed on this aspect.
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