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Introduction
[bookmark: _Ref421460494]At GERAN#62 a new feasibility study named Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (WI code: FS_IoT_LC) was approved, see [1]. 
In a contribution to GERAN#66 [3], it was stated that to fulfil the intentions of the study “For EC-GSM, simulations are necessary at least for the EC-GSM victim and GSM aggressor cases”. As a response, this contribution presents the impact on EC-GSM from a legacy GSM system aggressor under coordinated and uncoordinated deployment scenarios in two typical GSM frequency deployments.
Simulation Assumptions
Table 1 shows the four simulated cases. The 4/12 frequency reuse is intended to capture a BCCH layer, while the 3/9 reuse is intended to capture a TCH traffic layer. Both the GSM aggressor, and EC-GSM victim is assumed to use same frequency reuse.
[bookmark: _Ref422496713]Table 1 Simulation cases.
	Cases
	Aggressor
	Victim
	Link direction
	EC-GSM frequency reuse

	1
	GSM
	EC-GSM
	Downlink
	4/12

	2
	GSM
	EC-GSM
	Uplink
	4/12

	3
	GSM
	EC-GSM
	Downlink
	3/9

	4
	GSM
	EC-GSM
	Uplink
	3/9



In general, the agreed assumptions in Annex G.1 of TR45.820 [2] have been followed. Table 2 highlights some of the most important agreed parameters, as well as presents a few new parameters specific for the case of GSM and EC-GSM coexistence.
[bookmark: _Ref412903683]Table 2 Simulation assumptions for EC-GSM UE
	Parameter
	Setting

	BS maximum transmit power 
	43 dBm

	BS Minimum transmit power 
	24 dBm (only applicable to TCH layer)

	MS maximum transmit power 
	GSM: 33 dBm
EC-GSM: 23 dBm

	MS minimum transmit power 
	GSM: 5 dBm
EC-GSM: 5 dBm

	MS antenna gain 
	GSM: 0 dBi
EC-GSM: -4 dBi

	Frequency reuse
	GSM: 4/12: BCCH layer or 3/9: TCH layer
EC-GSM: Same as for GSM.

	Frequency deployment
	GSM: 1 carrier per cell, both in case of 4/12 and 3/9 reuse.
EC-GSM: Same as for GSM.

	Building Penetration Loss
	GSM: None
EC-GSM: Scenario 1 with inter-site correlation coefficient 0.5

	System load
	GSM: Fully loaded system, i.e. all TS occupied.
EC-GSM: 
· Alt 1: Fully loaded system, i.e. all TS occupied.
· Alt2: Lightly loaded system, only one TS occupied. 

	ACLRadj 
	ACLR for GSM & EC-GSM BS and MS are derived from 3GPP TS 45.005 [1][4]. 
ACLR for the base station includes wideband noise emissions as well as IM products.

	ACSadj-1 
	ACSadj-1  = 18 dB
ACSadj-2  = 49 dB
ACSadj-x  = 60 dB, (x≥3)
ACS for GSM & EC-GSM BS and MS are derived from 3GPP TS 45.005 [4].

	Frequency deployment
	GSM and EC-GSM deployment adjacent with a single 200 kHz channel guard band.



It can be noted that a pessimistic modelling of intermodulation products (IM) is taken based on the IM3 requirements in TS 45.005 [4]. The ACRL is never allowed to go beyond 60 dB. The minimum BS transmit power is also increased from the agreed 10 dBm to 24 dBm, meaning that the IM emissions will never be modelled at a level lower than -36 dBm. This pessimistic approach was only assumed to minimize the implementation effort in the co-existence simulator. 
Two types of load in the victim EC-GSM system have been assumed. In the first step, a fully loaded system is assumed to provoke maximum absolute outage. In the second step the scenarios displaying maximum outage, have been re-simulated with a low load, i.e. only one TS occupied by EC-GSM. This will reduce the total absolute outage level but instead provoke maximum increase in relative outage increase when activating the GSM aggressor system.
Verification of simulator
In the attempt to verify the radio environment of the simulator, the Ericsson state of the art co-existence simulator is verified against the simulations results given in GP-150486 “NB-M2M – Simulation results for coexistence with GSM (uncoordinated)” [5]. The results are given in Figure 1 and Figure 2, where “baseline” refers to the simulation results given in [5]. As seen in Figure 1 and Figure 2, the 4/12 frequency reuse performance matches well for UL, and only minor discrepancies can be seen in case of the DL. The same comparison has also been performed for 3/9 frequency reuse, with similar results observed as for 4/12. 
[image: ]
[bookmark: _Ref422851034]Figure 1 Comparison of simulated UL radio environment at 4/12 reuse, with results presented in [5]. 
[image: ]
[bookmark: _Ref422851041]Figure 2 Comparison of simulated DL radio environment at 4/12 reuse, with results presented in [5].
Results:   
In this Section, SINR distributions are presented to visualize the impact on EC-GSM when exposed to a GSM aggressor. The outage in the EC-GSM system is also presented, and is defined as
· In the DL as the number of EC-GSM connections experiencing a SINR < -6.3dB.
· In the UL as the number of EC-GSM connections experiencing a SINR < -14.3dB.
Note that DL SINR -6.3 dB and UL SINR -14.3 dB corresponds to a maximum coupling loss of 164 dB, outlined as an objective in FS_IoT_LC study item [1]. 
In sub-section 4.1 a fully loaded EC-GSM system is assumed. In sub-section 4.2 the frequency reuse scenarios displaying maximum absolute outage in sub-section 4.1 are re-simulated with a lightly loaded EC-GSM system.
[bookmark: _Ref422915723]Fully loaded aggressor & victim
Uncoordinated scenario:  4/12 frequency reuse
Figure 3 and Figure 4 present the DL and UL SINR distributions for EC-GSM when the system is, and is not, exposed to a GSM aggressor. Both the EC-GSM victim and GSM aggressor are using a 4/12 frequency deployment. In the DL, the GSM system mimics a BCCH layer and hence no BS power control is active.  In the UL the GSM MSs is using the agreed power control model, as captured in Annex G.1 of TR45.820 [2]. In order to ease the understanding of the impact on EC-GSM, no power control is active in the UL or in the DL in the EC-GSM system. 
As expected, the situation is the most challenging in the UL due to the impact from building penetration loss, and the choice of 23 dBm output power. In the reference case an outage of 2.4% is observed. When the GSM aggressor is active an additional outage of 0.3 percentage points is experienced. In the DL, only an additional outage of 0.1% is observed, when the GSM aggressor is active.
[image: ]
[bookmark: _Ref422851472]Figure 3 DL SINR CDF for EC-GSM MS at 4/12 reuse, with and without uncoordinated GSM BS aggressor active.
[image: ]
[bookmark: _Ref422851473]Figure 4 UL SINR CDF for EC-GSM BS at 4/12 reuse, with and without uncoordinated GSM MS aggressor active.
Uncoordinated scenario:  3/9 frequency reuse
Figure 5 and Figure 6 present the DL and UL SINR distributions for EC-GSM in case of a 3/9 frequency reuse, where the GSM aggressor is also based on a 3/9 reuse. The GSM system mimics a TCH layer and hence both BS and MS power control are active following the agreed model captured in Annex G.1 of TR45.820 [2], with the exception of a higher minimal BS output power as presented in Table 2. No power control is active in the UL or in the DL in the EC-GSM system, to ease the understanding of the impact on EC-GSM.
Similar to the 4/12 reuse case, the situation for 3/9 reuse is most challenging in the UL due to the impact from building penetration loss, and the choice of 23 dBm output power. In the reference case an outage of 2.6% is observed. When the GSM aggressor is active an additional outage of 0.1 percentage point is experienced. In the DL, no additional outage increase is observed of the EC-GSM system when the GSM aggressor is activated.
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[bookmark: _Ref422852352]Figure 5 DL SINR CDF for EC-GSM MS at 3/9 reuse, with and without uncoordinated GSM BS aggressor active.
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[bookmark: _Ref422852354]Figure 6 UL SINR CDF for EC-GSM BS at 3/9 reuse, with and without uncoordinated GSM MS aggressor active.
[bookmark: _Ref422917356]Coordinated scenario:  4/12 frequency reuse
In the coordinated case similar SINR distributions as observed for the uncoordinated cases are seen.  The outage levels when the aggressor is active are slightly lower. Nevertheless, the differences are close to negligible. The reason for this is the low impact from the aggressor already in the uncoordinated case.
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Figure 7 DL SINR CDF for EC-GSM MS at 4/12 reuse, with and without coordinated GSM BS aggressor active.
[image: ]
Figure 8 UL SINR CDF for EC-GSM MS at 4/12 reuse, with and without coordinated GSM BS aggressor active.

Coordinated scenario:  3/9 frequency reuse
As can be seen in Figure 9 and Figure 10, the observations made in sub-section 4.1.3 for 4/12 reuse holds also for the 3/9 reuse results.
[image: ]
[bookmark: _Ref422945761]Figure 9 DL SINR CDF for EC-GSM MS at 3/9 reuse, with and without coordinated GSM BS aggressor active.
[image: ]
[bookmark: _Ref422945766]Figure 10 UL SINR CDF for EC-GSM MS at 3/9 reuse, with and without coordinated GSM BS aggressor active.
[bookmark: _Ref422915752]Results:   Fully loaded aggressor & low loaded victim
As expected, and shown in sub-section 4.1, the UL in the uncoordinated case poses the most challenging conditions for EC-GSM. In Figure 11 and Figure 12 the results presented for a fully loaded, and uncoordinated deployment in 3/9 and 4/12 reuse are re-simulated assuming a lightly loaded EC-GSM system. 
The intention of these simulations is to provoke maximum relative degradation when activating the fully loaded aggressor. And indeed, the relative degradation increases but never goes above 1 percentage point. It is also worth noticing that the absolute outage levels decrease, also this in line with the expectations.
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[bookmark: _Ref422945796]Figure 11 UL SINR CDF for EC-GSM MS at 4/12 reuse, with and without uncoordinated GSM BS aggressor active, when EC-GSM only occupies a single TS.
[image: ]
[bookmark: _Ref422945802]Figure 12 UL SINR CDF for EC-GSM MS at 3/9 reuse, with and without uncoordinated GSM BS aggressor active, when EC-GSM only occupies a single TS.
Summary
Table 3 and Table 4 summarize the results from the uncoordinated and coordinated deployment scenarios, respectively. The relative performance degradation, i.e., increase in outage, of EC-GSM performance when exposed to an uncoordinated GSM aggressor is at most 0.3 percentage points for the UL when EC-GSM is fully loaded. Negligible degradation for the DL is observed. When the EC-GSM load is reduced to a single TS the relative outage degradation increases, but the levels never go above 1 percent-unit. 
The absolute outage levels are low for the DL, but are as expected somewhat impacted in the UL due to the reduction in MS output power to 23 dBm. In absolute terms at most 2.7% outage is observed in the performed set of simulations.
[bookmark: _Ref422496673]Table 3 Summary of EC-GSM performance loss due to interference from a GSM aggressor in case of uncoordinated deployment.
	Cases
	Aggressor
	Victim
	Link direction
	EC-GSM frequency reuse
	EC-GSM system load
	Outage [%]
	Relative outage degradation 
[%-points]

	1
	GSM
	EC-GSM
	Downlink
	4/12
	8TS
	0.2
	0.1

	2
	GSM
	EC-GSM
	Uplink
	4/12
	8TS
	2.7
	0.3

	2’
	GSM
	EC-GSM
	Uplink
	4/12
	1TS
	2.4
	0.9

	3
	GSM
	EC-GSM
	Downlink
	3/9
	8TS
	0.1
	0

	4
	GSM
	EC-GSM
	Uplink
	3/9
	8TS
	2.7
	0.1

	4’
	GSM
	EC-GSM
	Uplink
	3/9
	1TS
	2.4
	0.4



[bookmark: _Ref422852601]Table 4 Summary of EC-GSM performance loss due to interference from a GSM aggressor in case of coordinated deployment.
	Cases
	Aggressor
	Victim
	Link direction
	EC-GSM frequency reuse
	EC-GSM system load
	Outage [%]
	Relative outage degradation 
[%-points]

	1
	GSM
	EC-GSM
	Downlink
	4/12
	8TS
	0.1
	0

	2
	GSM
	EC-GSM
	Uplink
	4/12
	8TS
	2.6
	0.3

	3
	GSM
	EC-GSM
	Downlink
	3/9
	8TS
	0.1
	0

	4
	GSM
	EC-GSM
	Uplink
	3/9
	8TS
	2.6
	0.1



Conclusions
This contribution presents the impact on EC-GSM system capacity from an adjacent GSM deployment, assuming one channel guard band. The results indicate that the impact from the aggressor on EC-GSM ranges between 0.1 and 0.9 percentage points in outage. 
Based on this observation it can be concluded that the impact from GSM onto EC-GSM can be considered minimal. 
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