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

This document proposes a common evaluation framework including methodology and assumptions for the coexistence study between CIoT and GSM. Assumptions specific to NB M2M (see subclause 7.1 of [2]) are also discussed.
2 Coexistence scenarios
The following coexistence scenarios are proposed to be studied,

Scenario 1. GSM UE victim and CIoT BS aggressor.
Scenario 2. GSM BS victim and CIoT UE aggressor.
Scenario 3. CIoT UE victim and GSM BS aggressor.
Scenario 4. CIoT BS victim and GSM UE aggressor.
	Proposal 1: It is proposed to take the above four coexistence scenarios as common assumptions for the coexistence study between CIoT and GSM.


3 Evaluation methodology
It is proposed that the evaluation is based on the Monte-Carlo method as described in clause 5 of [2]. The proposed performance metrics are as follows,
· For Scenario 1 and 2, the change in outage (i.e., [TBD] dB less than SINR target) is used to measure the impact of CIoT to GSM.

· For Scenario 3 and 4, the 5th, 50th and 90th percentile SINR reduction at the CIoT receiver is used to measure the impact of GSM to CIoT.
	Proposal 2: It is proposed to take the above evaluation methodology and performance metrics as common assumptions for the coexistence study between CIoT and GSM.


SINR is the ratio of the received power of the wanted signal to the sum of received power of thermal noise plus co-channel interference plus adjacent channel interference. The effect of adjacent channels is characterized by the Adjacent Channel Interference Ratio (ACIR) which is expressed as:
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Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the power transmitted within the assigned channel frequency to the power of the unwanted emissions transmitted on an adjacent channel frequency.
Adjacent Channel Selectivity (ACS) is the ratio of the receiver filter attenuation on the assigned channel frequency to the receiver filter attenuation on an adjacent channel frequency. It is a measure of the ability of the victim receiver to reject the interference from adjacent channels.
	Proposal 3: It is proposed to take the above definitions for ACIR, ACLR and ACS as common assumptions to characterize the effect of adjacent channels for the coexistence study between CIoT and GSM.


For GSM the ACLR (as a function of the 15 kHz downlink or 5 kHz uplink adjacent channel) is calculated in three steps. Firstly, the power is integrated over the GSM spectral mask within the frequency range of the given adjacent channel, which is denoted as PNB-M2M. Then the power is integrated on the GSM spectral mask within the frequency range of the wanted 200 kHz channel, which is denoted as PGSM. Finally, ACLR is calculated as PGSM / PNB-M2M. 
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Figure 1. GSM spectral mask
For NB M2M the ACLR (as a function of the 200 kHz adjacent channel) is calculated in three steps. Firstly, the power is integrated on the NB M2M power vs. spectrum figure within the frequency range of the given adjacent channel, which is denoted as PGSM. Then the power is integrated on the NB M2M power vs. spectrum figure within the frequency range of the wanted 15 kHz downlink channel or 5 kHz uplink channel, which is denoted as PNB-M2M. Finally, ACLR is calculated as PNB-M2M / PGSM.
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Figure 2. NB M2M power vs. spectral
4 Simulation assumptions
4.1 Frequency planning
The GSM system is assumed to have a 4/12 frequency reuse plan, i.e. 12 frequencies, f1 to f12, are reused in clusters of 4 sites or 12 sectors, as shown in Figure x. No frequency hopping is assumed.
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Figure 3. Frequency planning for GSM
	Proposal 4: It is proposed to take the above frequency planning and frequency hopping option for GSM as common assumptions for the coexistence study between CIoT and GSM.


The NB M2M system is assumed to reuse a single 200-kHz carrier in all cells. However, as indicated in sub-clauses 7.1.2.1.1.1 and 7.1.3.1.1.1 of [2], there are 12 downlink physical channels (assumed to be all PDSCHs for the purpose of coexistence study) and 36 uplink physical channels (assumed to be all PUSCHs for the purpose of coexistence study) within one 200-kHz carrier. Both PDSCH and PUSCH are assumed to have a 1/3 frequency reuse, i.e. 3 physical channel groups, A1 to A3, are reused per site or 3 sectors, as shown in Figure 4.
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Figure 4. Frequency planning for NB M2M
Table 1. Mapping of physical channel groups to physical channel numbers
	Physical channel group
	Downlink physical channel no.
	Uplink physical channel no.

	A1
	1, 2, 3, 4
	1, 2, 3, …, 11, 12

	A2
	5, 6, 7, 8
	13, 14, 15, …, 23, 24

	A3
	9, 10, 11, 12
	25, 26, 27, …, 35, 36


4.2 Channel allocation
Two channel allocation scenarios are considered. 
In scenario 1, there are 14 contiguous 200-kHz carriers (i.e. f1 to f14), of which f1 to f12 are allocated to GSM and f13 to f14 is allocated to NB M2M. This is illustrated in Figure 5.
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Figure 5. Channel allocation scenario 1
The only difference between scenario 2 and scenario 1 is that the NB M2M carrier is located in the middle of the spectrum (i.e. f7 and f8) in scenario 2, as shown in Figure 6.
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Figure 6. Channel allocation scenario 2
	Proposal 5: It is proposed to define two channel allocation scenarios for coexistence study between CIoT and GSM:

Scenario 1: the CIoT spectrum is placed at one end of a number of contiguous GSM carriers.
Scenario 2: the CIoT spectrum is placed such that there are an equal number of contiguous GSM carriers on either side of it.


In each sector there are assumed to be two transceivers, one for GSM (i.e. BCCH TRX) and the other for NB M2M.
4.3 Power control

For GSM downlink, no power control is assumed. For GSM uplink, the fast inner loop power control modelling described in sub-clauses 5.1.6.2 and 5.1.6.3 of [3] is reused.

	Proposal 6: It is proposed to take the above power control assumptions for GSM as common assumptions for coexistence study between CIoT and GSM.


For NB M2M the power control mechanism described in [4] is assumed.
4.4 Other simulation assumptions
Other simulation parameters are shown in Table 2. The system simulation assumptions in the draft TR [2] are reused as far as possible.

Table 2. Simulation parameters
	No
	Parameter
	Assumption
	Comments

	1
	Cellular Layout
	Hexagonal grid, 3 sectors per site
	36 sites/108 sectors with wrap-around. The two systems are assumed to be co-located.

	2
	Frequency band
	900 MHz
	

	3
	Inter site distance 
	1732 m
	

	4
	MS speed 
	0 km/h
	

	5
	User distribution
	Users dropped uniformly in entire cell
	10 GSM users plus 20 NB M2M users per sector.

	6
	BS transmit power per 200 KHz (at the antenna connector)
	43 dBm
	No power control.

	7
	MS Tx power (at the antenna connector)
	33 dBm for GSM

23 dBm for NB M2M
	Power control parameters for GSM:

- Max: 33 dBm

- Min: 5 dBm

Power control parameters for NB M2M:

- Max: 23 dBm

- Min: -40 dBm

	8
	Pathloss model
	L=I + 37.6log10(.R), R in kilometers

I=120.9 for the 900 MHz band
	

	9
	Shadowing standard deviation
	8 dB
	

	10
	Correlation distance of Shadowing
	110 m 
	

	11
	Shadowing correlation
	Between cell sites


	0.5
	

	
	
	Between sectors of the same cell site
	1.0 
	

	12
	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns) 
	See table 5-7, 3GPP TR 45.914[4], 65° H-plane.
	

	13
	BS antenna gain
	18 dBi
	

	14
	MS Antenna gain
	0 dBi for GSM

-4dBi for NB M2M
	

	15
	BS cable loss
	3 dB
	

	16
	Building Penetration Loss
	See Annex D.1 of [2].

	

	17
	SINR target
	For GSM speech (see Table 1 of [6]):
- Downlink: 9 dB

- Uplink: 6 dB
	Used in power control and outage calculation.

	18
	Minimum coupling loss
	70 dB
	


	Proposal 7: It is proposed to take all simulation assumptions in the above table as common assumption for the coexistence study between CIoT and GSM.


5 Conclusions
In this paper, the coexistence study between CIoT and GSM systems is discussed. In particular, a number of proposals for the evaluation methodology and common assumptions are provided. Other assumptions that are specific to NB M2M are also discussed. The main purpose of the paper is to initiate discussions regarding the coexistence study and to agree a common evaluation framework. Evaluation results from the sourcing companies will be provided in future documents.
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