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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.

Sourcing companies have proposed a common evaluation framework including methodology and assumptions for the coexistence study between CIoT and GSM [5]. Assumptions specific to NB M2M (see subclause 7.1 of [2]) are also discussed in the document [5].
Besides GSM, other 3GPP systems should also be taken into consideration for CIoT coexistence study. This document summarizes the assumed characters in coexistence study for E-UTRA and UTRA systems which derived from existing 3GPP RAN WG4 technique report respectively [3][4]. Sourcing companies suggest reuse the common evaluation framework including methodology and assumptions for E-UTRA and UTRA for the coexistence study with CIoT.
2 Coexistence scenarios
According to section 6.1 in [4],
The following coexistence scenarios are proposed to be studied for E-UTRA and UTRA respectively.
Scenario 1. E-UTRA/UTRA UE victim and CIoT BS aggressor.

Scenario 2. E-UTRA/UTRA BS victim and CIoT UE aggressor.
Scenario 3. CIoT UE victim and E-UTRA/UTRA BS aggressor.
Scenario 4. CIoT BS victim and E-UTRA/UTRA UE aggressor.
3 Evaluation methodology
According to section 5.1 in [4],

Simulations to investigate the mutual interference impact of E-UTRA and UTRA are based on snapshots were users are randomly placed in a predefined deployment scenario (Monte-Carlo approach). 

According to section 5.1.1.3 and section 9.1.2.5 in [3],

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) is defined as the ratio of the total power transmitted from a source (base station or UE) to the total interference power affecting a victim receiver, resulting from both transmitter and receiver imperfections, 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.
According to section 6.6.2.2 and section 7.5 in [6], section 6.6.2.2 in [7], table 9.1 in [3], section 6.6.2.3 and section 7.5 in [8], section 6.6.2 in [9],
The E-UTRA and UTRA specified ACLR and ACS  are summarized in Table 1 and Table 2. As an alternative to these ACLRs the Operating Band Unwanted emissions mask description from section 6.6.3 of TS 36.104 may be used. It is FFS within GERAN WG 1 as to which alternative to use. 
Table 1 ACLR and ACS of E-UTRA BS and E-UTRA UE

	Item
	E-UTRA BS
	E-UTRA UE

	ACLR
	45 dB
	30 dB

	ACS
	45 dB
	33 dB*


*except 30dB for 15MHz E-UTRA and 27dB@20MHz E-UTRA 
Table 2 ACLR and ACS of UTRA BS and UTRA UE

	Item
	UTRA BS
	UTRA UE

	ACLR
	45 dB
	33 dB

	ACS
	45 dB
	33 dB


According to section 5.1.1.4.1 in [4],

Since the ACLR of the aggressor is measured in the aggressor’s bandwidth, for asymmetrical bandwidth coexistence with CIoT, a victim of CIoT with smaller bandwidth than that of aggressor will receive a fraction of the interference power caused by the aggressor’s ACLR. It is assumed that the PSD is flat across the aggressor’s ACLR bandwidth. Hence, the ACLR can be adjusted by the factor, FACLR: [4]
FACLR = 10 × LOG10(Bvictim/BAggressor)

Where, BAggressor and Bvictim are the aggressor and victim bandwidths respectively. 
The victim of CIoT that is adjacent to the aggressor’s assigned channel will experience interference due to an ACLRadjust of ACLR – FACLR.
According to section 5.1.1.3 in [4],

In particular, there are 3 UEs scheduled while 16 RB per UE for E-UTRA uplink in coexistence study. The ACLR of E-UTRA UE assumed as in Table 3
Table 3 ACLR for E-UTRA UE in coexistence study

	ACLR dB/ BAggressor

	Victim adjacent to edge of aggressor RBs
	Victim non Adjacent to edge of victim RBs

	30 (less than 16 RBs away)
	43 (more than 16 RBs away)


According to section 5.1.2 in [4],

Uplink and downlink are simulated independently. Degradation of victim system will be obtained by comparing capacity/throughput simulation results of single-operator scenario (without external interference) to the multi-operator case. 
4 Simulation assumptions
4.1 Cell layout

According to section 4.4.2.1 in [4],
Uncoordinated deployment is assumed for coexistence study between E-UTRA/UTRA and CIoT. The cell layout is illustrated in Figure 1
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4.2 Channel allocation
According to section 4.2 in [10],

The channel allocation scenario for uncoordinated deployment is considered as the CIoT spectrum is placed at one end of E-UTRA or UTRA carrier. This is illustrated in Figure 2.
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Figure 2. Channel allocation for CIoT coexistence with E-UTRA/UTRA
According to section 4.2 in [5],

For NB M2M, the detail channel division when NB M2M occupied 200kHz system bandwidth is shown in Figure 3. 
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Figure 3 Channel allocation for NB M2M
4.3 Frequency planning

According to section 5.1.1.4 in [4]:
Both the E-UTRA and UTRA system frequency reuse is 1. 
The frequency planning for NB M2M is elaborated in [5].
4.4 Power control

For E-UTRA, the power control modelling described in section 5.1.1.6 of [4] is reused.
For UTRA, the fast inner loop power control modelling described in section 5.1.6.2 and 5.1.6.3 of [3] is reused.

4.5 System loading

According to section 12.1.2 in [4],

For E-UTRA, the number of UEs per sub-frame for downlink and uplink is presented in Table 4 and Table 5.
Table 4 Number of UEs per sub-frame for downlink
	System
	Number of UEs per subframe 
	Number of RBs per UE

	E-UTRA
	1 UEs
	50 RBs


Table 5 Number of UEs per sub-frame for uplink
	System
	Number of UEs per subframe
	Number of RBs per UE

	E-UTRA
	3 UEs
	16 RBs  (Total: 48 RBs)


According to section 5.1.7 in [3],

For UTRA, the number of users in the uplink is evaluated according to a 6 dB noise rise over the thermal noise in the UL. A simulation is run with a predefined number of users, and at the end the average noise rise (over the thermal noise) is measured; if lower than 6 dB, the number of users is increased until the 6 dB noise rise is reached. The number of users in the downlink is evaluated that 95 % of the users achieve an Eb/No of at least (target Eb/No -0,5 dB) (i.e. 95 % of users are satisfied).
4.6 Simulation output

According to section 5.1.1.9 in [4],

Simulation results for E-UTRA as victim shall be presented in terms of throughput reduction in percent relative to the reference throughput without external interference vs. ACIR, separately for all UE and for the 5% throughput CDF UE.

According to section 5.1.1.9 in [4] and section 5.1.7 in [3]
Simulation results for UTRA as victim shall be presented in terms of capacity reduction vs. ACIR. In the downlink, capacity is defined by the number of satisfied speech users where a user is satisfied when the measured Eb/N0 of a connection at the end of a snapshot is higher than a value equal to Eb/N0 target -0,5 dB. In the uplink, capacity is the number of users when the 6 dB noise rise is reached.
4.7 Other simulation assumptions
According to Table C.1 in [4] and section 5.1.5.1 in [3],

Other simulation parameters for E-UTRA and UTRA are shown in Table 6.

Table 6. Simulation parameters for E-UTRA and UTRA
	No
	Parameter
	Assumption (common)

	1
	Environment
	Macro cell, Urban area,
Uncoordinated deployment

	2
	Cellular Layout
	Hexagonal grid, 3 sector per site, 19 cell sites, 57 sectors with BTS in the corner of the cell

	3
	Carrier Frequency
	900MHz

	4
	Inter site distance 
	750m

	5
	BTS antenna gain (including cable loss)
	15 dBi

	6
	BTS antenna pattern 
	See sub-clause 4.2.1.1, 3GPP TR 36.942.

	7
	MS antenna gain
	0 dBi

	8
	User distribution
	Users dropped uniformly in entire cell

	9
	Pathloss model
	L=I + 37.6log10(.R), R in kilometers

I=120.9 for the 900 MHz band

	10
	Shadowing standard deviation
	10 dB

	11
	Shadowing correlation
	Between cell sites


	0.5

	
	
	Between sectors of the same cell site
	1.0 

	12
	Handover margin
	3 dB

	13
	Minimum coupling loss
	70 dB

	14
	BTS noise figure
	5 dB

	15
	UE noise figure
	9 dB

	No
	Parameter
	Assumption (E-UTRA)

	16
	System bandwidth
	10 MHz

	17
	BS max Tx power
	46 dBm

	18
	UE max Tx power
	23 dBm

	19
	UE min Tx power
	-40 dBm

	20
	Traffic model
	Full-buffer

	21
	Resource Block size
	180kHz.

	22
	RB number per active UEs
	16 RBs (total: 48 RBs)  (UL),
50 RBs (DL)

	23
	Link level performance model
	See Annex A, 3GPP TR 36.942.

	No
	Parameter
	Assumption (UTRA)

	24
	System bandwidth
	5 MHz

	25
	BS max Tx power
	43 dBm

	26
	UE max Tx power
	21 dBm

	27
	UE min Tx power
	-50 dBm

	28
	Traffic model
	Speech (8kbps), ful-buffer

	29
	Non orthogonality factor
	N/A (UL)

0.4 (DL)

	30
	Target Eb/N0
	6.1 dB (UL)

7.9 dB (DL)


	Proposal 1: It is proposed to take the above coexistence scenarios, evaluation methodology and common simulation assumptions specific to E-UTRA and UTRA system according to existing 3GPP RAN WG4 technique reports [3][4] for the coexistence study between CIoT and E-UTRA/UTRA.


5 Conclusions
In this paper, the coexistence study between CIoT and E-UTRA/UTRA systems is discussed. In particular, a number of the evaluation methodology and common assumptions for E-UTRA and UTRA systems are provided according to existing RAN WG4 technique reports. Other assumptions that are specific to 10MHz E-UTRA and 5MHz UTRA are also discussed. The main purpose of the paper is to initiate discussions regarding the coexistence study with E-UTRA and UTRA to agree to reuse the common evaluation framework in existing 3GPP RAN WG4 technique reports [3][4]. Evaluation results from the sourcing companies will be provided in future documents.
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