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Evaluations on Narrow-band M2M
1 Introduction
The concept of NB M2M is provided in [1]. The main idea is to divide a 200 kHz resource block into a number of narrow-band channels for both uplink and downlink, with a channel spacing of a few kHz and ten or more kHz, respectively. The uplink capacity is improved by allowing frequency division multiple access within 200kHz, and the coverage is extended by concentrating the transmission power into a narrower bandwidth.
In this contribution, some preliminary results of evaluation are presented.
2 Initial performance evaluation
2.1 Coverage analysis
Link budget is commonly used for coverage analysis. An important parameter to be defined is the Maximum Coupling Loss (MCL). MCL is the parameter describing the maximum allowable loss in signal between BS and MS. Figure 1 presents primary elements for link budget.
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Figure 1 link budget elements
For simplicity Tx/Rx loss and Tx/Rx antenna gain are not involved in the MCL calculation. MCL could be seen as the overall signal loss including slow fading loss (with lognormal distribution) and penetration loss. The coverage could be indicated with the cell coverage criterion called location probability,which is the probability of getting at least the minimum quality of service over the cell area[2] The relationship between cell coverage and MCL is provided in Annex 5.1. The requirement from operators to improve cell coverage from 99% outdoor coverage to 99% indoor coverage indicates a 20 dB MCL enhancement.
The MCL calculations for GSM/EGPRS and NB M2M are presented in Table 1 and Table 2. In Table 2 M-PDSCH,M-PUSCH and M-SCH are channels for downlink data transmission, uplink data transmission and broadcast/synchronization channel, respectively.
	Table 1 MCL calculation for GSM/EGPRS
　
	GSM/EGPRS

	Physical channel name
	DL MCS-1
	SCH
	SDCCH
	UL MCS-1
	RACH

	Data rate(kbps)
	8.8[1]
	　
	　
	8.8[1]
	　

	Transmitter

	(1) Tx power  (dBm)
	43
	43
	43
	33
	33

	Receiver

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	9
	9
	9
	5
	5

	(4) Interference margin (dB)
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	180000
	180000
	180000
	180000
	180000

	(6) Effective noise power= (2) + (3) + (4) + 10 log((5))  (dBm)
	-112.4 
	-112.4 
	-112.4 
	-116.4 
	-116.4 

	(7) Required SINR (dB) 
	14.7
	9.4
	15
	7.9
	7.4

	(8) Receiver sensitivity= (6) + (7) (dBm)
	-97.7 
	-103.0 
	-97.4 
	-108.5 
	-109.0 

	MCL 
	140.7 
	146.0 
	140.4 
	141.5 
	142.0 


Note 1: the data rate for one timeslot.
An additional 20dB coverage improvement over the limiting channel for GSM/EGPRS in Table 1 is targeted in Table 2. 
Table 2 MCL calculation for NB M2M
	
	NB M2M

	Physical channel name
	M-PDSCH
	M-SCH
	M-PUSCH

	Data rate(kbps)
	0.34
	-
	0.44

	(1) Tx power  (dBm)
	32.2[2]
	32.2[2]
	23

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	9
	9
	5

	(4) Interference margin (dB)
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	12000
	12000
	3750

	(6) Effective noise power= (2) + (3) + (4) + 10 log((5))  (dBm)
	-124.2 
	-124.2 
	-133.3 

	(7) Required SINR (dB) 
	-5.7
	-6
	-4.5

	(8) Receiver sensitivity= (6) + (7) (dBm)
	-129.9 
	-130.2 
	-137.8

	MCL (dB)
	162.1
	162.4 
	160.8


Note 2: Tx power for downlink channel is converted from the same psd for GSM/EGPRS showed in Table 1.
It can be seen that the MCL benefits by using NB M2M solution compared with legacy GSM/EGPRS system, around 20dB extension can be achieved for deeper converage. 
2.2 Uplink Capacity analysis
The statistics of uplink geometry (long-term SINR) for NB M2M were collected in system simulations. The simulation assumptions are listed in Annex 5.2. It should be noted that additional 20dB penetration loss is added to the system simulation. That means 100% of the users for a given simulation are assigned 40dB penetration loss in total.
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NB M2M geometry with additional 20dB penetration loss
The result from Figure 2 indicates that 80% uplink M2M devices need coverage enhancement, comparing with the minimum MCL (of about 140 dB)  in GSM/EGPRS. 10dB coverage enhancement means that MCL should be 150 dB, and for 20dB coverage enhancement MCL should be160 dB. User percentage of different coverage class is listed in Table 3.
Table 3 User percentage in different coverage class
	Coverage class
	User percentage

	GSM coverage, MCL=140
	20%

	GSM+10dB coverage, MCL=150
	40%

	GSM+20dB coverage, MCL=160
	40%


Within 200 kHz NB M2M bandwidth, each M2M device is assumed to transmit 100 bytes every time and only one uplink transmission every hour. 30% scheduling and signaling overhead is assumed. M2M devices in different coverage class need to repeat different times in time domain to improve MCL. Based on above assumptions, [image: image4.png]1.01 X 10°



users /hour/200kHz is derived to be served by the NB M2M network.
2.3 Cost analysis
From the perspective of M2M device cost, modem and related peripherals are taken into account. In general view, low complexity baseband processing for low data rate application makes less on-chip memory, fewer gates and simple MCU/DSP core selection. Lower Tx power, from 33dBm to 23 dBm, makes it possible to integrate the PA in the SoC (including RF, baseband and power management). Half-duplex and/or single RF operation band makes RF design less complex. More general oscillator with 20ppm and low cost other discretes could be considered in NB M2M.
In summary, simple baseband and RF design drives down the cost per good die . Furthmore low complexity NB M2M design makes the modem assembly/package, testing more effective which eventually reduce the modem cost .Together with less memory and other cheaper discretes it is expected that ultimately a 50% cost reduction compared to GPRS should be possible. The referece GSM/GPRS module cost is about $10.
3 Analysis of coexistence with GSM

3.1 Coexistence Methodology and evaluation assumptions
Simulations to investigate the mutual interference impact of NB M2M and GSM are based on snapshots while users are randomly placed in a predefined deployment scenario.The interfering signal is a combination of intra-system and inter-system interference.Intra-system interference consists of interference generated by communication links in all of the surrounding cells.Inter-system interference consists of interference generated by all communication links of the second system.
It is assumed that the NB M2M system uses one of the GSM channels(200kHz). GSM channels are adjacent on either side of the NB M2M channel shown in Figure 3.
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Figure 3 deployment of GSM and NB M2M
The effect of the adjacent channels is characterized in terms of Adjacent Channel Leakage Ratio (ACLR), an attribute of the transmitter of the aggressor system and Adjacent Channel Selectivity (ACS), an attribute of the receiver of the victim system .The combined effect is the Adjacent Channel Interference Ratio (ACIR): 
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Interference power contributed by the adjacent channel = (receiver power on the adjacent channel)/ACIR.
The system simulation parameters for the deployment model and corresponding ACLR and ACS are given in Annex 5.2 and Annex 5.3.
3.2 Analysis results
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Figure 4 Uplink Geometry in GSM with NB M2M Aggressor
From system simulation, the geometry of GSM with/without NB M2M aggressor are given in Figure 4. It can be seen that the uplink geometry for GSM is barely impacted by NB N2M deployment if an additional penetration loss of 20dB is assumed.
4 Conclusions

This document provides some preliminary analysis for NB M2M. Remarkable improvement was observed on coverage, uplink capacity and cost over legacy GSM/GPRS, and the impact of NBM2M to legacy GSM/GPRS was found negligible.
5 Annex
5.1 Coverage and MCL enhancement
Location probability is a quality criterion for cell coverage. Due to shadowing and fading a cell edge is defined by adding margins so that the minimum service quality is fulfilled with a certain probability. Area coverage is another way to reflect quality for cell coverage. For lognormal shadowing an area coverage can be translated into a location probability on cell edge (Jakes, 1974). If not otherwise stated, Location probability is used to provide quantitative indicators for cell coverage. 
Slow Fading Margin is a part of MCL calculation. How much Slow Fading Margin needed is based on Location Probability requirement. The estimation of Slow Fading Margin needed to achieve at any given degree of coverage is provided as follows.

Table 4 standard deviation and penetration loss for different scenarios
	Scenario
	standard deviation
	Penetration loss

	Rural Macro (RMA) 
	8 dB 
	20dB 

	Urban Macro (UMA)
	8 dB 
	20dB 

	Urban Micro (UMI) 
	10 dB 
	20dB 
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Figure 5 coverage outage(1-location probability) Vs fading margin
With these models, we can compute an estimate of the MCL needed to achieve at any given degree of coverage. It can be seen that 90% outdoor coveage (i.e. the coverage outage=10%) for UMI scenario requires around 17dB fading margin.From 99% outdoor coverage to 99% indoors coverage needs an increase of 20dB for additonal penetration loss.
5.2 System simulation assumptions
Table 5 system simulation assumptions
	Parameter
	Assumption

	Carrier Frequency
	900MHz

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site, ISD=1732m, penetration loss=20dB, additional penetration loss=20dB
For co-existence analysis NB M2M cells are co-located with GSM cells

	System Bandwidth
	NB M2M: 200kHz(one resource block)
GSM: 2.4MHz

	Frequency re-use
	NB M2M:1/3
GSM: 4/12

	Frequency hopping
	NB M2M: Off
GSM: On

	Total BS TX power (Ptotal)
	43dBm

	Terminal / UE power class
	NB M2M: 23dBm
GSM: 33dBm 

	Antenna configuration
	Uplink: 1T2R
Downlink:1T1R

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers
I=120.9 – 900M

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss
	Basic PLoss: 20dB (indoor penetration)
Additional PLoss: 20dB

	Noise Figure at terminal
	9dB

	Noise Figure at BS
	5dB


5.3 ACLR and ACS for coexistence evaluation
Table 6 ACLR and ACS for GSM

	adjacent channel offsets (kHz）
	ACLR
	ACS

	200
	11
	33

	300
	37
	33

	400
	52
	33

	500
	63
	33

	600
	69
	33


Table 7 ACLR and ACS for NB M2M
	adjacent channel offsets (kHz）
	ACLR
	ACS for UE

	200
	18
	33

	300
	29
	33

	400
	39
	33

	500
	39
	33

	600
	43
	33
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