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Abstract-Vehicle -to-Grid (V2G) supports ancillary services like peak shaving, valley filling, load levelling and the battery of 

the electric vehicle (EV) provide reactive power support to the grid. V2G also helps in maintaining the grid stability forshort 

duration of time. The communication between EV and the Smart Meter is very crucial for smooth functioning of V2G. The WiFi 

single input single ouput/multiple input multiple output(SISO/MIMO) protocol is proposed for EV to Smart Meter 

communication in indoor wireless environment. The channel models B and C are used as they are developed for residential 

apartment and office buildingsdue to the fact that EVs are usually parked in these locations. The MIMO environment is 

considered for simulating these channel models. The physical layer of WiFi (SISO) protocol is modeled in 

MATLAB/SIMULINK and its performance is investigated. 

Keywords-Channel model, EV, Smart Meter, V2G. 

 

1. Introduction 

EVs will gradually replace the other vehicles due to 

growing oil demand and increased carbon emission[1,2]. EVs 

are usually are usually parked for 90-95% of the time in 

residential buildings, office complex, parking lots etc. This 

parking time can be used to connect the EVs to grid through 

home or other interface. The group of EVs can be integrated 

to the grid to sell or buy power from the grid known as  known 

as V2G[3]. The single EV can consume power but cannot 

pump power back to the grid. The group of EVs makes a 

sizeable difference and delivers power to the grid. The EVs 

also support the ancillary services like load leveling, voltage 

regulation, frequency regulation and balancing. The EV needs 

bidirectional charger to sell or buy power from the grid. 

Further the bidirectional charger has the direct current (dc) 

link capacitor which is inherently able to provide the reactive 

power support to the power grid [4,5]. The 

charging/discharging capabilities of a battery promote the 

concept of Vehicle–to-Home (V2H), Vehicle-to-Vehicle 

(V2V) and V2G [6]. EV not only serves as a transportation 

tool but also acts as controllable load or Distributed Resource 

(DR). 

EV can be connected to the home grid or other interface 

through the On-Board or Off-Board bidirectional charger [7]. 

The integrators have to strictly comply with IEEE 1547 

standards such as to provide quality power to the customers. 

The control scheme and state of charge (SOC) of the EV 

battery decide whether to draw or transfer power. The 

communication between EV and the Smart Meter plays a key 

role in the efficient operation of V2G in charging station. The 

Smart Meter keeps track of the power transaction between EV 

and grid. The EVs connected to the charging station with 
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wireless access support for EV to smart meter is shown in 

Fig.1. 

The On-Board communication unit of EV is responsible 

for communication with aggregator or smart meter or another 

EV. In this paper we use the term EV to Smart Meter instead 

of On-Board communication unit of EV. The EVs are usually 

parked in the residential apartment or office building. The 

charging slots are provided in parking station in indoor 

wireless environment. Both EV and Smart Meter are fixed 

entities and the people moving around will influence the 

wireless channel. The Smart Meter acts as an interface 

between the EV and Grid Control Center (GCC). The power 

transaction between EV and the Grid is tracked by the Smart 

Meter and the tariff at that point of time is communicated to 

the EV owner. 

 

Fig. 1. EV to smart meter communication in V2G. 

2. Background 

The various opportunities and challenges of V2G are 

presented in [6] and the existing techniques available for V2G 

integration are reviewed in and the potential economic benefits 

of V2G are listed [4]. The basics of V2G and the revenue 

generation associated with it are presented in [1] and the 

complexities involved in implementation of V2G are 

explained in [2]. The detailed conceptual frame work of V2G 

is presented in [8] and contactless charger suitable for Indian 

Power Grid environment and benefits are projected in [9]. 

The communication between the grid control center and 

aggregator is presented in [10,11,12] and the communication 

between the aggregator and EV is discussed in [10,13,14].The 

integration EVs into Smart Grid is presented in [15]. There is 

no mention of wireless access support for EV to Smart Meter 

communication in V2G. The WiFi protocol is proposed for 

grid EV to Smart Meter communication in V2G. The physical 

layer of WiFi protocol is modeled using 

MATLAB/SIMULINK and its performance is investigated. 

3. Fading Channels 

The channel model is a mathematical representation of 

the relation between the transmitted and received power 

during transmission in wireless communication. The channel 

model describes the effects of channel on the transmitted 

signal. The fading leads to variations in the transmitted signal 

during propagation over time and frequency. The fading 

occurs due to large scale and small scale fading. The path loss 

and shadowing fall in the large scale fading category. The 

multipath is responsible for small scale fading[16,17]. 

The large scale fading occurs due to the path loss and 

shadowing. The path loss occurs due to the large distance 

travelled by the transmitted signal and the shadowing occurs 

due to the obstacles, building, trees, hills and walls. The 

variations in the transmitted signal due to the large scale and 

small scale fading are shown in Fig.2.  

 

Fig. 2. Variations in the signal due to path loss, shadowing 

and   multipath. 

The indoor wireless channels have different fading 

characteristics compared to the mobile case. The transmitter 

and receiver in these system are stationary and people move 

in between and influence the channel. In case of outdoor 

mobile systems the user is moving through an environment 

[19]. For the indoor environment, the effect of fading  can be 

described using Doppler spectrum: 
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The Doppler spread df  is defined as  
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where ov  is environmental speed (based on 

measurements) and   is wavelength and is given by: 

 
c

c

f
   (4) 

where c represents light speed, cf  carrier frequency, 

maxf  maximum frequency component of Doppler spectrum 

and it limits the range of frequencies(upper bound). Usually,  

maxf = 5 df . 

The channel models are developed for wireless local area 

network (WLAN). The bandwidths up to 100MHz at 

frequencies of 2 and 5GHz are considered. There are set of six 

profiles A to F and cover flat fading, residential, small office, 

typical office, large office/ large space (indoor/outdoor) 

scenarios. The path loss model and shadowing are available 

for each channel model. The MIMO multipath fading channel 

also exists for describes the multipath delay profile, spatial 

properties, K-factor distribution and Doppler spectrum [20]. 

The MIMO technique use multiple antennas both at the 

transmitter and receiver sides to improve the performance of 

the communication. It addresses the issue of multipath, 

exploits space dimension and improves system capacity, range 

and reliability. The data throughput is increased without 

additional bandwidth and increased transmitted power. The 

fading is reduced and spectral efficiency is increased. The 

Table 1 depict the different types of antenna viz. 

SISO/SIMO/MISO/MIMO [21]. 

Table 1. Types of Antenna 

Antenna types 

 

SISO 

One antenna at 

transmitter and 

receiver side. 
 

 

SIM

O 

One antenna at 

transmitter side and 

multiple antennas at 

receiver side. 
 

 

MIS

O 

Multiple 

antennas at 

transmitter side and 

one antenna at 

receiver side. 

 

 

MIM

O 

Multiple antenna 

at transmitter and 

receiver side 

respectively. 
 

 

The MIMO channel matrix H for each tap at particular 

instance of time can be separated into a fixed (LOS) matrix 

and a Rayleigh (NLOS) matrix. The 4X4 MIMO is example is 

considered 
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(5) 

where Xij (ith receiving antenna and jth transmitting 

antenna), K is Ricean factor and P is tap power [19]. 

 

4. WI-FI Protocol for Smart Meter to EV 

Communication 

The EV is connected to the grid and takes part in power 

transaction. The Smart Meter keeps track of power transaction 

between the vehicle and grid. EVs are concerned about State 

of the Charge (SOC) of battery, charging and parking slot. One 

EV connected to the grid seems to be trivial issue but group of 

EVs certainly make sizeable difference. The group of EVs can 

be connected to the grid for power transaction and support the 

grid in meeting load demands. The communication support for 

the Smart Meter and the EV is very important as it plays a 

prominent role in V2G operation. The Wi-Fi protocol is 

proposed for smart meter to EV communication. The block 

diagram of physical layer of Wi-Fi protocol (SISO) is shown 

in Fig.3.  
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Fig. 3. Block diagram of Wi-Fi (SISO) physical layer. 

The OFDM eliminates ISI caused due to multipath with 

the help of longer symbol periods and a cyclic prefix. Unlike 

single carrier system, to achieve higher data rates it does not 
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require increased symbol rates. The cyclic prefix (CP) and the 

FFT period are two components of OFDM symbol. The Fig.4 

shows the OFDM symbol period (longer) and cyclic prefix to 

eliminate the ISI [22]. The WiFi is based on the OFDM 

technology and helps to tackle the ISI. The disadvantages of 

OFDM are: highly sensitive for frequency offset and high 

peak-to- average power ratio (PAPR). 

 

Fig. 4. OFDM frame. 

5. Simulation Results 

The indoor wireless channel models B and C are 

considered for simulation as they are specific to residential 

and small office scenarios. The EVs are usually parked in the 

basement of the office building or residential apartment. The 

indoor environment is assumed for EV parking and charging 

to facilitate theV2G operation.  

Each model comprises of clusters and they are assigned 

to set of spatial properties:  i) mean angle of arrival (AoA) ii) 

mean angle of departure (AoD), iii) angular spread (AS) at 

transmitter and receiver. The parameters have same values for 

all the tap delays for a given cluster and they determine the 

transmit and correlation matrices for each tap delay. The 

parameters for channel model are taken from the standard 

reference [19, 20]. The 2X2 MIMO (2 transmit antenna and 2 

receive antenna) is considered for simulation. 

The Doppler effect is different from other typical mobile 

cellular models and can be chosen for the fading 

characteristics(indoor wireless channel model). The Doppler 

spectrum is estimated from the complex path gains  for Tx1-

Rx1 link of the first path. The Fig.5 and Fig.6 depict that the 

obtained Doppler spectrum fits the theoretical values. For each 

transmit-receive link, the fading envelope waveforms are 

shown in Fig.7, Fig.8, Fig.9 and Fig.10 repectively for the 

channel model B which is developed for the residential 

environment[20,21]. The results demonstrate that the signal 

get faded at different intervals and for different combination. 

 

Fig. 5. Doppler spectrum estimate. 

 

Fig. 6. Doppler spectrum estimate. 

 

Fig. 7.Path1 Fading Envelopes for Tx1-Rx1 and Tx2-Rx2 

links. 
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Fig. 8. Path1 Fading Envelopes for Tx1-Rx2 and Tx2-Rx2 

links. 

 

Fig. 9. Path1 Fading Envelopes for Tx1-Rx1 and Tx1-Rx2 

links. 

 

Fig. 10. Path1 Fading Envelopes for Tx2-Rx1 and Tx2-Rx2 

links. 

 

Fig. 11. Doppler spectrum estimate. 

The Fig.11 and Fig.12 depict that the obtained Doppler 

spectrum fits the theoretical values. The fading envelope 

waveforms for each transmit-receive link are shown in Fig.13, 

Fig.14, Fig.15 and Fig.16 repectively for the channel model C 

which is developed for the residential / Office buliding 

environment.  
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Fig. 12. Doppler spectrum estimate. 

 

 

Fig. 13. Path1 Fading Envelopes for Tx1-Rx1 and Tx2-Rx1 

links. 

 

Fig. 14. Path1 Fading Envelopes for Tx1-Rx2 and Tx2-Rx2 

links. 

 

Fig. 15. Path1 Fading Envelopes for Tx1-Rx1 and Tx1-Rx2 

links. 

 

Fig. 16. Fading Envelopes for the links Tx2-Rx1 and Tx2-

Rx2 for path 1. 

The simulation parameters for WiFi (SISO) are shown in 

Table 2. and is simulated for Fs=20MHz, N=64, L=16, center 

frequency FC=5.0 GHz, v=50, Doppler frequency FD=v*FC, 

delay tau=[0, 0.1, 0.4]*1e-6, path gain P=[0, -2, -4].  The bit 

error rate (BER) v/s signal-to-noise ratio (SNR) plot is shown 

in Fig.17. Fig.17 shows that to achieve BER of 10-1 the 16 

QAM (Quadrature Amplitude Modulation) requires 26dB and 

64 QAM requires 32dB. The 64 QAM with coding rate ½ to 

achieve BER less than 10-1 requires 20dB. 
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Table 2. Parameters for 802.11 

 

 

Fig. 17. BER v/s SNR. 

6. Conclusion 

The wireless communication link is established between 

EV and the Smart Meter in indoor wireless environment. The 

Doppler model is considered specifically for this case as both 

the transmitter and receiver entities are fixed. The power 

transaction between the EV and Grid are tracked by the Smart 

Meter and corresponding tariff related information is 

communicated to the EV owner. The channel models for 

indoor wireless communication specifically for residential 

apartment and office building environment are simulated as 

the EVs are parked in these locations. Also, the physical layer 

of WiFi protocol is modeled in MATLAB/SIMULINK. The 

BER v/s SNR curve is plotted and the performance of the WiFi 

protocol is investigated. The EV to the Smart Meter 

communication infrastructure is developed in order to increase 

the safety and the performance efficiency of V2G. 
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