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* Spatial diversity: The same data i1s coded and transmitted through multiple
antennas, which effectively increases the power in the channel proportional
to the number of transmitting antennas. This improves signal-to-noise (SNR)
for cell edge performance. Further, diverse multipath fading offers multiple
“views” of the transmitted data at the receiver, thus increasing robustness.
In a multipath scenario where each receiving antenna would experience a
different interference environment, there 1s a high probability that if one
antenna 1s suffering a high level of fading, another antenna has sufficient

signal level. n @2vnA dodayasaldediu (redundant)

e Spatial multiplexing: A source data stream 1s divided among the transmit-
ting antennas. The gain in channel capacity is proportional to the available
number of antennas at the transmitter or receiver, whichever is less. Spatial
multiplexing can be used when transmitting conditions are favorable and for
relatively short distances compared to spatial diversity. The receiver must
do considerable signal processing to sort out the incoming substreams, all of
which are transmitting in the same frequency channel, and to recover the indi-

vidual data streams. n 1g199n1A dvdoyaciviu (parallel) Midtuuvlamatiidu
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For spatial multiplexing, there 1s a multilink channel that can be expressed as
y = He + n, where y is the vector of received signals, ¢ is the vector of transmitted
signals, m is an additive noise component, and H = [/;] is an r X ¢ channel matrix,
with r being the number of receiving antennas and ¢ the number of transmitting
antennas. The number of spatial data streams is min|[r, f|. For a channel with three
transmitters and four receivers (Figure 17.2), the equation is:
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The hj; are complex numbers x + jz that represent both the amplitude attenu-
ation (x) over the channel and the path dependent phase shift (z), and the n; are
additive noise components. The receiver measures the channel gains based on train-
ing fields containing known patterns in the packet preamble and can estimate the
transmitted signal with the following equation:
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Multiple-User MIMO

Multiple-user MIMO (MU-MIMO) extends the basic MIMO concept to multi-
ple endpoints, each with multiple antennas. The advantage of MU-MIMO com-
pared to single-user MIMO is that the available capacity can be shared to meet

time-varying demands. MU-MIMO techniques are used in both Wi-F1 and 4G
cellular networks.

There are two applications of MU-MIMO:

e Uplink—Multiple Access Channel, MAC: Multiple end users transmit simul-
taneously to a single base station.

* Downlink—Broadcast Channel, BC: The base station transmits separate data
streams to multiple independent users.

Base station Govilildaio1NIAYIUOULIN IWDIRUSMISWIBHA1wAUTAWSDU a Au
Base station RualaYMARFIGUCazAU AUAILADYMISIUYEU:UU LEU 1, 2, 4 Wudu



MIMO-MAC 1s used on the uplink channel to provide multiple access to
subscriber stations. In general, MIMO-MAC systems outperform point-to-point
MIMO, particularly if the number of receiver antennas i1s greater than the number
of transmit antennas at each user. A variety of multiuser detection techniques are
used to separate the signals transmitted by the users.

MIMO-BC 1s used on the downlink channel to enable the base station to
transmit different data streams to multiple users over the same frequency band.
MIMO-BC 1s more challenging to implement. The techniques employed involve
processing of the data symbols at the transmitter to minimize interuser interference.
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Euler's formula
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* Zero Forcing
e LMS

* MMSE

* SVD

http://www.sharetechnote.com/html/Communication_ChannelModel.html



From the Generalized Mode, we can derive roughly three different typical cases as shown below. The details of each
of the cases will be explained in separate pages linked below.
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ZF (Zero Forcing)
ZF by James Weng
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o Rx Diversity

Tx >1,Rx =1
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T™M>1uazRx>1

e Same number of Tx and Rx Antenna without Noise
e Same number of Tx and Rx Antenna with Noise
e Different number of Tx and Rx Antenna without Noise

e Different number of Tx and Rx Antenna with Noise

http://www.shaetechnote.com/html/Communication_ChannelModel_ZF.html



Channel Information Matrix
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Our goal is to figure out ‘Transmitted
Data’ by using ‘recieved data’ and
‘Channel Matrix’

Channel Information Matrix
(It is assumed that We know this)
~
Recieveddata —— \\L'% | e Transmitted data
(We know this) £~ [This is what we need to figure out)

yv=Hx

¥H a1n training data HOW ?
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It seems very simple.
But would this always work ?

' »
Unfortunately it is not always working.
It works only with following conditions

y = Hx

—>Thisshould be square matrix —> It means the number of Tx antenna and Rx Antennashould be same

—> Thisshould be invertible Determinant of the matrix should not be Zero

It should have full Rank (Rank idex is ‘n” when it is n x n matrix)
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Massive MIMO

Massive MIMO: Precise "beamforming" to terminals

o 1:53/211

https://www.youtube.com/watch?v=XBb481RNqGw
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Excel functions for complex numbers

« complex as1v complex number

* improduct HFAINaATUUDY complex number

* imsum HIWASOUUDV complex number

* imreal ILAW: real part Uov complex number

* Sumproduct K1 sum of products

* imaginary 1AW= imaginary part Uov complex number



Expo

npm install axios
npm install expo-secure-store

npm install @react-navigation/drawer
npx expo install @react-navigation/drawer react-native-gesture-handler react-native-reanimated

Fueilaninaenau aa token wiulilu secured storage & toast 14 menu
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ustomDrawerContent{props) {
signOut =

it SecureStore.deleteltemAsync( ' token’
I
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props.navigation. reset
index: @,
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return
View style={{ paddingTop:
DrawerItem label="Main" onPress={() props.navigation.navigate( "Main")
] props.navigation.navigate( ' Credit’)

DrawerItem label="
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DrawerItem label="




iew style={{ paddingTop:

DrawerItem label=" n" : : props.navigation.navigate("
DrawerItem label=" ' 1= ] props.navigation.navigate
DrawerItem label=

MainDrawer() {
return
or drawerContent={(props) ( {...props}
Drawer n name="Main" component={Main
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In" component={SignIn} options={{ headerShown: }
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screens » JS Signings » [=] default

import React, { useState } from 'react’
import { View, Text, TextInput, Button, Alert } from
import { useNavigation } from "@react-navigation/native”
import axios from "axios'
import as SecureStore from 'expo-secure-store’

signIn = ()

[nationalld, setMatiomalId] = useState('")
[password, setPassword] = useState( "’
navigation = useNavigation()

submit =

'nationalld || !password

Alert.alert('Error', 'nsminsandayalvasuaiun’)

return

{ nationalld, password })

await SecureStore.setItemAsync( token’, response.data.token)
navigation.navigate( 'MainDrawer")

catch (error

Alert.alert( Error’, error.response.status.toString())
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The Traditional Approach: npm install

npm install is the standard package installation command that most

JavaScript developers are familiar with. It:

Installs the latest version of a package that satisfies your package.json

requirements

Adds the dependency to your package.json file

Updates your package-lock.json with exact versions

Works with any Node.js project, not just Expo

Example Usage:

npm install @react-navigation/material-top-tabs

The Expo Way: npx expo install

npx expo install 1s Expo's recommended way to install packages in Expo

projects. It offers several advantages:

Automatically selects versions compatible with your Expo SDK version

Handles peer dependencies more gracefully

Manages platform-specific dependencies appropriately

Reduces version conflicts between Expo packages

Example Usage:

npx expo install @react-navigation/material-top-tabs
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