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1.

Compute the MIMO zero-forcing receiver for the channel matrixH given as
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[10] CO4 L3



2. Elaborate in detail on the multiple access for OFDMA Systems. [10] CO3 L2



3. Explain in detail the MMSE MIMO Receiver and its advantages in MIMO wireless
communication.

[10] CO4 L2











4. Explain the Singular Value Decomposition (SVD) of the MIMO channel with suitable
examples.

[10] CO4 L3



5. Explain in detail the Alamouti and Space-Time codes. [10] CO4 L2

Alamouti coding is a space-time block coding technique used in wireless communication

systems with multiple-input multiple-output (MIMO) channels. It was proposed by Prof.

Siavash Alamouti in 1998 and provides a simple and effective way to achieve diversity and

increase the data rate in wireless communication. The basic idea behind Alamouti coding is to

transmit the same information over multiple antennas in such a way that it can be decoded at

the receiver using simple linear processing. The Alamouti scheme uses two transmit antennas

and one receive antenna, but it can be extended to multiple antennas at both the transmitter and

receiver. In the Alamouti scheme, the input data is first split into two parts and each part is

transmitted from the two antennas. The transmitted signal at time t is given by:

s(t) = [x1(t) x2(t)] [a1(t) -a2*(t)]………………….(1)

where x1(t) and x2(t) are the two parts of the input data, a1(t) and a2(t) are the complex channel

gains between the two transmit antennas and the receive antenna at time t, and a2*(t) is the

complex conjugate of a2(t).

At the receiver, the received signal is first demodulated and then processed using the following

decoding matrix:

[1 0; 0 a2*(t)] [y1(t) y2(t)] = [x1(t) x2(t)]…………..(2)



where y1(t) and y2(t) are the received signals at time t.

The decoding matrix takes advantage of the orthogonality between the two transmitted signals

to recover the original data. The first row of the matrix simply scales the first received signal by

1 and the second row scales the second received signal by the complex conjugate of the second

channel gain, which cancels out the interference caused by the second transmitted signal.

Alamouti coding provides diversity gain by transmitting the same information over two

antennas and using simple linear processing at the receiver to recover the original data. It is a

powerful technique for increasing the data rate and improving the reliability of wireless

communication systems, especially in MIMO channels.

6. Consider the 2 × 2 MIMO system given below, and describe the various stages of the V
Blast Receiver.

[10] CO4 L3
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7. Explain the Uplink SC-FDMA Radio resources. [10] CO3 L2

Uplink SC-FDMA (Single-Carrier Frequency-Division Multiple Access) radio resources
are the channels and power allocated by a network to user equipment (UE) for
transmitting data to the base station. SC-FDMA is a modulation scheme that is efficient
for uplink transmissions because it has a low peak-to-average power ratio (PAPR), which
helps mobile devices conserve battery power. Resource allocation involves assigning
subcarriers (subchannels) to users, often in contiguous blocks, and controlling their
transmission power to maximize throughput and meet different quality-of-service (QoS)

https://www.google.com/search?q=peak-to-average+power+ratio&rlz=1C1CHBF_enIN1142IN1143&oq=Explain+the+Uplink+SC-FDMA+Radio+resources&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIHCAEQIRigATIHCAIQIRigAdIBCTE4MDBqMGoxNagCCLACAfEFZ0AhetdxtaM&sourceid=chrome&ie=UTF-8&mstk=AUtExfBpmQzntjs7EM_H-6bGDILViZlNEJOWv5iWrP-kvg2cUqaXuYWd46QmFzTDZsGE439Iq-S0rcUxm7kHZJEWJWe4J6T1HP-6nsC_eNFzsmZdd7OdGrtD8j1ZjXeVEaDjWSZCvqVWJ9H17-7XYY3_TJAFp5VstOUUZLUtV4AK2OlQGco&csui=3&ved=2ahUKEwjHuOOL_aCRAxWxqVYBHUlYIxUQgK4QegQIARAC


requirements.

Key aspects of SC-FDMA radio resources

Low PAPR: SC-FDMA is designed to have a lower PAPR than OFDM, which is crucial
for mobile devices with limited battery power. A lower PAPR allows the amplifier to
operate more efficiently, reducing power consumption.
Subcarrier allocation: The total radio resource is divided into subcarriers, which are
then allocated to different users.
Localized SC-FDMA: In this approach, a user is assigned a contiguous block of
subcarriers. This is the most common method for LTE uplink as it offers higher
throughput.
Distributed SC-FDMA: Here, a user's subcarriers are spread out over the entire signal
band. This is used less often as it can result in lower throughput.
Resource allocation and scheduling: The base station's scheduler allocates resources
based on various factors:
Channel conditions: The quality of the radio channel for each user.
User equipment (UE) capability:What the user's device can support.
Quality of Service (QoS): Different applications may have different requirements for
minimum throughput or other performance metrics.
Constraints:
Exclusivity: A specific subchannel can only be allocated to a single user at a time to
avoid interference.

Continuity: In localized SC-FDMA, the allocated subcarriers must be adjacent to each
other.

Power control: In addition to subcarrier allocation, the network also controls the
transmission power of each user's device to optimize performance and manage
interference.

8. Explain in detail the Radio Interface Protocols in LTE. [10] CO3 L2

https://www.google.com/search?q=OFDM&rlz=1C1CHBF_enIN1142IN1143&oq=Explain+the+Uplink+SC-FDMA+Radio+resources&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIHCAEQIRigATIHCAIQIRigAdIBCTE4MDBqMGoxNagCCLACAfEFZ0AhetdxtaM&sourceid=chrome&ie=UTF-8&mstk=AUtExfBpmQzntjs7EM_H-6bGDILViZlNEJOWv5iWrP-kvg2cUqaXuYWd46QmFzTDZsGE439Iq-S0rcUxm7kHZJEWJWe4J6T1HP-6nsC_eNFzsmZdd7OdGrtD8j1ZjXeVEaDjWSZCvqVWJ9H17-7XYY3_TJAFp5VstOUUZLUtV4AK2OlQGco&csui=3&ved=2ahUKEwjHuOOL_aCRAxWxqVYBHUlYIxUQgK4QegQIBRAB
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