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Recalling from last session...
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Review Exercise Set O1:

1. a) Estimate the number of sub-carriers in 3GPP LTE in case of a 10 MHz transmission
bandwidth. Also determine the total number of coded bits carried by one OFDM signal
if all sub-carriers are modulated with 64-QAM.

b) In LTE, a transmitted OFDM signal duration typically is approximately equal to 71.7 s,

and the sub-carrier spacing is 15 kHz. Does this mean that the different sub-carriers
are orthogonal over the entire OFDM symbol interval?

2. How many coded bits per second can be transmitted from an antenna within an LTE
resource-block pair if we assume that 16-0QAM is used in all sub-carriers?
|s the obtained value reasonable for the uplink for a Category 3 terminal?

3. How many coded bits per second can be sent in LTE within a 20 MHz bandwidth if we
assume that 64-QAM is used in all sub-carriers, and that eight transmitting and receiving
antennas are used. Assume also normal cyclic prefix.

4. What is the required bandwidth to provide the peak rate of UE Category 9 devices?
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a) Estimate the number of sub-carriers in 3GPP LTE in case of a 10 MHz transmission
1 bandwidth. Also determine the total number of coded bits carried by one OFDM signal
° if all sub-carriers are modulated with 64-QAM.
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b) In LTE, a transmitted OFDM signal duration typically is approximately equal to ?1.42?(;;5

1 and the sub-carrier spacing is 15 kHz. Does this mean that the different sub-carriers
. are orthogonal over the entire OFDM symbol interval?
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How many coded bits per second can be transmitted from an antenna within an LTE

2 resource-block pair if we assume that 16-QAM is used in all sub-carriers?
o Is the obtained value reasonable for the uplink for a Category 3 terminal?
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How many coded bits per second can be sent in LTE within a andwidth if we
3 assume that 64-QAM is used in all sub-carriers, and that eight{transmitting and receiving
o antennas are used. Assume also normal cyclic prefix.
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What is the required bandwidth to provide the peak rate of UE Category 9 devices?
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What is the required coding rate r., number of subcarriers K and the aggregated transmitted bandwidth
5 BW,, tota: to provide the peak rate for UE Category 9 devices in DL? Does everything agree with the
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r.K log, (M)

TOFDM

Questlons Group discussion R =
TorpM = A_?
f
* How to increase K while keeping BW4,,
constant?
* Rand BW¢,? R and BW pannet?
* Maximum transmission rate?
 Maximum achievable rate (correctly

received)?
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Questions o _ TcK logy (M)

TOFDM

Increase K while keeping BW;,. constant?
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Que StiOnS R and BW¢,? R and BWpanner ® R — TCK 1082 (M)

TOFDM

A

F

v

Torpm TorpM T TorpM

A
v

A
v

UNIVERSITY



ime structure: LTE, NR

One frame, Tiame= 10 ms
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FIGURE 5.1

LTE time-domain structure.
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Fig. 7.1 Frames, subframes, and slots in NR.
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Time-frequency grid: LTE, NR

One resource block
One resource element / One resource element
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FIGURE 5.2

The LTE physical time—frequency resource.

Fig. 7.4 Resource element and resource block.
(NR)

LUND

UNIVERSITY



Maximum achievable rate (Capacity)

Shannon Capacity Formula:
Received signal power:

transmitted power, channel attenuation,
receiver gain, ...

S
C = BW hanner 10g2 | 1+ —

N Received noise power:

N = B,Wchannel ' A,’o

/ |

R < (C «~—— Error free communication Bandwidth (Hz) noise density (W/Hz)
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SNR

* Ratio between signal to noise power.

* No dimensions.

 Typically expressed in dB: SNRdB=1moglo(%>
 What if we use voltages instead? svres = 201og10(VS'RMS>

VNRMS
e dBorlinear?
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Frequency-selective channel
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Frequency-selective channel

Additional information on formulas:

Noisy channel coding theorem Shannon-Hartley theorem
S
R<C C = BW hanner 10g, | 1+ N
https://en.wikipedia.org/wiki/Nois https://www.mdpi.com/1099-
y-channel coding theorem 4300/16/9/4892/pdf

z
7, <
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https://www.mdpi.com/1099-4300/16/9/4892/pdf
https://en.wikipedia.org/wiki/Noisy-channel_coding_theorem

Frequency-selective channel

* The transmitter adjusts conveniently 7. and

M based on the feedback. Aol wcdl CJ% schawe (M3)
 Feedback per individual subcarrier is not

practical: group of subcarriers. We hope the

channel does not change too much over

those subcarriers!
* The feedback is independent per user.
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Frequency-selective channel: multiuser

channel

channel

feedback
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