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Uplink control channels - 10min

Sunday, February 25, 2018 8:42 PM
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TABLE IX
SUPPORTED PUCCH FORMATS (* FROM REL. 10)
Format | Modulation | # bits Purpose
1 N/A N/A | Positive Scheduling Request (SR) for PUSCH
la BPSK 1 1 bit HARQ-ACK
1b QPSK 2 2 bits HARQ-ACK
2 QPSK 20 a CSI Report
2a QPSK+BPSK 21 a CSIand 1 bit HARQ-ACK (Normal CP)
2b QPSK 22 a CSl and 2 bit HARQ-ACK (Normal CP)
34 QPSK 48 Multiple CSI and HARQ-ACKs
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Slot 2i Slot 2i+1

PUCCH for m=1 PUCCH for m =10
PUCCH for =3 PUCCH for m=2
A
PUSCHs
v
PUCCH for m =2 PUCCH for m=3
PUCCH for m =10 PUCCH for m=1

Sub-frame

2/26/2018 11:21 AM - Screen Clipping

_ pMCCH /3 Jwgé o e Q,oKOV'» TL—//K /Z,JM&K%L

v le—  w IC—}OM/—) 0[47/2*
Moo (:M*d/ww Mot 7L

i~ Punnscy

. Drv«a{uk S “ P k.aém/
o @Mj\ m,dlﬂw B [vaﬂk oA éw/\ &Jﬁﬂ\ of +—

Sedudet o g Ay
—  nE s Mvocﬂq S~ A fﬁ“\M Joed o~ i ool

— C.ﬂﬂ"’\‘/ (OV\Q a 7L"—”’ "MJ'LK Wes oy
VWK/L/F(TWQJ\ P f’*/f’id/w m/b'a/

— /{\%-GL%B j‘ & o “’/{A’

bk
_ WC] cam oo /“C CWL”( 4/[“‘3 nt 7’
?’Yw—M@ 4’/\{ Uz ) oo beon oodi W&L#‘V\f

lec30-mwf-new Page 3



A J

Il“' 1ms

== BB [ PusCHdata

[C]PUSCH RS

Ecarrmi

i [MMAckNAck

N\{Rank (RI)

k'\
N
RN

”

\

1 subcarrier

*

A

.

> slot 1 ——»

Figure 16.15: Multiplexing of control signalling with UL-SCH data.
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Figure 17.5: PRACH multiplexing with PUSCH and PUCCH.

The preamble uses subcarrier spacing of 1.25KHz instead of 15KHz. The
random access preamble occupies 1,2 or 3 subframes in the time
domain(1,2,3ms) and 839 subcarriers in frequency domain(1.05MHz) .
There will be 15KHz guard band on both the sides and hence it uses total
of 1.08MHz (equal to 6 RBs). The position of LTE random access
preamble is defined by PRACH frequency offset parameter carried in
SIB-2.

>

72 Sub-carriers
1.08 MHz

e

10 ms Frame 1 ms Subframe

- Data Random Access Preamble (PRACH)

Fig.1 Position of PRACH in uplink frame

Duration r Preamble Format

839| | Cyelic , Guard
Sequence
subcarrigr | Prefix Time

* Subcarriers will have BW of 1.25 MHz

Fig.2 Structure of random access preamble
There is a max. of 1 random access preamble in a subframe but more
than one UEs can use it. Multiple UEs using same preamble resource
allocations are differentiated by their uniqgue preamble sequences.
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— < p \
‘ UE ‘ eNode B
k. vy A
Random Access Preamble (with embedded 1-bit
indication for L2/L3 message size)
1
Random Access Response (Timing Adjustment, C-
/-| RNTI, UL grant for L2/L3 message, ...)
2
L2/L3 message
3
Message for early contention resolution
4

Figure 17.1: Contention-based random access procedure. Reproduced by permission of

© 3GPP.

2/26/2018 12:04 PM - Screen Clipping

 RAC st I~ P@JOH/ ,‘,\cQ.JCC#’\:D o f—f-\‘r«\»-_,/fw?(
Sl e arkd e ﬁw‘e_c\/éb\ 0 aﬁ&ﬁ—WO—A

~ s~ LL _,S jaLod
_1](» collisiv—  rcers, 4 atl /—‘ﬁ/w“ ﬁﬂ e ﬁfc

s ks o A
- l/f— e cs(.[,tsfuv\/ "I"L\ Cd«)" }V\Ma/'\ — /L
S

e J\/\CMﬁLL S

Reference:

Section IV.B, G. Ku and J. M. Walsh, "Resource Allocation and Link Adaptation in LTE and LTE Advanced:
A Tutorial," IEEE Communication Surveys & Tutorials, vol. 17, no. 3, 2015.

Chapter 16.3, 16.4,17.3,17.4.1, S. Sesia, |. Toufik, and M. Baker, "LTE-the UMTS long term evolution:
from theory to practice," John Wiley & Sons, 2011. (available online from Purdue library.)
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Summary

Friday, March 2, 2018 8:13 AM

1. Significant overhead due to scheduling and channel measurement
a. The benefit of OFDMA and MIMO do not come for free
2. Many round of control packet exchange before packets can be transmitted
Implications to 5G:
1. Massive MIMO
2. Ultra-low latency
3. Massive connectivity of devices sending short packets.

Are there other ways to manage resources without BS:
- Random access, which is used both in 2G/3G/4G and WLAN

24

16 |

15 fEt

Resource blocks

"

10 |

PDSCH PCFICH, n PSS " RS
PDCCH,
= PBCH PHIc?-I = SSs % Not used

Figure 6.10 Example mapping of physical channels to resource elements in the downlink,
using FDD mode, a normal cyclic prefix, a 5SMHz bandwidth, the first antenna port of
two and a physical cell ID of 1
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2 b

2 |

Resource blocks

PUSCH PUCCH = PRACH ® DRS = SRS

Figure 6.11 shows the corresponding situation on the uplink. The figure assumes the use

of FDD mode, the normal cyclic prefix and a bandwidth of 5SMHz.
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5G

Thursday, April 2, 2020 3:21PM

$ How about 5G?

= First specification (Phase 1) agreed on Dec. 2017

Pt

i Wish Lists (3 Use Cases) for 5G

= High Data Rate: Enhanced mobile broadband
(eMBB)

= Low Delay: Ultra-reliable low latency
communications (URLLC) pesk Dota

= Massive # of devices:
machine-type
communications (mMTC)

= Possibly along different s o
“slices” of the same ;
core network (network
virtualization) ericency ]

Source: Samsung
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High Data Rate

=
(

Peak Data Rate > 50 Gbps
Data Rate
50 Gbps 50 Gbps'Y
More than x50 over 4G 5G
1Gbps 3G -
‘00 ‘07 10 ‘20 Year
(1) Theoretical Peak Data Rate
(2) Data Rate of First Commercial Products

Source: Samsung

What driving applications?

Ultra Low Latency

E2E Latency <5 ms

5ms 5G A Tenth of E2E Latency

E2E Latency
Air Latency < 1 ms

A Tenth of Air Latency

Air Latency

Source: Samsung

What driving applications?
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Massive Connectivity

» Internet-of-Things Things Connected
= But each device may
be of low rate ’
—_—

= Low overhead is

critical a»

= Low latency - 7544
H 62.12

= Low power 2 2o 5111
¢ 42.62
i 4 35.82
g 23.136:66 3073
g 2 15017652 IR
‘il

Source: statista.com ® 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 202

Some Likely Technology for 5G
5G

Large Millimeter Wave Bandwidth Opportunity

Source: rcrwireless.com
= mmWave

» 30-300Ghz, sometimes including 24Ghz (about 10mm and
below)

= Much higher free-space loss

= Absorption by atmosphere, rain, etc.

=« Line-of-sight propagation: low diffraction, does not penetrate
walls/objects
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Some Likely Technology for 5G

-

Source: rcrwireless.com

= mmWave
« Smaller coverage (100-200m), higher frequency reuse

« Highly-directional beams may be needed to improve
coverage

« Beam alignment and beam tracking becomes a problem

Some Likely Technology for 5G

Source: Massive MIMO for 5G,
1EEE 5G Tech Focus: Volume 1,
Number 1, March 2017

= Massive MIMO

« Smaller wavelength of mmWave allows large antenna
arrays to be packed at the transmitter/receiver

« Potentially huge spectrum efficiency gain
« High directionality

= More resources needed for channel estimation/feedback.
Pilot contamination
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Some Likely Technology for 5G

= Non-orthogonal access (NOMA)

= In 3G/4G each user is assigned orthogonal resource
(time/frequency) when transmitting

» Signaling is needed for scheduling resources

» For low-rate IoT applications, such signaling incurs high
overhead

» Potentially more advantageous to have multiple
transmissions over the same set of the orthogonal
resources

= Sounds like CDMA?
= How about spectrum efficiency, diversity gain, etc?
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5G New Radio Release 15
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S. Parkvall, E. Dahlman, A. Furuskar, and M. Frenne, "NR: The new 5G radio access technology," IEEE
Communications Standards Magazine, vol. 1, no. 4, pp. 24-30, December 2017.
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Resource Grid

Thursday, April 2, 2020 3:52 PM
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Figure 1: Hlustration of 5G NR frame structure and basic terminologies
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Lin, Xinggin, et al. "5G new radio: Unveiling the essentials of the next generation wireless access
technology." IEEE Communications Standards Magazine 3.3 (2019): 30-37.
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Lean Carrier

Thursday, April 2, 2020 4:12 PM

PDCCH monitoring occasion PDCCH monitoring occasion 1 REG = 12 REs of 1 symbol
on a 1-symbol CORESET on a 3-symbol CORESET

-

6|7|8
1 CCE = 6 REGs
BWP 3|a]s DMRS
0|12
Slot
Long PUCCH Short PUCCH
BWP BWP
Slot Slot

Figure 5: MNustration of 5G NR PDCCH and PUCCH
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Low Latency
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Demodulation Refe_rence Signal (DMRS)
/ ., Phase-Tracking

Reference Signal

(PTRS)
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Frequency
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Subcarriers

* PRB

Symbols > Time
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LTE-Advanced (Release 10)

NR (Release 15)

Peak data rate for downlink

Peak data rate for uplink

Average spectral efficiency

Achievable minimum air latency

Maximum mobility

Without CA: 600 Mb/s
With CA (5 CGs): 3 Gb/s

Without CA: 300 Mby/s
With CA (5 CCs): 1.5 Gb/s

Downlink: 3.2 bps/Hz
Uplink: 2.5 bps/Hz

48 ms
350 kmy/h

Without CA: 4.9 Gb/s for FR1, 10.7 Gb/s for FR2
With CA (16 CCs): 78.2 Gb/s for FR1, 171.2 Gb/s for FR2

Without CA: 2.4 Gb/s for FR1, 4.0 Gb/s for FR2
With CA (16 CCs): 38.2 Gb/s for FR1, 64.6 Gb/s for FR2

Downlink: 13.9 b/s/Hz
Uplink: 7.7 b/s/Hz

0.48 ms
500 km/h

TABLE 2. Key performance comparison between Release 15 NR and Release 10 LTE-Advanced.
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Release 16/17

Thursday, April 2, 2020 4:34 PM
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Kim, Younsun, et al. "New Radio (NR) and its Evolution toward 5G-Advanced." IEEE Wireless
Communications 26.3 (2019): 2-7.
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