Lab 2

5G NR DL control signals, synchronization signals
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Synchronization

* Uplink synchronization
* Needed for UE to know when to transmit
 Random access channel (RACH)

* Downlink synchronization
* Needed for UE to know when the frame and OFDM symbol starts
» Synchronization signal block (SSB)



Synchronization sighals in DL

* Primary and secondary synchronization :
S|gnalsy3GPP TS 38. 211/ [i/] Time: 4 .OFDM symbols
* Primary synchronization signal (PSS), used in (index k)
DL N
. _SechlJ_ndary synchronization signal (SSS), used
in
e SS/PBCH block, used in DL, contains Freq:
* PSS 240 SS/PBCH
* 35S subcarriers block
* PBCH (index /)
 DM-RS for PBCH
* Synchronization procedures 3GPP TS il
38.213 [2]

* SS/PBCH block needs grid of 240
subcarriers and 4 OFDM symbols [1]

[1] 3GPP, “TS 38.211 - NR; Physical channels and modulation,” 2020, [Online]. Available: https://www.3gpp.org/DynaReport/38211.htm
[2] 3GPP, “TS 38.213 - NR; Physical layer procedures for control,” 2021. [Online]. Available: https://www.3gpp.org/DynaReport/38213./htm



https://www.3gpp.org/DynaReport/38211.htm
https://www.3gpp.org/DynaReport/38213.htm

Primary synchronization signal (PSS)

SS/PBCH block containing PSS

* Contains physical cell identifier »
(PCI)

* PSS |location in resource grid [1] 182

* Time: OFDM symbol number O
relative to the start of SS/PBCH
block

* Frequency: subcarriers number
56-182 relative to the start of

SS/PBCH block

Subcarrier (relative)

PSS

[9)]
(o]

Unassigned

0 1 2 3
OFDM symbol (relative)

[1] 3GPP, “TS 38.211 - NR; Physical channels and modulation,” 2020,
[Online]. Available: https://www.3gpp.org/DynaReport/38211.htm 5



https://www.3gpp.org/DynaReport/38211.htm

Secondary synchronization signal (SSS)

e Contains physical cell identifier vy SSIPBCH block containing PSS and S B
(PCI)

* SSS location in resource grid [1] -
* Time: OFDM symbol number 2
relative to the start of SS/PBCH

block

* Frequency: subcarriers number
56-182 relative to the start of
SS/PBCH block

SSS

Subcarrier (relative)

PSS

[9)]
(o]

Unassigned

0 1 2 3
OFDM symbol (relative)

[1] 3GPP, “TS 38.211 - NR; Physical channels and modulation,” 2020,
[Online]. Available: https://www.3gpp.org/DynaReport/38211.htm 6
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Physical Broadcast Chan
(PBCH)

* PBCH

5G Core

NF

Non-access
stratum (NAS)

nel

UPF
(Gateway)

UE

Access
stratum
(AS)

5G Core

Non-access

QoS Flows
stratum (NAS)

Signalling radio bearers

TM-RLC
channel

Logical channels
BCCH

(DL)

Transport channels
BCH

(DL)

Physical channels
PBCH

(DL)

UE



NR access stratum protocol channels [1]

* QoS Flow [1, section 5.7]
* QoS Flow ID (QFI)

e Supports both GBR and non-GBR
QoS Flows

* Characterized by QoS profile

Qos flow

Radio bearer

RLC channel

Logical channel

' Transport channel

' Physical channel

[1] 5G New Radio. Fundamentals, procedures, testing aspects. 2020. Rohde&Schwarz
[Online]. Available: https://gloris.rohde-schwarz.com/ebooks/5G



https://gloris.rohde-schwarz.com/ebooks/5G

_ogical, transport, physical channels (R&S 5G
000k)

CCCH DCCH DTCH FCCH BCCH

- DL logical channels

BCH ___ DL transport channels

------- DL physical channels

PDCCH POSCH PBCH

CCCH DCCH DTCH
PR UL logical channels

UL transport channgls

===+ UL physical channels
PRACH PUCCH PUSCH

[1] 5G New Radio. Fundamentals, procedures, testing aspects. 2020. Rohde&Schwarz
[Online]. Available: https://gloris.rohde-schwarz.com/ebooks/5G 9
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Physical Broadcast Channel (PBCH)

o . .
U E d Cq uires tl me an d freq uen Cy SS/PBCH block containing PSS, SSS and PBCH

synchronization with the serving cell 240

based on receptions of SS/PBCH

blocks
 PBCH contains system frame number ™

(SFN) '*% PBCH
* PBCH location in resource grid relative £

to SS/PBCH .

* OFDM symbols number 1 and 3, and
subcarriers number 0-239

* OFDM symbol number 2 and subcarriers
number 0-47 and 192-239

56
PSS

* PBCH carries system information , rassinen
* master information block (MIB) 0 1 2 3
periodica”y OFDM symbol (relative)
[1] 3GPP, “TS 38.213 NR; Physical layer procedures for control,” 2021.
10

[Online]. Available: https://www.3gpp.org/DynaReport/38213.htm
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Demodulation reference signals (DM-RS)

* DM-RS are for reference of SSIPBGH block containing PSS, 555, PBGH and PECH DMLRS
demodulation of MIB =

e DM-RS use each 4th subcarrier
of PBCH

e Subcarriers calculated by:
cell id mod 4
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SS/PBCH on waveform image

For Waveform

Spectrogram of NR DL Waveform
BW=3.6 MHz,140 OFDM symbols

1-90

e ssb = nrWavegenSSBurstConfig
* Creates complete SS/PBCH block
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[1] Synchronization Signal Blocks and Bursts [MATLAB] Time (ms)
https://se.mathworks.com/help/5g/gs/synchronization-signal-blocks-and-bursts.html
[2] https://se.mathworks.com/videos/5g-explained-synchronization-signal-blocks-in-5g-nr-1577445332091.html

Power/frequency (dB/Hz)

12


https://www.mathworks.com/help/releases/R2023b/5g/ref/nrwavegenssburstconfig.html?searchHighlight=ssburst&s_tid=doc_srchtitle#d126e114448
https://se.mathworks.com/help/5g/gs/synchronization-signal-blocks-and-bursts.html
https://se.mathworks.com/videos/5g-explained-synchronization-signal-blocks-in-5g-nr-1577445332091.html

Tasks for lab 2 (report deadline 25.02.2025)

* Use MATLAB code in moodle Lab 2 MATLAB code for starting point
[} u:z

* Compare resource grid for frame and waveform, if cyclic prefix is normal and extended.
* 4figures:

1. Fig.1 grid for normal CP

2. Fig.2 grid for extended CP

3. Fig.3 DL waveform for normal CP
4. Fig.4 DL waveform for extended CP

* Create SS/PBCH block which contains

1. PSS

2. SSS

3. PBCH
4. DM-RS

e Calculate how many REs can be used for UE data transmission in RB (12 subcarriers and 1 slot)
which contains any or all of the synchronization signals


https://moodle.taltech.ee/mod/resource/view.php?id=653484
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