


1. Synchronization signals

2. PBCH

3. RMSI/OSI/Paging

4. Random Access





Flexibility Improvement

• Flexible choice of numerology

• Flexible SS/PBCH block location

• Flexible RMSI location 

New Features Support

• Multi-beam operation

• mmWave band

• Unlicensed band

• Mixed numerology

• Multiple use cases

• Better channel utilization

Performance Enhancement

• SS sequence modification

• PBCH channel coding modification

• Removal of useless LTE features

Complexity and Overhead Reduction

• Unified design for all frequency bands

• Reduced number of blind detections

• Reduced system overhead 
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NR-SS block symbol

LTE 15 kHz

NR 30 kHz
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LTE NR

Single # SS/PBCH blocks Multiple (per band)

6 PRBs SS/PBCH block BW 20 PRBs

1 # Symbol for PSS 1

1 # Symbol for SSS 1

4 for SF #0 and 0 for SF #5 # Symbol for PBCH 2 + 1 multiplexed with SSS

72 # REs for PSS 144 + 96 empty

72 # REs for SSS 144

240 # REs for PBCH 432

48 # REs for RS 144

Different TDD vs FDD Unified



LTE NR

ZC-sequence Sequence Type M-sequence

63 Sequence Length 127

3 # Sequences 3

3 root indices of ZC-sequences How to Represent Cell ID Info 3 cyclic shifts of single M-sequence

No modulation Modulation BPSK

DC subcarrier is truncated (62 REs) Mapping to REs DC subcarrier is not truncated (127 REs)



LTE NR

M-sequence Sequence Type Gold-sequence (XOR of 2 M-sequences)

31 Sequence Length 127

Cell ID and half radio frame timing (504*2) Carried Info (# Sequences) Cell ID only (1008)

interleaved two M-sequences, where each M-sequence 
carries part of the cell ID info, and a further scrambling 

carries the half radio frame timing
Construction Method

each of the M-sequences carries part of the cell ID 
info

BPSK Modulation BPSK

DC subcarrier is truncated (62 REs) Mapping to REs DC subcarrier is not truncated (127 REs)



LTE NR

8 LSBs of SFN SFN 10 bits of SFN

3 bits Channel bandwidth

3 bits PHICH configuration 

Half radio frame timing 1 bit

MSB of SS/PBCH block index 3 bits (>6 GHz)

Numerology for RMSI and broadcast OSI 1 bit

RMSI and its CORESET configuration 8 bits

First DMRS position configuration for PDSCH 1 bit

RAN4’s input (PRB grid offset) 4 bits +1 bit (<6 GHz)

RAN2’s input (quick identification of UE camping) 2 bits + 1 bit reserved

10 bits Reserved 1 bit (>6GHz), 2 bits (<6GHz)

16 bits CRC 24 bits

40 bits Total payload size 56 bits
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LTE NR

TBCC Channel coding Polar codes, same as PDCCH

QPSK Modulation QPSK

Freq-first, time-second RE Mapping Freq-first, time-second

1, 2, and 4 ports, and UE needs to 
blind detect in CRC mask code

Transmission scheme 1 port, and same as SSS

40 ms TTI 80 ms
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Other MIB 2 bits SFN + other timing info

1st level scrambling (cell ID+2 
bits SFN)

Scrambled Other MIB 2 bits SFN + other timing info

Scrambled Other MIB 2 bits SFN + other timing info

CRC generation

CRC

Channel Coding

Polar codeword

2nd level scrambling (cell ID+3 
LSB SSB)

Scrambled polar codeword

Decoded Other MIB

1st level Descrambling (cell 
ID+2 bits SFN are known)

Scrambled Decoded Other MIB 2 bits SFN + other timing info CRC

Channel DeCoding

Descrambled received polar codeword

2nd level De-scrambling (cell 
ID+3 LSB SSB are known)

Received Polar codeword

Rate Matching, Modulation, RE Mapping, and Through Channel
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15 kHz, L=4

15 kHz, L=8

30 kHz, L=4

30 kHz, L=8

120 kHz, L=64

240 kHz, L=64

5 ms

0.5 ms
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Frequency

min CH BW

SS/PBCH block BW

CH raster

SS raster
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15khz,30kHz in <6GHz,60kHz,120kHz in >6GHz

Format RAL  
RAf  

uN  
RA
CPN  

Support for 

restricted sets 

0 839 1.25 kHz 24576  3168  Type A, Type B 

1 839 1.25 kHz 245762   21024  Type A, Type B 

2 839 1.25 kHz 245764   4688  Type A, Type B 

3 839 5 kHz 61444   3168  Type A, Type B 

 

Preamble 
sequence

GTCP

CP

Preamble 
sequence

GT

Preamble 
sequence

CPType B

Type A

GT length 
of Type B

Format RAL  
RAf  

uN  
RA
CPN  

Support for 

restricted sets 

A1 139 kHz 215   
  220482  

 2288  - 

A2 139 kHz 215   
  220484  

 2576  - 

A3 139 kHz 215   
  220486  

 2864  - 

B1 139 kHz 215   
  220482  

 2216  - 

B2 139 kHz 215   
  220484  

 2360  - 

B3 139 kHz 215   
  220486  

 2504  - 

B4 139 kHz 215   
  2204812  

 2936  - 

C0 139 kHz 215   
 22048  

 21240  - 

C2 139 kHz 215   
  220484  

 22048   
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zeroCorrelationZoneConfig 
CSN  value 

Unrestricted set Restricted set type A Restricted set type B 

0 0 15 15 

1 13 18 18 

2 15 22 22 

3 18 26 26 

4 22 32 32 

5 26 38 38 

6 32 46 46 

7 38 55 55 

8 46 68 68 

9 59 82 82 

10 76 100 100 

11 93 128 118 

12 119 158 137 

13 167 202 - 

14 279 237 - 

15 419 - - 

 

ZeroCorrelationZo

neConfig 

Sequence length 839, SCS = 5KHz 

Unrestricted Restricted 

set type A 

Restricted set type 

B 

0 0 36 36 

1 13 57 57 

2 26 72 60 

3 33 81 63 

4 38 89 65 

5 41 94 68 

6 49 103 71 

7 55 112 77 

8 64 121 81 

9 76 132 85 

10 93 137 97 

11 119 152 109 

12 139 173 122 

13 209 195 137 

14 279 216 - 

15 419 237 - 
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zeroCorrelationZoneConfig CSN  value 

0 0 

1 2 

2 4 

3 6 

4 8 

5 10 

6 12 

7 13 

8 15 

9 17 

10 19 

11 23 

12 27 

13 34 

14 46 

15 69 

 









0

0

0

1 2 3 4 5 6 7 8 9

1

1

15kHz SCS

30kHz SCS

60kHz SCS

120kHz SCS

0

11

11 21 31

1 11 21 31 41 51 61 71

10ms

30kHz SCS

120kHz SCS

1 11 21 31 41 51 61 71

One example:
One configuration entry indicates the sub-frame number 1 is used, and the
number of the RACH slot in one sub-frame is 1,
 For 15khz, the whole #1 sub-frame is used for RACH;
 For 30khz, the second slot inside of the #1 sub-frame is used for RACH.
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BWP
#4

BWP
#3

BWP
#2

BWP
#1

PRB #0

PRB #300

PRB #100

PRB #200

o
ff

se
t

Initial active UL 
BWP

PRACH channel

4 FDMed 
RACH 

occasions
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10ms
RACH configuration period

SSB
1

20ms SS Block period

SSB
2

RACH slot

10ms
RACH configuration period

10ms
RACH configuration period

10ms
RACH configuration period

RO (A1) RO

symbol indication

RO RO

SSB
1

SSB
2

RO (A1)

RO

RO

RO

RO (A1)

RO

One example:
• 0.5 SSB associated with one RACH occasion (one SSB

associated with 2 RACH occasions);
• 2 actually transmitted SSB indicated in RMSI
 SSB#1 maps to the first 2 FDMed ROs & SSB#2 maps to

the second 2 FDMed ROs
 Note: if N SSBs associated with one RACH occasion, the

64 preambles will be divided into N groups, and each
group will associated with each SSB
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* CBRA: Contention Based Random Access
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UE gNB
Msg1: 
1. prepare the preambles + PRACH;
2. transmit the selected preamble in 
selected PRACH with Tx beam 
determined by UE itself;

Transmit Msg1
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UE gNB

Msg1

Transmit Msg1

Transmit Msg2

Msg2: 
1. content is similar to LTE, 
(e.g., PDCCH->PDSCH, 
RAPID, UL grant, etc)
2. UE assumes the gNB will 
transmit using the 
reported DL Tx beam
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UE gNB

Msg1

Transmit Msg1

Transmit Msg2

Msg2

Msg. 3:
1. CP-/DFT-s-OFDM (1bit)
2. SCS (1bit)
3. time-gap to msg.2
4. power control -> TPC 
in RAR + power of latest 
preamble transmission.

Transmit Msg3
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UE gNB

Msg1

Transmit Msg1

Transmit Msg2

Msg2

Msg. 3

Transmit Msg3

Msg4:
1. contention resolution
2. same QCL assumption to msg.2
3. same CORESET/search space 
configuration as msg. 2
4. ACK resource configuration in 
RMSI

Transmit Msg4

ACK
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Trigger event for 
non-contention 

based RA

Dedicated 
resource

PRACH

Bandwidth

* CFRA: Contention-Free Random Access




