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3GPP 5G Requirements (TR 38.913)
Key requirements (to be met by either or both of LTE-evolution and New Radio)
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5G LTE-Advanced (4.5G) LTE (4G)

Peak data rate 20 Gbps for DL, 10 Gbps for UL 1 Gbps for DL, 500 Mbps for UL 100Mbps for DL, 50Mbps for UL

Peak Spectral 
Efficiency

30 bps/Hz for DL and 15 bps/Hz 
for UL

30 bps/Hz for DL and 15 bps/Hz 
for UL

5 bps/Hz for DL, 2.5 bps/Hz for UL

Control Plane Latency 
(IDLE->ACTIVE)

10 ms 50 ms 100ms

User Plane Latency* eMBB: 4 ms for DL, 4 ms for UL. 
URLLC: 0.5 ms for DL, 0.5 ms for 
UL

Lower than LTE 5ms in unload condition

Reliability Support up to 10^-5 packet error 
rate within 1ms

Not defined Not defined

Connection density 1 Million device/km^2 in urban
environment

300 UEs/cell per 5MHz 200 UEs/cell per 5MHz

Target mobility 500km/h up to 350km/h (or perhaps even 
up to 500km/h depending on the 
frequency band)

Optimized for 0 to 15km/h
Support with high perf for 15 to 120 km/h
Support up to 350km/h

 Extreme peak rates

 Ultra-high network capacity

 Uniform user experience

 Massive connectivity 

 Ultra-reliable and low-latency communication (URLLC)

 Improved cost & energy efficiency

* The time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point via the radio interface 
in both uplink and downlink directions.
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Some Key Features of Rel-15 5G NR
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Scalable numerology

 Support multiple numerologies (subcarrier spacing, CP, slot length) with 
scaling (LTE: 15kHz subcarrier spacing for MBB)

Support of higher & wider frequency band

 Rel-15 supports up to 52.6GHz (sub-1GHz, sub-6GHz, above 6GHz)

– Much wider BW available in 24.5-39GHz bands, e.g., ~1GHz  

 Support of wider BW per component carrier

– up to 400 MHz in Rel-15 (note: LTE supports up to 20MHz per CC)

Support up to 400 MHz per component carrier in Rel-15

Wide bandwidth per component carrier

Advanced Channel Coding Schemes

 LDPC for data and Polar code for control

– Efficient support of very high peak rates and lower latency

– Better performance esp., for small packets. 

 TBD for URLLC and mMTC

Code Data rate Area Throughput/Area

LTE turbo code 1.67 Gbps 2.004 mm2 @45nm 0.81

802.11n LDPC code 3 Gbps 0.81 mm2 @45nm 3.70

LTE-NR Dual connectivity

 UE is simultaneously connected to LTE and NR base stations

 LTE provides coverage layer ensuring signalling reliability, while NR 
provides high data rates. 

 Reducing service interruption by quick fall back to LTE when there is 
blockage in NR link or UE goes out of NR coverage

LTE eNB 5G NR gNB

simultaneous 
connection
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EMBB Data channel

 Target ~20 Gbps peak rate on DL (10 Gbps on UL) and low latencies

 Candidate considered in 3GPP

 LDPC

 Turbo code

 Polar Code

 Dual-Code solution (e.g. LDPC for large block sizes +Polar code for 
small block sizes)

 Coding schemes for URLLC, etc. is TBD in RAN1
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State of the art implementations (e.g. IEEE)

Code Peak Data 
rate (Gbps)

Area (sq.mm) Throughput/Area 
(Gbps/sq.mm)

Turbo 1. 7 2.00 @45nm 0.81

LDPC 3 0.81 @45nm 3.70

Polar SC** 1.9 0.69 @65nm 2.70

 List decoding of Polar code is an active area of R&D

 Performance of all three schemes comparable at least at large block sizes 

 LDPC can deliver superior throughput and reduced latency 

Turbo is LTE turbo, 
LDPC is 802.11n WiFi LDPC
Note ** : Polar SC decoder has inferior performance compared to Turbo/LDPC, List decoding improves Polar code performance 
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LDPC Key Benefits

 Flexible and tailored design

 Hardware friendly and parallelizable encoding/decoding

 Base graph construction, and selection of shift sizes (or lift 
sizes)

 Row-orthogonality to further reduce latency and increase 
throughputs

 Flexible decoder implementations based on layered belief 
propagation

 Faster information flow 

 Scope for differentiation (Single Block, Multi-Block, etc)

 Finer iteration control (e.g. Stop decoding after any CNU)
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Acknowledgement: Motorola, “LDPC 
Decoding for 802.22 Draft Standard”, 
2007
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Key LDPC features

 Flexible LDPC design – code rates/block lengths

 An LDPC code is defined by a parity check matrix H, (H. xT =0)

 H is derived from 

 Base graph (BG)   smaller BG => lower latency

 Shift size (Z)         larger Z => higher throughput

 Shift coefficients

 Encoding based on dual-diagonal structure (similar to 11n) and Single parity-check 
(SPC) based extension for lower rate

 LTE-like circular buffer rate-matching for IR-HARQ and LBRM

 Two base graphs

 BG1 covers 8/9~2/3 coding rate and small to larger block sizes

 BG2 covers 2/3~1/5 coding rate and very small to medium block sizes

 Smaller BG2 => better decoding latency

Example : Base graph r-6/13 (kb = 6, nb = 13)

Shift Coefficients for z=32 (k = z∙kb, n = z∙nb) 

Shift size z=32

 PCM for (k = 192, n = 416) obtained from shift coefficient 
matrix by replacing

 Each non-negative entry (x) with a 32 x 32 Identity 
matrix shifted to the right by x

 Each “-” is replaced with a 32 x 32 all zero-matrix
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Example : LDPC Matrix

Systematic  p1 p2

 Single mother CW supports
circular buffer operation

 E.g.  p1 = 11n-like, p2 = 
single parity-check

 Weight-3 column corresponding 
to matrix B has two paired shift 
values and one unpaired shift 
value (e.g. [a  b  a]).
 In 11n LDPC, b=0 always
 In NR, b is not always 0

 TXs with higher rate can be 
decoded faster 

 E.g. latency proportional to # 
of edges in the “partial” base 
graph used for decoding

 Rate-1/3 has 317 edges
 Rate- 22/24 has 76 edges

Example BG1 : k=8448, 46 x68, R-1/3, z=384, yellow highlight shows example row-orthogonality

307 19 50 369 181 216 317 288 109 17 357 215 106 242 180 330 346 1 0

76 76 73 288 144 331 331 178 295 342 217 99 354 114 331 112 0 0 0

205 250 328 332 256 161 267 160 63 129 200 88 53 131 240 205 13 0 0

276 87 0 275 199 153 56 132 305 231 341 212 304 300 271 39 357 1 0

332 181 0

195 14 115 166 241 51 157 0

278 257 1 351 92 253 18 225 0

9 62 316 333 290 114 0

307 179 165 18 39 224 368 67 170 0

366 232 321 133 57 303 63 82 0

101 339 274 111 383 354 0

48 102 8 47 188 334 115 0

77 186 174 232 50 74 0

313 177 266 115 370 0

142 248 137 89 347 12 0

241 2 210 318 55 269 0

13 338 57 289 57 0

260 303 81 358 375 0

130 163 280 132 4 0

145 213 344 242 197 0

187 206 264 341 59 0

205 102 328 213 97 0

30 11 233 22 0

24 89 61 27 0

298 158 235 339 234 0

72 17 383 312 0

71 81 76 136 0

194 194 101 0

222 19 244 274 0

252 5 147 78 0

159 229 260 90 0

100 215 258 256 0

102 201 175 287 0

323 8 361 105 0

230 148 202 312 0

320 335 2 266 0

210 313 297 21 0

269 82 115 0

185 177 289 214 0

258 93 346 297 0

175 37 312 0

52 314 139 288 0

113 14 218 0

113 132 114 168 0

80 78 163 274 0

135 149 15 0

Codeword

A B

ED

C
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EMBB Control Channel

 For DL control, need to support several blind decodes, reduced power 
consumption, lower decoding latency, etc

 Payload is typically 12~128 bits

 Candidates considered in 3GPP

 Tail-biting convolutional code

 Polar Code 

 and LDPC, Turbo, Reed-Muller, Repetition and Simplex

 3GPP agreed on Polar code for UL and DL control information (except 
for very short block sizes)
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Polar code overview – encoding/decoding
 Encoding using a recursive structure for 

code size N=2n

 Place data in K input positions and freeze the 
remaining input positions to 0

 Reliability sequence identifies the locations of 
the data bits and frozen bits

 Flexible information sizes/code rates

𝑌0

𝑌1

𝑌2

𝑌3

𝑌4

𝑌5

𝑌6

𝑌7

0

0

0

𝑑𝑎𝑡𝑎

0

𝑑𝑎𝑡𝑎

𝑑𝑎𝑡𝑎

𝑑𝑎𝑡𝑎

0 1

0 1

10

11

0 1

 Decoding based on Successive Cancellation

 SC decoding : Track the best path 

 List decoding : Track L best paths and pick a “best” 
path at the end 

 E.g. Pick based on CRC (i.e. CA-Polar)

 E.g. Pick based on path metric (possibly less CRC checks)

 List size L and code size N affect complexity/latency

 Simplified SCL algorithms to reduce latency

K=4, N=8
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Polar Code description

 In NR Polar Code discussion, polar codes will be described without bit reversal in the encoder, i.e.:
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Maximum Code size (N)

 Mother code length N is limited to reduce 
latency and complexity

 For DL Control and PBCH, Nmax,DCI = 512

 For UL, Nmax,UCI = 1024 

 Optimising code design for K up to 200 is also being 
considered 

From R1- 1702713, using bit-reverse 
shortening based rate-matching
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Polar code construction with interleaver (DL)
 One potential candidate is Distributed CRC 

based design 

 CRC distribution (via interleaver) could be beneficial for early 
termination (ET)

 A post-CRC interleaver can distribute information and CRC 
bits such that partial CRC checks can be performed during 
list decoding

 Paths failing partial CRC could be pruned away, leading to 
early termination (ET) of decoding

 Interleaver design is closely tied to the CRC generator 
polynomial

 Select CRC polynomial so as to achieve better ET gains and 
maintain same False Alarm Rate

 CRC polynomial and interleaver design is under 
discussion in 3GPP RAN1

K

CRC 
attachment 

Interleaver

Subchannel
mapper and 

Polar 
encoding

Information 
block

Example of distributed CRC

CRCData
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Concluding remarks

 3GPP NR is envisioned to deliver superior data rates at lower latencies

 Support of higher and wider frequency band

 Scalable numerology

 LTE-NR dual connectivity

 Advanced channel coding

 Advanced channel coding schemes adopted in NR to facilitate implementations that 
can efficiently support NR data rates and latencies
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