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II ‘ System Parameters NUFRONT

TDD

CP-OFDM for both DL/UL,
1/4 or 1/8 ratio

Highly Flexible, Self-Contained
TDMA, OFDMA, SDMA
Sub-6GHz, mmWave

Upto 16 CC

Sub-6GHz: up to 100 MHz.
mmWave: up to 400 MHz

Both SU-MIMO and MU-MIMO,
Up to 8 Streams

1024QAM, 7/8 code rate, BCC/LDPC




General Frame Structure of physical layer

NUFRONT

=" The system frame structure adopts a self-contained frame format, and the frame length can be
dynamically adjusted within the allowable range.
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=" The demodulation reference signal (DRS) can be inserted periodically in the traffic channel to
resist time-varying channel and obtain better performance. Different time domain intervals
of DRS can be configured and indicated by control channel (CCH).



Field function in frame structure NUFRONT

Short preamble sequence (S-Preamble) Mo*N tion A 2

System fine synchronization and channel
estimation

System information channel (SICH) ' &dcasMe structure configuration

Uplink traffic channel resource scheduling
Downlink traffic channel resource scheduling

Long preamble sequence (L-Preamble)

Transmission control channel (CCH)

Downlink sounding channei (DL-SCH) Downlink channel measurement
Uplink sounding channel (UL-SCH) Uplink channel measurement
Uplink scheduling request channel (UL-SRCH) Uplink scheduling request
Uplink random access channel (UL-RACH) STA initial access

Downlink data transmission
Downlink signaling transmission

Downlink traffic channel (DL-TCH)

Uplink data transmission

Sl G G Rl (AU, Uplink feedback transmission

Downlink guard interval (DGI) Downlink to uplink transceiving guard interval

Uplink guard interval (UGI) Uplink to downlink transceiving guard interval




SICH(System Information Channel) NUFRONT

| Number Of CCH’ DL/UL TCH and Table 55 System Information field definition:

Bit# Definition+ Notes< < basbasbase Reserveds Reserveds <
D G I U G I O F D M b I d f d brbg-- bg# The lowest 8 bits of this CAP MAC ] - " -+ Number of OFDM symbols in uplink traffic]
/ Syl I I O S |S e I n e ) addresse CAP identifier and scrambling code seed? channel

Drabebe” For Sub-6GHz band-+ B begbss~Bige Uplink trafic  channel length|{For normal mode, Dsdbsy--bas is used, Dasbse is

w h |C h | n d |Cates va I"I e d fl"a me I en gt h . ) D00: 5/10/20M working bandwidth mode- indication= resenved. ©

001: 10/20/40M working bandwidth mode+
010: 15/30/80M working bandwidth mode+

- 1 011: 20/40/20M working bandwidth mode+ bex=1, ranging mode+ &

" F u I I ba n d Wlt h a n d O F D M A SC h e m e 100: 25/50/1000M working bandwidth mode+ Indication of DGl and Uelggm%
. . beabez - bsre configuration in long distanc[ bsz...bs7. OFDM symbol number of UGI in
is defined.

For mmy¥ays mode, Dssbesbas is used.<

CAP Working bandwidth sete ranging« ranging mode({b63=1), and DGI in both ranging

Imode and non-ranging mode. <

| —

¢!
For mmi\aye mode,+
000: 50M working bandwidth modes

—

001: 100M working bandwidth mode- 0: No downlink sounding channels &
. . 010: 2000 working bandwidth moda« Downlink  sounding channel| ;. i unli i 1
) . beas h ) 1: With downlink sounding channel, thel
u S u bca rrier S pa cin g an d C P 011: 400M working bandwidth mode« configurations %alimeters of sounding signal 5, shown in Annex
[« -

Others: reserveds?

mode(normal/short CP) are defined. | b v o ,.

Subcarrier spacing indication for{01: 39.0625KHz+ bese Reserved ¢ Reserved @ E
. . A TCH in normal mode~ 10: 73.125KHz -
|| CAP k g b d dt h t 11 reservede bere Uplink sounding channel|0: Mo uplink sounding channel; # o
WO r I n a n WI Se IS configuration< 1: With uplink sounding channel, the parameters
. bias+bis Reserveda Reserveds < of sounding signal j5 shown in Annex C. #
d efl n ed . Bagd Cyclic Prefix Type for CCH and|0: Mormal CP; 1: Short CP2 [ Beg® indication of Full-bandwidth or|0: Full-bandwidth+ o
= TCHe i OFDMA scheme? 1: OFDMA®
000:1 antenna;+ < 00: No scheduling request channel” G
N '.-'

Baabiaz By CAP antenna configurations 001:2 antennas; 01: Schaduling request channel is configurad}”

- with 1 OFDM symbal; <

111: 8 antennas;” brobesd Uplink scheduling request channel

10: Scheduling reguest channel is configured|”
Dzabizer == Bpgs Contrel channel length indication §Contrel channel length, =63 OFDM s;-'mbols.] - with 2 OFDM symbols:<

[ 11: Scheduling reguest channel is configured|”

0, DRS for differant STAs are allocated to with 4 OF DM symbols

different OFDM symbaols«'

bsad DRS Mode in MU-MIMO< 1 DRS for dif LoTa located to i b Uplink ra_ndom access channel 0: Mo uplink random access channel; < o
' or cifieren 5 are allocated 1o e configuration< 1: With uplink random access channel® E
same OFDM symbolse .
g brae Indicati f RACH and ings b72=0 . RACH *
. W P ] " G 72 ndication o and ranging
I Interleaving with LDPC? 0: Nobitinterleaving if LDPC s used b72=1 , ranging?
1: Bit interleaving if LDPC is used+<
— brsbrabzse Reserveds Reserveds G
Number of OFDM symbols in downlink trafiic
ghannelk! barbge Dre Frame numbers 0~4095, frame number counters <
. Downlink traffic channel length{For normal mode, bybae-biz i used, bazbss is . i B - B
Dz Bozd indicatione reserved. + B1aaboz = Bas 16-bit CRC CRC protection

For mmiifaye mode, bazbyr--bizis used.+ Byibisbiasd Convolutional encoder zero bite | R2turn the end state of the convolutional code to|”
< zeros




CCH(Control Channel) NUFRONT

Tahble 56 Definition of control channel field

u DL/UL is dEf'ned. Bit Definition - 00: BCC code;

DLe uLe 2 B 01: LDPC code length is 1 (determined by capability response frame);
“IR 10: LDPC code length is 2 (determined by capability response frame);

u S M M I M O 1 d f- d Do bo=1, downlink scheduling; - 11: LDPC code length is 3 (determined by capability response frame) .
U/ U_ IS e Ine . bo=0. uplink scheduling- [J:lTime domain demodulation reference signal interval J0 (short demodulation|

by=0, SU-MIMO transmission: « E reference signal INterval, see 1able 3,
b ’ o bz o ) ) ] ) . )
by=1, MU-MIMO transmissiona 1: Time domain demodulation reference signal interval 1 (long demodulation|
H M _ reference signal interval, see Table 3).
u M CS Of COdEWO rd I/I I IS dEfI ned . [bsbs...bz], Bit Map indicates the effective subchanngl position of the scheduling|” - - - - - -
bs bs  bes signaling, the bandwidth of each subchanngl is working bandwidth 1 in the warking| 00: frequency domain demodulation reference signal interval pattem 1 (DPI = 1);
bandwidth set.< berbas 01: frequency domain demodulation reference signal interval pattemn 2 (DFI =
47

10: frequency domain demodulation reference signal interval pattern 3 (DFI =

| Time domain DRS inte rva I mode Indicates the current transmission mode:« E 11 Reserved.

bes 0: Open loop transmission;+
1: Closad loop transmission (dedicated demodulation reference signal mode);? b, = 0, SU-MIMO transmission,
b,,=0, b, - b,indicates the resources used for signaling and feedback

(Short/long) IS deflned' Bit Map indicates thel index of resource unit (RU) in OFDMA scheme Iwiln P !
bz bgg bgy o- by, together. Each™ DIt indicates the corresponding index RU is transmission in the user resource group, the field value is 0~83;

occupied. (bgg Dgr - Dzals @ byg=1, bsy - bygreserved,

T

u R U I n d eX I n O F D MA SC h e l I l e IS d Efl n ed . big bis.. bgs User resource group starting OFDM symbol index, field value: 0~510< @ by =1, total number of uplink MU-MIMO
<___ sfreams and spafial stream starting position
bza bez . Di7e MCS of | |hdication (ses Annex B} 2 indesx
codeword ) b54.b52,
B B bas? El1u1mfer of consecutive OFDM symbols in the user resource group, field value: 0 to|” 001, this transmission includes a 2-stream
- MU-MIMO;
CTJEﬂfgggg-,fgm I ?numalt).‘e.”mpfrat::?l E E‘:S_rvqu;j{ggansmlssmn includes a 3-stream
Ication. . 1§ 011, this t ission includes a 4-st
{ransmission uses only one . " MU_M”:‘:OE&I'ISI'HISSIOH includes a stream
1111110, this transmission is a 2-stream| Whenb...b e 100, this transmission includes a 5-stream
= MU-MIMO:« byzbyy # 11, MU-MIMO;
b50b49. ! - P
* B ieci i ~ - [ 101, thig transmission includes a B-stream
indicate the phase shift index of sounding SL}]‘-}II?\?IOTIS ransmission is & 3-stream bo; . bsy Bitmap indicates CQI or CS, MU-MIMO;
signal, ranging from 0 to 3, see 8.5.3.4.« 1111100 Ithis transmission is 4-stream|feedback subchannel Dss Bsa.. g :113 r:ll'llj‘:{;ransmission includes a 7-stream
b48 . - AL ;
reserved.« MU-MIMO; _ o byg baghsr\Whenby:by, = 11, indicates b, = 1, downlink MU-MIMQ transmission,|111, this transmission includes 3 8-stream
1111011, this transmission is 5-stream| MU-MIMO;
- - — Bas Das . Baa MU-MIMO:+ the MCS of codeword Il # b34...b48, reserved. B53.,049
Format O (capability negotiation decision, STBC mode): « . v o ) e . A i o
. 1111010, this transmission is B-stregm| 1111111, this transmission uses only Spatial stream stariing position index, field
0, STBC transmission not adopted; - MU-MIMOD-+ one codewond: value O~7
b 1, STBC transmission adopted.~ 1111001 this fransmission is 7-stream|0000000~1100011, MCS and number of
» ; . B . ) .
55 Format 1 (capability negatiation decision, Precoding mode): » MU-MIMO;+ f:};?.ZTSBfT SU-MIMO codeword 1l (see| b1 = 0, the uplink sounding configuration
0, precoding group size = 8(SU-MIMO), 1(MU-MIMO). 1111000, this transmission is 8-stream| <B): bS4. o )
) o MU-MIMO:+ & 1: uplink sounding signals exists after the
1, precoding group size = 16(SU-MIMO), 4(MU-MIMO}). : whole UL-TCH;
0000000~1100011, MCS of SU-rﬂ!hﬂO 0: uplink sounding signals exists afer
Bit Map indicates the| index of resource unit (RU) in OFDMA scheme with b, ' m” and number of streams (seg current STA's UL-TCH;
b b b 6‘:‘ ey - . . . . -
58 Ds7.. bs together. Each bit indicates the corresponding index RU is occupied. UG, 0000 bu=1, request CQll feedback: B -b?m:mh AU
e a . ' — . indicate the starling SYMDOo! Ingex o
(beg be7 - bssby) ez basbio: MU-MIMO: spatal sream starting position|\ 1 St o eedvacks - uplink saunding signal in the upiink
- - . ey i =11, of codeword is ding channel if b54 is set to “1°
bas bes.. bsse CRC protection and STA ID identification . index, field value 0~7+< ir:éicgted by Do bag Dare sounding channel i is set to




MCS (Modulation and Coding Scheme) NUFRONT

= For MCS of each codeword, EUHT supports EQM mode and UEQM
mode, as stated in Annex B in EUHT specification

Annex B |
{(Normative) .
MCS Parameters«

Table B. 1 defines the symbaols used for the MCS parameter table, and the symbols in the symbol-
dependent rate table.

= EQM: all the spatial streams employ same modulation and coding

Table B. 1 Symbols used for the MCS parameter table

) ] . . Symbol Definition &
= UEQM: different spatial streams can employ different modulation, = P .
: : . : Th fth ber of encoded bits of each spatial sir =
which may achieve better performance with precoding. N orsc L
. _ Table B. 2 defines the MCS set for each spatial stream in equal-order modulation.
Table B. 3 MCS parameters of UEQM with N 5 = 2« . Table B. 2 MCS parameters in EQM mode
MCS index numbers Modulation mode - Re Nesce MCS index number{ Modulation mode N e R N spsd
Stream 1+ Stream 2+ 0 BPSK 1 1/2 1
56« 16-QAM. QPSKe- 1/2¢ Ba 1 QPSk 1 1/2 2
57: 64-QAM- QPSKs 112 8o 2 aPsk ! 34 2
3 1 6-CLAN 1 112 4
58e G4-QAMe 16-QAM- 1/2¢ 100
4 1 6-CLAN 1 518 4
59a 16-QANM. QPSKe 3/de Be 5 16-CAM 1 374 4
60« 54-QAM. QPSKe /Ao §o 6 16-C1 AN 1 78 4
B6le 64-QAMe 16-QAM- LE] 100
Table B. 4 defines the MCS set for 3 spatial streams in unequal modulations.« 380 84-QAM~ e 1i8« 184
Table B. 4 MCS parameters of UEQM with N .. = 3+ 39s 256 QAMs 30 3/4e 240
Modulation modee 40~ 256 QAMe 3e 56 240
MCS index numbere Re Nersce ;
Stream 1+ Stream 2¢ Stream 3¢ 40 256-QAM- 3¢ 1/8e 24«
B62e 16-QAM. QPSKe QPSKe 1/2a 8o 420 BPSKe {4\ 142+ 40
63« 16-QAM. 16-QAM. QPSK«~ 1/2¢ 10+ 43¢ QPSK» 4 142+ 8e
640 64-QAM QPSK« QPSKe 1/2¢ 100 440 QPSKs 4 3/4e 8o
65¢ 64-QAM« 16-QAM- QPSKe 1/2¢ 126 450 16-QAMs 40 1420 16+«
66+ 64-QAM- 16-QAMe 16-QAM- 1/2a 14+ 46 16-QAMe 40 5i8« 16«
67 64-QAM. 64-QAMe QPSKe 1/2a 14+ 4T 16-QANM l 44—1 3ide 16+
68- 64-QAM- B4-QANM- 16-QAM- 1122 162 485 16-QAM: \44}' 7/85 162
r




MCS (Modulation and Coding Scheme) NUFRONT

= Up to 1024QAM, 7/8 code rate is supported

Table B. 6 MCS parameters in EQM mode Table B. 7 MCS parameters of UEQM with higher order modulation «

MCS index number{ Modulation mode<} Nsse Re Nepsce Modulation mode «
- - - - - MCS index number Re Nepsce

100 BP3K 1 Al 1 Stream 1< | Stream 2¢ | Stream 3¢ | Stream 4«
101€ QPSKe 1 afre 2¢ 1114 256-QAM: | 64-QAM: o o 4 140
102 16QAM- I N N 112 1004-QAM¢| 256-QAMe| - By 40 18
103« 1024-QAM< 1€ 34 104

113« 256-QAM« | 64-QAMe | B4-QAMe > 4o 200
104 1024-QAM< 1a 7/84 104

114+ 1024-QAM«| 256-QAMe | B64-QAMe -0 4o 240
1054 1024-QAM< 24 344 204

| N ~ _ |

106¢ 1024-0AM . > 20 115¢ 256-QAMe | 64-QAMe | B4-QAMe 16-QAM« 1120 240
1070 1024-QAM® 3¢ /40 300 116+ 256-QAMe | 64-QAMe | B4-QAMe 16-QAM« 4o 24
1084 1024-QAM& 34 7/8¢ 200 M7« 1024-QAM«|  256-QAM- | 64-QAM- 16-QAM» 1120 28¢
109 1024-QAM< 4a 3/4a 40¢ 118+ 1024-QAMe| 256-QAMe | B4-QAM. 16-QAM« 34 280
110¢ 1024-QAM< 4a 7/8¢ 404 119¢ 1024-QAM-| 256-QAM< | 64-QANM. 16-QAM» 7180 28




Spectral efficiency of MCS NUFRONT

= Note that the Ny, in the MCS table is the number of encoded bits per sub-carrier. To obtain
the Spectral efficiency value of one spatial stream, the Ny, must multiply with the code rate.
See the table on the left.

= EUHT supports repetition in frequency and time domain. In that case, the spectral efficiency
should be divided by the the number of repetition. See the table on the right.

. Spetral Repetition Spetral
e rd L L W M T
N 05 05 N 2 05 0.031
1 0.57 0.57 I 2 0.57 0.036
2 05 1 | s 2 0.5 0.042
2 0.57 1.14 2 2 0.57 0.048
2 00 ™ 0.75 15 I 2 0.5 0.063
3 e 0.5 2 [ 16 2 0.57 0.071
(102 | 0.57 2.28 ) 05 0.083
. 0.63 2.5 [ 12| 2 0.57 0.096
s 222200 K — 3 [ s 2 0.5 0.125
= 4 0.85 35 | s | 2 0.57 0.142
g g:% 215 6 | 2 0.5 0.166
P 0.83 c [ 6 | 2 0.57 0.190
6 0.875 5.25 | a4 2 0.5 0.25
R : 0.75 6 [ a4 2 0.57 0.285
8 0.83 6.64 R 2 0.5 0.333
8 0.875 7 R 2 0.57 0.38
I 0.75 7.5 - 2 0.5 0.5
10 0.875 8.75 2 2 0.57 0.57




Transmitter block diagram at the CAP (Central Access Point) side NUFRONT

- codeword >\4 Spatial streamﬂﬁpace time stream>|< Antenna port >
=) I |
7 ™ = = .
= S Insert | Time |
Scrambling > coding > Rat§ N =2 T e 0 ¥ frequency (2 IDFT = CP = windowing
matching S = pilot
o Z = = | loading ||
' = —— S o | ! | '
' o ' o ' s | | | '
' g ' @ 0 = '
' = ' = ' S | ! | '
' S ' 3 ’ S| | '
% - S g | Time ||
Rate © © » Insert | | —
Scrambling > coding '—P matehin —» — e 2 —» — pilot —» r freque:nc}r Tp. IDFT l«+ CP |» wmdgwmg
g 2 S | loading |,
\. / — | |

>< S-preamble/CRS/downlink sounding pilot J

= Up to two codewords is supported, and each codeword supports up to 4 spatial streams..

Note: “Insert pilot” is to insert the demodulation
reference signal and the phase tracking pilot.



Transmitter block diagram at the STA (terminal )side NUFRONT

=" The STA transmitter block diagram is similar to CAP, but without Preambles, SICH and CCH.

- codeword r)q Spatial stream———» Spatial t'm64>‘< Antenna port >
stream —
g A S 2 Insert | Time |
Scrambl i Rate — 3 > S »{ oilot | # frequency I IDFT {» CP > windowing
T = .
crambling > coding H matching > o E S o : loading | .
= ' S = '
' 3 [ o ' = | | '
: E : e : = | :
' +E 1 =] |
@ 3 s | | |
y g ‘% & Insert | Time |
S —_— . .
Scrambling 1> coding Rate.: L — e 3 —> pilot —> #frequency | IDFT > CP > windowing
matching 2 = loadin
c = | g |
\. p, | |

Scheduling request sequence/
Random access sequence/

uplink sounding pilot

I S

Note: “Insert pilot” is to insert the demodulation
reference signal and the phase tracking pilot.



MIMO of EUHT - Support up to 8 streams NUFRONT

B EUHT support up to 8 streams both in Downlink and Uplink channel

= “One codeword supports up to 4 streams. Up to two codewords is supported”, which is
quoted from section 8.2.1 Transmitter block diagram

® Each codeword has its own MCS indication in Control Channel, which is stated
in Table 56, section 8.4.2 “Control channel field “ as shown in the figure below

Table 56 Definition of contrel channel field

o
D23 b2z Diz CMGS of codeword | hdication (see Annex B)

Mumber of consecutive OFDM symbols in the user resource group, field value: 0 to
baz ba1. bos 511

bza bas._ Das @Gndew@ ‘

= Each codeword corresponds to one MCS (Modulation and Coding Scheme), the maximum
stream number of one MCS (one coedword) is 4, See Annex B (Normative) MCS Parameters,
as explained in next page.




MIMO of EUHT - Support SU-MIMO and MU-MIMO

B EUHT support SU-MIMO and MU-MIMO both in Downlink and Uplink channel

Indication
MU-MIMO
capability
STA

of

of

the

0: Not supported;

1: Support
1

Table 7 STA basic capability request frame(section 6.3.4.4)

b

b1=0, SU-MIMO transmission;
b1=1, MU-MIMO transmission

Table 56 Control channel field(section 8.4.2)

The downlink multi-antenna transmission includes: The uplink multi-antenna transmission supports:

Mode 1: Open loop SU-MIMO;
Mode 2: Closed loop SU-MIMO;
Mode 3: Closed loop MU-MIMO.

Mode 1: Open loop SU-MIMO;
Mode 2: Closed-loop SU-MIMO.
Mode 3: Uplink MU-MIMO.

Multi-antenna schemes for DL (section 8.5.4) and UL (section 8.5.5) traffic channel

NUFRONT



Working Bandwidth per CC

NUFRONT

B The working bandwidth (Working_BW) of each component carrier is obtained through the working bandwidth mode

in SICH(refer to section 8.4.1 in EUHT specification) and the working bandwidth value in BCF’s fixed part (refer to

section 6.3.4.1 in EUHT specification).

Table 55 System Information field definition.

Table 3  Fixed part of BCF frame body .

CAP Working bandwidth set-

Bit- Definition ~ Notes -
bzbs---bp - The lowest 8 bits of this CAP MAC . " '
address- CAP identifier and scrambling code seed.
b1obsbs« For sub-6GHz band:

000: 5/10/20M working bandwidth mode «
001: 10/20/40M working bandwidth mode~
010: 15/30/60M working bandwidth mode
011: 20/40/80M working bandwidth mode.
100: 25/50/100M working bandwidth mode«

For mm\Vave mode, -
000: 50M working bandwidth mode.

001: 100M working bandwidth mode -
010: 200M working bandwidth mode .
011: 400M working bandwidth mode.

o
Others: reserved:

Information - Length/ bit - Remarks -
CAP-MAC address - 48 . Unique identifier of the CAP .
Working channel 8. The minimum channel number occupied by the CAP .

number -

work bandwidth -

Working bandwidths for broadcasting CAP: .

0: working bandwidth 1 in working bandwidth mode; .
2. 1: working bandwidth 2 in working bandwidth mode; -
2: working bandwidth 3 in working bandwidth mode; .
3: Reserved -

B Combing the indication in SICH and BCF, EUHT can support the following bandwidth for each component carrier

v 5~100 MHz in Sub-6GHz band

v 50~400 MHz in mmWave band



Carrier Aggregation working mode

MAC

I

PHY processing such
as code modulation,
MIMO processing, etc.

H

PHY processing such
as code modulation,
MIMO processing, etc.

[

PHY processing such
as code modulation,
MIMO processing, etc.

NUFRONT

u | |

Subchannel 1/ Subchannel 2/ Subchannel N/
componet carrier 1 componet carrier 2 componet carrier N

Figure 57Multi-carrier and multichannel working mode of EUHT system .

= As shown by Fig. 57 in EUHT specification, spectrum aggregation is defined. Each
component carrier is independently processed in physical layer. All the component

carriers are processed by a single MAC layer entity.



‘ CA Management in MAC Layer

[
ot Q05 | Adaptation
configuration .
yer
management Radio resource e & '
® management |
P Network Power saving | i
E management management [
g | ~ Fragmenialion/
Q2
|
g PHY control | reassembly
- | MPDU
ChaMa generation
switching MIMO control Link adaptation l
management o
l aggregation
|
MAC layer

Management and control plane

Data plane

__________________________________

PHY

Figure 2 Functions of MAC layer-

NUFRONT

= As shown by Fig.2 in EUHT specification, The MAC layer entity function includes a radio resource

management module. One of the function of radio resource management is to divide and aggregate

data packets onto/from multiple component carriers. The detailed method of packet processing is

implementation related.



I I ‘ CA Management in PHY Layer

NUFRONT

D
DL-TCH DL-TCH |G

D
DL-TCH DL-TCH |G

O
5 g
=5
28
N3
. . »
-—oc | -oc ]

time

-TCH

D
DL-TCH |G

D
DL-TCH DL-TCH |G

Figure 84 Spectrum aggregation mode«

= |n section 8.11, CCH and TCH in each component carrier can be different. In the figure above, there are

16 aggregated component carriers. each CC have its own SICH/CCH/TCH channel respectively, which
means the resource allocation and data transmission in time/frequency/spatial domain can be
accomplished for each CC independently.



CA Procedure NUFRONT

CAP broadcast starting frequency (EUHT-ARFCN ) of each component carrier (up to 16) in BCF TLV as

below, the frequency value is defined as F_start for later use(refer to TLV frame of section 6.3.4.1 in

The Data field with TLV_type=0 of BCF_TLV frame is defined in table below. .

EU HT S ec.f.cat.on) Name . Length/ bit Value -
p I I I . ) Indicates starting frequency of carrier #1, i.e frequency when|-
Cs;jt?rzg?%1frequency ofl4g. channel number=0. .
’ Refer to Annex G for EUHT-ARFCN .
Table G.1-3: EUHT ARFCN starting frequency c>f19 : Same as above while carrier #2 corresponds to channel numberf| -
aple G.1-3: ¢ carrier #2 . : 1.
F starting frequency of] 19. Same as above while carrier #3 corresponds to channel number| -
carrier #3 . ’ 2.
requency range - AF (KHz)« Fo&" N] o Range of Newa .
s ( MHZ ] 4 4 starting frequency of] 19. Same as above while carrier #4 corresponds to channel numberf| -
carrier #4 . ’ 3.
0 = 6000 ( MHZ j # ?8125J OJ OJ 0-76?99J starting frequency of| 19. Same as above while carrier #5 corresponds to channel numberf| -
carrier #5 . X 4 .
6000-24250(MHz)- 78.125. 6000- 76800 76800-310399. |.
24250 100000(MHZ)0 390.625- 24250 310400~ 310400-504319- starting frequency of] 19 Same as above while carrier #6 corresponds to channel number|-
- . - ¢ carrier #6 . ’ 5.
s . . stal_'ting frequency of] 19. Same as above while carrier #7 corresponds to channel number|-
The frequency is calculated by below equation: carrier #7 . 6-
_ starting frequency of] Same as above while carrier #8 corresponds to channel number| -
F _FOES +A—F*(Nchn - chﬂ-OﬂS) B carrier #8. 19+ 7.

CAP broadcast the relative working channel number in BCF frame. The working channel number is

defined WCN as for later use(refer to fixed part of section 6.3.4.1 in EUHT specification).

Table3  Fixed part of BCF frame body-

Information- Length/ bit- Remarks é

CAP-MAC address- 48 Unique identifier of the CAP- ¢

Working channel

number- 8- The minimum channel number occupied by the CAP«




CA Procedure

NUFRONT

3. The working bandwidth (Working BW) of each component carrier is obtained through the working bandwidth

mode in SICH(refer to section 8.4.1 in EUHT specification) and the working bandwidth value in BCF’s fixed part

(refer to section 6.3.4.1 in EUHT specification).

b1obgbs -

CAP Working bandwidth set -

For sub-6GHz band: .

000: 5/10/20M working bandwidth mode -
001: 10/20/40M working bandwidth mode .
010: 15/30/60M working bandwidth mode .
011: 20/40/80M working bandwidth mode -
100: 25/50/100M working bandwidth mode -

For mmWave mode, -

000: 50M working bandwidth mode -
001: 100M working bandwidth mode «
010: 200M working bandwidth mode .
011: 400M working bandwidth mode .

Others: reserved -

Table 3  Fixed part of BCF frame body .

Information -

Length/ bit -

Remarks -

CAP-MAC address - 48. Unique identifier of the CAP -
Working channel 8- The minimum channel number occupied by the CAP -
number -

Working bandwidths for broadcasting CAP: .

0: working bandwidth 1 in working bandwidth mode; .
work bandwidth - 2. 1: working bandwidth 2 in working bandwidth mode; .

2: working bandwidth 3 in working bandwidth mode; .
3: Reserved .

4. The center frequency value of each component carrier can be calculated as below

F_center = F_start + (WCN + 0.5)*Working_BW;



CA Procedure

NUFRONT

5. STA reports its capability to support CA or not in STA capability request frame(refer to Table 7 of section 6.3.4.4 in

EUHT specification).

STA supporting
spectrum

aggregation«

2

0: Not supported:; -
1: Support spectrum aggregation mode; -
2~3: reserved-

6. CAP notifies the STA to activate/deactivate the CA mode in STA capability response frame(refer to Table 8 of

section 6.3.4.5 in EUHT specification).

Spectrum aggregation
mode -

2

0: No aggregation; -
1: Aggregation mode; -
2~3: reserved.




Inter system handover Procedure NUFRONT

EUHT access network and LTE access network are independent and the core networks of the two systems are independent too. EUHT

can support inter-system handover with the LTE system (legacy IMT system).
A dual-mode EUHT STA that integrates LTE functions to achieve inter-working with LTE system.

A radio adaptation layer is added in the dual-mode terminal on top of both LTE and EUHT protocol stack, which can dynamically select

and activate the specific radio access technology.

This solution does not need to modify the existing network, and has no impact on the existing network. All the inter-working control

signalling and procedure in the dual-mode STA is implementation related.

The radio adapter layer select the radio interface

to deliver the PDUs, according to the active
Radio ADAPTER MAC/PHY stack to deliver PDUs
LAYER
LTE EUHT = LTE NodeB LTE CN/GW
STACK || STACK External-
— _— Data
o Netwrok
_— EUHT CN/
L EUHT CAP GW
Dual Mode
STA




A possible Inter-system handover Procedure implementation™N UFRONT

1) The dual-mode STA monitors the wireless qualities

and the traffic load of the two wireless networks, and

, ADAPTER EUHT
selects the better radio access network to carry out e s LTE Stack

services according to an appropriate criteria.

The terminal is using euht for services

2) For example,when the STA is using the EUHT access

network for services, if the signal quality of the EUHT €'8nal below threshold
network becomes worse and the signal quality of the Sl sEess |
LTE network is better, the STA 's adaptation layer will Start Services

choose to use the LTE network for services and vice

versa.



EUHT Development History NUFRONT
= 2007: The development of EUHT started
= 2012/2014/2016: Standardization
= FUHT was announced as national standard for
® wireless communication, vehicle network and metro.
= 2013 ~ Present: SoC

= 3 generations of EUHT core chipsets, including baseband, analog, RF, SoC,.

= 2014 ~ Present: Deployment

m FUHT systems and products have been massively deployed in many scenarios, including high speed train, vehicle network,

industrial internet, 8K HDTV transmission, and wide area internet coverage.
= 2019: ISSCC Award

= In February 2019, ISSCC gave Nufront the Technology Innovation Award to acknowledge EUHT as the first deployed URLLC

system and chip in the world.



EUHT is multiple industrial and national standards NUFRONT

Industrial Standard for Wireless Communication (2012)
=YD/T 2394-2012

National Standard for Cooperative Vehicle and Road Communication (2014)
= GB/T 31024-2014

Industrial Standard for Realtime HD Video Surveillance transmission in Metro (2016)
= CJ/T 500-2016

National Standard for Wireless Communication (2018)

= GB/T 36454-2018



EUHT is Cost effective and total solution [for Rail Transit] NUFRONT

» Total Solution
= |nnovative PHY/MAC Protocol
m Core SoCs(baseband/Analog/RF)
BB: NL6681 BB: NL6682 | BB: NL6302 RF: NR980S RF: NR8816 RF: NR6818

® Base Stations

® Terminals

= Management Software i

Base station for rail transit Base station for Industrial and V2X Base station for Wideband Access Base station for Wireless Videc

= High performance = = il : P ., — N
- _— .
o 5 ’ ' ' =
= Reliability/Latency & ! El |
& - - 4 ot .S i *\#-‘

] - T =
Throughput Terminal for Rail Transit Termmal fur Industrial Terminal for Wideband AccessTerminal for Wireless Video Terminal for Laptop

(U-disk size)
= High speed ;N
= Jow Cost i

= Much lower cost than LTE/NR products



EUHT vs IEEE 802.11 NUFRONT

= The first release of EUHT specification was submitted as “N14746” to ISO/IEC JTC1 /SC6 in 2011

= |EEE 802.11 compared EUHT and 802.11ac later in 2011 as below
= Different key features of EUHT: 78.125KHz sub-carrier spacing, UL MU-MIMO and 8 streams.

= The same features are supported in 802.11ax, which is started in 2014.

Potential Areas of Overlap and Incremental
Features in N14746

A high level comparison of the China NB proposal and 802.11ac highlights the
following areas of overlap:
—  Targeted frequency (<6GHz)
—  20/40/820 MHz modes
MU-MIMO
— 256 QAM
— LDPC

The propeosal introduces a set ofEcrarnental faatur@ajwhich, in theory, can lead to
higher throughputs, e.qg.:
/'~ Code rate 7/8 for 256 QAM N
Non-conliguous 20 MHz channels
— Denser carrier spacing for OFDM (4x)
— Upto 8 SS support of DL MU-MIMO
—  Unequal Madulation
Uplink MU MIMO
— Expanded LDPC Matrix

\ Scheduled TDMA MAC J
Note: Document N'14746 cortains a nigh level overview of the preposed standard and no detalled %
analysis of the overlap and differences can be provided at this timea

Version 1.0 IEEE802.11-11-865r0 |IEEE Perspectives on Document N14748 Page 11




I I ‘ Flexible and Efficient for Various Scenarios NUFRONT

Scenarios Requirements Impact of System Design

EINERIGERET I Static Sparse Pilot Density, Long frame length
dedsts downlink-dominant

Static Sparse Pilot Density, Long frame length
Uplink-dominant

Wireless video

surveillance

Metro video High vehicle speed Dense Pilot Density, middle frame length
surveillance Uplink-dominant

HST passengers Very High vehicle speed Denser Pilot Density, short frame length
network service Downlink-dominant;

= Different requirements for Different application scenarios

= EUHT is extremely flexible and easy to adapt to given scenario
= Frame length : 0.1ms ~ 14 ms
= Pjlot Density: 0.04ms ~ 14ms Pilot interval
= DL/UL ratio can be fine-tuned in unit of one OFDM symbols



EUHT Use Cases NUFRONT

Wireless Broadband Rail Transit Vehicle Network Industrial Internet

i S 7 \ N » { 3 4 i - -
o <8\ )\ / - o ' fo QT

= Coverage > 3km " Integratedservices = 99.9999% Reliability ™ 99.99999% Reliability
= 500+ concurrent terminals M€/Uding train control = 4ms End-to-end Latency® 200 us air interface latency
= Extremely low cost " 350km/h speed =2/ V2V = >1000 concurrent terminals

m 700% Handover Success

» Deployments = Deployments = Deployments
= 5,000+ Base stations " Deployments = Guang-Shen Highway = Shenyang
= 1 million terminals " Jing-jin High Speed Rail = Beijing V2X network " Guangzhou

= Guangdong, Fujian, Jiangxi " Beijing/ Guangzhou/Tianjin = BAIC Platooning " Huizhou
Metro



I I ‘ Typical EUHT HST Network NUFRONT

VIDEO :
5] SURVEILLANCE, @ INTERNET |
CENTER :

EUHT-5G CENTER

% -- x -
B —— . L.
MACI'IINE: MACHINE MACHINE

WIRED l ROOM . ROOM : ROOM
T | 1 ]

NETWORK

WIRELESS

NETWORK (((I))) . (({I))) ((ti:l)) (((I)))
=

EAT EAT

| VEHICLE
NETWORK

oW o oMo oo oWlg
ESU: EUHT-5G Switch Unit EBU: EUHT-5GC Base Unit
EAU: EUHT-5G Access Unlt EDU: EUHT-5G Data Unit
EAT: EUHT-5C Antenna EDC: EUHT-5GC Data Center ECC: EUHT-5G Control Center

B High Throughput, High Reliable, Low Latency Wireless Access Network
M Light Weight, Low Latency core network with Mobile Edge Computing capability
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So far, the total mileage of EUHT in the field of rail transit is 287 km, and the mileage under construction is 213 km.




Jingjin Intercity High-Speed Rail NUFRONT

# | EUHT System Framework for Beijing-Tianjin high-speed Rail 7 . .
- ¥ ekl bl Trackside electrical

adjustment antenna

Gigabit ring

o A H LY
oy . ¥ £
@l fiber network : =
Ced 0] BS connect to
. | machine room
L —-— — - — rma
L X o

£ o

® Commercial use: Jan 2017
® ]120km, 109 Base stations

® 300km/h

® 100% Handover Success ratio (@ 300km/h S e

station rtama e o, antenna




Guangzhou Metro

Metro traffic command center, real-time monitoring for operating train

® Commercial use: Dec 2017
® 120km/h

® 30+ channel HD-CCTYV per train

NUFRONT

Base station
directional antenna

Trackside base
station
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Beijing Subway Capital Airport Express

Terminal2 Terminal 3

5.8GHz band \ o] 0

Tianzhu area 7/
e — 5.8GHz band
I’,.'@'TT----;;:J;.' ------ g O Network A/B:
4 ,.o*"' Outside airport i ‘Aitport area 1.8GHz + 5.8GHz dual
ol {,."”_,-" <+ Sanyuan ? frequency networking
— o"’ brldge
Tl O Network A:
s :
D o e | SCgband 1.8GHz + 5.8GHz =
Qlges iy e hybrid networking ‘

* In April 2020, EUHT successfully realizes 1.8GHz + 5.8GHz network in Beijing Subway Capital

Airport Express as Integrated business bearer:

« CBTC/PIS/VMS / Carriage Broadcast / Passenger Emergency Intercom / Flight Information
/ TCMS


24路车载视频.mp4
24路车载视频.mp4
紧急对讲.mp4
紧急对讲.mp4

Beijing EUHT-5G Vehicle Network NUFRONT

m Self-Driving based on EUHT 5G V2X network
® Partners: Unicom, Baidu, DiDi, JD, Pony.ai,
= World’s Largest V2X network — 6000 km
= 2020: 1200 km A1t g
= 2021: 4800 km .

Wit gind

\ AR
6104 [7)




Industrial Internet Use Case: Biel Crystal Factory NUFRONT

® 1058 machine tools for iPhone 11 glass
® Replace cable to support flexible manufacture

® Reduce the maintenance cost

|
Industrial terminal
a antenna




EUHT Project Case —Broadband Coverage in Rural Areas NUFRONT
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EUHT Project Case — 8K Ultra-HD Live Transmission

® Jan 2019, with China Telecom
® Ultra high uplink throughput

with low error and low latency

® Commercial use in
® International  Horticultural
Exposition
® Basketball World cup
® China Open for Tennis

€ 13
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