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Large-scale phase antenna
array efficient on-line
calibration methodology

A KSGE A AE E(1.e2560)% AL
Ao FHARFIFREFFE S
PIEA 2 BMFOE] FR TR AR
HAfpztyd 5> Biad T H0E Rz
WEREFREPFIER G- Aok
TRIEH S SR Pl
BT R 2 PFR (e 200us > 10 us @

30.72MHz clock)

=L
chiang0626@jitri.org.tw
03-5912868




EA LT

N 14 FERG SRS
5 1 ¥ B #FF2 | Advanced digital FHAXRSGEFARYEE IR | ML
% 1 7w g | pre-distortion algorithm for R G s F s B #ru] § 4 | chiang0626@itri.org.tw
HOAE ] e mm-wave PA efficiency Z%‘ KRR 2. # F 2+ B PAE &t 03-5912868
M enhancement * % % £ 4 OFDM 64-QAM #
o w% % 10dB back-off, #3214 it
e PAE & 223 B € ATH i AR
FHE N AR 2 %A B
PAE »zF 2 < » & £—- B2 F7 5
2 ¥ 14 #ic i pre-distortion = 3¢ o
L tp 3k 2 F Ak B2 PAE 3k
I ARG F 3] 20%3 2 T >40%
6 1 ¥ H 2 | RF calibration procedure RF x5 IR R/EAS | £20
TRE e L Pl ,%'ﬁ?r} B s a0 V4 | fschung7@itri.org.tw
Mg e i+ 1Q imbalance 2 DC offset ° 03-5914736
M 4 5G B i i'ﬁ”ftﬁ % (80MHz) R
- B> jF & 2 o RF carrier
frequency = 0.6~6GHz - TX 84 &
d envelope detector w 1@ 3 5431 5L
;l F% B TERERE - TX i %
= {$ loopback w RX » it {7 RX R
A o
T B B4 B R i B
RS RIE A  Ln SE
Matlab #2475 - & = = 8 & &
TX LO leakage < -45dBm, RX DC
offset < ImV, IQ magnitude error <
0.05dB, 1Q phase error < 0.5 deg °
7 1 ¥ H s~ | wide-band CMOS digital SAEAR S BE S AREEIR) LK R
TREaE phase-shifter(3.5GHz) At it > AR & Nk A e vfﬁ itriA20363 @jitri.org.tw
@ ¢ Ap# Bk =L 5 (sub- array)a & & | 03-5914657
M 3 SHIF U T F oA 4 Bliet A
" AN o AR B BT A B SPIT AR
Btoqn 7 % e o
3t F # 65nm CMOS 4@ #2 B 3
3.5GHz crsH#g 4p #% B » 4™ !
® #f 5 >250MHz
®  jiz45 & =5bit
® HiridAm
. P\ BT R E e F oA i Ap
TR S Ry R
® %’ 3t F Bk & chip level
BRI FA - AR A B4R
2 % 4 65nm CMOS % 2 #7F
whsHE AR # F layout
8 1 ¥ H #¥#7 | Holographic Antenna 56 EREAM AR 2R Ea | 28 N
T F ?\ 21 g Hpr, g i By —:F‘]z » % tg | jonathan wu@itri.org.tw

03-5918371

3




IE :’(

EA LT

¥

gz ;Z ]1\

¥

B AR RS SN

LT e
-M =

R
PRSP g
B % 28 BHAE % "Lm?ﬁ‘ L id ﬁg‘] B
AR B Fit Tﬁ_ B X
S B i A e
MBI A RS Az BRI
fir o ﬁ, | Frergt g ’1”"“ ﬁ"_i&—{m g
Fiten e o
k£ & +oen 3 if(holographic) £ A
& F % 478 p P4 (object) &
%4 £k (reference light) & 2 %
(hologram) A A %R %
(diffraction pattern) o ¥ RF kiR~
DR 2t T R P
oo hPE LMY RE 2 2
VR R L S
RoOFTRFNhAFH ST
Fled A MA AN S| % AL
W Z - 2 JTF 8 (transceiver) » F]
TRHP H-F RS AR P kAT
B2

B 1 0E o

1 ¥ B
PrTne
RCR =) ;Z i

-M e

5G NR UL random access
and UL multiple access
technology

Work description:
UL random access

1.

N e

Design UL random access detection
algorithm for NR basestation, where
the algorithm should include:
PRACH sequences detection

UL timing synchronization between
¢NB and UE

UE transmission power adjustment
Provide the performance evaluation,
where performance should meet the
RCT (Radio conformance testing)
requirements

UL multiple access:

1.

Design multiple access detection
algorithm for NR basestation, where
multiple access includes:
Synchronous/scheduling-based
orthogonal multiple access for
eMBB
Non-orthogonal multiple access:

v' UL-grant free transmission

v Contention-based transmission

v" Scheduling-based multiple

access

Provide the performance evaluation,
where performance should meet the
RCT (Radio conformance testing)
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Deliverable:
1.  Detection algorithm for UL random
access
2. Detection algorithm for UL multiple
access
10 | 1 % # #¥4= | 5G NR Polar code software | Work description: R
TERTas IP and hardware IP 1. Evaluate the performance of 5G NR | JingShiunLin@jtri.org.tw
o o o e | technology Polar code encoder/dpcoder ' 03-5914743
L ®  Performance evaluation for different
-M = decoding algorithms based on 5G
NR discussion results (e.g.,
CA-Polar or PC-Polar)
2. Design Polar code software IP
®  Encoder with variable block length
and code rate
®  Decoding algorithm development
(‘e.g., List decoder)
v" Desired FAR performance (at
least the same as LTE)
®  The values of block length and code
rate are based on 5G NR discussion
results
v' Max. mother code size: 1024
v Info. block length: 32, 48, 80,
120, and 200 bits
v' Coderate: 1/12, 1/6, 1/3, 1/2,
and 2/3
3. Design Polar code hardware IP
®  Design Polar code encoder/decoder
architecture
®  Performance evaluation for different
architectures
v Evaluate the performance,
clock rate, power area, cost for
architecture trade-off
®  Hardware architecture porting on
FPGA
®  Performance evaluation for FPGA
prototype
v Analysis the maximum clock
rate, timing and resource
utilization
Deliverable:
Polar code software IP and hardware IP
11 | K €& | 5GuRLLC i if %2 In TR 38.913 (V14.1.0), there are three | % 4%~
#r H A% 42 FPGA ¢ i* 5G applications defined: e'M'BB » mMTC | chihsien@jiii.org.tw
and uRLLC - For eMBB, it is agreed that | 02-6073131

Polar code is for control channel while the
LDPC code for data channel. In uRLLC,
however, the channel code has not been
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finalized yet. °

The main target of this project is to

investigate the channel code meeting the

special requirements for the uRLLC
applications. To be more specific, these
are including:

1. BLER < 10e(-5) at least is
mandatory for all SNR ~ payloads -
code rates (very low rate) ~ error
floor. Link level simulation and
analysis is required following the
RANI1 #84b common assumptions.
Fixed point simulation C code is
assumed.

2. Decoding latency < 100us (TBD) at
least o Data rate throughput
(transport block) could be at least
100Mbps (as apposed to eMBB @
10 ~20Gbps).

3. For FPGA implementation, the final
design quality should be close to the
commercial IP core level quality
with competitive die size and power
consumption. The final design notes
documents ~ Verilog source code will
be provided o It should be also
integrated into the III uRLLC
hardware platform together °
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5G uRLLC HARQ
enhanced grant-free
transmission

URLLC (Ultra Reliable and Low Latency
Communication) is one of the three usage
scenarios for future 5G and has been
envisioned as one of the enablers for
future vertical applications, i.e., industrial
automation, remote surgery, autonomous
driving. For URLLC, UL transmission
scheme without grant has been supported
in 3GPP R14. UL grant-free transmission
can achieve lower latency and lower
signaling overhead than grant-based
transmission since UE does not need to
send scheduling request and wait for UL
grant before data transmission. Apart from
that, in order to achieve the extreme level
of reliabilityy, HARQ is an essential
function necessary for URLLC, given that
low latency requirement is  not
compromised. This task is to build a
system simulation platform to model
HARQ enhanced grand-free transmission
and its corresponding performance. A
corresponding lower MAC layer protocol

< IR
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taking into account possible HARQ
enhancements to fulfill rigid requirements
in URLLC UL transmission shall be
designed to address issues discovered
from the simulation results. The URLLC
grand-free transmission protocol will be
contributed to the 3GPP standard by III,
and the lower MAC layer protocol
algorithm will be implemented in the
URLLC HW platform for verification and
validation.
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5G vEPC SGW and PGW
C/U Split Mechanism
(SDN Based)

FgE i £ 5GVEPC P @ * 2. C/U Split
Bl > #-SGW 2 PGW 2 ¢4t # (C)
2 F A4 (U)o 3> 2 & SDN »
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