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Full Duplex Operation for NR

e Motivation

— For 5G, many of the new service types (e.g., XR service, Al based service, Self-
driving Car) are characterized by dynamic variation of traffic in both DL and UL
directions, requiring low latency in the packet delivery

— For 5G services, demands on the traffic load will be exploding to support various
emerging use cases.

— Existing semi-static or dynamic TDD UL/DL configuration has a limit of delay in
time and inter-operator interference issue. Existing FDD scheme has a limitation
on the efficient frequency resource utilization for DL/UL direction

— Full duplex operation within a single carrier should be studied to achieve
enhancements in the low-latency and efficient resource utilization in NR.

« Potential categories for full duplex operation
— “gNB Full Duplex & UE Half Duplex”, “gNB Full Duplex & UE Full Duplex”
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— “Subband-wise Full Duplex”, “Spectrum Sharing Full Duplex”
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Full Duplex Operation Scenarios [1/2]

« Combination of Half Duplex and Full Duplex Operation

— For legacy TDD operation, legacy static TDD configuration is assumed. Also, a
part of time resources is designated for Half Duplex operation.

— Based on above assumption, other part of time resources is designated for Full
Duplex operation. Within the time resource, SB-FD or SS-FD can be operated.

* Interference Scenarios depending on Duplex operation

T T T
Time/Freq. Resource
for DL i i

Time/Freq. Resource F F F
for UL

DU Time/Freq. Resource
' for both DL and UL

(a) HDY only (b) HD + SB-FD? (c) HD + SS-FDY
Self Interference None Subband wise emission Subband wise emission
+ Inband
Cross Link Interference None Subband wise emission Subbanii m;:n%mlssmn
Adjacent Carrier Interference : : None : : : : Not Severe : . : Not SeVere :
(if static TDD configuration) (if static TDD configuration) (if static TDD configuration)

1) HD: Half Duplex
2) SB-FD: Subband wise Full Duplex
3) SS-FD: Spectrum-sharing Full Duplex

Figure 1.
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Full Duplex Operation Scenarios [2/2]

Interference Handling

— To enjoy the benefit of Full Duplex operation, interference (i.e., self-interference,
Cross Link Interference, Adjacent Carrier Interference) should be handled.

— Self Interference (SI)

Transceiver for SI mitigation/cancelation should be applied.

— Cross Link Interference (CLI)

In SB-FD case, not only simultaneous Tx/Rx within a carrier but also mitigation of CLI
can be achieved by using subband-wise resource partitioning between DL and UL.
On the other hand, the performance enhancement is limited due to the subband-wise
resource partitioning.

In SS-FD case, higher performance gain in terms of throughput enhancement and
latency reduction can be expected from wider frequency resource and/or more time
occasion for DL/UL transmission. But, cross link interference (esp., severe BS2BS
CLI.) should be handled appropriately to prevent performance degradation.

— Adjacent Carrier Interference (ACI)

It is hard to handle ACI by tight coordination among different operator in adjacent
channel.

Gap between UL resource (in a carrier for a operator) and DL resource (in an
adjacent carrier for other operator) in frequency domain can be set to reduce a affect
of ACI.
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Transcelver Structure

e Structure for SI mitigation / cancellation

Table 1. Example of Level of SI mitigation / Cancellation [dB] (based on measurement result from LG’s implementation)

For SB-FD For SS-FD
(1) Antenna Isolation 30~35 30~35
(2) Tx/Rx Filter & Spectrum emission 33~40
(3) RF-SIC 25~30 25~30
(4) Digital SIC - 25~35 (Linear)
95~100 95~100
Total (If Digital SIC is applied, further cancellation (If non-linear cancellation is applied, 5~20 dB
can be achieved.) can be further cancelled.)
2 Tx Sign?
Baseband Tx RF
7 Tx DAC ™ pitter| "I Tx )
4 @)
Self
I > RF-SIC Interference
Interference
* @
Y Desired Signal
Baseband 4
E— <« - ] Lt < ‘\4
. (Digit;{lXSIC) A5 Filter Rx - Rx Signal
| | 1 | L )
Digital Domain RF Domain Antenna/Spatial Domain

. . e . 5
Figure 1. Example of Transceiver structure for SI mitigation /cancellation _ _
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Potential Benefit of Full Duplex operation

. In|t|al Evaluation Result (SLS)

oo | ‘ UE DL Throughput (Mbps) N ‘ UE DL Throughput (Mbps)

08 - 5% 50% | 95% 08 5% 50% | 95%

07 1 3280 | 3548 | 38.00 07

s | HD only o HD only 69.73 | 148.06 | 170.20
. 4007 | 42.24 | 44.09 .
§os HD and SB-FD §os | HD and SB-FD | 7248 | 15275  108.21

04 1 4005 | 4217 | 43.90 04

. HD and SS-FD o | HD and SS-FD | 95.46 | 184.64 | 203.19

02 - ——HD only 0.2 - ——HD only

’ ' ’ UE DL pack:;:dela‘,r{slot] ) ’ ° ’ : ) ° UESDL pack::’delay{jot] - N B ©
(a) Small Size of Packet (b) Medium Size of Packet
Figure 1. Average UE packet delay and 50% UE Throughput (DL)

N UE UL Throughput (Mbps) N UE UL Throughput (Mbps)

of 5% 50% | 95% 21 5% 50% | 95%

HD only 1243 1389] 1530 : HD only 2416 | 4520 | 6556
505 HDand SB-FD | 1882 2075 21.80 s HDand SB-FD | 2151 3417 | 5652

Z: HDand SS-FD | 1689| 13491 2124 Z: HDand SS-FD | 22.33 | 49.39 | 89.42

02 ——HDonly 02 - ——HD only

0.1  HDssSFD 11 :HD:SSFD

° ’ : UE UL pack:tdela‘,r{slot] ) ’ ° ° : ) ° UESUL packt:’delay[j;zlot] " * b °
(a) Small Size of Packet (b) Medium size of Packet

Figure 2. Average UE packet delay and 50% UE Throughput (UL)

e Observation:

— Itis observed that average UE Packet Delay is reduced and UE throughput is .
enhanced When FU” DUp|eX iS app“ed Copyright 2021. LG Electronics Inc. All rights reserved.



Proposed Objective [1/2]

« Study feasibility of full Duplex operation in unpaired
spectrum [RAN1, RAN4]

— Define/prioritize scenarios for Full Duplex operation in terms of some aspects
such as:

Full duplex operation in gNB and/or UE

Frequency resource utilization (e.g., separated frequency resource in a carrier is
used for DL and UL, same frequency resource in a carrier is used for simultaneous
operation of both DL and UL), etc.

Frequency range (e.g., FR1, FR2, FR-X)
Deployment scenario (e.g., Rural, Urban, Indoor, Isolated)

— Antenna configuration (e.g., Single-/multi-panel, Co-located/distributed antenna),

— Notel: In a resource allocation perspective, full duplex operation means
simultaneous TX-RX in a same carrier

— Note2: The study may focus on Uu link in unpaired spectrum, but necessity of
enhancements for other scenarios(e.g. |IAB, wireless backhaul, sidelink, paired
spectrum) may be considered further

— Note3: RAN1 studies general objectives, while RAN4 confirms the feasibility
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Proposed Objective [2/2]

« Study standardization impacts and potential
enhancements for the selected scenarios for full Duplex

operation in unpaired spectrum such as: [RAN1]

— Resource allocation (e.g., BWP)

— Interference handling (i.e., self-interference, UE-UE interference, gNB-gNB
Interference)

— MIMO operation (e.g., Beam management, Reference signal, CSI
measurement/report, Multi-TRP/Cell)

— Duplex adaptation

8
Copyright 2021. LG Electronics Inc. All rights reserved.



Annex

System Level Simulation / Interference Measurement
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Evaluation Assumption for SLS

 Deployment Scenario

—  Carrier frequency:

 2GHz (Macro Layer), 3.5GHz (Micro Layer)
—  Layout: Two layers

* Macro layer: Hex. Grid, 19 BSs

*  Micro layer: Random drop, 3 micro cells per macro

sector
— Min. distance btw macro-to-macro: 500m
- Min. distance btw macro-to-micro: 40m
- Min. distance btw micro-to-micro: 40m
— UE distribution
+ 855 micro UEs (5 UEs per micro cell in average)
*  80% of indoor UEs, 20% of outdoor UEs
*  Min. distance btw macro-to-UE: 35m
*  Min. distance btw micro-to-UE: 10m
—  Tx power for Micro Layer:
23~33dBm for SS-FD
33dBm for other cases (HD only, SB-FD)
—  Tx power for UE: 23dBm (UE)
— Antenna configuration
BS: (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), (dH, dV) = (0.5, 0.8)A
UE: (M, N, P,Mg,Ng)=(1,1,2,1,1)

e Performance Metric

—  UE average DL/UL traffic delay (slot)

« Traffic delay: Slot index (Packet transmission
completion) - Slot index (Packet is generated)

*  Minimum traffic delay: 1 slot
—  UE average DL/UL throughput (Mbps)

* Average throughput = sum ( Packet size/traffic
delay(n)) /N

 Traffic model

- FTP traffic model 3
Type #1 (Small size of Packet)
« - Downlink: 10 traffics/sec/UE, 6 KB/traffic
« - Uplink: 10 traffics/sec/UE, 3 KB/traffic
Type #2 (Medium size of Packet)
* - Downlink: 10 traffics/sec/UE, 60 KB/traffic
« - Uplink: 10 traffics/sec/UE, 30 KB/traffic

¢ System Parameters

—  System BW/SCS: 50MHz / 15kHz (270RBs)
—  DL/UL resource pattern
« HD only: DDDUU
« HD+ SB_FD: DSSSU
(S:DL 170RB, Guard 14 PRBs, UL 86RBs) D:U=2:1
« HD+SS _FD: DSSSU
(S:DL only 30RB, both DL and UL 240RBs)
- HARQ
« Min. HARQ retransmission delay: 8 slots
—  Packet dropping time

« 30 slots (A packet is in outage if this packet failed to be
successfully received by destination receiver beyond
“Packet dropping timer)

—  Rank-1 (perfect CSI assumed)

e |nterference

— ACIR for CLI: 43 dB(ACIR BS-BS), 28 dB (ACIR UE-UE)
— Residual Sl for SB-FD = Tx power — ACIR (43dB) — SIC (80dB)
— Residual Sl for SB-FD = Tx power — SIC (80dB)
10
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Intra-cell UE2UE CLIY (wideband) [1/2]

1) CLI: Cross Link Interference

. I\/Ieasurement Environment

Deployment: Indoor (Parking Area)
—  One gNB (Wideband-wise Spectrum Sharing Full Duplex operation for simult. DL &UL)
BW (100MHz), Center Frequency (3.5GHz), Antenna (1Tx-1Rx), Tx power (5dBm)
—  One aggressor UE (UL Tx) : Antenna (2Tx), Tx power (5, -5, -15, -25dBm, & No Tx), 6 candidate locations
—  One victim UE (DL Rx): Antenna (2Rx), 4 candidate locations

. Observatlon

Measured SINR (dB) of victim UE is varying depending on Tx power of aggressor UE, and distance between aggressor UE and victim
UE. In many cases (e.g., lower Tx power for aggressor UE, or longer distance between victim UE and aggressor UE), intra-cell UE2UE

CLlI is negligible.
— It seems that the intra-cell UE2UE CLI is manageable by cross-Link Interference (CLI) mitigation schemes and network scheduling.

Candidate Locations of /k L

Victim UE for reception 74 )
V1 (0m,10m) ” g\:j 7

V2 (0m,20m)

" Candidate Locations of
Aggressor UE for transmission
A1 (3m,10m) A7(20m,10m)

V4 (0m,40m)

A3 (3m,30m) A9(20m,30m)

A6 (3m,60m) A12(20m,60m)

Figure 1. Deployment for Intra-cell UE2UE CLI measurement (wideband) 1
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Intra-cell UE2UE CLI (wideband) [2/2]

e Measurement Result () source of severe UE2UE CLI to victim UE
— Victim UE1 — Victim UE2

Received SINR of Victim UE1 Received SINR of Victim UE2
30 30
o 25 m 25
- -
- 20 - 20
= o
Z 15 Z 15
7 )
< 10 z 10
2 ; I 2 ’ ] I | |
n |
= 5 o -5
10 -10
A3 AG A7 A9 Al2 Al A6 A7 A9 A12
Source of Cross Link Interference Source of Cross Link Interference
m-5dBm m-15dBm ®-25dBm M NoTx (=5dBm])m-5Bm m-150Bm m-25d8m WMo T

— Victim UE4 — Victim UEG

Received SINR of Victim UE4 Received SINR of Victim UE6
30 30
—_ @ 25
@ =
- 20 -~ 20
o [«
2 15 = 15
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5 0 T 12
s | i 1 g gl . i |
‘o 0 n Q 0 u -
o ] | | =] [ ] | B [ |
@ I U g
[ o
10 -10
AL A3 A7 29 AL Al A3 A7 A9 A12
Source of Cross Link Interference Source of Cross Link Interference
(Ssem)m sdem m-150Bm = -25dBm mNoTx Cosdem ) u-sabm m-1506m w-2508m moTx

Figure 2. Measurement Result (Received SINR)
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Inter-subband Intra-cell UE2UE CLIY [1/2]

1) CLI: Cross Link Interference

e Measurement Environment

—  Deployment: Indoor

— One gNB and Two UEs are assumed.

One gNB (SB-FD operation for simult. DL &UL): BW (100MHz), Center Frequency (3.85GHz), Antenna (1Tx-1Rx), Tx power (5dBm)
One victim UE (DL Rx): Antenna (2Rx), Subband (17.28MHz) wise Rx

One aggressor UE (UL Tx) : Antenna (2Tx), Subband (18.72MHz) wise Tx, Tx power (5, 2dBm, & No Tx)

—  Two types of Tx-Rx filter (i.e., wideband, subband) are applied.

. Observatlon

Measured SINR (dB) of victim UE is varying depending on Tx power of aggressor UE, and distance between aggressor UE and victim
UE. In many cases (e.g., lower Tx power for aggressor UE, or longer distance between victim UE and aggressor UE), intra-cell UE2UE
CLlI is negligible.

— It is observed that inter-subband wise Intra-cell UE2UE CLI can affect to victim UE if two adjacent subbands are designated for
aggressor UE and the victim UE (when wideband filter is applied for UE.). Similar with wideband CLI case, it seems that the intra-cell
UE2UE CLI is manageable by cross-Link Interference (CLI) mitigation schemes and network scheduling.

Tx power (5dBm) . 1
DL: Subband #0, #1, #2// ==
UL: Subband #3, #4 -, —am

Aggressor UE #1
(Im,5m)

Tx power (2dBm)
Subband #3, #4

Candidate Locations gf//
Victim UE for recegti()

Candidate Locations of
Aggressor UE for transmission

Victim UE#2 y %_/ Aggressor UE #2

(Om, 20m) (Im,20m)
Subband #0, #1, #2 Tx power (5dBm)

Subband #3, #4

Figure 1. Deployment for Inter-subband Intra-cell UE2UE CLI measurement 13
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Inter-subband Intra-cell UE2UE CLI [2/2]

 Measurement Result

1) WB Filter Received SINR of Victiom UE#2 Received SINR of Victiom UE#2
100MH2z (273RB) (UL SB#3 is used by aggressor UE) (UL SB#4 is used by aggressor UE)
48RB x3 | S2RBX2 : mNo Aggressor = Aggressor UE#1 mAggressor UE#2 ] No Aggressor m Aggressor UE#1  m Aggressor UE#2
(51.84NHz) 1‘15;3 h (37.44MHz) 30 o »
‘(4 3;'9' S2RB K Nul X } } >
&(uﬁﬁmﬂ M K (18.720H _ _ >
[
3 25 % T 25
14 [\
= =
[72] 1]
DL DL DL uL uL 5 20 7 20
#o #1 #2 #3 14 2 2
$ g 1
< e 1° (12
P «--
/ DL SB#2
3.85GHz DL Subband Index DL Subband Index

(a) Case 1: Wideband filter is applied.

2) SBFilter . .
) . Received SINR of Victiom UE#2
100MHzz (273RB): .
(UL SB#4 is used by aggressor UE)
48RBx3 S2RBx 2 u No Aggressor mAggressor UE#1 mAggressor UE#2
(51.84MHz) GB (37.44MHz)
i i Nt
.&[17??8':;11)9 ke e(185.):'22?\:|3Hzﬁ .
m
T 25
14
=
[3]
DL DL DL uL 3 20
#0 #1 #2 #3 z
<. E 15
~N
/ DL SB#1
3.85GHz DL Subband Index

(b) Case 2: Subband filter is applied.

Figure 1. SB-FD operation scenarios and Measurement Result (Received SINR) 14
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Wideband-wise UE2UE ACIY

1) ACI: Adjacent Cell Interference

e Measurement Environment

—  Deployment: Indoor (Parking Area)

100MH:

k MH
N 100MH

— Two gNBs and two UEs are assumed A h
One gNB (DL Tx): Center Frequency (3.85GHz) UL oL foe o ou o
One victim UE (DL Rx): Center Frequency (3.85GHz), Subband (20MHz) wise DL reception

One aggressor UE (UL Tx) : Center Frequency (3.75GHz) , Wideband-wise (100MHz) UL Tx -

—  Wideband Tx-Rx filter is applied.

Figure 1. Adjacent Carrier Interference

. Observatlon

ACI from a far UE is negligible.

ACI from a near UE affects to received signal quality of victim UE. Power of ACI is diminished when frequency position for UL signal
transmission of aggressor UE is far from the frequency position for DL signal reception of victim UE.

— It seems that the UE2UE ACI is manageable by network scheduling.

« Measurement Result

Received SINR of Victim UE#2

30.0

[N}
[%a]
[=]

— W No Aggressor W Aggressor UEHT Aggressor UE#H2
Candidate Locations of

20.0 } -
Victim UE for receptj

15.0 /

10.0 / //****L'

DLSB#1 DL SB#2 DL SB#3 DL SB&#4 DL SB#5 VICtIm UE#2

e A ressor UE #2
Om,60m) 99

e

Received SINR (dB)

DL Subband Index (3m,60m)
Figure 2. Measurement Result (Received SINR) Figure 3. Deployment for Wideban-wiseUE2UE ACI measurement
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Subband-wise UE2UE ACIY) [1/2]

1) ACI: Adjacent Cell Interference

e Measurement Environment

—  Deployment: Indoor
—  Two gNBs and two UEs are assumed.

One gNB (DL Tx): BW (100MHz), Center Frequency: 3.85GHz, Antenna (1Tx-1Rx), Tx power (5dBm), DL subband (#0 ~ #4)
One gNB (UL Rx): BW (100MHz), Center Frequency: 3.75GHz

One victim UE (DL Rx): Center Frequency (3.85GHz) , Antenna (2Rx), Subband (17.28MHz) wise Rx

One aggressor UE (UL Tx) : Center Frequency (3.75GHz) , Antenna (2Tx), Subband (18.72MHz) wise Tx, Tx power (5, 2dBm, No Tx)
—  Two types of Tx-Rx filter (i.e., wideband, subband) are applied.

e Observation

— In case of subband resource allocation for UL, it is observed that ACI from a subband is affect to adjacent subband, but the level of ACI
Is negligible if UE is required to transmit UL signal without significant high Tx power in case of small cell environment.

BS#1 (3.85GHz) [ | BS#2 (3.75GH2)

Tx power (5dBm) J=SALSA7 UL: Subband #0 & #4
DL: Subband #0 #1,#2 #3#4~
Yl

Aggressor UE #1
(Im,5m)

Tx power (2dBm)
Subband #0, #4

Candidate Locations of
Aggressor UE for transmission

Candidate Locations oj/
Victim UE for 'ecep/tié

= !

Victim UE#2 i $i/ Aggressor UE #2

(Om, 20m) (Im,20m)
Subband #0, #1, #2 Tx power (5dBm)

Subband #0, #4

Figure 1. Deployment for Subband-wise UE2UE ACI measurement 16
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Subband-wise UE2UE ACI [2/2]

« Measurement Result

1) WB Fitter ‘ Received SINR of Victiom UE#2
i i (UL SB#4 is used by aggressor UE)
100NNz (27378} ORIz (27578} mNo Aggressor B Aggressor UE#1  mAggressor UE#2
. s 48RB xS 30
{18.72 MHz) = (86.4MHz) ())
$rndgil:-m_j a <
] —‘ T 25
x
=
7
uL UL DL DL DL DL DL T 20
#0 #4 #0 #1 #2 #3 #4 >
. & 15
oy -
3.75GHz \ 3.85GHz \ 10
DLSB#0 DL SB#1 DL SB#2 DL SB#3 DL SB#
DL Subband Index
(a) Case 1: Wideband filter is applied.
2) SB Filter Received SINR of Victiom UE#2
100MHzz (273RB} 100MHzz (273REB} (UL SB#4 is used by aggressor UE)
) ENo Aggressor mAggressor UE#1  mAggressor UE#2
H S2RB 48RBx 5
i%fE.TZMHzﬁ 186.4MHz2) 30
é|;17‘.‘?5:‘\4?14:;7 —
m
T 25
14
=
7
uL DL DL DL DL DL - 20
#0 #0 #1 #2 # #4 g
‘@
8 15
(4
)‘ 3.75GHz \ 10

3.85GHz

DL SB#0 DL SB#1 DL SB#2 DL SB#3 DL SB#4
DL Subband Index

(b) Case 2: Subband filter is applied.

Figure 1. Subband-wise UE2UE Adjacent Carrier Interference 17
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