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Motivation

" To supply the exponentially increasing demand for mobile broadband, more
spectrum is needed

" Many parts of the spectrum are dedicated to specific services or
technologies

" Aggregation of these heterogeneous spectrum and technologies allows
> Trunking gain (Erlang formula)
> More efficient management
> Hexibility and aqility
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Various types of aggreqgation

= At Radio Access Network (RAN)
»> MAC

— LTE + LTE in licensed spectrum
— LTE + LTE in unlicensed (LAA)
— LTE + new radio (NR)
> PDCP
— LTE + WiFi (LWA)
> P

- LTE + WiFi (LWIP) [

= At Core Network

> WiFi offload, Dual connectivity
— LTE+Wifi
— LTE+LTE (RIS WI: LTE_dualC_enh)

= At SEI"ViEE/App"BEtiDI’I Layer' Aggregation at low layers -
> |P multi-homing

multi-flow, multiple nn-
> eic
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This work

" LTE-Advanced carrier aggregation (CA) is one of the key features to enable dynamic
spectrum access

" |t's also the basis for licensed assisted access (LAA) and licensed shared access

(LSA)

" Efficiently exploiting CA is not trivial
> Challenges in scheduling, load balancing, dynamic carrier activation/deactivation
> Experimentation with these techniques not possible with commercial equipment

® DOpenAirlnterface is an open-source implementation of LTE-Advanced

> Extended with CA features and scheduler FAPI
> Mlows integration and innovation of new sharing mechanisms
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OpenAirinterface today
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Introduction

® DOpenAirlnterface
> [pen-source implementation of 46 LTE/ab (LE, eNB, EPC)
> Works with popular SDR boards (ExpressMIMO, USRP, bladeRF)

> Mlows real-time experimentation with commercial equipment

" [bjectives
> Bring academia closer to complex real-world systems
> [pen-source tools to ensure a comman R&D and prototyping framework for rapid proof-of-concept
designs
" Dther use cases

> Interoperability with 3¢ party components (UE, eNB, EPC)
> Matlab/0Octave tools for non real-time experimentation

> Real-time channel sounding (EMOS)
> 802.1lp Modem

> System and unitary simulations
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Evolution of LTE Carrier Aggregation
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Release 10 carrier aggregation features in DAI*

" 2 DL carriers, | UL carrier
> Feedback (ACK/NACK & CQI) for both DL carriers on UL carrier

® LE can connect on either carrier
® RRC (re-)configuration of secondary component carrier (SCE)
® Dynamic activation and de-activation of SCC through MAC signaling

® Simple round-robin scheduler

> Noload balancing or fairness

* Available from gitlab.eurecom.fr/oai/ openairinterfaceaq,
branch feature-la-carrier-aggregation
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The Femto Application Program Interface (FAPI)
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“LTE MAC Scheduler Interface Specification vII" published by the Femto Forum (now Small Cell
Forum) in 2010

Extended in SOLDER
: ; : CMAC SAP CMACSAP >
(pFrEIJ]ElE; If]u)r carrier aggregation \WAC (EURECOM) .

Control

Scheduler resides in its
own linked library

&

CSCHED SAP

» [an also be closed source

thanks to the DAl public
license Scheduler

(1S-Wireless)

Implemented in DAl

> MAvailable from - —
gitlab.eurecom.fr/oai/openairinterfaceag,

branch feature-3l-ff-scheduler-api

-pll



IS-Wireless scheduler overview

Algorithm/ Round Proportional LTE eNB
Component Robin Fair Scheduler
Cha“';';fm No Yes Yes

Historical
o e No Yes Yes
Packet delay Mo No Yes
Queue length No No Yes
GBR/non-
GBR traffic e No Yes
Carrier
e MNo Mo Yes
t:unﬁ?QI No MNo Yes
FAP1 2.0 Yes No Yes

support
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IS Wireless scheduler operation

= Step I: High-level user prioritization and preparation
> Decision on whether to use additional carriers
> Correction of real-life UE imperfections (wrong CQI reporting)

= Step 2: Best resource selection

P = (4w pogr) - (04w i) () | Weights for
(1 Hws | Py oriear) - (1 -pfﬁlue) parameterization
P;ﬂj — priority for n-th user for i-th PRB
pgéji — n-th user’s channel quality in i-th PRB
pg’;gw — n-th user’s packet delay priority
pgimrims — n-th user’s historical throughput priority
péﬂua — n-th user’s queue size priority

= Step 3: Final resource allocation
> Based on constraints of LTE framing
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Simulation results

Peak and Cell Edge User throughput

EIB- .............. .............. ............ .............. 10 Round robin
R Y o z ' M Proportional Fair
: : : : : : - [ LTE eNB Scheduler
OF b .............. Y e (RTERY B g_ 1
- . : . : : oy
: : : : : : &
OFE - e D o S :
: ; ¥ ' ; - 2 o8
L : : ) : : :
8 05k .............. ............ ; e/ .............. E
TR SUURRRRTRR VRO . O R UTRRURRRRRR SUTTRRRT 5 o 0.6
04 : SN/ ; : S
. : : : : . E
H T P S R S PRUTTPITRTN e :
: : : : : % 04
D2 b i Y : : . @
: ; : —#— LTE eNB Scheduler | :
[ S .......... R ....... —8— Proportional Fair 0.2
; e E —&— Round Rohin : ..—
0 For B B " 1 1 i
05 N 15 2 25 3 35 0

Throughput [Mbps] peak user throughput cell edge user throughput

®  Throughput results obtained with LTE MAC Lab

®  See http://is-wireless.com/lte-enb-scheduler/ for details

0170672016 -pl3


http://is-wireless.com/lte-enb-scheduler/

Demo setup

EPC PC eNB PC

OPEN AIR

Is-wireless)|

3" party EPC

UE 1
[l SEQUANS

Case No. UEs No. CCs Traffic Scenario

la I l UDP traffic (IEMbps), static (eNB and UE in same room)
Ib l l TCP traffic static (eNB and UE in same room)
23 2, l LIDP traffic (EMbps per UE simultaneously), static (eNB and UEs in same room)
b 2, I UDP traffic (8Mbps per UE time shifted),  static (eNB and UEs in same room)
2t 2, l TCP traffic simultaneously static (eNB and UEs in same room)
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Real-time results
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Conclusions

® Scheduling remains a challenge, especially for new use cases like LAA, LSA,

ASA, etc.

® [penAirinterface has been extended with support for
> Larrier aggregation

> FAPI-2.0 for scheduler
® Novel proportional fair scheduler with support for CA and OoS
® [nitial real-time results with OpenAirinterface

" Future work

> Finalization of carrier aggregation support in FAPI-2.0
> Extension to LAA
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Thank you!
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www.openairinterface.org
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