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Outline 

 Flexible/Wide Pipe: Open Carrier 

 Wide Pipe: mm Wave Communications  

 

 Wide Pipe: LTE over Unlicensed 

Challenges 

 Wide/Flexible Pipe: ASA/LSA 

 Conclusive Remarks 
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Challenges of the Future Network 

 

Diversified Spectrum for Big Data 

 

Diversified Service for Big Data 

 

 

Diversified UE Capabilities for Big data 
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Trend of Software Defined Telecommunication 
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Open Carrier: Any Service Multiplexing 

Open Carrier: 

Combo Air Interface  

for Service Multiplexing   

Massive MIMO 
Super Spectrum Assets 

Dense Cells 

eMBMS D2D

Public Safety/Ultra Reliability MTC

Small cell

Service Controller

Legacy Carrier

Industry standards / 
dedicated carriers

SOR / open carrier
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Open Carrier: Any Bandwidth 
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Technology Enabler: Service Controller  
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Technology Enabler: Combo Air Interface 

3MHz Sub-Air Interface

(MTC Service)

5MHz Sub-Air Interface

(eMBMS Service)

5MHz Sub-Air Interface

(Public Safety Service)

10MHz Combo-Air Interface
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(MTC Service)

5MHz Sub-Air Interface

(D2D Service)

5MHz Sub-Air Interface

(Public Safety Service)

10MHz Combo-Air Interface

DL UL 

Coexistence of Sub-systems 
 

Initial Access (DL & UL) 
 

System Information Change & 

Adaptation 
 

Virtual DC 
 

One example of Open Carrier 
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Open Carrier helps FDD/TDD Spectrum Convergence 
f
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Atmospheric Absorption Effects of mm Wave 
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Technical Challenges/Solutions of mm Wave Communications 

Challenges 

Propagation Channel: 
 Large-Scale Fading → path loss & shadowing. 
 Small-Scale 

Antenna Array and Beamforming Design: 
 Efficient beamforming algorithm and protocol 

  Small-size, low lost, low-cost & efficient antenna arrays. 

Integrated Circuit and DSP: 
Large bandwidth requires fast ADC & high-speed sampling rates DSP  

Challenging to design small size, low-cost & low-power IC. 

RLM/RRM 

Potential Solutions 

Non-standalone Massive MIMO 
 Where a low frequency applies 

Standalone Massive MIMO 
 Beam Switching 

 T/F Repetition 

Non-standalone Massive MIMO 
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Authorized/Licensed Shared Access (ASA/LSA): Motivations and Opportunities 

Defense 

27.2% 

Aeronautic
al 17.1% 

Maritime 3.6% 

Other Public 1.4% Public Safety 0.9% 

Broadcasting 8.2% 

Mobile 

15.0% 

Other 
Commerci
al 26.7% 

Defense 

Aeronautical 

Maritime Other 

Public Public 

Safety 

Broadcasting 

Mobile 

Other Commercial 

Motivations 

Spectrum Allocation within in a typical EU country (108 MHz – 6 GHz) 

 Accelerate harmonization and potential re-farming 

 Access underutilized spectrum, which may always 

have incumbent spectrum holders. 

Opportunities 

In USA: 
 1.7GHz: Sharing at 1700 MHz being worked in Commerce 

Spectrum Management Advisory Committee (CSMAC) / 

National Telecommunications & Information Administration 

(NTIA) .  Spectrum currently used by Military and satellite 

weather. 

 3.5GHz: Federal Spectrum at 3600 MHz currently in use by 

high power navy radar & satellite systems. Aligns with 3GPP 

TDD bands 42& 43. Excellent for cellular small cells & 

international alignment. 

 

 
In EU: 
 European Union LSA efforts focused on 2300MHz-2400MHz 
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Concept of ASA/LSA 

Incumbent 

user 

Macro Cell 

Small Cells 

Macro Cell 

Long term sharing and 

commercial agreement 

Grant/Award ASA  rights 

Permitted ASA/LSA 

spectrum 

ASA/LSA 
Controller 

Incumbent 
Spectrum holder 

ASA/LSA 
Licensee 

Administrator 

Regulator  

ASA/LSA 
Repository 

Spectrum use 

information 

Prohibition of use 

of ASA/LSA 

spectrum 

Permission of use 

of ASA/LSA 

spectrum 

Exclusive Shared Use 

Binary Approach: 
 Either incumbent or operator uses spectrum 

 Introduces “time” aspect 
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Diversified Spectrum Assets and Heterogeneous Aggregation 

Aggregated 
Data Pipe 

Up to X 

MHz Unlicensed  

ASA/LSA 

SDL 

FDD Licensed 

TDD  Licensed 

LTE Carrier #3 

LTE Carrier #1 

LTE Carrier #4 

LTE Carrier #2 

LTE Carrier #5 

SDL 

TDD 

FDD 

Unlicensed ASA/LSA Licensed 
Band 1/2 

Band 4/5/6 

Band 3 

Band 7-10 

Band 11-14,17 

Band 22-25 
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Band 44 



HISILICON SEMICONDUCTOR HUAWEI TECHNOLOGIES CO., LTD. 
 
Page 15/20 

35pt   

: R153 G0 B0 

: 

FrutigerNext LT Medium 

: Arial 
 

32pt   

: R153 G0 B0 

黑体 

 

 

 

22pt 

) :18pt   

黑色 

: 

FrutigerNext LT Regular 

: Arial 
 

20pt 

):18pt  

黑色 

细黑体  

Coverage comparison 

 TD-LTE 5.9GHz 20dBm(38m) 

 WIFI    5.9GHz 20dBm(28m) 

 

 

Peak rate comparison 

 TD-LTE capacity is 1.09Gbps@80MHz,4X4MIMO 

  WiFi capacity is 0.75Gbps@80MHz,4X4MIMO 

 

Overhead 
Low Efficiency 

than LTE 

  WiFi：40.4%, 68.1%  
  TD-LTE：30.9%, 33.3%. 

Protocol design 

A Popular technology on unlicensed spectrum: WiFi vs. LTE 

LTE Pros. : 

 Higher efficient scheduling mechanism 

 Better QoS insurance 

 Uniform OAM& SON 

 Better Security 

 Mobility and service continuity 

 Better power saving 

Low 

Simple 
but limited 

Low 

High  

Low Efficiency  Unlicensed Spectrum is not fully used & Deployment is limited 

DL resource efficiency  
 WiFi ： 52.4% to 4.8% 
 TD-LTE：61.2% to 38.1% 
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Focuses on the Prioritized scenarios: Operator and Enterprise 

       Main Application Scenarios for Unlicensed Spectrum 

     Solutions to be applied:   

Resident 
personal 

Public 
Operators 

Local 
Enterprise 

 

Carrier WiFi 
@unlicensed 

WiFi self-evolution 

 

LTE-Hi 
@unlicensed 

As secondary CR 
system 

  

As an integrated part of LTE licensed network, 
                        U-LTE is used in scenarios deployed by operators and enterprises. 
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U-LTE: An integrated part of LTE licensed network 

2. Co-existence 

• 2.1 Inter-operator 
interference 

• 2.2 Inter-RAT system: 
Mainly WiFi 

1. Secondary Carrier design 

Feasibility 
& 

Efficiency 

• Option 1: DL only 
unlicensed carrier (FDD 
Pcell or TDD Pcell ) 

• Option 2: DL+UL 
unlicensed carrier (FDD 
Pcell or TDD Pcell 

Better Experience 
• Implement the LTE valuable features 

(Mobility, QoS, security, …) through Pcell 

• Explore the wide band resources on 

unlicensed spectrum 

• It is beneficial to be compatible with the 

design of residential scenarios Note: Pcell is Primary Cell 
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Summary of LTE on unlicensed Spectrum (U-LTE) 

 

Scenarios Technologies Industry 

 Scenarios deployed by 
operators and enterprises 
are prioritized 

 It is beneficial to be 
compatible with the design 
of residential scenarios 

 Aggregating unlicensed spectrum 
as the secondary component carriers 
with the licensed carriers 
 Both Self-Protection and Fairness 
should be guaranteed 

 LTE can provide configurable 
different level of fairness 
 Inter operator coexistence should 
be handled 
 Explore the wide band resources on 
unlicensed spectrum 

 Make an available business 
model with operators 

 Standardization on RAN and 
RF technologies in 3GPP  

 Drive a mature industry 
with operators, 
infrastructure, chipset, 
terminal vendors etc. 
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Conclusive Remarks 

 

 

2 spectrum technology evolution directions 

The 2 directions are highly correlated 

More spectrum acquisition 

Flexible spectrum utilization 

Iterative effect 

Iterative effect of spectrum technologies 

ASA/LSA+mm Wave

(more spectrum acquisition)

Traditional LTE service on licensed spectrum

LTE with Service-Oriented RAN

Open Carrier

(Flexible service multiplexing)

Efficient spectrum utilization 

and dynamic spectrum sharing

Faster innovation and

 introduction of new services
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