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Can a Fixed Wireless last 100m 
connection really compete with a 
wired connection – and will 5G really 
enable this opportunity?

Fixed Mobile Convergence
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 Huge hype in the market at the moment around driving to new Fixed and Mobile wireless performance 
levels on 5G

 5G is still being defined – and has a number of stepping stones – pre 5G, 5G-NR and 5G with full new 
MAC and mobility

 This paper principally focusses on some of the considerations of Fixed Wireless Access for 5G for 
residential applications – and what performance expectations drive wrt architecture changes

 It also touches on the sub 6GHz frequencies and in particular looks at CBRS – as a potential spectrum 
managed architecture to at least offer the potential to compliment 5G services in millimeter wave 
spectrum

 It also debates whether
 5G – can deliver a solution to send a FW signal into a SFU dwelling with outside or inside 

mounting of the Transceiver and at what distance to get Gbps speeds
 5G at millimeter wave needs the addition of a sub 6GHz technology to improve the reliability of 

the service
 Leaves the question as to how far can we go with new element array designs to create Massive MIMO 

and paired 100bits/Hz solutions
 Asks the question about the economics of FTTH vs Fixed Wireless Access

The Importance of Wireless Physics

D r i v i n g  t o  5 G  – w h a t  a r e  t h e  k e y  i t e m s  u n d e r  c o n s i d e r a t i o n
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S e c t i o n  1 . 1 :  Wi r e l e s s  S p e c t r u m  I n c r e a s e s

Band Bandwidth

CBRS 
(3.5GHz)

150MHz, 
TDD

28GHz 850MHz, 
TDD

37~39GHz 3GHz, TDD

64~71GHz 7GHz, TDD

• Today, most spectrum blocks are available in 5 to 
10 MHz blocks, and in some cases up to 20 MHz 
blocks

• High Bandwidth (mm Wave) spectrum will be 
available in spectrum blocks that are 200 MHz or 
larger

• Licensed use in the 28 GHz, 37 GHz, and 39 GHz 
bands 

• These larger blocks will enable operators to carry 
significantly more traffic in a single channel, at 
higher speeds, and in support of many more 
wireless devices

• Unlicensed use in the 64-71 GHz band
• Shared access in the 37-37.6 GHz band 
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 Experimentation at the moment testing the millimeter bands in particular for range and performance in different geographic, 
atmospheric and terrains.

 Height and Distance of the base station to the client also are the key factors for performance
 Non Line of Sight – typically sub 6GHz technology
 Near Line of Sight solutions – with adaptations for being able to beamform, leverage reflections and adapt to 

terrain and materials
 Line of Sight solutions – where the performance level required needs line of sight from Base Station to CPE 

device
 Because of this equation of Height, LOS/NLOS performance, variability of millimeter mostly LOS solutions – and the desire 

to get to Gbps to the home – the economics of 5G has huge challenges 
 Base Station/Cell coverage for Gbps performance – decrease in cell size increases cost
 Self install desirability of CPE device – inside window requires smaller cell (potentially less than 50M) to have a 

chance of penetrating low energy Glass. Outside CPE device has more performance and stretches cell 
size/coverage – but is more costly on CPE, has poor ergonomics and forces technician install model like 
Satellite receiver

 Does the CPE device need both millimeter wave and sub 6GHz NLOS solution – either LTE or Wi-Fi
 5G – outside in – or inside out – or both

 Discussions and analysis continue on whether the 5G network can emanate from the home out rather than 
network in… or combination of both. Different schools of thought on this – but with 60GHz growing in home 
usage it may be the inside millimeter solution to different outdoor millimeter wave solution

The Silos of Frequencies – The Aggregate of Some/All!

C o n v e r g e n c e  o f  M u l t i p l e  F r e q u e n c y  a n d  S o l u t i o n s
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S e c t i o n  1 . 1 :  N e w  B a n d w i d t h  I m p l i c a t i o n s
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S e c t i o n  1 . 2 :  A L o o k  B a c k  a t  S u b  6 G H z  - 3 . 5  G H z  C B R S  B a n d

CBRS does not deliver the requirements of 5G – but in combination with millimeter wave offers backup reliability
Offers Carrier Aggregation capability

In conjunction with large element arrays could offer Gbps speeds with paired arrays 
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S e c t i o n  1 . 2 :  D yn a m i c  S p e c t r u m  A l l o c a t i o n  i n  C B R S

Could the SAS model targeted for CBRS and sub 6 GHz shared spectrum also be extended to support 5G small cells?
Could it support the control and aggregation of sub 6Ghz with millimeter wave?
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Observations on the Dimensioning of 3.5GHz Cell for Different Frequency 
Applications – 3.5GHz

Cell Supporting 3.5GHz
• Allows LTE support in all applications – Outdoor and Indoor
• With 3.5GHz allows either standalone LTE macro cell/tower or co-location with Wi-Fi
• Co-location with Wi-Fi opportunities in Outdoor, Enterprise & SMB, Residential applications
• Can support LWA solutions with support in both the AP and the Client devices
• Like any LTE network – engineering Cells for minimal overlap and deploying SON solutions for inter eNodeB handoff 

is also required.
• Supports providers own Handset and Mobile Network but also can potentially support a Neutral Host Cell model on 

3.5GHz with supporting agreements with MNO

Outdoor Yes – Macro 
coverage

Enterprise Yes

SMB Yes

Residential Yes
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S e c t i o n  1 . 3 :  R e q u i r e m e n t s :  B i t r a t e  D e m a n d  G r o w t h

Our Bandwidth model for Wireline access network
Why would FWA solutions be any different – shows that they have to be capable of doing Gbps

Wireless solutions can decrease cell size and # of subscribers – as can splitting nodes in DOCSIS HFC planning
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S e c t i o n  1 . 3 . 1 :  Wi r e l e s s  S i g n a l  R e a c h  C h a l l e n g e s

Higher leasing cost
Longer LOS range but diminishing 
capacity

New Leasing models – Light/Power Poles become 
important 

NLOS (blue) restricted BW is easier to deliver and install (lower height mounts and greater service radius).
LOS (red) packs an order-higher BW but, absent outside signal capture (at least 2nd story), needs to be serviced by 

base stations located within 50 meters (best case reception <= 200 meters).



© 2017 SCTE•ISBE and NCTA. All rights reserved.   |   scte.org • isbe.org 12

MNO Wide Area NetworksOutdoor Strand

MNO

In-Building

MSO
Network Core

MVNE/MVNO/MNO LTE Bands Licensed Bands

Home

Wi-Fi Owner economics and QoS
driven investment and 

deployment model 
Data &

OTT Home Services
Managed LTE & Wi-Fi 

Service Neighborhood LTE service Wide Area MVNO Service

Pico Infill

MVNO 

© 2017 ARRIS Enterprises LLC  & Ruckus Wireless, INC. COMPANY PROPRIETARY INFORMATION

CBRS 3.5 GHz LTE

Macro LTE/NB-IOT

Macro LTE/NB-IOT, LoRA, 802.11ah

5G

O v e r l a p p i n g  F r e q u e n c i e s  /  R a n g e  – Ta r g e t  A r c h i t e c t u r e s
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O v e r l a p p i n g  F r e q u e n c i e s  /  R a n g e  – S p e e d s

1000 meters 

CELL

TV White Space – 802.11af 1Mbps 
10Km-1000m Neighborhood Coverage

900MHz – 802.11ah LPWAN 1Mbps
1000m Neighborhood Coverage

Other options 
LTE Anchor Band and VoLTE

Other options 
LoRA, NB-IOT

2.5GHz - 3.5GHz CBRS/LTE 200Mbps
1Km- 200m On Street Coverage

CELL 500Mbps
20m On Property CoverageWi-Fi 2.4GHz and 5GHz

Cell >>Gbps
<150m Outdoor LOS ; <10m indoors57-64GHz ; 64-71GHzLOS

NLOS

NLOS

NLOS

NLOS

Opportunity for 
Aggregation - LAA

Opportunity for 
Anchor LTE 

channel- LAA
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S e c t i o n  1 . 1 :  T h e  R e q u i r e m e n t s  o f  5 G

 Low Latency
 Has to do Gbps+
 Has to scale for 

massive IoT

For FWA applications

- Gbps symmetric drives architecture

- Macro Tower unlikely because of range 
issues

- Street Furniture and propogation at 20ft or 
less for Base station and cell is the likely 
solution

- Drives opportunity for Backhaul – Fiber 
better than millimeter wave
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 5G wireless services likely to be
 Multiple PHY strategy for across the 6GHz and higher millimeter wave frequencies. This is required to provide 

fallback for the non deterministic nature of LOS mmWave solutions
 Use of lowest frequency bands for LTE anchor channels may be advantageous to any macro LTE to Pico LTE 

solutions
 Combination of LOS and NLOS technologies for a single service may be needed

 Solutions that offer channel bonding, Aggregation and potential spectrum reuse in the sub 6GHz band 
PLUS use of the selective use of some or all of the 12GHz+ of 38,60,70 GHz where appropriate will prevail

 Innovation in trying to outdoor mount 5G Transceiver on home without drilling holes. There are innovations 
in solutions doing induction powering and Wireless pads that may improve technician install experience and 
give some home for self install.

OutDoor Mount

5G

60GHz

1Km <6GHz LTE Shared Spectrum

200m LOS mmWave

1.5 Room 60GHz in house

Overlapping 6GHz LTE with mmWave
for WBA/FWB

In Home Wi-Fi and 60GHz – offload LTE

5 G  D i r e c t i o n s  a n d  S t r a t e g i e s
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 For typical suburban subdivisions – the challenges are many
 Where to locate the cell/base station

 Desire to use street furniture vs Macro Towers
 Getting backhaul to the subdivision

 Desire to run Fiber vs using millimeter wave backhaul
 CPE devices

 Desire to use highest windows in homes
 One thesis that still does not have a satisfactory answer is that to get Gbps to a home

 Sending a millimeter wave through a window requires a Cell < 50m
 Street Lights in Subdivisions probably see < 10 homes on average LOS
 Consumers hate devices on the outside – even on a window
 Consumers don’t like terminal devices in bedrooms
 HOA covenants also place restrictions on outside devices

 The following diagrams show a simple LOS propagation model for a random Georgia Subdivision

How Small a Cell Size Will Terrain and Economics Allow?

T h e  C e l l  S i z e  a n d  C o v e r a g e  C h a l l e n g e
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S e c t i o n  1 . 3 . 1 :  L i n e - o f - S i g h t  m m Wa v e D e l i v e r y  C h a l l e n g e s

Extremely hit and miss wrt number of homes served from location
Street light models have problems of overgrown trees

Can be rolled out incrementally – but initial investment to target 10-20 homes 
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S e c t i o n  1 . 3 . 1 :  To w e r  d e n s i t y,  L O S  ( l e f t ) ,  N L O S  ( r i g h t )

Single NLOS may have coverage but wont have the bandwidth
Potential deployments initially on NLOS sub 6GHz for lower density and add millimeter wave in-fill Street furniture 

cell when subscriber counts increase?
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S e c t i o n  1 . 3 . 2 :  N L O S  P O P S e t t i n g  a n d  A d j u s t m e n t

NLOS POP placement is an exercise in geometry, without much consideration for environmental impediments.  
You start by determining the cluster service group size, centering the POP to balance propagation losses and then 

fine-tune the offset by examining look angles to all clients such that best azimuth diversity is achieved.
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S e c t i o n  1 . 3 . 3 :  H o m e  I m p l e m e n t a t i o n  f o r  L O S  M i l l i m e t e r  Wa v e  
R e c e p t i o n  A n t i c i p a t i n g  2 0 0  M e t e r  S e r v i c e  R a d i u s  

The outside inside problem:
Assuming you need an outdoor Analog Transceiver with indoor Baseband, innovation exists in trying to get 

solutions to power through walls/window and send UWB wireless through Wall/Window

Innovation
- Inductive Power through 

Wall/Window
- UWB wireless through 

Wall/Window
/ W

in
do

w
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S e c t i o n  1 . 4 . 1 :  S i g n a l  P e n e t r a t i o n  P o t e n t i a l  o f  Va r i o u s  
E x t e r n a l  H o m e  M a t e r i a l s ,  b y  F r e q u e n c y

Will millimeter wave go through Walls or Windows?
Ironically, tinted windows and low energy windows present 20dB loss challenges
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S e c t i o n  1 . 4 . 1 :  E f f e c t  o f  Tr e e  F o l i a g e  o n  S i g n a l  
P r o p a g a t i o n  b o t h  s u b - 6  G H z  a n d  N e a r  M i l l i m e t e r  Wa v e

Evergreen Trees have highest attenuation to 29GHz

Source : Qualcomm
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Outdoor mmWave Propagation Measurements

O u t d o o r  P r o p a g a t i o n  M e a s u r e m e n t s  f o r  2 . 9 G H z  a n d  2 9 G H z

Channel response from
omni-directional antennas
(Example measurement)

Key mmWave
observations made

• Additional reflections at mmWave band 
provide alternative paths when LOS
is blocked

• Alternative paths in mmWave can have 
very large receive signal

• Small objects affect mmWave propagation 
more than 2.9 GHz1 (e.g. tree branches)

• mmWave NLOS path loss exponents 
across frequencies not dramatically 
different than 2.9 GHz2
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Out-to-in Penetration Loss for a Tinted External Window

• Out-to-in penetration loss can be challenging
- High efficiency windows tend to reflect rather than allow signal to pass through
- Insulation wrapped in metal foil can also cause reflections and reduce penetrability
- Commercial construction more challenging than typical residential 
- Suburban areas impacted heavily by foliage

• Penetration loss may be greater at lower frequency than at higher, depending on structure of material

Reference measurement

Note: Penetration Loss = 
Reference - Measured Loss

• Angle of Incidence 1
• Angle of Incidence 2

-25
-30
-35
-40
-45

-50
-55
-60
-65

P e n e t r a t i o n loss and example

Source : Qualcomm
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S e c t i o n  1 . 4 . 1 :  H o m e  E x t e r i o r  L a p  S i d i n g  P e n e t r a t i o n  L o s s  
Va r i a t i o n  o v e r  F r e q u e n c y
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S e c t i o n  1 . 4 . 1 :  P r o b a b i l i t y  o f  S e r v i c e  O u t a g e  o n  I n s i d e  
C P E  @  2 8  G H z  v e r s u s  B i t r a t e  D e m a n d  a n d  B S  D i s t a n c e
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S e c t i o n  1 . 4 . 3 . 1 :  R e l a t i v e  P a t h  I m p a i r m e n t  P e r f o r m a n c e  
D i f f e r e n t i a l ,  2 8  G H z  t o  7 0  G H z

Cablelabs testing of 28GHz and 70GHz
Evergreen trees had lowest spectral efficiency – Higher frequency at 70GHz struggled

Energy Efficient windows also struggled

Source : Cablelabs
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S e c t i o n  1 . 4 . 2 :  3 7  G H z  L i n k  P a t h  I m p a i r m e n t  P e r f o r m a n c e

From CableLabs data: the numerical column headers (spectral efficiency as bps/Hz) reflect the comparative 
difficulty in maintaining high MCS in the face of particulate or foliage scattering – and also images the effects of 

SINR collapse at long service radius due to simple propagation loss.
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S e c t i o n  1 . 7 :  S p e c t r u m  E f f i c i e n c y  a n d  M a s s i v e  M I M O

Innovation in Element Arrays
Potential future architecture to use large Element arrays for base station and pair to CPE devices. Can generate 

150bps/Hz at a price of size, cost, and range that could be applied to sub 6GHz and CBRS
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S e c t i o n  1 . 8 :  H a r d e n i n g  t h e  D e l i v e r y  ( N L O S  a s  R e d u n d a n t  
N e t w o r k  f o r  L O S )
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S e c t i o n  2 . 1 :  F T T H  ( P )  C o s t s  t o  P a s s  a n d  C o n n e c t  H H
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S e c t i o n  2 . 1 :  F T T H  A t t a c h m e n t  C o s t
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S e c t i o n  2 . 2 :  3 . 5  G H z  C B R S  P O P a n d  H H  C o s t s
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S e c t i o n  2 . 3 :  m m Wa v e ( L O S )  P O P a n d  H H  C o s t s
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• All of the FTTH cost is upfront and scales with the size of the SG.  In round terms, if you are 
reaching 100 new customers in a subdivision and the cost to pass and connect is $2,000 (+ 
$500 for CPE install), the investment is $250K.

• NLOS represents a middle ground; with 800m of service radius, it is possible that your 100 
customers can all be reached with one POP ($3,000 to install and $725/year to run – but all 
of this can be amortized over the SG).  The investment in each HH then becomes $300 
CPE (self-install), $30 allocation for the mast and $7.25 allocation for the OPEX.  The 
caveat here is that without massive MIMO, the QoE is not very future-proof – and even with 
massive MIMO, the service lifetime may be limited to << 10 years.

• LOS service is going to depend upon site survey dynamics – how many masts (with 
reduced service radius and the LOS aperture requirement) are needed to reach the 100 
clients (in this case).  The analysis then follows the NLOS case – with higher allocations for 
both CAP- and OPEX.  Absent NLOS redundancy, QoE for reliability will be worse but the 
client bitrates – and solution longevity – much better than NLOS.

S e c t i o n  2  ( s u m m a r y) :  C o s t  I n f l e c t i o n  P o i n t s
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 Opportunity for 5G Fixed Wireless Services for MSO not clear
 Economics to extend HFC or build Fiber Deeper are better – certainly for Gbps speeds
 5G millimeter wave LOS opportunity is challenged by reliable performance at range – given 

terrain conditions and further challenged by economics of the CPE device
 Does the CPE need Dual PHY – millimeter wave + sub 6GHz LTE or Wi-Fi

 LOS and NLOS solutions required ?
 Can it be placed inside Window and be user installed
 If its placed outside window  - will it be ergonomically and economically viable

 Is there better opportunity to map sub 6GHz frequencies to use Massive Element arrays and use 
paired elements to CPE devices increasing the bps/Hz but increasing the size of the Base Station 
cell

 Backhaul considerations
 Opportunity to Backhaul 5G for future mobility solutions. (Near term for CBRS cells ?)

 Adding NLOS and LOS POP/Cells to HFC and Fiber Networks seems to be an investment more 
in future mobility vs FWA

Much Done – More To Do

C l o s i n g  R e m a r k s
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