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•  Do Gbps make us happy? 
–  67% of internet users don’t know their speed! 

–  87% don’t care about 1 Gbps or know it exists! 
•  Telecompetitor group Dec 2014 

High Speed & Internet Consumers? 

Content •  We do know if our favorite (OTT video?) app works 
–  150M OTT video today 

–  350M OTT video in 2019 
•  US Telcom Media, Aug 2015 

•  Fixed connection: fiber, copper, coax, who cares? 

OR 

Ovum 2015 
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Consumer Happiness? 

IneoQuest		

Source:	
bgr.com	
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•  500 MHz of LTE/3G 
–  Different service providers 
–  Say conservatively, even with MIMO/etc, 6 bits/Hz 
–  3 GBPS 

•  Another 500 MHz of Wi-Fi 
–  Different AP’s 
–  Say 6 bits/Hz also 
–  3 Gbps 

•  Together that is 6 Gbps 
–  Flowing through each one of us, HERE, NOW 
–  Did we need a fiber to our body to get it? 
–  Are we using it? Effectively?  (probably not yet) 

•  Really no MIMO, no Wi-Gig, etc included yet 

Buffer Rage ß not enough bandwidth? 

Band 7 WiFi Various 5 GHz 
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•  But start to aggregate them and then what? 

•  Virtual Network Operators can 
–  Buy from anyone 
–  Buy from more than one 

Present Day “slotting” of bands 
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Wi-Fi 
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•  From 1 Mbps to 10 Gbps are physical-layer absolute-peak speeds 
–  Bands are shared, available to all consumers (unlicensed) 

•  At least so far within each standard 

•  Throughput can be much much less 

Wi-Fi coverage and raw speed 
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Mobile data traffic growing enormously  

13-fold	
increase!	

1EB	(exabyte)	=	1018	bytes	

33%		
Offloaded	
by	mobile-
device	Wi-Fi	

46%	
offloaded	
by	mobile	
Devices,	
	
80%	total	
Offloaded,	
	
TO	Wi-Fi	!	
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Latest data-use/Wi-Fi 

•  Wi-Fi bands (all of them) will be increasingly congested 
–  Add in LTE-U and/or LAA in Wi-Fi bands 

•  As a percentage, fixed/wired (no Wi-Fi/wireless) decreases 
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Cisco Report 
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xDSL & Fiber: Wi-Fi’s “backhaul” 

Source : TNO 2012 
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5G “licensed” 
 



WiFiveàG 12 !

•  Range somewhat fixed 
–  No sharing, each service provider has their own band 

•  Of course they can add MVNO’s, but each has dedicated slot when needed 

nG evolution 
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•  Makes 5G just wider spectra of 4G 
–  Each carrier buys more spectrum 

Present conventional 4Gà 5G 
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Speeds/device-operator 

Throughput can be considerably lower 
(LTE can go to 100 Mbps +) 
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Mobile nG distribution 
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5G Themes 
(Any and/or All fixed and wireless) 

•  Convergence of fixed-line and wireless 
–  Smaller and smaller cells 

•  Need “wire” to each antenna 
•  Frequencies and channels used 
•  Power levels, contention choices 
•  Aggregation of bands 

–  Wi-Fi is a small cell 

MIMO 
SISO 

MMIMO 

 
•  Software-Defined and Virtualized Networks 

–  Provision services in real time 
–  Also used with Wi-Fi (MVNO à VNO) 

•  Massive mmw (also in Wi-Fi) 
–  Above 5 GHz  (28-200 GHz) 
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•  Unlicensed Wi-Fi bands will grow 
•  Low frequencies, af and ah 
•  mmW frequencies, ad 
•  3.5 GHz ? 

Wi-Fiveà G  ? 

LTE, 
Licensed 

bands 

Wi-Fi 
0.9, 2.4, 5, 60 GHz  

IoT 
BLE, Zigbe, Zwave, Sigfox, LoRA 

LTE0, ….. 

Copper 
Coax 
fiber 
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Connection Stability and Problems 
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Unstable connections à cost/churn 
(ASSIA experience on 80M connections) 

Instability:  Combination of speed variation, packet errors, outages, 
consumer calls/complaints, the type of app running 

•  Based on 90-95% distributions 
–  Meaning these fractions of customers are seeing worst case 5-10% daily or more frequent 

Instability	based	on	field	measurements	
connecCon	 Nominal	 Best	

(managed)	
Speed	

Fiber	(PON)	 16%	 6%	 90	Mbps	

Instability	based	on	field	measurements	
connecCon	 Nominal	 Best	

(managed)	
Speed	

Fiber	(PON)	 16%	 6%	 90	Mbps	
Cable	 20%	 ---	 15	Mbps	

Instability	based	on	field	measurements	
connecCon	 Nominal	 Best	

(managed)	
Speed	

Fiber	(PON)	 16%	 6%	 90	Mbps	
Cable	 20%	 ---	 15	Mbps	
ADSL2+	 15%	 7%	 10	Mbps	
VDSL2	 18%	 7%	 25	Mbps	
Vec	VDSL	 45%	 8%	 75	Mbps	

Instability	based	on	field	measurements	
connecCon	 Nominal	 Best	

(managed)	
Speed	

Fiber	(PON)	 16%	 6%	 90	Mbps	
Cable	 20%	 ---	 15	Mbps	
ADSL2+	 15%	 7%	 10	Mbps	
VDSL2	 18%	 7%	 25	Mbps	
Vec	VDSL	 45%	 8%	 75	Mbps	
Wi-Fi	(11g)	 50%	 15%	 10	Mbps	
4G	–	LTE	 Not	good	 à	10%	?	 10	Mbps	
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Throughput Variation (peak-to-ave) à cost 

Source	 RaHo	
FCC	2013	Report	(ave)	
										80%	

1.2	:	1	
2	:1	

•  BB access 
connect 
variation 

Single media 
Fiber, coax, wireless 

Router  
(or PON or cable) 

waiting 
queue 

•  Buffering 
issue 

Source	 RaHo	
FCC	2013	Report	(ave)	
										80%	

1.2	:	1	
2	:1	

Akamai	2014	
			ave	of	100%	(over	all)	

8:1	
	

Source	 RaHo	
FCC	2013	Report	(ave)	
										80%	

1.2:1	
2:1	

Akamai	2014	
			ave	of	100%	(over	all)	

8:1	
	

ASSIA	@95%	
		@	80%	

4:1	
1.3:1	
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Wi-Fi “Hot” Spots and Problems 

= 
Coverage (noise) 
  & signal strength 

Crosstalk 

who controls phy 
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Cocktail	Party	Effect	(crosstalk)	

 
 
          
 
        

TALK LOUD 
Sorry, can’t hear, 

Talk louder 

I NEED TO 
TALK VERY 

LOUD 

•  Solution: All speak politely at low volume (lower power) 
–  All send more information (more power and/or higher data rate) 

•  This is how dynamic management works with DSLs, Wi-Fi, sharing 

•  EG: Wi-Fi Box/Chips blasting at 1-10 Gbps ! 
–  Or worse yet – install repeaters/mesh and have them all blast  

OK, 
I’ll SHOUT 
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Wi-Fi Speeds & Stability 

Neighborhood (same supplier) of 300 AP’s 3000 devices 
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Poor Wi-Fi can drive customer complaints 

•  Strong	correlaHon	between	
WiFi	problems	(as	idenHfied	by	

ASSIA	)	and	Complaint	Rate	

•  48%	of	APs	have	WiFi	issues	

•  Customers	idenHfied	as	having	

poor	WiFi	performance	are	5	

Hmes	more	likely	to	complain	

0.00%	

2.00%	

4.00%	

6.00%	

8.00%	

10.00%	

12.00%	

14.00%	

16.00%	

18.00%	

20.00%	

No	Problem	 WiFi	Needs	AaenCon	 WiFi	problems	

Customer	Complaint	Rate	

ISP’s now beginning to deal with it, especially if their gateway has Wi-Fi 
 
Google Head of On-Hub– “It’s Comcast’s Problem” 

 no, not really, it’s your problem too – think about it 
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•  Orange Fiber – Sept 24, 2014 

Wi-Fi is not always the problem 

•  5 hours later 

•  20 Oct 2013, 18:45                    -  Next day, 7am  
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Where is the problem? (5G needs this) 

Routers	(DSL,	WiFi)	and		
Hubs,	Set-Top-Boxes,	Media	Players	

AggregaHon	
Network	

	

Broadband	
Network	Gateway	
	

Home	Network	
(Wi-Fi	or	wiring)	

	

Access	Network	
Fiber/xDSL,	coax	

	

Edge	Network	
BRAS/CDN	

	

Core	Network	
Big	routers	

	

Increasingly likely to reduce stability 

DSLAM/OLT/
CMTS/BS	

	

coax 

tp 

fiber 
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Dynamic Optimization 
A Fix 
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Basic Optimization and Diagnosis 

Access	
Network	

Reprofiling	Loop	

q  AutomaHc	
connecHon	repair	
●  QoS	target	
●  rate	target	

Freq band (2.4, 5, …) 
Channel slot, power, 
Contention windows 
Code rates, speeds 

aggregations 

DiagnosHcs	Loop	

q  DiagnosHcs	
●  Where	
●  when	

q  Upgrade	ident.	

	
Consumer	
OSS,		
customer	care	

New Access Point or Repeater 
Device placement 
add some wires! 

ConHnuous	
collect	

All	connecHons	
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•  One end point (typically device app) 
–  Good first step, but not needed if AP supports 

•  Access point may be better when possible 

•  OLT/DSLAM/Cable-Head (SNMP/TL1) 

•  Other server network URL’s 

Which touch points needed/nice? 
(for optimization) 
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Typical Field Wi-Fi Results (11n – 90%) 

Before	opt	 A_er	opt	
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Neighborhood Management of channels & 
space (MIMO) 

User	1	 User	2	 User	3	 User	4	
User	5	 User	6	

User	7	 empty	

User	1	 User	2	

Freq 
Channel 

(4 chan’s) 

Space 
Channel 

(4 antennas) 

•  Basically 16 
slots (each say 
~ 54 Mbps) 

•  How a box 
vendor does it 

•  Cloud managed 
–  multiple SSIDs 
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A Wi-Fi State Management Diagram 

108 Mbps 
5 GHz,20 

54 Mbps 
2.4 GHz,11 

18 Mbps 
2.4 GHz,6 

6 Mbps 
2.4 GHz,1 

108 Mbps 
MIMO x 4 

54Mbps 
MIMO x 2 

18 Mbps 
2.4 GHz, 11 

Oversimplified 
 
Often more states and 
More rate ranges 
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•  Vectors of States à state 

•  State = [fixed-line , Wi-Fi ] – single connection 
–  Or with multiple connections 

•  State = [Wi-Fi, LTE] – single connection 
–  Or with multiple connections 

•  State = [state of device 1, device 2, …. , device n] 

•  Any combinations of the above 

Combined Optimization State Diagram 
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A DSL State Management Diagram 

15-25 Mbps 
2 ms 

10-20 Mbps 
2 ms 

5-12 Mbps 
2 ms 

2-6 Mbps 
2 ms 

1-2 Mbps 
2 ms 

15-25 Mbps 
8 ms 

10-20 Mbps 
8 ms 

5-12 Mbps 
8 ms 

2-6 Mbps 
8 ms 

1-2 Mbps 
8 ms 

2-6 Mbps 
20 ms 

1-2 Mbps 
20 ms 

•  Each state = “service” profile 
•  Other “controls” function of data collected in 

each state 
–  “line profile” 

•  There is a state where consumer is happiest 

–  Hidden Markov (1=happy, 0 = enraged) 

–  That best state can move with time/situation 
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Aggregation and Bonding 
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IP Layer Bonding & Mesh Networks 

Broadband 
Consumer 

Management	&	
Agg/Deag	Server	

•  Total data rate R1+R2+R3 
–  Increase speed 
–  Or allow hand-over 
–  Insure secure link, both from stability and from other viewpoints 

•  Allows RELIABLE Gbps PER Consumer 
•  Much cheaper than fiber to the customer, and sooner  

DSL/WiFi	Gateway	

R1 

CMTS/WiFi	Gateway	

R2 
coax 

LTE	Path/BS	

R3 fiber 

The Cloud 
(internet) 
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LTE-U and LAA 

Qualcomm 09/15 

Similar, but may use different wires for backhaul 
(theoretically must use more space-time spectrum – unless only at femtocells) 
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Early Sharing Standards 
Broadband Forum – WT348 

	

H= “hybrid” 

Mobile	
Network

Fixed
Network

Policy	
Management	

Domain

HAGHCPE

Policy Enforcement Points

BNG

PGW

3GPP	Gx

3GPP	Gx /	
RADIUS

Rc
Rg

Use the least expensive path 

 

 

 

    HOST     
  
    

  
  

H CPE   

 

 

 
Service   e.g.   
Internet,   
IP VPN   

 

 

Mobile Network   

Fixed Network   

Session 1 

Session 2 

A 

B 

C 

Not yet at device level, but TR-69 yielding to USP 
(universal service protocol)  
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VNO’s and use of infrasture (WT-348) 

Centralized approach 
 (say on telco or cable 
Provider in given region) 

Distributed approach 
(shared between telco 
And cable provider) 
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Essentially “internet insurance” 

•  Remember Buffer Rage? 

–  More paths permit more robust response if one path 
becomes unstable 

–  Matter of cost for a VNO (maybe that means app provider 
with SDNFV?) 

•  This should get rage under control 

•  It also offers some interesting security/privacy 
options 
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5G may be coming 
through your Wi-Fi 

cioffi@stanford.edu 


