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LTE:  Long Term Evolution 
SU MIMO:  Single User Multiple Input Multiple Output 
MU MIMO:  Multiuser Multiple Input Multiple Output  
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Channel	es)ma)on	at	the	receiver	from	the	received	signal:	

Channel Estimation – Toy Model 

Tagged  
User 

(path loss) 
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Linear	combinaLon	of	
Gaussian	variables	

are	jointly	Gaussian	(mul$variate	normal)	!	and	h	 h	^	

Channel Estimation – Toy Model 
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›  Determining	the	Condi)onal	Channel	
Distribu)on	

›  Determining	the	Mean	Squared	Error	
(MSE)	

›  Determining	the	average	MSE	as	a	
func)on	of	the	pilot	and	data	power		

	

1	

2	

3	

Three Steps to determine the Mean Squared Error of the 
Received Data Symbols 
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Multivariate Normal Distribution 
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Recall:	

Multivariate Normal Distribution 
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What is the distribution of           ?               	

›  Applying	the	Theorem	of	MV	Gaussian	[see	e.g.	Kay	’93]:		

›  Applying	the	Bayesian	Linear	Model	of	[see	e.g.	Kay	’93]	:	

1	
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Pilot		
power	

Data		
power	

”perfect”	
CSI	

Minimum		
pilot	

SNR1	
SNR2	

Feasible	region		
under	sum	power	

constraint	

SNR	target	for	data	

›  Intui)ve	trade	off	between	the	pilot	and	the	data	power	when	sustaining	a	
given	SNR	(no	interference	!):	

The Pilot Power – Data Power Trade-off 
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MSE – 20 un-correlated / correlated antennas 

A	given	MSE	of	the	equalized	data	symbols	can	
be	reached	by	different	pilot	and	data	power	se\ng.	

Uncorrelated	 Correlated	
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› Channel Estimation – Toy Model 

› Channel Estimation and Receiver Design for Multiuser Systems 

Outline 
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Pilot-Based Channel Estimation 

Trade-offs:	

Higher	pilot	power	

BeWer	channel	es)mate	

SNR	degrada)on	for	data	
+	increased	pilot	contamina)on	

More	pilot	symbols	

BeWer	channel	es)mate	
Less	aggressive	pilot	reuse	
More	users	for	MU	mul)plexing	

Less	data	symbols	

MU:  Multi user 
SNR:  Signal-to-Noise-Ratio 
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MU MIMO Signal Model  

The	naïve	G	minimizes	the	MSE	of	the	received	data	symbols	
when	perfect	channel	es)ma)on	is	available	at	the	receiver.	

Tagged  
User 

Data signal model: 

G.	Fodor,	P.	Di	Marco,	M.	Telek	“On	Minimizing	the	MSE	in	MulLple	Antenna	Systems	in	the	Presence	of	Channel	State	InformaLon	
Errors”,	
IEEE	CommunicaLons	Lebers,	Vol.	19,	No.	9,	pp.	1604-1607,	September	2015.	
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Preliminaries I 

Pilot signal model: 

Estimated channel: 

Pilot sequence: 
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Preliminaries II 

Data signal model: 

MU MIMO Receiver  
at the BS: 

N.	Rajatheva,	S.	Suyama,	W.	Zirwas,	L.	Thiele,	G.	Fodor,	A.Tölli,	E.	Carvalho,	J.	H.	Sorensen,	"Massive	MulLple	Input	MulLple	Output	(MIMO)	Systems",	Chapter	8	in:	
A.	Osseiran,	J.	F.	Monserrat,	P.	Marsch,	"5G	Mobile	and	Wireless	CommunicaLons	Technology",	Cambridge	University	Press,	June	2016.	ISBN:	9781107130098	
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How to find the (true) MMSE Receiver ? 

›  To	find	the	op=mal	receiver	in	the	presence		
of	channel	es)ma)on	errors:	

›  Step	1:	Determine	the	MSE	of	a	tagged	
User					as	a	func)on	of		G		
in	the	case	of	perfect	CSI	

›  Step	3:	Determine									that	minimizes	

›  Step	2:	Determine	the	MSE	of	a	tagged	
User					as	a	func)on	of		G		
and	the	es)mated	channel	
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Results 

› Closed	form	expression	for	the	MMSE	receiver	in	the	presence	of	CSI	errors	

› Closed	form	expression	for	the	MSE	when	using	the	naïve	and	the	MMSE	receiver	

› Closed	form	expressions	for	the	op)mum	pilot-to-data	power	ra)o	when	using	the	
MMSE	receiver	
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How to find the (true) MMSE Receiver ? 

Elements	of	proof:	 Quadra)c	Form:	

G.	Fodor,	P.	Di	Marco	and	M.	Telek,	"On	the	Impact	of	Antenna	CorrelaLon	and	CSI	Errors	on	the	Pilot-to-Data	
Power	RaLo",	IEEE	TransacLons	on	CommunicaLons,	Volume	64,	Issue	6,	pp.	2622-2633,	April	2016.	
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PL=50 dB 

PL=45 dB 
PL=40 dB 

PL=40 dB 
PL=45 dB 

PL=50 dB 
MMSE 

Naïve 

Gain of using the 
(true) MMSE Detector 

over Naïve ~8 dB 

The optimal receiver yields significant gains over the whole CDF, including the 10 
and 90 percentiles and for various levels of the path loss.  

Sq.	Error	

G.	Fodor,	P.	Di	Marco	and	M.	Telek,	"On	the	Impact	of	Antenna	CorrelaLon	and	CSI	Errors	on	the	Pilot-to-Data	
Power	RaLo",	IEEE	TransacLons	on	CommunicaLons,	Volume	64,	Issue	6,	pp.	2622-2633,	April	2016.	
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Naïve 

MMSE 

Naïve 

MMSE 

Minimum value 

Gain 

The gain increases as the number of antennas increases.  
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Naïve MMSE 

Optimal MMSE 

How does the Gain depend on the Number of Antennas ? 

Gain 
increases 

This plot shows the minimum MSE, that is the MSE that is achieved when 
using the optimal pilot power.  
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Comparison With Perfect CSI 

Nr=4	

Nr=20	

Nr=100	

naive	

opt	

perfect	

Data transmit power decreases 

With large number of antennas, the MSE  
performance of the optimal receiver remains  
close to the perfect  CSI performance,  
whereas the performance of the naïve 
receiver is far from the perfect CSI case.  
 
Therefore, with larger number of antennas, 
the importance of applying the optimal  
receiver increases. 

Pilot	power	[mW]	
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MSE And SE With Comb Pilot Pattern 

#	antennas	=	10	
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#	antennas	=	500	

#	antennas	=	500	

Gain due to optimal MMSE receiver 
(over naïve MMSE) 
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› The gain of the optimal receiver increases with increasing number of antennas. In 
the massive MIMO domain, this gain can be up to 8-10 dB in terms of MSE; 

› The true MMSE receiver well approximates the perfect channel estimation case, 
independently of the number of antennas (as opposed to the naïve receiver); 

› With the true MMSE, the transmit power that minimizes the MSE, does not depend 
on the number of receive antennas (as opposed to the naïve receiver); 

›  Impact of antenna spacing and angular spread on MSE decreases with increasing 
number of antennas. 

Take Away 
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› 3GPP Technical Report: Study on Elevation 
Beamforming and FD-MIMO for LTE  

›  See also:  
-  36.873 Study on 3D Channel Model for LTE 
-  37.105 Active Antenna System BS Radio Transmission and Reception 

 

› Full Dimension MIMO (FD-MIMO) 
›  Greater number of antenna ports 
›  Efficient MU MIMO Spatial Multiplexing 
›  Robustness against CSI Impairments (e.g. intercell interference)  

 

Full Dimension in 3GPP 


