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Mimo evolution
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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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Outline

» Channel Estimation — Toy Model

» Channel Estimation and Receiver Design for Multiuser Systems
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Outline

» Channel Estimation — Toy Model
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Channel Estimation — Toy Model
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Channel Estimation — Toy Model

~ n?
h=h+ ;
v PPax
Linear combination of

Gaussian variables
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Three Ste%s to determine the Mean Squared Error of the
Received Data Symbols

> Determining the Conditional Channel (h | ﬁ) @
Distribution

» Determining the Mean Squared Error MSE(h) = Enlh {MSE(h, fl)} @
(MSE)

> Determining the average MSE as a

function of the pilot and data power & {MSE} — gﬁ {MSE<h)} @
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Multivariate Normal Distribution

Theorem (Conditional PDF of Multivariate Gaussian)

If x (with dimension k x 1) and'y (with dimension | x 1) are jointly
Gaussian with PDF :

.
1 —1 X—E(X) ] _1[X—E(X)
p(x.y) = exp | — C
x7) (2r) % \/det(C) [ 2 [ y — E(y) y — E(y)
C C
with covariance matrix : C = [ ey ]
Cyx Cy

then the conditional PDF p(y|x) is also Gaussian and :

E(ylx) = E(y)+ CpCillx — E(x)]

Cyx = Cy —CuCyCy
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Multivariate Normal Distribution

Theorem (Posterior PDF for the Bayesian General Linear Model)

If the observed data can be modeled as

x=HO6+w h=h+w

where @ is a p x 1 random vector with prior PDF N (g, Cy) and w is a
noise vector with PDF N'(0,C,,), then the posterior PDF p(x|@) is

Gaussian with mean :
E(8]%) = 1o+ CoHT (HCoHT + ) (x — Hyip) @
and covariance

Cyjx = Co — CoHT (HCgHT + C,,) "'HCy

~ . A g 0« h /LGZE[h]:O Cfl,ﬁ:R
Recal. h=h+w w~CN(0,Cy); Cw—@I v h Hpg=E[l]=0 Cy+Cy=R
Cyp = Chn
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What is the distribution of ? (h|h) @

> Applying the Theorem of MV Gaussian [see e.g. Kay '93]:

- E(ylx) = E(y)+ CuCrilx — E(x)]
(h|h)~CN(Cy) & ¢ ¢ c.cic,
y < h
T h

> Applying the Bayesian Linear Model of [see e.g. Kay '93] :

(h | fl) ~J CN(Dﬁ Q) <:| E(G‘X)=H9+C9HT(HC9HT+CW)—1(X_H”H)

Cyjx = Cp — CoHT(HCoHT + C,,) 'HC,

where D=CR ! and Q =C - CR'C 0«h  me=ER=0  C;=R
r<h Huy=FEh =0 Cy+Cyw=R
H<+1 Co = Chn
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The Pilot Power — Data Power Trade-off

» Intuitive trade off between the pilot and the data power when sustaining a
given SNR (no interference !):

Data
power

Feasible region
under sum power

constraint

4

| SNR target for data

4-:|-> SNR1 ~—

| ~ "perfect”
pi ittt > h = h CS|
Minimum PIIOt

pilot power
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MSE — 20 un-correlated / correlated antennas

Uncorrelated Correlated
25“0.25 '
200.
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F}?;ﬂ all0.11 : S 0-07 |
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PllotPowetmw]| PliotPowetmw]

A given MSE of the equalized data symbols can
be reached by different pilot and data power setting.
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Outline

» Channel Estimation and Receiver Design for Multiuser Systems
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Pilot-Based Channel Estimation

Freque cyt

4 Pilot subcarrier

’Z;.,, N O S e o e 1 U

NN NN NN NN N N NN

(a) Frequency continuous—time spaced pilot allocation (Block type)

_ More pilot symbols
Pilot subcarrier

N\ Data subcarrier

Higher pilot power
Pilot subcarrier

Q Data subcarrier

AN
NN NN NN NN N N N N
(c) Time spaced—frequency spaced pilot allocation
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N\ Data subcarrier T ra d e - Offs :

Better channel estimate
Less aggressive pilot reuse
More users for MU multiplexing

Less data symbols

/ Better channel estimate

SNR degradation for data
+ increased pilot contamination

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



MU MIMO Signal Model

Data signal model:

K
Yy = amhm\/ mem+zakhkv Pkwk +1ny
N

User-x If;ém P
Other users
/D H
Gnaive _ Gnai’ve(ﬁ) _ av Ph The naive G minimizes the MSE of the received data symbols

042P| |ﬁ| ‘2 1 g2 when perfect channel estimation is available at the receiver.

G. Fodor, P. Di Marco, M. Telek “On Minimizing the MSE in Multiple Antenna Systems in the Presence of Channel State Information
Minimizing the MSE with CSI Errors | KTH Seminar | 2018-04 Frrors”
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Preliminaries |

Pilot signal model: ~ Y” =ay/P,hs’ + N h € CN*! h ~ CN(0,C)

T
Pilot sequence: s* — [S’{, cees S;k_p] & (DTPXl (STS*) = Tp

2
Estimated channel: R 2 E{hh"”} = C + T

T
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Preliminaries |l

Data signal model:

User-x
MU MIMO Receiver
1 XN,
at the BS: G. € C
* A .
G, = argmin
G

y:a&hfﬁvpﬁ,xm“‘

k#K

Other users

{MSE} = arg m(;n

ACCESS Linnaeus Centre

K
Z arhpV Prxy +ng

|Gy — x|}

N. Rajatheva, S. Suyama, W. Zirwas, L. Thiele, G. Fodor, A.T6lli, E. Carvalho, J. H. Sorensen, "Massive Multiple Input Multiple Output (MIMO) Systems", Chapter 8 in:

Minimizing the MSE with C¢

A. Osseiran, J. F. Monserrat, P. Marsch, "5G Mobile and Wireless Communications Technology", Cambridge University Press, June 2016. ISBN: 9781107130098



How to find the (true) MMSE Receiver ?

» To find the optimal receiver in the presence G* 2 arg mmE{MSE} — arg 111111 IE{|G v |2}
of channel estimation errors: K K

» Step 1: Determine the MSE of a tagged MSE (Gn : hi..... hg ) — ]E:c,nd{lGﬁ;y - a?,{|2}
User K as a function of G
in the case of perfect CSI ‘ Ehy,. he i heii,.. hi
» Step 2: Determine the MSE of a tagged MSE (Gm hH)
User K as a function of G
and the estimated channel ‘ .
(h [ h)
» Step 3: Determine G} that minimizes MSE (Gn. ﬁh) - ]Eh IR MSE (Gm hﬁ)

MSE (G,.;, ﬁn)
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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 naive and the MMSE receiver

» Closed form expressions for the optimum pilot-to-data power ratio when using the
MMSE receiver
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How to find the (true) MMSE Receiver ?

Proposition The optimal G}, can be derived as:

—1
K
% 2 . WHNH 2 2
G; = aey/PRID! - | 2P (DAKIDY +Qc) + Y afPiCi+ 071
k#£k
Elements of proof: Quadratic Form:
MSE (G,b ﬁ,;) — G, aVPDh, —a VEREDEIGT 11+ T (xAx —xB — B xM +1)
N ——  —
X B
A K ST
LG, | 2P, (D,;h,;th,;H + Q,{) +3 aiPCi + o3l | G x* = BHEA-L
k#k
A _
Minimizing the MSE with GS1 Errors | KTH Seminar | 2018.04-25 | Page 23 G. Fodor, P. Di Marco and M. Telek, "On the Impact of Antenna Correlation and CSI Errors on the Pilot-to-Data

Power Ratio", IEEE Transactions on Communications, Volume 64, Issue 6, pp. 2622-2633, April 2016.



CDF

T (true) MMSE D‘e‘fe"c‘tb‘f “““““““““““““““““““““““““““““““““““““ 1
------------------------------------------ 0.6 -
PL=50 dB
————————————————————————— - U /I — i S S ———— S S —— S ——" " ]
------------------------- ~«02
i Sq. Error

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

G. Fodor, P. Di Marco and M. Telek, "On the Impact of Antenna Correlation and CSI Errors on the Pilot-to-Data
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Power Ratio", IEEE Transactions on Communications, Volume 64, Issue 6, pp. 2622-2633, April 2016.



MSE[lB]

Minimum value
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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

MSE [dB]

. With large number of antennas, the MSE
performance of the optimal receiver remains
close to the perfect CSI performance,
whereas the performance of the naive
receiver is far from the perfect CSI case.

Therefore, with larger number of antennas,
the importance of applying the optimal
receiver increases.

50 100 150 200 Pilot power [mW/]

s nevsewincs. Data transmit power decreases ‘



MSE And SE With Comb Pilot Pattern .
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I Gain due to optimal MMSE receiver
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Take Away

» 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 naive 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 naive receiver);

» Impact of antenna spacing and angular spread on MSE decreases with increasing
number of antennas.
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Full Dimension in 3GPP

» Full Dimension MIMO (FD-MIMO)

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

» 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

3GPP TS 37.105 v1.0.0 2016-03)

3GPP TSG RAN Meeting #71 RP-160623
Goteborg, Sweden, March 7 - 10, 2016

Source: Samsung

W

Title: New WID Proposal: Enhancements on Full-Dimension (FD) MIMO for LTE
Document for: Approval
Agenda Item: 10.1.1

3GPP™ Work Item Description

For guidance, see 3GPP Working Procedures, article 39; and 3GPP TR 21.900.
Comprehensive instructions can be found at http://www.3gpp.org/Work-Ttems

Title: Enhancements on Full-Dimension (FD) MIMO for

LTE
Unique identifier:

NOTE: If this is a RAN WID including Core and Perf. Part. then Title. Acronym and Unique identifier refer to
the feature WI. Please tick (X) the applicable box(es) in the table below:

| This WID includes a Core part ‘ X |
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1 3GPP Work Area
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ore Network |
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