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Part | - Modeling of Imperfect Channel

Reciprocity
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Introduction

@ Why do we make perfect reciprocity assumption?

BaseBand

Propagation
Channel

e In general, massive MIMO systems operate in TDD mode.
o Here the BS learns the channel via uplink channel training.
o If channel is reciprocal, no downlink training is needed.

o It saves the large amount of training overhead required for downlink training.
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Introduction

@ Why is this assumption not valid?

o Perfect reciprocity assumption needs the uplink and downlink
channels (over-the-air channel) to be identical and the perfect calibration of
the RF chains both at the BS and at the users side.

o The former requirement can be safely assumed [1].

o However, the transceiver RF chains at both the BS and users’ end are never
identical.

o Due to

o (i.) imperfect clock synchronization

e (ii.) variable cable lengths of antennas

e (iii.) manufacturing defects of low noise amplifiers along with other
hardware asymmetries

o (iv.) imperfect calibrations.

Soumendu Ghosh, Main Presentation September 21, 2019 5/18



Channel Modeling

What it means:

Imperfect Reciprocity: Hy # HT

@ Channel Models:

o The uplink channel from the kth user to the ith BS antenna:hy i = us i br,ihi k.
e The downlink between the ith BS antenna and the kth user: hg i = ur i by,ihic.
o ur &b, i are the complex valued gains associated with the transmit RF chain
of the kth user and the receive RF chain of the ith BS antenna, respectively.
® Uik, Urk, brj, and by are i.i.d across all antennas and all users with finite nth

order moment denoted as 1u,t,n, Nu,r,ny Nb,r,n aNd Np ¢ 0, respectively.
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Calibration Error Modeling

@ The BS and all users perform over-the-air calibration of the transmit and
receive RF chains to obtain the estimates its associated complex values gain

coefficients.

@ The downlink channel can be estimated from the uplink channel estimate

as [2],
~ B i Ar ~
hg = | == (u ’k> hy ik.

Ut k

@ These calibrations are also going to be imperfect, with magnitude calibration
errors (dp,; & 0,.x) and phase calibration errors (¢p; & ¢y k)
bei by

. . . Uyr i\l k

A A Urk Ut
° 5b7;e/¢b»' = — & 5u7ke/¢“vk =
by i by, i Ug k Ur i
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Composite Channel Model

Composite downlink channel

Hy = D,A,D,A + H,A,

where, Dy, 2 diag[0p 1%, ..., 6 yei®on]T

. - ] : [ Epifi
D, £ diag[d,1€/%1,..., 6, ke/?K]T, A = diag[oy,...,0k], 0; = NoJl:—gp,ﬂ;

and /~7u,;k ~ CN(O,nb7t72nu,,72) being the i.i.d entries of I:Id.
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Part Il - Dynamic TDD
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Its advantages and challenges

@ In static TDD, all the neighboring cells must transmit in the same direction
(UL or DL) on each sub-frame according to a predefined schedule.

@ In dynamic TDD, each cell is allowed to configure UL and DL sub-frames
adaptively based on its traffic condition, such that adjacent cells in a network
are not necessarily operating in the same direction at a given time instant.

@ Dynamic TDD can potentially achieve a higher spectrum efficiency (by
intelligently scheduling UL and DL sub-frames for each cell based on its
traffic condition) compared with static TDD.

o Challenges

o Cross-link interference.

o Pilot contamination.
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System Model

We consider
@ [ macro-cells

@ In each cell K number of single-antenna users are being served by an N

antenna massive MIMO BS.

[»[ ] o[ [ v[ ] o] o] v] ¥]
DL-to-UL (gNB-to-gNB)
interference ..__,..-‘7 g\

UL-to-DL (UE-to-UE)
‘ D|D|D[I}‘D|D| D]U|U|L'| mterference
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Channel Models

e BS-to-BS [3]:
Gjn = G + G = R;,Gjn T)n + G2,

where,
o [G°iy = Vae'¥iy
° Rj,, and 1~'j,, are deterministic matrices that characterize the large scale fading

and spatial correlation structures at receiving and transmitting antenna arrays.

o Gjn ~CN(0,1y).
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UL & DL Receptions

@ Then the instantaneous uplink received signal by the j-th (j € S,/) BS can be

written as

K
yj = Z Z VEnBinhjis + Z VP GinPrxe,n + "J"jl‘

1€Su k=1 neSy

@ The downlink received signal at the kth UE of ith cell can be expressed as

K
yd = Z \/ﬁ,-jhfsz,,xBy,, + Z Z V EimMikim&ikimSim + N%.

neSy €S, m=1
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Channel Estimation

Channel coherence time

Cell 1[G UL|DL|DL‘DL|DL|UI|DL|DL|DL|D:I.
cell 2 | UL|UL|DL‘DL|DL|UI.|UI.|DI.|DL|D].|
celt3 [garee o UL|UL DL|DI.|U[ UL|UL DL|DL|

7

Both UL and DL transmissions
coexist in the network

K K
I E E /
Yk = /) Epik Bmik hmik ik + Z Epli Brmii hmii b1 + Epl/ B h g B
—————  i=1,i%k / 1

desired term I"eSy\!

intra-cell interference

multi-cell interference

A v/ Epik Bmik / » Epik Bmik
® hpi = P Yo with E[| 2] = P .
2 mlk’ m 2
o° 4+ ,Z gpllk/ Bml’k’ o° 4+ /Z gp// K Bm// K
I"eS, I" €Sy

@ Efficient techniques are required to handle pilot contamination.
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BS-BS Interference Cancellation

o Estimation Based Interference Cancellation Scheme
o Here we have assumed that the transmitted symbol vector from the active
downlink BSs are shared among all the BSs. Using that downlink transmitted
symbol vector we estimate the effective channel,hence the effective BS-BS

interference.

Yju,sic = yju - Z \/ﬁd/éjnPnXB,n

neSy
K
= Z Z v EBinchjiesi + Z \/ﬁd,éjnpnxs,n + nj'll
1€S, k=1 nESq
= Eik B s + Ew Bimhjusik + VP4 GinPaxs,n 40!
Z v » P

1€8,\Jj k=1 neSy

interference due to SIC error
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BS-BS Interference Cancellation

@ Genie Aided Interference Cancellation Scheme
In genie-aided method we assume that the information of the interfering term
from the neighboring DL-BS is available at the UL-BS of the concerned cell.
Therefore, the received uplink signal leads to an optimal achievable uplink

rate of the system.

K
. I
Y genie = D O \/EnBihjusi + n}

IESU/ k=1

= Z VEikBirhjisix + Z Z vV EBjihjiksi + nj’

1€8,\j k=1
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