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12.1 Channel-State Reporting

@ Channel-state reporting is an important part of the support for downlink
channel-dependent scheduling, provided by terminals to the network,
reporting on which the latter can base its scheduling decisions

@ The channel-state reports consist of one or several pieces of information:
+ Rank indication (RI)
+ Precoder matrix indication (PMI)
+ Channel-quality indication (CQI)

DL channel dependent scheduling

Link I : Eg

Channel-state reports on UL

channel
ﬁ BZP I A
4 National Chung Cheng University
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12.1 Channel-State Reporting(1/3)

@ NR supports three types of CSI reporting

1. Aperiodic CSI reporting

» Delivered when explicitly requested by the network by means of the
channel-state request flag included in uplink scheduling grants.

2. Periodic CSI reporting

» It can be configured by higher layer. Higher-layer configuration includes at
least reporting periodicity and timing offset.

3. Semi-persistent CSI reporting
» Configuration of CSI reporting can be activated or de-activated.

e 8272
5 National Chung Cheng University



12.1 Channel-State Reporting(2/3)

Periodic
UE

Higher Layer(RRC)
configuration

BS

A

No
Low Layer Trigger

CSI Related
Reference Signal

7

CSI Report

\ 4

CSI Related
Reference Signal

X

Periodic
CSI Report

\4

Periodic

Aperiodic
UE BS

Higher Layer(RRC)
configuration

A

Low Layer Trigger
(MAC ClI or DCI)

CSI Related X slots
Reference Signal

X

Y slots

CSI Report

[
»

X and Y in this illustration is
defined as follows in 38.802

€y B=Tars
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12.1 Channel-State Reporting(3/3)

Semi-Periodic

UE BS

Higher Layer(RRC)
configuration

A

Low Layer Trigger(Activation)
(MAC CE)

CSI Related
Reference Signal

CSI Report

v

CSI Related
Reference Signal

Periodic

CSI Report

v

Low Layer Trigger(DeActivation)
(MAC CE)

Periodic

124
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12.1.1 Periodic CSl reporting

P2:N

IfI:ETJ]'I DL Channel

Link

—_—

gNB UE

Step 0. non-precoder CSI-RS

Step 2. PDSCH

Y
»

—

N

Step 1. Estimate Rl PMI -> Estimate CQI

ﬁ A2 P &%
National Chung Cheng University



12.1.1 Periodic CSl reporting(1/5)

@ 775G NRIYCSI EEbms{hE —XX

@ CSI feedback delayfz6ms @ {5E1Z26msEILE{EH]

o [ TDDEZFDDE & A A — VAR
+ TDDIERFEIRFRE T - AR RIS 77E (1 T1T) » R G CS I

it

o Blan > EEAERULAYCSIE - Al DL LT THY > FLiRptA RS ULAY
CSIER - FEFER| N —RULE A R - (CSI feedback delay /2 4111EL)
+ [TIFDDJE L

Uplink-
downlink
configuration

Downlink-to-Uplink
Switch-point periodicity

Subframe number

o

—

N

314|567

(o]

5 ms

5ms

5ms

10 ms

10 ms

10 ms

DN | |WIN|—=|O

5ms

O|0|0|0|0|0|0

021 (020 [2] (2] (2] (V2] [¥))

c|C|C|C|C|C|C
cC|O|C|C|O|C|C
C|O|0O|C|O|0|C
0O|0|10|0|0|0|0
2] lw] (w] {w] V2] [¢2] [¢p)
C|O|O|O|C|C|C

cC|O|0|0|0|C|C

O|0|0|0|0|0|C

[1] 3GPP 36.211 Table4.2-2 Uplink downlink configurations

S

BLP IR
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12.1.1 Periodic CSl reporting(2/5)

o TDDIEA[EIRFE T - AR EE R (R TT) - RIS S CSIIEE
L

o N EULEECSINF » AIEMDL{E S - M st se# i ULEYCSIHE R -
TFE] - RULEE A BEMU SR - (CSI feedback delay t/2411t)

o [fjFDDJE L

Uplink- Downlink-to-Uplink Subframe number
downlink Switch-point periodicity | 0 |1 | 2| 3| 4| 5|6 |7 | 8|9
configuration
0 5 ms DIS]UIU]UID]|SIU]|ULU
1 5 ms D|SJUJU|D|D|]S]JU]JU]D
2 5 ms D|SJ]U|ID|D|DJ]S]JU|D]|D
3 10 ms D|S|JUJUJU|D|D|D|D]|D
4 10 ms D|SJ]Ul{U|D[D|D|D|D]D
5 10 ms D|S|uU|ID|D|D|D|DJ|D|D
6 5 ms D|SJUJUJU[D|S|JU|JU]|D

[1] 3GPP 36.211 Table4.2-2 Uplink downlink configurations

& siTise
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12.1.1 Periodic CSl reporting(3/5)

@ HAIWISEF|fHqueueskZHCSI

@ “aiEqueuelNWIR(E » Kiso(hET HAYCSHE IN#Equeuery iz FElm
(enqueue) » ‘= CSlI feedback delayZl| THS » & AijqueueixHilmHY {2 R
(dequeue) - FA%A(EH6MsHIfEETHAVE -

e 8272
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12.1.1 Periodic CSl reporting(4/5)

* For FDD

For CSI Feedback Delay = 6
CSl periodicity =5

TTI

0

Enqueue: TTI O, 5,10, 15
Dequeue: TTI 0, 11, 16, 21, 26....

s @O

EESmsfhiEt
CSI > WHIfE
queuery Elm

> OO =

10
/”

Queue

OO Last
element(&1&

® fHETHIAYCSI)

.\ First

element(‘'E Hij

@O [ FIEICSI)

@O

@O

fHaT5EHyemsig

FRAATHR - Wk

SemifE IR CSIfE
queue %R

15

16

WL E R
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12.1.1 Periodic CSl reporting(5/5)

For TDD UL Configuration : DDDSU
For CSI_Fefec!back Delay = 6 EACSIEE5mSs fE3—20 »
CSl periodicity =5 k20, 5, 10, 15.. AR E(L
5t [EZ LR DL (g >
TTI(DL/UL) UL Queue JAMUL CSIHEET » RBESR
—{EULEF F 5T
20(DL) @,

CSlftiatH 2% 6msfah
24(UL) [#HF - {HE30(24+6)ms

W AE M DL > AT LACK
25(DL) By F—{EUL(34)F#Ha
29(UL) O A

{EIlt—TDD configuration | >
30(bL) —{EULE £ CSIfEEH(enqueue) -
34(UL)

AR FIHTAICSI (dequeue)
2P TR

National Chung Cheng University
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12.2 RI(Rank Indicator)

@ Rank indication (RI), providing a recommendation on the number of
layers that should preferably be used for downlink transmission to the
terminal.

@ RI only needs to be reported by terminals that are configured to be in one
of the spatial-multiplexing transmission modes.

@ RI Estimation
+ Using the different number of the transmission rank(layer) cause the
different capacities

» The higher number of the transmission rank(layer) is, the larger ILI(inter-layer
interference) is.

» The higher number of the transmission rank(layer) is, the lower receive power is.

» The higher number of the transmission rank(layer) is, the more amount of the
transmission is.

+ The capacity of a MIMO channel can be written as
C = log,{det[l, + SINR - (HH")]}
+ WISE SLS estimates the capacity of different Rl and chooses the best

capacity’s RI for transmission. R
&y si1are
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12.3 Codebook & PMI

@ PMI
+ Indicating which of the precoder matrices should preferably be used.

+ The reported precoder matrix is determined assuming the number of layers
indicated by the RI.

e 8272
17 National Chung Cheng University



12.3.1 Hierarchical Codebook Structure(1/3)

@ Antenna Configurations

(2,2)

X X

X X

(3,2) (2,3)
X X
A | XX X X X
ntenna elements
(M,N,P,Q)=(8,4,2,16) >< >< >< >< ><
(2.4) (8,1)
4.2) X X

) X XXX XX XXX XXX X X
XXX X %

TXRU X X

KX XXX XX X
KX XXX XX X

XX XXX KX X
XX XXX XXX

e 8272
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12.3.1 Hierarchical Codebook(2/3)

@ Inreal deployment, it is impossible to have a constant codebook that is optimized
for all antenna configurations.

@ Hierarchical structure codebook
+ A precoding matrix W in the codebook is represented as:
w=w,Ww,
+ The first matrix W, targets wideband and long-term channel properties.

+ The second matrix W, targets frequency-selective and short-term channel
properties.

+ Precoder matrix index (PMI) i, is used to select W, matrix.
+ PMI i, is used to select W, matrix.

'\'F}|  Subband 1

Wideband WA WEH  Subband 2

V51 Subband 3 ﬁ %) é_ﬁ{b I e

19 National Chung Cheng University



12.3.1 Hierarchical Codebook(3/3)

@ The values of N; and N, are configured with the higher-layer parameter

codebookConfig-N1 and codebookConfig-N2.

@ The values of 0, and 0, are configured with the higher-layer parameter
codebook-Over-Sampling-RateConfig-O1 and codebook-Over-Sampling-
RateConfig-O2.

@ The supported configurations of (N,,N,) and (0,0,) for a given number
of CSI-RS ports are given in Table. The number of CSI-RS ports, P, is

2N, N,.
Number of
CSI-RS antenna ports, P (M.3;) (61.0,)
8 (2,2) (4,4), (8,8)
12 (2,3) (8,4), (8,8)
(3,2) (8,4), (4,4)
(2,4) (8,4), (8,8)
16 (4,2) (8,4), (4,4)
(8,1) 4-), (8-)
(2,5) (8,4)
20 (5,2) (4,4)
(10,1) (4.-)
(2,8) (8,4)
(3.4) (8,4)
24 (4,3) (4.4)
(6,2) (4,4)
(12,1) 4-)
(2,7 (8,4)
28 (7.2) (4,4)
(14,1) 4-)
(2,8) (8,4)
(4.4) (8,4)
32 (8,2) (4,4)

{(16.1)

(4.-)

124
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.

12.3.2 Long-term Codebook W, of Rel-13

0

X1 ® X,

0
X1 ® X,

2N,N,x2L,L,

Kronecker product
apnB -+ a;,,B
A®B=

ﬂ-m]B = amnB

X1 1s a NVjxZ; matrix with Z, column vectors being an Oyx oversampled DFT vector of length V,:

One Beam group contains 4 beams (L,L,=4)

n=|,

X, 18 a NyxL, matrix with Z, column vectors being an Ohx oversampled DFT vector of length NV:

n=l1

N, and N, are the numbers of antenna ports per pol in 1%t and 2™ dinr.(2V; =2and N,=2)

0

0

j2ml

eN101

j2mm
eN202

0

0

8x8

J2rn(N1—1)1
e Ni01

]27T(N2 1)m
e N202

21

] [1 e]izl]

[1 e]21n6m

X X
X X

1stdim

WL EFD

National Chung Cheng University
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12.3.2 Short-term Feedback W, of Rel-13

@ Short-term codebook W2 is designed with dynamic column selection for
different antenna polarizations and co-phasing ¢? among selected

beams.
@ W, can be represented as: co-phasing term
p_ j2mp
Rankl: W, = —[ ] =e 2
SRR A I
@ where e" denotes beam selection vector which is the n column of identity
matrix |
N1N2 Select 2" beam
@l e @ T ] 5|
32b2C2d20000 b,
a| | bl G| |ds 0 bs 07D,
by,

WW, = | =mle ] = a
1 2 a|\b || |dy ©”0 | = |lo2h (Ppbz
olllolllo] o] [%2||2|c @ P7by @?bs
nloe @ (leo] el S¢S
7 by

s || Dyl |\ Ca] |dy) ®? 0 @”by

e 8272
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12.3.3 Grid of Beam Map and Beam group

@ There are N;04beams in the dt"* dimension

@ Beam group index: iy, i1
¢ i;; indicates beam group index in the 1st dim.
+ i, indicates beam group index in the 2nd dim.

@ For rankl and rank 2

N,0
' — 1-1
@ i,;=0..
1
N,0
/ — 2 "2
@ i,,=0.. —

2

1

1

Parameter per dimension (d=1, 2)

Remark

Ny Numbers of TXRU per polarization

0Oy Oversampling factors

Sq Beam group spacing

Ly Number of beams in each beam group
Beam spacing

P4 (Difference of two adjacent beam indices in

each beam group)

23

m

XX
wRer<

(01,02)=(4,4)

L] =4

Lzy =2

S1¥2

Beam index in 2nd dimension

—(:

el
i
=

Y

A D
VDlzl

Beam index in 1st dimension

(111, 11)=(0,0)

124
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12.3.4 LTEFD MIMO ClassA Precoder

| : Horizontal beam index
m : Vertical beam index

B2 IR

. . Config Beam group
+ Configl~Congfig4
1
+ Rank1l~Rank4
2
+ 3GPP 36.213
3
4
Value of . . iz
_ h1 h2
Codebook-Config 0 1 2 3
1
(8] o)) () ()
0L "OlNl -11 0% .’OZNZ -1 Wil,lril,zvo Wi1,11i1,2r1 Wil,lvil,zvz Wil,lri1,213
11| v
where W,f#)’n == | m
\/E (Dnvl,m
m
¢, =€/
|2 LIS 1
v=[1 e e oM ]
L (0]
j 2m ;27m(N; 1) =
Um 2{1 e OzNZ . e 02N2 i| O 2 3 g I
L 27(N,-1)
Vi =Y, ®u, =[um e @My ..oe %Moy 24
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12.3.4 LTEFD MIMO ClassA Precoder - Configl,
Rank 1

Value of . i i)
_ 1 h2
Codebook-Config 0 1 2 3
1
) @ @ O]
010N, -1 | 01,---,0,N, -1 it 11 2,0 i1y 0,1 Wim,il,z,z Wilyl,il,z,S
1 Vim
where W = = ’
b \/E{(anl,m}

_ plm/2

¢n - m
2 j27z|(N1—1)

_ O;N ON 1

vi=|1 e .. e
0]
J27zm j27zm(N2—1) >

_ O,N O,N 0] 2 3

um — 1 @ 22 .. e 2N2
;2 ;2 (N, ) T
_ _ O;N O;N

Vip =V, ®Uu, =u, € **u, .. e

25
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12.3.4 LTEFD MIMO ClassA Precoder - Configl,
Rank 2

2 Layers, Codebook-Config = 1
i, =0,---,N,O, -1
. Iy
I1,1
0 1 2 3
(2) (2) (2) (2)
0’ o N]-O _1 Wil,l*il,l*il,Z 'i1,2 '0 Wil,l*il,lvil,Z 1i1,2 11 Wil,1'i1,1'i1,2 'il,2 '2 Wil,l'il,llil,Z 'i1‘2 13
1 |V Vpr o
where W|(|2') B B e
A MmN \/ﬁ §0nvl,m _(onvl',m’
_alm/2
¢n =€ /
;2 274N, 1) m
v={1 e . e M
1
. 27m .272m(N,-1)
u :{1 g ON: e oM ] ©
m
>
(0] 1 2 3
EL 2 (N, -) T .
Yy - 7 ‘
Vin =V, ®U,=|U, e*™u, .. e M u 9@ =2 i% b *'%
26 National Chung Cheng University



12.3.4 LTEFD MIMO ClassA Precoder - Config2,
Rank 1

Value of ) i i
. Lk} L)
Codebook-Config (0} 1 2 3
2
N,O N,O 1) @ @ (€]
01,.,—==+-1 0,1,---,722 21 2iyy.2i; 5.0 Woiy 1 20y, 1 2iyy.2iy 5.2 2iy;.2i; 5.3
Value of ) : i
. I11 hhio
Codebook-Config 4 5 6 7
2
N,O N,O 1 1 1 1
0,1,...,%—1 0,1,...,%—1 2(i1).1+1,2i1,2,o 2(i1)'1+1,2i1v2,1 2(i1).1+1,2i1,2,2 2(i1)v1+1,2i1'2,3
Value of 3 . iz
. 11 2
Codebook-Config 8 9 10 11
2 N,O N,O @ @ @ @
0,1,---,%*1 0,1,---1% 1 2iy1,2i; ,+1,0 2iy1,2iy ,+11 2iy 1,21y ,+1,2 21,2y ,+1,3
Value of i ; i
. 11 1,2
Codebook-Config 12 13 14 15
2 N,O N,O 1 1 1 1
01,.., %—1 01..., 22 Z-1 Wz(il)'1+1,2il‘2+1,0 W2(i1?1+1,2i1v2+1,1 W2(i1)1+1,2i1‘2+1,2 Wz(i1?1+1,2i1.2+1,3
1 Vim
where W® = _— ’
t.m.n \/E PnVi,m m
_alim/2
qpn =e A
L {2 (N, ) 1
O;N O;N
v,=(1 e ™™ e
RLL _27m(N,~1)
— O2N, OzN, >
u,=[1 e e |
0 1 2 3
T ) o
27 270(N;-1) i a 7 E 71" N
® ‘o, "o, - =
V, =V u =|U € u € u - - .
Im ! m m m m 27 National Chung Cheng University



Outline

12.4 CQI

12.4.1 Subband CQI
12.4.2 CQI Estimation
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12.4 CQI

@ The UEs report the CQI index to let the BS know the channel quality. If
the channel quality is good, BS chooses the higher modulation order and
code rate, and vice versa

@ Using the recommended RI, PMI, and modulation-and-coding scheme
(MCS) to make PDSCH transmissions be received with a block-error rate
at most 10%.

CQlindex | modulation | code rate x 1024 | efficiency
0 out of range
1 QAPSK 78 0.1523
2 QPSK 120 0.2344
3 QPSK 193 0.3770
4 QPSK 308 06016
5 QPSK 449 0.8770
B QPSK 602 1.1758
7 160AM 378 1.4766
8 160AM 490 19141
9 162AM 616 24063
10 640QAM 466 27305
11 640QAM o267 3.3223
12 640QAM 666 3.9023
13 B40AM 772 45234 ) = Z ,u%
14 B402AM 873 51152 ﬁ QQ 2 % l t
15 B40AM 048 5 ERAT National Chung Cheng University




12.4.1 Subband CQI(1/5)

@ The base station will allocate some Resource Blocks
(RBs) to the mobile phone.

@ Each RB falls on a different frequency, different RBs
have different signal quality for UE

+ Some RBs have better signal quality for mobile phones, and some RBs have
poor signal quality.

” Channel Bandwidth [MHz]

.y

Transmigsion Bandwidth Configuration [RB]

¥

Transmission P
Bandwidth [RB]

-

remas

Chanﬂel edge § .'17;'--«;...
:  {Resaun

554} g ..4‘.

- s mae R T R REEL Y
N — pruenn — —

¥ Channel edge

A
o
1

\

T
-
o
o
-
canpanerss ™
s

J

v - benter subcarrier (corresponds
Active Resource Blocks '~ to DC in baseband) is not

transmitted in downlink

L @ sitn

National Chung Cheng University
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12.4.1 Subband CQI(2/5)

@ How does the base station know which RB signals are better for the UE
and which RB signals are not good?

+ Reported by the UE to the CQI of each RB.
@ There are two types of CQI
+ Wideband CQI : UE will report the quality of the entire channel bandwidth.

+ Subband CQI : UE divides the entire channel into several subbands. Reward
each channel's quality.

e 8272
31 National Chung Cheng University



12.4.1 Subband CQI(3/5)

@ The UE must divide the RB into several

subbands, and the UE will separately

report the CQI Index of these subbands. Subband 1

@ As aresult, the base station can clearly Subband 2

know which part of the RB is better for the Subband 3
UE, and which part of the RB is relatively

poor in channel quality. Subband 4

Subband 5

Subband 6

Subband 7

Subband 8

Subband 9

RB 1

RB 2

Bandwidth = 10 MHz

e 8272
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12.4.1 Subband CQI(4/5)

@ Two methods to report subband CQI
+ Higher Layer subband CQI
+ UE selected subband CQI -
@ In higher layer subband CQI report, UE must report the CQI of

each subband. Some subbands are better than average signal
guality of the entire channel. BS will choose the better subband

as the transmission resource.

e 8272
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12.4.1 Subband CQI(5/5)

@ UE Selected Subband CQI

+ UE only needs to report the best M subband CQIs, so that the uploaded
transmission resources can be saved more. Because the subbands returned
are the top M subbands, their channel quality must be better than the
average channel quality.

System Bandwidth
— Subband Size k (RBs) M
JvRB

6—7 NA NA

8-10 2 1

11— 26 2 3

27 — 63 3 5

64— 110 4 6

[2] 3GPP 36.213 Table 7.2.1-5: Subband Size (k) and Number of Subbands (M) in S
vs. Downlink System Bandwidth

e 8272
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12.4.2 CQI Estimation

@ PHY Abstraction (Link-to-System Mapping) = RBIR function
& -
SINR.sr = RBIR™! Ez RBIR(SINRy, Q)
k=1

-30.00 -2000 -1000 000 1000 2000 3000 4000

RBIR(x) : stand for the information measure function

System Level Link Level
SINR of each sub-

channel Mapping Function SINR_eff
E.g. MIESM, EESM >

v

*Generate frequency selective
channel

*Determine the received SINR
of each sub-carrier

PHY Abstraction Mapping
BLER

BLER
Link adaptation, Scheduling, etc. |«

=y

Throughput, Packet error rate, etc.

(@) Exponential Effective SINR Mapping (EESM)
(® Mutual Information Effectiye SINR Mapping (MIESM)

oy BT IR
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[1] 3GPP TS 36.211 V13.2.0 (2016-06), 3rd Generation Partnership Project;
Technical Specification Group Radio Access Network; Evolved Universal
Terrestrial Radio Access (E-UTRA); Physical channels and modulation
(Release 13)

[2] 3GPP TS 36.213 V15.6.0 (2019-06), 3rd Generation Partnership Project;
Technical Specification Group Radio Access Network; Evolved Universal
Terrestrial Radio Access (E-UTRA); Physical layer procedures(Release 15)
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Thank you
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