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38.211

Downlink Reference Signals

* Demodulation Reference Signal (DMRS) for PDSCH
* DMRS for PDCCH

* DMRS for PBCH

* Phase-tracking reference signals for PDSCH

* CSl reference signals.



DMRS for PDSCH

* DMRS is always transmitted with PDSCH

* Present exactly in the UE allocation

* Same ports as PDSCH
* Range: 1000-1011

* Helps in fine channel estimate.



PDSCH DMRS

* Sequence Generation

r{u]=L{I—E-riln]]+;’L[]—E-r:{lu+]]|}|.
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* The sequence generation depends on
* | : The OFDM symbol number

* n,q The slot number
°N

scid
* CanbeOor1if DClformat1_1 is used (DMRS sequence initialization — 1 bit)
* Otherwise, it is set to O.

Jlll' s

1L}
Nib Nip € {0,1, ... 65535}
* If DCI1_1 is used

* Given by the higher layer parameter scramblinglDO and scramblingID1.
* Present in the IE DMRS{DAwnkiBkéahfig

* If DCI 1_0is used
* Given by thehighgpilayer parameter scrambling|DO

* Otherwise
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DMES=-DownlinkConfig ::= SEQUEMNCE
dmrs=Type
dmre=AdditionalPosition
maxLength
gcramblingIDd
gcramblingIDl
phaseTrackingRs

posl, po=s3) FTIONAL,

S=DownlinkConfig |} FTIONAL,

DMRS-DownlinkConfig field descriptions

dmrs-AdditionalPosition
Position for additional DM-RS in DL, see Tables 7.4.1.1.2-3 and 7.4.1.1.2-4 in TS 38.211 [16]. If the field is absent, the UE applies the value pos2. See also clause 7.4.1.1.2 for
additional constraints on how the network may set this field depending on the setting of other fields.

dmrs-Type
Selection of the DMRES type to be used for DL (see TS 38.211 [16], clause 7.4.1.1.1). If the field is absent, the UE uses DMRS type 1.

maxLength
The maximum number of OFDM symbols for DL front loaded DMRS. ‘len1’ corresponds to value 1. ‘len2 corresponds to value 2. If the field is absent, the UE applies value
leni. If et to len2, the UE determines the actual number of DM-RS symbols by the associated DCI. {see TS 38.214 [19], clause 7.4.1.1.2)

phaseTrackingRS
Configures downlink PTRS. If absent or released, the UE assumes that downlink PTRS are not present. See TS 38.214 [19] clause 5.1.6.3

scramblinglDO

DL DMRS scrambling initialization (see TS 38.211 [18), clause 7.4.1.1.1). When the field is absent the UE applies the value Physical cell ID (physCellld) configured for this
serving cell.”

scramblinglD1
DL DMRS scrambling initialization (see TS 38.211 [16], clause 7.4.1.1.1). When the field is absent the UE applies the value (physCellld) configured for this serving ceill.
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Mapping to Physical resources

) = inton, (K'Y, (1) r(2n-+K)
b= dn+2k"+A Configuration type |
bn+k'+A Conhguration type 2

k'=101
[=1+I
n=01,...

Type 1: Density % (Better channel estimate and hence provides better reliability)
Type 2: Density 1/3
Typel/Type2: Chosen by IE DMRS-Downlinkconfig
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Time domain

locations
* Type A PDSCH mapping

* | is defined relative to the start of the
slot

* Defn: Id is the duration between the
first OFDM symbol of the slot and the
last scheduled OFDM symbol in the
PDSCH

* Type B PDSCH mapping

* | is defined relative to the start of the
PDSCH resources

* Defn: Id is the number of OFDM
symbols scheduled in PDSCH

Orange: PDSCH allocation

Id

Type A
counting

0 1 2 3 4 5 B 7 8 9 10 11 12 13

|d

Type B
Counting



Single and double symbol DMRS

* Two types of DMRS
* Single symbol: |I'=0
* Double symbol: I'’={0,1}

* If DMRS-DownlinkConfig — maxLength

* is not configured
* Single symbol DMRS is used

* if configured to “len2”

* Determined by the @ssociated DCI[SEELAST'2'SLIDES]

Table 7.4.1.1.2-5: PDSCH DM-RS time index /" and antenna ports p.

Single or double symbol I’ Supported antenna ports p
DM-RS Configuration type 1 Configuration type 2
single 0 1000 - 1003 1000 - 1005
double 0, 1 1000 - 1007 1000 - 1011
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Table 7.4.1.1.2-3: PDSCH DM-RS positions | for single-symbol DM-RS.

Table 7.4.1.1.2-4: PDSCH DM-RS positions / for double-symbol DM-RS.

* 10 =3 if dmrs-TypeA-Position = Pos3 (MIB message)
* Otherwise 10 =2
For PDSCH type B
* 10=0
Dmrs-additionalPosition(lE: DMRS-DownlinkConfig)
* Default: pos2.

{3 in symbols DM-RS positions |
PDSCH mapping type A PDSCH mapping type B
dmrs-AdditionalPosition dmrs-AdditionalPasition
0 1 2 3 [i] 1 2 3
2 - - - - By I
3 fa I Iy b -
4 fy Iy Iy fy Iy Iy
5 fa fy {y fa - -
& ly Iy Iy ly Iy ly.4
7 ly ly ly ly ly ly-
8 fa by, 7 [, 7 by, T - -
9 ly Iy, 7 Iy, 7 Iy, 7
10 ly .9 [,. 6,9 l,.6,9
L Iy ly,9 | 1,.6,9| [,,69
12 fa iy, 9 iy, 69| [;,58 11
13 I Iy 1y Iy, 7, 1,581
11
14 lo Iy, 1 Iy, 7, [, 5.8 11
1
* For PDSCH Type A

l4 in symbols DM-RS positions /|
PDSCH mapping type A PDSCH mapping type B
dmrs-AdditionalPosition dmrs-AdditionalPosition
0 1 2 0 1 2
<d - .
4 !III 'rl:- "
5 '!III 'rl:- "
B Iy ly {, ) !ﬂ
? !II 'III:- JI|| 'III:-
E‘ !II 'III:- - -
g !II 'III:- B
1D !III JIII B‘ -
1 1 !III JIII 1 B’ -
12 I!III JIII 1 B -
13 Iy {y. 10 -
14 [, {y. 10 -

* Others: have to be explicitly specified in the IE




Exceptions (Check the spec)

* Dmrs-additionalPosition = pos3 is supported only when dmrs-TypeA-
Position = pos2.

* The UE may assume that no DM-RS collides with the SS/PBCH block.



Frequency allocation

Table 7.4.1.1.2-1: Parameters for PDSCH DM-RS configuration type 1.

' = Brnsawe (K')w, (I')r(2n+Kk')

dn+2k"+A Configuration type |

bn+k'+A Conhguration type

A:I
=1+l
n=01...

Table 7.4.1.1.2-2: Parameters for PDSCH DM-RS configuration type 2.

CDM group
A

A

k'=0

wy (k')

I'=0

wi (")

I'=

1000

+1

+1

+1

1001

+1

+1

+1

1002

+1

+1

+1

1003

+1

+1

+1

1004

+1

+1

1005

+1

+1

1006

+1

+1

1007

alalolo|=lalo|o

alalolo|=lalo|o

1

+1

| i |

Reference point for k

Lowest block in Coreset O if the PDCCH is associated with Coreset 0 and the

search space is scrambled with SI-RNTI

Otherwise, subcarrier 0 in common resource block 0

p CDM group A wp (k") w, (")
- k=0 k=1 I'=0 [ =
1000 0 0 +1 +1 +1 +1
1001 0 0 +1 -1 +1 +1
1002 1 2 +1 +1 +1 +1
1003 1 2 +1 -1 +1 +1
1004 2 4 +1 +1 +1 +1
1005 2 4 +1 -1 +1 +1
1006 0 0 +1 +1 +1 -1
1007 0 0 +1 -1 +1 -1
1008 1 2 +1 +1 +1 -1
1009 1 2 +1 -1 +1 -1
1010 2 4 +1 +1 +1 -1
1011 2 4 +1 -1 +1 -1
Same underiying PN sequenoe for bofh devioes:
X i X
DOegice 2 _,.j_
Do 1 —t;
X X
---------------------------- +—i—= CRE gnd for 47

* This implies that you generate for the entire frequency grid and choose the

DMRS in your frequency allocation

~

=



Configuration Type 1 Configuratuion Type 2

8 ports with double-symbol DMRS 12 ports with double-symbol DMRS
2FD-OCCx 2 Combs x2TD-OCC 2 FD-OCC x 3 Frequency Offsets x 2 TD-OCC
++ [F[F =] [F[= ++ [F[F -] [F[=
1+ FF +[=| [F= 1+ [=]= = [=&
++ [F= += [+ ++ [F[F = =
1+ [F= - [EF 1+ [F= -1 &
++ [FF = F[= FFH FF = F[=
FF FF =1 [F= TFH == = [F[F
¥ == = FF FF FF =1 [FI=
F E= = EF FH = = EE
T [FF = = T+ FE F= =
HH H = I HH - - |- =
++ [=[= +=| [=[+ ++ [FF = [F=
++ [=]= = [F[F ++ [F= - [FF
T W —w =®WW T T W T W W T =T
-IE -|1|:I -|1i-l| -|1|:I E -|1i-l| -|1i-'| -|1|:| Anl&nna ] Il n | | Il Il ] | ] Il |
: 2 £z :::3 ™ 3888353558838 33
2 = = = = 5 = = = = X o B h 5 = BT =

Taken from: https://www.sharetechnote.com/htm|/5G/5G_PDSCH_DMRS.html



\

Examples (Single po:

3

32

31

30

* Type A PDSCH mapping  * P=1000 2

Delta =0 26
* Typel Barl=10 =

24
° |' =0 18

25
* AdditionalPosition = pos2 19

28
27

* DMRS
* Single Symbol 10=2 23
22
*ld= 7 s
15

14

13

12

11

10

9

ali*" = Brosciwe (k") w, (I')r(2n+K')

J~1u+_'-'£" + A  Conhguration type |

0 1 2 3 4 5 & 7 8 9 10 11 12 13

k'=101
=1+
n=01_.

7
6

= 5
| 6n+k'+A Configuration type 2 4

. = ! 3

2

1

0



Example two ports P = 1000, 1001

35
35 34
34 33
33 37
32 1
: :

29
29

28
28 27
27
. 26
= 25
= 24
23 23
- 22
2 21
20 20
19 19
18 18
17 17
16 16
15 15
14 14
13 13
12 12
1 11
10 10
3 9
8 8
7 7
g' 6

5
. 4
3‘}123455?391‘}“12” i o0 1 2 3 4 5 6 7 8 9 10 11 12 13

2
1

1
0 CcrBO

0 CRBO



+ Freq

hl
Port 1000

O 0
= N

plhl +p1h2

+ Freq P2h1 —p2h2
h2

Port 1001

1
)
I B

Assumptions
1. The channel is almost the same
between the adjacent sub-carriers.
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Example 4 ports P = 1000, 1001,
1002, 1003

a5
34
i3
32
31
30
29
28
27
26
25
24
23
22
21
20
19

17
16
15
14
13
12
11
10

35

34

33

31

30|

29|

28|

27

26|

24

23

22

21

20|

19|

18|

17

16|

15

14

13

12 -

11

10|

O W s

CRED

=TI -

CREO

CDM group O

35 35
34 34
33 33
32 32
31 31
30 30
29 29
28 28
27 27
26 26
25 25
24 24
23 23
2 2
21 21
20 20
19 19
18 18
17 17
16 16
15 15
14 14
13 13
12 12
11 11
10 10
9 9
8 i
7 7
6 6
5 5
a 4
3 1 10 11 12 13 3 0 1 2 10 1 12 13
2 2
1 1
0 CRBO 0 CRBO

CDM group 1




Examples (Single po

* Type A PDSCH mapping * P=1000

. DMRS * Delta =0
* Single Symbol *10=2
* Type 2 °* Barl=2
* AdditionalPosition = pos2 I =0

*Ld=7

a7 = By (K )w, () (2n+ k")
_ J dn+2k"+A Configuration type |
| 6n+k'+A Configuration type 2
k'=0,1
I=1+/I
n=0]1,..

Lad Led Laa
L 4 Lm

32

R R e R e e ek b b Pl fed Pl P Pl Pl Pl Pl Ped e D
O = Ped L s LN On s 00 WD D = R e s LN O sl DO WD O =

L R N T - e I I =]

8

9

I 1

12

13




Examples (Single port,

Dual symbol DMRS)

* Type A PDSCH mapping

* P=1000
* DMRS * Delta =0
* Dual Symbol DMRS
* 10=2
maxLength= len2
* Type 1 * Barl=2
* AdditionalPosition = pos2 * |"={0,1}
*ld=7

a7 = By (K )w, () (2n+ k")
_ J dn+2k"+A Configuration type |
| 6n+k'+A Configuration type 2
k'"=01
I=1+/I
n=01,_.

34
i3
32
i1
30
29
28
27
26
25
24
23
22
21
20
15
18
17
16
15
14

13
12
11
10
9
8
7
&
5
4
3
2
1
0

CREO

8

9 1w 1

12 13




Type 1 DMRS

Single-symbod DM-RS

Length-2 DCC in frequency,
Length-2 OCC in ime

CO8d group O

COM group 1 5

COM group O =

COM group 1 =

; S - -
S A S
..-'.. L X1 _':-..-:-'

1000

i 4
= e
e

1001 My A ——

[ 1002 :
ﬂ"_:_-s_-::;:::;'._.‘-:..

S A S S
L. 1003

S s o R o
#Ef-;

::::.?"' 7

1004
-‘-'ﬂ.-:-'
-_"'--'-_"

1005
..-:.-:-..-:-:-:-:-'.

1008

L 1007



Type 2 DMRS

Single-symbol DM-RS

cousenz | fEER I IR IS
Double-symbaol DM-RS
Length-2 OCC in frequency, #2227 77 T i e e il
Length-2 OCG in fime
1000
COM group 0 A ""...-r-:-:..-...
1004 -_.-r-:'.d-.-...- : —r—
o s e e e e o
1m‘? & Fad rd -;.-‘_J'H ~ -~ - - r Fd 7
COM growp 1 - Wi i i i s i i i 2

" 1004 .. == ...-..-’..;‘."f-..'.

COM group 2 - ..l"'..l"'
1m5f."'."'f.". ..’fr." e rfr.l"'.f” .

-ma'ﬁ:f-"ff?"' 2
COM group 0 ‘.-:r‘;_- : I

o ﬂﬂﬂﬂlﬂ

[ 1008 == ﬂ*‘?’”"{{{{! L
COM group 1 i ar =

CDM group 2 4

el r z!;;;!f’JW
_1m91—# o e

f PP AP A IAZFF PP




Default DMRS

* Configuration type 1 + Single symbol DMRS is applicable to
transmissions scheduled by DCI 1_0 [Basic and default control
configuration]

* Paging and SI
* Before BS provides UE with PDSCH-config.



DCI format for single-symbol or
double-symbol DMRS

* Only there in DCl format 1_1.
* DCl format 1_0 only uses single-symbol DMRS
* MIMO is not supported

* Tied in very much with MIMO.
* DCI format 1-1 (38.212)

Antenna port(s) — 4, 5, or 6 bits as defined by Tables 7.3.1.2.2-1/2/3/4, where the number of CDM groups
without data of values 1, 2, and 3 refers to CDM groups {0}, {0.1}, and {0, 1,2} respectively. The antenna ports
Lr:r“ P : shall be determuned according to the ordenng of DMRES port(s) given by Tables 7.3.1.2.2-1/2/3/4.
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How does the UE know how any
Antenna ports have been used?

* Index to the tables.

Table Dmrs-type MaxLength (if 2 # of bits in DCI
Indicates choice
between single
symbol/double
symbol DMRS)
7.3.1.2.2-1 1 1 4
7.3.1.2.2-2 1 2 5
7.3.1.2.2-3 2 1 5
7.3.1.2.2-4 2 2 6




Table 7.3.1.2.2-2: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=2

One Codeword:
Codeword 0 enabled,

Two Codewords:
Codeword 0 enabled,

Index indicated by DCI

Codeword 1 disabled Codeword1enabled bits
Number of [ Numberof | — (&
R | Numberof—|—— |
Valua_ ':':' ::']" Sortls)|_frontioad | Value ﬁ:‘ﬁp‘:;"' DMRS portis) front-load
without data | bols without data symbols
0 1 0 1 ~0_ |2 | ——64 2
1 1 1 1 1 012346 | —2 | ——— 7
2 1 0.1 1 2 2 — 0,1,2.34.5.6 2
3 2 0 ] 3 2 DT 238567 2 \L CDM groups
4 2 1 1 431 reserved resened ed
5 2 2 1
6 2 3 ] \
7 2 0.1 1
8 2 23 1
9 5 0.7 r DMRS ports 1000+ #
10 2 0-3 1 —
11 2 0,2 1 [
12 2 0 2 ]
13 2 r 2 [
14 2 2 2 Single — symbol/Double
15 2 3 2
= > 2 2 symbol DMRS
17 2 5 2
18 2 3 2
19 2 7 2 CDM group and the ports
W 3 4 o
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DMRS and PDSCH multiplexing

* For multiport transmission, data cannot be sent
— A on certain RE so that there is no interference
o between the DMRS and PDSCH.
_‘__

* Thisis indicated by DCI 1_1 (MIMO) format and
isin 38.212 [7.3.1.2.2-1 and subsequent tables].
See next slide

il

(oot | 003
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1 ket i L

Ly

-1: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=1

One Codeword:
Codeword 0 anabled,
Codeword 1 disabled

Mumber of DMRS

2.3

0-2

0-3

Value CDM groupis) e
without data porise)
3 3 3
1 1 1
2 1 01
3 2 0
- 2 1
5 2 2
6 2 3
7 P 01
8 P
9 2
10 P
11 2

0.2

12-15

Reserved

Reserved

From Bullets

Examples:
UE can transmit O or 1 value to indicate
one port.

No of CDM groups without Data =1

UE wants to transmit 2 ports

Can choose Value 2
No of CDM groups without Data =1

UE want to transmit 4 ports

Value =10
No of CDM groups without data =2.

Multi-user MIMO 4 users

Single port for each user
Values: 3,4,5,6 for each user
No of CDM groups without data =2



CSI-RS



Channel state information reference
signals (CSI-RS)

* CSl reporting
* Used to obtain the “channel quality” from the BS to the UE
* CQl, Rl and PMI

* Time and frequency synchronization (in addition to SSB)
* Beam management

* Measurements
* Interference
* Channel



Two types of CSI-RS

* Zero-power CSI-RS

* Reserved RE (zeros are inserted)
* Helps to rate match.
* Are neglected

* Non-Zero-power CSI-RS
* Normal CSI-RS

* Always need not be present
* As per need/requirement



CSI-RS generation

rim)= |:I—E-.:'{Em‘.l]l+;L{I—I-c'EEHHH}
i

|
2 2

o = (2N 0P 4+ 1+ 1) (2ny + 1) + nyp Jmod 23

* QPSK signals

* Cinit depends on
* Slot number
* OFDM symbol number

* nID (higher layer parameter)
* scramblingID or sequenceGenerationConfig
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NIF=CSI=-R3=Fegource ::=
nzp=-C8I=-RE5=-Resourceld
resourceMappimg
powerControloffset
powerControloffaetsSs
scramblingID
periodicityrndof faet
qol=InfoPeriodicCEI=-R

CEI=-RS=ResourceMapping :z:=
frequencybDomainAllocation
rowl
oW
rowd
ather
b
nrofPorts
firstOFIMSymbolInTimeDomain
firstOFMSymbol InTimeDomain2
cdm=Type
density
dot5
one
thres
Spare
b
fregBand

C3I=FrequencyOccupation ::=
startingkB
nrofRBs

i (0. .maxMrofPhysicalResourceBlocks=1}),
. (24. .maxNrofPhysicalResourceBlocksFlusl),

SEQUENCE |

HNEP=CSI-ES=Resourceld,
SI=-RS=ResourceMapping,

ENUMERATED{db=3, dbl, db3, dbs]
ScramblingId,
C3I=-RegspurcePericdicityhindOffaet
TCI=Stateld
SEQUEMCE {
CHOICE |
BIT STRING (SIZE (4)),
BIT STRING [SIZE (12}),
BIT STRING (SIZE (3)).,
BIT STRING [SIZE ([6)]

ENUMERATED {pl,p2,pd,p8,pl2,ple,p2d4,p32},
INTEGEE (0..13},
INTEGEER (2..12)
ENUMERATED [noCDM,

CHOICE |

fd=-COM2, cdmd4-FD2-TD2, cdmB8-FD2-TD4},

ENUMERATED {evenFREs, oddFEBs},
NULL,
NULL,
HULL
CEI=-Freguencylccupation,

RS

The IE for CSI-



CSI-RS-ResourceMapping field descriptions

cdm-Type
CDM type (see TS 38.214 [19], clause 5.2.2.3.1).

density

Density of CSI-RS resource measured in RE/port/PRB (see TS 38.211 [16), clause 7.4.1.5.3).

Values 0.5 (dot5), 1 (one) and 3 (three) are allowed for X=1, values 0.5 (dot5) and 1 (one) are allowed for X=2, 16, 24 and 32, value 1 (one) is allowed for X=4, 8, 12.
For density = 1/2, includes 1-bit indication for RB level comb offset indicating whether odd or even RBs are occupied by CSI-RS.

firstOFDMSymbolinTimeDomain2
Time domain allocation within a physical resource block. See TS 38.211 [16], clause 7.4.1.5.3.

firstOFDMSymbollnTime Domain
Time domain allocation within a physical resource block. The field indicates the first OFDM symbeol in the PRB used for CSI-RS. See TS 38.211 [16], clause 7.4.1.5.3. Value 2
is supported only when DL-DMRS-typeA-pos equals 3.

freqBand
Wideband or partial band CSI-RS, (see TS 38.214 [19], clause 5.2.2.3.1)

frequencyDomainAllocation

Frequency domain allocation within a physical resource block in accordance with TS 38.211 [16], clause 7.4.1.5.3. The applicable row number in table 7.4.1.5.3-1 is
determined by the frequencyDomainAllocation for rows 1, 2 and 4, and for other rows by matching the values in the column Ports, Density and CDMtype in table 7.4.1.5.3-1
with the values of nrofPorts, edm-Type and density below and, when more than one row has the 3 values matching, by selecting the row where the column (k bar, | bar) in table
7.4.1.5.3-1 has indexes for k ranging from 0 to 2°n-1 where n is the number of bits set to 1 in frequencyDomainAllocation.

nrofPorts
Number of ports (see TS 38.214 [19], clause 5.2.2.3.1)

CSi-FrequencyQccupation field descriptions

nrofRBs
Number of PRBs across which this CS| resource spans. Only multiples of 4 are allowed. The smallest configurable number is the minimum of 24 and the width of the

associated BWP. If the configured value is larger than the width of the corresponding BWP, the UE shall assume that the actual CSI-RS bandwidth is equal to the width of the
BWP.

startingRB
PRE where this CS| resource starts in relation to common resource block #0 (CRB#0) on the common resource block grid. Only multiples of 4 are allowed (0, 4, ...}
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Mapping to Physical Resources
a1 = Besmswe (k7)- wy ) Fim, (m')

m' =|na |+ &'+ kp

| VRB
k=nN_>"+k+k'
[=1+1"

[ p for X =1
=1 S

2p for X =1
n=0]1,..

Occupies only the RB for which the UE is configured.

X: is the number of ports (1,2,4,8,12,16,24,32)
Rho: density (0.5, 1, 3)
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Table 7.4.1.5.3-1: CSI-RS locations within a slot.

i X = = X v |CSI-RS-FegsourceMapping ::=
Row F'I}I'IS‘EI‘& cim T_\-"pﬂ' “\ {J" A } ll:li::lﬂdgglﬁ;-up k ! E :equ::?}'l:-:-malinf—. 1?:.: ation
—— r 1
1 1 3 No COM 4, 0% 8,1y 0,00 0 0 mi
oW
2 1 1,05 Ma COM (kg I5), 0 0 0 . other
3 2 1,05 | FD-CDM2 (keo. Lo), e~ o0 =
4 4 1 FD-CDM2 (ko Do), Cheg + 2,15) ‘QQ{ 0 f-zr;t:l;B:{EW;:.D'_In'_‘ir:&:cma.1:'.
— — firstOFDMSymbol InTimeDomain?
5 4 1 FD-CDM2 (kg Ly), (k. Ly + 1) 01 \K dm-Type
T—~—dengity
6 8 1 FD-CDM2 (kg I), (ky la), (ks dy), (ks by) 01,273 0, 1 0 dot5
T 8 1 FD-COM2 (hep, 0 ), Uy, lg), Cheg, lp + 1), (kg 0y + 1) 0123 01 0 one
8 8 1 CDM4 (ka, L), Chey,lg) 0,1 0,1 |01 three
(FD2,TD2) : b i
] 12 1 FD-CDM2 (ko. lo), (ks Lo), (kaz,lp), (s, L), Cka, L), (ks lo) | 0,1,2,34,5 0,1 |0 Sl
10 12 1 CDM4 (ko Lp), (ky, o), (ka, ly) 0,12 01 101
(FD2,TDZ)
11 16 1,05 FD-CDM2 (ko Lp), (kq, o), Ckaolp). (ka, bp), (hg, lp + 1), 0,123, 0,1 0
(hy by + 1), Chep, Iy +1), (kg Iy +1) 4567
12 16 1,05 CDM4 (ko, o), (ka,lo), (ka, lg). (ka, lp) 0123 0,1 0,1
(FD2, TDZ)
13 24 1,05 FD-CDM2 (ko.lo), (ky,lo), (ka, lo). (ko lp + 1), (ky,lg + 1), 012345, 0,1 0
(o, Ly + 1), (kg 1y), Chey, 1), Ches, 1y), Ok, 1y + 1), 6,7,8,9,10,.11
(kg 0y + 1), Cheo [y +1)
14 24 1,05 CDM4 (ko Lp), Cky, lo), Ckea, Ly), (koo by), Gk, 1), Chea, 1y} 012345 0,1 |01
(FD2,TDZ)
15 24 1,05 CDMB (ko Ip), Uhky, lg), (ks 1) 0,12 01 0,1,
(FD2,TD4) 2,3
16 32 1,05 FD-CDM2 (ko Ip), (kq.la), (ko lg). (K3, lp), (k. Ly + 1), 0,123, 0,1 0
(hey, Dy + 1), Chea, b + 10, Ches, Ly + 1), (g, 14D, 45867,
(ky 1), (ks L), (R by), (kg by + 1), (kg 0y + 1), 89,1011,
(ks L, + 1), (ks [, + 1) 12,13,14,15
17 32 1,05 CDM4 (k. L), (kyola), Cka,ly), (ke lp), (kgoly), (ky b)), | 01234567 (0,1 0,1
(FD2, TDZ) (ka, 1), (ks 1y)
18 | 32 1,05 | CDM8 (ko, Lo), (ks L), Cka, lg). (s, Io) Copyright: I[TOVicB@s, 2019 | 0.1 | 0.1,
(FD2,TD4) 2,3

CEI=Frequencylocy



Time domain allocation

* Time domain locations are provided by higher layer parameters
* firstOFDMSymbollnTimeDomain (Provides [0)
* firstOFDMSymbolinTimeDomain2 (provides 11)

* Defined relative to the start of the slot

L, €{0,1,..,13} and !, € {2,3, ..., 12]



Frequency domain allocation

* Depends on if Row 1, Row2 , Row4 or Others is chosen in NZP-CSI-RS

* Row 1,2, 4 (from the table are signaled explicitly)
* Other rows have to be inferred from the number of ports, CDM type.

* Starting RB is given by higher layer parameter

* CSI-RS-ResourceMapping — CSI-FrequencyOccupation  startingRB

* PRB where this CSI resource starts in relation to common resource block #0 (CRB#0) on the common
resource block grid. Only multiples of 4 are allowed (0, 4, ...)

* No of PRB’s is given by higher layer parameter
* CSI-RS-ResourceMapping — CSI-FrequencyOccupation — nrofRBs
* Number of PRBs across which this CSI resource spans.
* Only multiples of 4 are allowed



Freq domain allocatio )

5 4[ 1 FD-CDM2 W10 (kg lg + 1) 0.1 (
B B 1 FD-CDM2 (heg, Lg). Chey, Ln), Chea, Bq), Cheg, Iy) 0,123 {
] ] 7|8 1 FD-CDM2 Ueg, L), Uy 1), Ceg, Ly + 1), Cley Iy + 1) 0,1,2,3 ¢
* What subcarriers in each RB? 8 |8 1 CDM4 [k, 1), (ks L) 0.1 :
(FD2.TD2
=\
oet)

by J’J'u], ki—y = 2f (i) for all other cases w

* f(i) is the bit number of the i*" bit in the bitmap setto 1 [ row 1 and row 2]
* Example:[001001]==>f(1)=0, f(2) =3
* Example:[010100]==>f(1)=2,f(2)=4
* Example:[0010110]==>f(1)=1, f(2) =2, f(3) =4 [ row 1 and 2]
* Example:[0010110]==>f(1)=2%*1, f(2) =2*2, f(3) =2*4 [ row 8]

* Repeated across ceil(1/rho) of the resoufce.blocks... 0.




CDM type and ports

* CDM is used to distinguish multiple ports
* 32 ports are allowed

* CDM + FDM + TDM is used.
* Types: NoCDM, FD-CDM2, CDMA4-FD2-TD2, CDM8-FD2-TD4

* Example: FD-CDM2: use the same frequency and use 2-orthogonal
code in Freqg

n +




Index w;(0) wy(0)

0 1 1
Index [w(0) wi(1)] [w,(0) w,(1)]
0 +1 +1] +1 +1
1 +1 1] +1 +1]
2 +1 +1] +1 -1
3 +1 1] +1 -1

Index [we(0) we(1)] w, (0]
0 [+1 +1] 1
1 <1 1] 1
(CDM4-FD2TD2
Index [wi(0) w(1)] [we(0) wy(l) wy(2Z) wy(3)]
0 1 1 +1 +1 +1 +1]
1 1 -1 41 +1 +1 +1]
2 [+1 =1 +1 -1 +1 1]
3 1 -1 1 -1 +1 1]
4 1 +1 1 1 -1 -1
5 [+1 -1 S S e |
6 1 +1 1 -1 -1 +1
7 1 -1 +1 -1 -1 +1
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p=3000+5+ jL;

Port Mapping and CDM  j=oL..x/L-

s=01,. . L-1;
10 12 1 CDM4 (kg lo), (ky, Lp), (ks lg) 01,2 0,1 (01
(FD2,TDZ)
11 1E 1, ':I'S FD'EDME I.'ku,l!.u}. {k:,-l:u}. {k;__-. Eu]-. I:k:{_,l!.u}. I:kl.'lr I!-u + 1]. ﬂ.1.2.3, EI, 1 E'
(kg lg+ 1), Chplp +1), (ka g+ 1) 4567

So, if you have 16 ports and use FD-CDM2, s=0,1,and j=0...7

CDM groups are numbered in increasing frequency and then in increasing time
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2= CI0M 4O B-CDM

".:#.d: ‘Illllr.ll ;I"J 2 ‘Illllr.i ‘Illlr.i r.l.-" ;I"J f.i ‘lllllr.ll .‘l.-"" . ‘Illllr.i ‘Illlr.i ‘lllllr.ll .llllll"
ﬁy.—-"f’f 77 Pl e 7 T F T 7
A A A A A Ay A
s S N £ & & & A ]
OF DM symbols
Assume kO = 4, k1 =6,
8 ‘a ‘1 CDM4 (kg, Lg), (ky,lp) 0,1 ‘m ‘cn
(FD2,TD2) 10 =6

12
11
10
]
B
7
: —
5
4
3
2
1
(1]
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18 ‘ 32 ‘ 1,05 |coms (o, Lo), (ky, o), (kz, Lo), (ks L) 01,23 ‘ 0.1 ‘ 0.1, Assume kO = 4, k1 =6,
(FD2.TD4) 23 k2=8, k3=10, 10 =6

12
11

=l - |
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Examples of CSIRS.

BB
k=nN_

[ =1+

sk +k'

Density [ cdm-Type (E.7) CDM group i’ I
.H' ) index
14 |24 1,05 | CDM4 (kg L), (kp, bo), (ki L), (kg L), (ko Ly), (Kp ) | 0,1,2,3.45 0,1 |01
iFDE TD2)
density = one
nrofPorts = p24 12
cdm-Type = CDM4(FD2,TD2) 1;
frequencyDomainAllocation.other = g9
001110. 8
firstOFDMSymbolinTimeDomain = 3 7
fitstOFDMSymbolinTimeDomain2 = 5 E
4
3
KO =2 2
Kl1=4 1
K2=6 0
0 1 2 3 4 5 B 7 9 10 11 12 13
0= 3




12
11
10

[=JN= SN T . ]

[
=T

= -

P= 3000
1 2 3
P= 3004

=
Pd

=
=

o
=

(=R SR N R TR - AR W - MR . RN .

12
11
10

= E A AT -

P=3001

12
11

10
g9
B
7
]
5
4
3 +
2 +
1
0
2 3 4
P= 3002
12
11
10
9
8
7
]
5 +
4 +
3
2
1
0
2 3 4
P= 3006

=
Pd

=
[

=
=]
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12
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* Periodic transmission: Transmit periodically

* Semi-Persistent transmission:
* Activated or deactivated via MAC control elements
* When activated, it is periodic till deactivated

* Aperiodic transmission: Signaled via DCI



Persistent/Semi-persistent
scheduling

* CSI-RS is transmitted in slots satisfying

CEI=-RegourcePeriodicityAndOoffaet ::=

| pErmETeE | A i 7
(Moo 1 +0; — T Jmod Ty =0 slotsd NTEGER (0.
g — alatss INTEGER (0..
\51::55 INTEGER ~ (0. .
glot=s10 INTEGER (0.
Periodicity choices are slotslé
* 4,5,8,10,16,20,32,40,64,80,160,320 and 640 ﬂf;;; S 0
slots. alot=40 (0.
alot=sod (0.
glot=80 (0..
alot=160
glot=s320 (0.
alot=e40 (0.
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CSI-RS for Tracking (TRS)



I |
T s B L o
H b

TRS

* TRS is a special case of the CSI-RS resources
* Configured through the notion of CSI-RS resource sets

* Mainly used by UE for frequency and time tracking
* Periodic pilots in time and frequency

* Mainly indicated by NZP-CSI-RS- ResourceSet —, trs-Info

* [fyes, then the UE can assume

* All the antenna-ports to the port index for CSI-RS (3000+x) is the same for all the CSI-RS
resources

* Periodic, with the CSI-RS resources in the NZP-CSI-RS-ResourceSet configured with same
periodicity, bandwidth and subcarrier location



TRS properties

* NZP-CSI-RS-Resource with the following restrictions

* The time domain locations are given as
* firstOFDMSymboliInTimeDomain
* firstOFDMSymboliInTimeDomain2

led8], =159}, orl 16,10} for frequency range | and frequency range 2,

lei0d], lels), [ei26], [e3T}, 1e{711}, 1812} or [ €19.13} for frequency range 2.

* Single—port CSI RS with density =3

* Bandwidth of the CSI-RS resource (CSI-RS-ResourceMapping — CSI-FrequencyOccupation
— hrofRBs ) is capped at a maximum of 52 RB

* if periodic: Periodicity is 2*u*Xp where Xp = 10,20,40 or 80

Copyright: IIT Madras, 2019



* FR1:

* NZP-CSI-RS-ResourceSet consists of four periodic NZP CSI-RS resources in two
consecutive slots with two periodic NZP CSI-RS resources in each slot.

* FR2:

* The UE may be configured with one or more NZP CSI-RS set(s), where a NZP-
CSI-RS- ResourceSet consists of two periodic CSI-RS resources in one slot

* or with a NZP-CSI-RS-ResourceSet of four periodic NZP CSI-RS resources in two
consecutive slots with two periodic NZP CSI-RS resources in each slot.

* So essentially for FR1, there are at least two CSI-RS resources in the
set with different slot offsets and other parameters being the same.
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CSI-RS Framework

* Four types of CSI reference signals

* NZP-CSI reference signals
* Channel measurements
* Interference measurements
* CSl Interference measurement resources (Used to measure intercell interference)

* Zero power CSl reference signals

* [Used to rate-match for CSI-RS signals not transmitted on a particular UE (made to be zero). Might
be transmitted for other UE]



FIRST LEVEL: ServingCellConfig csi-MeasConfig

e

_—
T bl -

a wm LEAEL L
TAG=-CSI=-MEAZCONFIGE=-START
IEI=MeasConfig ::= SEQUENCE {
nzp=CEI=RS=ResourceTofddModliat SEQUEHCE (S5IZE (1. maxNrofNEP=CEI=-RES=Resources)) OF HEP=CEI=-RS=Resource OPTIONAL,
nzp=CEI=RE=ResgurceToReleaselist SEQUEHCE (SIZE (1. maxNrofNEP=-CEI=-RS=Resources)) OF HIF=CEI=-RS=-Rescourceld OFTIONAL,
nzp=CEI=RS=ResgurceSetToAddModLiat SEQUEHCE (SIZE (1. maxNrofNEP=CEI=-RES=ResourcesSets)) OF HEF=CSI-RS=REescourceSetr
OPTIONAL,
nzp=CeI=-RS5=-ResourcesSetToReleaselliat SEQUEHCE (SIZE (1. maxNrofMEIP=-CSI-RS=-ResourceSets)) OF HEIP-CSI-RS=-RescourceSetId
OPTIONAL,
cei=IM=ResourceToAddModList SEQUENCE (SIZE (l..maxNrofCSI-IM=-Rescurces)) OF CEI-IM=-Resource OPTIOMAL,
czl=IM=ResourceToReleaselist SEQUENCE (SIZE (1. .maxNrofCEI-IM=-Rescurces)) OF CEI-IM=-Resourceld OPTIOMAL,
cEi=IM=ResourceSetToAddModList SEQUEHCE (S5IZE (1. maxNrofCEI=-IM=ResourceSets)] OF CEI=-IM=ResourceSet OPTIONAL,
czl=IM=ResourceZetToReleaselist SEQUENCE (SIZE (1. .maxNrofCEI-IM=-RescurceSets)] OF CSI-IM-RescurceSetId OPTIOMAL,
cE2i=85B=RegpurceSet ToAddModLiat SEQUEHCE (SIZE (l. maxNrofCEI=-S5E=RegourceSets)) OF CS5I=-55BE=ResourceSet OPTIONAL,
cel=58E=ResourceSetToReleasaliat SEQUENCE (SIZE (1. .maxNrofCEI=-SSE=ResourceSets)) OF CSI=-SER=ReapurceSetId OPTIOMAL,
cei=ResgurceConfigToAddModList SEQUEHCE (SIZE (1. maxNrofCEI=-ResourceConfigurations)) OF CE3I=ResourcelConfig
OPTIONAL,
cei=ResgurceConfigToReleaselist SEQUENHCE (SIZE (1. .maxNrofCEI-REesourceConfigurations)) OF CSI=ResourceConfigId
OPTIONAL,
cezi=ReportConfigToAddModiist SEQUENCE (SIZE (1. maxNrofCEI-ReportConfigqurations)) OF CEI=ReportConfig OFTIONAL,
czi=ReportConfigToReleaseliat SEQUEHCE (SIZE (1. maxNrofCEI-ReportConfigurations))] OF CEI=ReportConfigld
OPTIOMNAL,
reportTriggerSize INTEGER (0..8) OPTIONAL,
aperiodicTriggerStatelist SetupRelease | CEI=-AperiodicTriggerStatelist |} OPTIONAL,
gemiPeraistentOnPUSCH=-TriggerStatelist SetupRelease | CEI-SemiPeraistentOnPUSCH-TriggerStateList } OPTIOMAL,
I
TAG=CSI=-MEAZCONFIG=STOP
a el 2TnnD
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REPORTCONFIG=ST

-

CSI=-ReportConfig ::=
reportConfigId
carrier

regourcegForChannelMesasuremant
cEl=TM=ResourceaFarInterferance
nzp=-CESI-R5=-RegourcesForInterference

SEQUENCE

Report config

{
CEI=-ReportConfigIid,
ServCellIndex
CEI=-ResourceConfigId,
CEI-ResourceConfigId
CEI=-ResourceConfigId

reportConfigType

e

pericdic
reportSlotConfig
pucch=C5I=-Resourcelist

Fy

semiPergistentOnPUCCH
reportSlotConfig

rnrrhemTaBacanreal d oF

L3

semiPersistentOnPUSCH
reportSlotConfig
reportSlotOffsetlist
plalpha

by

aperiodic
reportSlotOffsetlisat

i

reportQuantity

e

none
CcEi=RI=-PMI=CQI
cri=RI=il
cEi=RI=il=-CQI

pdach=BundleSizeForCSI

be

cri=RI=-CQI
cri=RSRP
sab=Index-RSRP
CcEi=RI=-LI=-PMI=-CQI

reportFreqConfiguration

cgi=-FormatIndicator

pei=FormatIndicator

cai=ReportingBand
subbands 3
subbands4
subbands5
subbandsé
subbands T
subbands g
subbands§
subband=10

CHOICE

SEQUENCE {
C5I-ReportPeriodicityAndDffset,
SEQUENMCE (SIZE (l..maxMrofBWPs)) OF PUCCH-CSI-Resource

SEQUENCE {
C5I=-ReportPeriodicityAndoffset,
SEMTRNCY (2TTFE 01 mawkrAnfRUDa 1 NF NIMTH=CST=Ragource

SEQUENCE |
ENUMERATED {=l5, sll0, 5120, =140, sl80,
SEQUEMCE (SIZE (l1.. maxNrofUL=Allocations))
PO=-PUSCH-AlphasetId

SEQUENCE |
SEQUENCE (SIZE (1. .maxNrofUL-Allocations))] O

CHOICE {
NULL,
NULL,
NULL,
SEQUENCE |
ENUMERATED {n2, mnd)

HULL,
NULL,
NULL,
NULL

SEQUENCE {
ENUMERATED { widebandCQI, subbandCQI )
ENUMERATED { widebandPMI, subbandPMI }
CHOICE
EIT STRING(SIEZE(3)),

BIT STRING(SIZE(4)), Ty

BIT STRING(SIZE(S]), i

BEIT STRING(SIZE(6)), be
portIndexl

BIT STRING(SIZE(T)),
BIT STRING({SIZE(&)), !
BEIT STRING{SIZE(9)),

BIT STRING(SIZE(10)), CortIndexB::=

sy e T T e e

OPFTIONAL, Head S
OFTIONAL, Heged R
CPTIONAL, Heed R
enabled NULL,
disabled SEQUENCE {
nrofReportedrs ENUMERATED {nl, mn2, n3, n

1
|
cgi=Table
subbandsize
non=-PMI-PortIndication

# ==

[l

gemiPersistentOnPUSCH=-v1530
reportSlotConfig=-vl530

b
11
]

C3I=-ReportPeriodicityAndoffoet ::=

slotsd
alotzah
slotzf
alot=l0
slotzsle
alot=20
sloc=40
alot=80
alotzlel
slot=320

]

FUCCHE=CZI=Regsource ::=
uplinkBandwidthPartId

pucch=Resource

FortIndex2
SEQUENCE (SIZE(2))

NULL

EMUMERATED {tablel, table2, tablel, sparel}
ENMUMERATED {valuel, waluel},
SEQUENCE (SIZE (l..maxNrofNEZP-CSI-RS-Resource

SEQUENCE {
ENUMERATED {=14, =18, =116}

CHOICE
INTEGER(0..3),
INTEGER (0. .4),
INTEGER(0..7),
INTEGER(0..9),
INTEGER (0. .15},
INTEGER (0..19),
INTEGER (0. .39},
INTEGER (0..79),
INTEGER (0. .159),
INTEGER (0. .319)

SEQUENCE |
BWP=-Id,
FUCCH=ResourceId

0OF PortIndex?
ndexd

HCE(SIZE(2)} OF PortIndexf
HCE(SIZE(3)} OF FortIndexf
HCE(SIZE(4)} OF PortIndex8
HCE(SIZE(5)) OF FortIndex8

MR FoTPER IEY Y M Dartr ThnAdow D
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== ASHI1START
== TAG=HZIF=CEI=RE=-RESOURCESET=START

HZP=-CSI=RE=Regourceset :=:i:= SEQUENCE {
nzp=CSI=-ResourceSatId HEZP=CSI=RS=ResourceSetId,
nzp=CSI=-RE=Regources SEQUENCE (SIZE (1..maxMrofHIP=CEI=-RES=ResourcegFerSetr)) OF HEP=CEI=-RS=Resourceld,
repetition ENUMERATED { on, off } OPTIONAL, -= Mecd
aperiodicTriggeringDffaet INTEGER (0. .6) OPTIONAL, = Mead
tra=Info ENUMERATED {true} OPTIONAL, -= Mecd

== THAG=HEZF=CSI=-R3=RESOURCESET=STOF
== BASN1STOFE

== BEN1START
== TAG=CSI=S3B=RESOURCESET=STARET

CEI=S5B=FEasgurceiat ::im SEQUENCE {

cel=-55B=-ResourcesSetId C5I=-5SBE=-RescurcesSetId,

csi=-55B=-ResourcelLiat SEQUEHCE (SIZE(l..maxNrofCS5I-SSB-ResourcePerSet)) OF S55B-Index,
I

== TAG=CEI=53B=REZ0URCESET=3TOP
== BEN1STOP

== AEN1START

== TRAG=CSI=IM=-RESOIRCESET=START

CEI=THM=Regolroesetr := SEQUEMCE {

cai=IM=RegsourceSetId C5I=-IM=RegsourceSetId,

cgi=IM=Resources SEQUEHCE (SIZE(l..maxNrofCSI-IM=-ResourcesPerSet)) OF CS5I=-IM=Resourceld,
J
== TAG=CS5I=THM=-RESMIRCESET=STOPF

Lopyrignt: Il Iviadras, ZU1Y

= A



NIF=CSI=-R3=Fegource ::=
nzp=-C8I=-RE5=-Resourceld
resourceMappimg
powerControloffset
powerControloffaetsSs
scramblingID
periodicityrndof faet
qol=InfoPeriodicCEI=-R

CEI=-RS=ResourceMapping :z:=
frequencybDomainAllocation
rowl
oW
rowd
ather
b
nrofPorts
firstOFIMSymbolInTimeDomain
firstOFMSymbol InTimeDomain2
cdm=Type
density
dot5
one
thres
Spare
b
fregBand

C3I=FrequencyOccupation ::=
startingkB
nrofRBs

i (0. .maxMrofPhysicalResourceBlocks=1}),
. (24. .maxNrofPhysicalResourceBlocksFlusl),

SEQUENCE |

HNEP=CSI-ES=Resourceld,
SI=-RS=ResourceMapping,

ENUMERATED{db=3, dbl, db3, dbs]
ScramblingId,
C3I=-RegspurcePericdicityhindOffaet
TCI=Stateld
SEQUEMCE {
CHOICE |
BIT STRING (SIZE (4)),
BIT STRING [SIZE (12}),
BIT STRING (SIZE (3)).,
BIT STRING [SIZE ([6)]

ENUMERATED {pl,p2,pd,p8,pl2,ple,p2d4,p32},
INTEGEE (0..13},
INTEGEER (2..12)
ENUMERATED [noCDM,

CHOICE |

fd=-COM2, cdmd4-FD2-TD2, cdmB8-FD2-TD4},

ENUMERATED {evenFREs, oddFEBs},
NULL,
NULL,
HULL
CEI=-Freguencylccupation,

RS

The IE for CSI-
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Measurement Config

CSI-Resource Configs (Define what
signals to use to compute CSI,
Periodic/aperiodic/Persistent)

NZP-CSI| Resource Sets

CSI-SSB Resource Sets

CSI-IM Resource Sets

* Mapping of the Resource sets and
(Resources) are done through their
ID’s.

* So, the same Resource (and
resource sets) can be re-used for
different CSI-Report configs.



Reports are configured.

Reports utilize CSI-resource
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Table 5.2.1.4-1: Triggering/Activation of CSl Reporting for the possible CSI-RS Configurations.

CSI-RS Configuration Periodic CSl Reporting Semi-Persistent CSl Aperiodic CSl Reporting
Reporting
Periodic CSI-RS Mo dynamic For reporting on PUCCH, Triggered by DCI,
triggering/activation the UE receives an additionally, subselection

activation command, as indication as described in
described in subclause subclause 6.1.3.13 of [10,
6.1.3.16 of [10, TS TS 38.321] possible as
38.321]; for reporting on defined in Subclause
PUSCH, the UE receives 5.2.1.5.1.
triggering on DCI

Semi-Persistent CSI-RS Not Supported For reporting on PUCCH, Triggered by DCI;
the UE receives an additionally, subselection
activation command, as indication as described in
described in subclause subclause 6.1.3.13 of [10,
6.1.3.16 of [10, TS TS 38.321] possible as
38.321); for reporting on defined in Subclause
PUSCH, the UE receives 5.2.1.5.1.
triggering on DCI

Aperiodic C3I-RS Not Supported Not Supported Triggered by DCI;

additionally, subselection
indication as described in

subclause 6.1.3.13 of [10,
TS 38.321] possible as

defined in Subclause
52151
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CSI-RS Framework
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