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A UE shall transmit Sounding Reference Symbo! (SRS) on per serving cell SRS
resources based on two trigger types:

- trigger type 0! higher layer signalling

~ trigger type 1: DCI formats 0/4/1A for FDD and TDD and DCI formats
2B/2C/2D for TDD

In case both trigger type 0 and trigger type 1 SRS transmissions wouid occur
in the same subframe in the same serving celi, the UE shall only transmit
the trigger type 1 SRS transmission.

A UE may be configured with SRS parameters for trigger type 0 and trigger
type 1 on each serving cell., The foltowing SRS parameters are serving cell 10
specitic and semi-staticaily configurable by higher tayers for trigger type
0 and for trigger type 1.

- Transmission comb kﬁtf, as defined in subclause 5.5.3.2 of [3] for
trigger type 0 and each configuration of trigger type 1

~ Starting physical resource block assignment ngee . as defined in subclause
5.5.3.2 of [3] for trigger type 0 and each configuration of trigger type 1

- duration: single or indefinite (unti! disabled), as defined in [11] for
trigger type 0

~ srs~Gonfigindex lgs Tor SRS periodicity Tgs and SRS subframe offset
Totsset . as defined in Table 8. 2-1 and Table 8 2-2 for trigger type 0 and SRS
periodicity  Tsws i and SRS subframe offset Tgs i, as defined in Table 8.2-4 20
and Table 8. 2-5 trigger type 1

— SRS bandwidth Bgs , as defined in subclause 5.5.3.2 of [3] for trigger
type 0 and each configuration of trigger type 1

- Frequency hopping bandwidth, by, , 3s defined in subclause 5.5.3.2 of [3]
tor trigger type 0

oy

- Cyclic shift Tsws . as defined in subclause 5.5.3.1 of [3] for trigger
type 0 and each configuration of trigger tvpe 1

- Number of antenna ports N, Tor trigger type 0 and each configuration of
trigger type t
Faor trigger type 1 and DGl format 4 three sets of SRS parameters, srs-
ConfigApDCl-Formatd, are configured by higher layer signalling. The 2-bit 30
SRS request field [4] in DCI format 4 indicates the SRS parameter set given
in Table 8.1-1. For trigger type 1 and DCI formet 0, a singie set of SRS
parameters, srs-GonfigApDCl-Format0, is configured by higher layer
signalling. For trigger type 1 and DGl formats 1A/2B/2G/2D, a single commen
set of SRS parameters, srs-ConfigApDCI-FormatiazbZe, is configured by higher
laver signalling. The SRS request field is 1 bit [4] for DCI formats
0/1A/2B/2C/2D, with a type 1 SRS triggered iT the value of the SRS request
field is set to "1’
A 1-bit SRS request field shail be included in DCI formats 0/1A for frame
structure type 1 and 0/1A/2B/2C/2D for frame structure type 2 if the UE is
configured with SRS parameters for DGl formats Q/1A/2B/20/2D by higher-layer
signaliing. 40
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Value of SRS request Description

field

g No type 1 SRS irigger

Ot The 1" SRS parameter set configured by higher
layers

10 The 2™ SRS parameter set configured by higher
ayers

v The 3™ SRS parameter set configured by higher
layers
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The serving cell specific SRS tranamission bandwidths Ggs are configured by
higher layers. The azliowable values are given in subciause 5.5 3.2 of [3].
The serving cell specific SRS transmission sub-frames are configured by
higher layers. The allowable values are given in subciause 5.5 3.3 of [3].
For a TOD serving cell, 8RS transmissions can occur in UpPTS and uplink
subframes of the UL/DL configuration indicated by the higher layer parameter
subframeAssignment for the serving cell

When closed—loop UE transmit antenna selection is enabled for a given
serving cell for a UE that supports transmit antenna seiection, the index
alngs), of the UE antenna that transmits the SRS at time ng is given hy
alnms) = nss mod 2, for beth partial and full sounding bandwidth, and when

frequency hopping is disabled (i.e., b“@ = By ),
 [nsgs +nsgs 2 B mps /K Jmod2 whenK iseven [1 where K mod4=0
itgrs) = I’st(s mod? whenK isodd - {0 otherwise
b, < By,

when frequency hopping is enabled (i.e. 2 ),
where values Bgs, buw, Mi, and ngs are given in subcliause 5.5 3.2 of [3], and
By

&= 1w~ N, =1
b=ty (where fap regardiess of the Ny wvalue). except when a

singie SRS transmission is configured for the UE. If a UE is configured with

more than one serving cell, the UE is not expected to transmit SRS on

different antenna ports simuitanesusiy

A UE may be configured to transmit SRS on Np antenna ports of a serving

cell where Np may be configured by higher layer signaiiing. For PUSCH

N, e {0124}

transmission mode 1 and for PUSCH transmission mode 2

N, [0L2 ) ) k
P ! | with two antenna ports configured Tor PUSGH and Ny e{0L

with 4 antenna ports configured for PUSCH. A UE configured for SRS
transmission on multiple antenna ports of a serving cell shall transmit SRS
for all the configured transmit antenna ports within one SC-FDMA symbo! of
the same subframe of the serving ceii.

The SRS transmission bandwidth and starting physical resource block
assignment are the same for all the configured antenna ports of a given
serving cell.

A UE not configured with multiple TAGs shall not transmit SRS in a symbol
whenever SRS and PUSCH transmissions happen fo overlap in the same symbol.
For TDD serving cell, when one SC-FDWA symbo! exists in UpPIS of the given
serving cell, it can be used Tor SRS transmission. When two SCG-FDWA symbols
exist in UpPTS of the given serving cell, both can be used for SRS
transmission and for trigger type 0 SRS both can be assigned to the same UL
[f a2 UE is not configured with muitiple TAGs, or if a UE is configured with
multiple TAGs and SRS and PUCCH format 2/2a/2h happen to coincide in the
same subframe in the same serving cell,

-The UE shall not transmit type O triggered SRS whenever type 0
triggered SRS and PUCCH format 2/2a/2b transmissions happen fo coincide in
the same subframe;

~The UE shall not transmit type 1 triggered SRS whensver type |
triggered SRS and PUGCH format 2a/2b or format 2 with HARQ-ACK transmissions

gobooagd

JP 7174749 B2 2022.11.17

10

20

30

40

50



(14)

oooood

happen to coincide in the same subframe;

-The UL shall not transmit PUCCH format 2 without HARG-ACK whenever
type | triggered SRS and PUCCH format 2 without HARG-ACK transmissions
happen to coincide in the same subframe
IT a UE is not configured with muitipie TAGs, or if a UE is configured with
muitiplie TAGs and SRS and PUCCH happen to coincide in the same subframe in
the same serving cell,

~The UL shall not transmit SRS whenever SRS transmission and PUCCH
transmission carrying HARQ-AGK and/or positive SR happen to coincide in the
same subframe iT the parameter ackMackSRS-SimultaneousTransmission is FALSE;

-For FDD-TDD and primary cel! frame structure 1, the UE shall not
transmit SRS in a symbol whenever SRS transmission and PUCCH transmission
carrying HARQ-ACK and/or positive SR using shortened format as defined in
subclauses 5.4.1 and 5. 4. 2A of [3] happen to overlap in the same symbo! if
the parameter ackMackSRS-SimultaneousTransmission is TRUE

-Uniess otherwise prohibited, the UE shall transmit SRS whenever SRS
transmission and PUCCH transmission carrying HARQ-ACK and/or positive SR
using shortened format as defined in subciauses 5.4.1 and 5. 4. 2A of [3]
happen to coincide in the same subframe if the parameter ackNackSRS-
SimuitaneousTransmission is TRUE
A UE not configured with multiple TAGs shall not transmit SRS whenever SRS
transmission on any serving cells and PUCCH transmission carrying HARQ-ACK
and/or positive SR using normal PUCCH format as defined in subclauses 5. 4.1
and 5.4, 24 of [3] happen to coincide in the same subframe.

In UBpPTS, whenever SRS transmission instance overlaps with the PRAGH region
for preamble format 4 or exceeds the range of uplink system bandwidth
configured in the serving cell, the UL shall not transmit SRS

The parameter ackNackSRS-SimultaneousTransmission provided by higher layers
determines i a UE is configured to support the transmission of HARG-AGK on
PUCCH and SRS in one subframe. [T it is configured to support the
transmission of HARG-ACK on PUGCH and SRS in one subframe, then in the cell
specific SRS subframes of the primary cell UE shall transmit HARG-ACK and SR
using the shortened PUCCH format as defined in subclauses 5.4.1 and 5.4, 2A
of [3], where the HARG-ACK or the SR symbol corresponding to the SRS
location is punctured

This shortened PUGCH format shal! be used in a celf specific SRS subframe of
the primary cell even if the UE does not transmit SRS in that subframe. The
cell specific SRS subframes are defined in subclause 5.5 3.3 of [3].
Otherwise, the UE shall use the normal PUCCH format 1/1a/1bh as defined in
subclause 5.4. 1 of [3] or norma!l PUCCH format 3 as defined in subclause
5.4.2A of [3] for the transmission of HARQ-ACK and SR

Trigger type 0 SRS configuration of a UE in a serving cell for SRS
periodicity, Tws and SRS subframe offsetl, Tosser, is defined in Table 8. 2-1
and Table 8.2-2, for FDD and TDD serving cell, respectively. The periodicity
Ters of the SRS transmission is serving cell specific and is selected from the
sef {2, 5, 10, 20, 40, 80 160 320} ms or subframes.

For the SRS periodicity Tws of 2 ms in TOD serving cell, itwo SRS resources
are configured in a half frame containing UL subframe(s) of the given
serving cell.

gobooagd
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Type O triggered SRS transmission instances in a given serving cell for TDD
serving cell with Tes » 2 and Tor FDD serving celi are the subframes
satisfying 0-1y by =T 00T ”(L, where for FDD ke =10, 1.,,,0} is
the subframe index within the frame, Tor TDD serving cell ke is defTined in
Table 8.2-3. The SRS transmission instances for TDD serving cell with Tws =
are the subframes satisfying Kes ~ Torreer -

For TDD serving cell, and a UE configured for type O trigegered SRS
transmission in serving cell o and the UE configured with the parameter
EINTA-MainGonTigServleli~r12 for serving cell ¢, if the UE does not detect
an UL/DL configuration indication for radio frame m (as described in section
13. 1), the UE shail not transmit trigger type 0 SRS in a subframe of radic
frame m that is indicated by the parameler eimta-HaroReferencelonfig-r12 as
a downlink subframe uniess the UE transmits PUSCH in the same subframe.
Trigger type 1 SRS configuration of a UE in & serving cell for SRS
periodicity, Twsi and SRS subframe offset. Toresert. is defined in Table 8.2-4
and Table 8.2-b, for FDD and TDD serving ceil, respectively. The periodicity
Tses.e of the SRS transmission is serving cel! specific and is selected from
the set {2, 5, 10] ms or subframes.

For the SRS periodicity Tes: of 2 ms in TDD serving cell. two SRS resources
are configured in a half frame containing UL subframe(s) of the given
serving cell.

A UE configured for type 1 triggered SRS transmission in serving cell ¢ and
not configured with a carrier indicator field shall transmit SRS on serving
cell ¢ upon detection of a positive SRS request in PDCCH/EPDCCH schedufing
PUSCH/PDSCH on serving cel!l c.

A UE configured for type 1 triggered SRS transmission in serving cell ¢ and
configured with 2 carrier indicator field shall transmit SRS on serving cell
¢ upon detection of a positive SRS request in PDGCH/EPDGCH scheduling
PUSCH/PDSCH with the value of carrier indicator field corresponding to
serving cell c.

A UE configured for type 1 triggered SRS fransmission on serving cell ¢ upon
detection of 2 positive SKS request in subframe n of serving cell ¢ shall

commence SRS transmission in the first subframe satisfying n+kk24 and
101y + ksrs ~ Topier, 1 Jm0d Tsgs, 3 =0 for TDD serving cell ¢ with Tse1 > 2
and for FDD serving cell ¢,

k —T e mod 5 =0
( SRS Uﬁ%ehl) for TDD serving cell ¢ with Teqs s =2

where for FDD serving cell ¢ Kyps = ﬁLL"”Q} is the subframe index within

the frame ns . FTor TOD serving cell c kes is defTined in Tabie 8.2-3

A UE configured for type 1 triggered SRS transmission is not expscted to
receive type 1 SRS triggering events associated with different values of
trigger type 1 SRS transmission parameters, as configured by higher layer
signalling, for the same subframe and the same serving cell.

For TDD serving cell ¢, and a UF configured with EIMTA-MainConfigServCeli-
r12 for a serving cell ¢, the UE shall not transmit SRS in a subframe of &
radio frame that is indicated by the corresponding eIMTA-UL/Dl-configuration
as a downlink subframe.
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A UE shall not transmit SRS whenever SRS and a PUSCH transmission
corresponding to a2 Random Access Response Grant or a retransmission of the
same Transport bliock as part of the contention hased random access procedure
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SRS Configuration Index | SRS Periodicity (ms) | SRS Subframe 0ffset
Tsas
0 -1 2 Tsns
2 -6 b fsps = 2
7 - 16 10 fops — 7
17 - 36 20 Tegs = 17
37 - 76 4( fsps — 37
7l - 156 80 Peps — 77
157 - 316 160 leps = 157
317 - 636 320 Iops ~ 317
637 - 1023 reserved reserved
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SRS Configuration Index | SRS Periodicity (ms) | SRS Subframe Offset
Lns
0 =1 2 Fsns
2 -8 5 Tos — 2
7 -16 10 Tops = 7
17 - 36 20 Tsps ~17
37 - 76 40 lgps — 37
77 ~ 156 80 Lops =77
th7 - 316 160 lns = 157
317 - 636 320 beps =317
637 - 1023 reserved reserved
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SRS Configuration Index SRS Periodicity SRS Subframe Offset
Lsps (ms)
0 2 0, 1
i 2 0, 2
2 2 1, 2
3 2 0, 3
4 2 i, 3
5 Z 0, 4
6 2 1, 4
7 2 2, 3
8 2 2, 4
9 2 3, 4
10 ~ 14 b fgs — 10
1h - 24 10 fag — 10
25 - 44 20 fws — 2b
45 ~ 84 40 fses ~ 45
85 - 164 80 Teps = 85
165 —~ 324 160 Iegs — 165
325 - 644 320 ls - 325
645 - 1023 reserved reserved
gooooo
goooooboboooouooooouoooao
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oooad
subframe index n
0 2131415 4 718
ist 2nd ist 2nd
symbol| symbol symbc! | symbol
of of of of
UpPTS UpPTS UpPTS | UpPTS
ksgs in case 0 1 21314 5 G 718
UpPTS length
of 2 symbols
Kes in case 1 21314 5 718
UpPTS length
of 1 symbol
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SRS Configuration Index SRS Periodicity SRS Subframe Offset
Tars (ms)

0 -1 2 Ters

2 -6 ) Tgps ~ 2
_____ — T —

17 -3 reserved reserved
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o000
SRS Configurationindex SRS Periodicity SRS Subframe Offset
Ises (ms)
0 reserved reserved
1 yi 0, 2
2 2 1, 2
3 2 0, 3
4 2 1, 3
5 2 0. 4
6 ? 1, 4
7 2 2, 3
8 2 2, 4
9 i 3. 4
10 -~ 14 5 lgs = 10
15 - 24 10 L — 15
25 - 31 reserved reserved
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The sequence-group number » in slot Xy is defined by 2 group hopping pattern

.fgh(”s) and a sequence-shift pattern f£,, according to

w={f(n,)+ f., Jmod30

There are 17 different hopping patterns and 30 different seguence-shift patterns
Sequence-group hopping can be enabled or disabled by means of the cell-gpecific
parameter Group-hopping-enabled provided by higher layers. Sequence-group hopping
for PUSCH can be disabled for a certain UE through the higher-layer parameter
Disable-sequence-group-hopping despite being enabled on a celi basis unless the
PUSCH transmission corresponds to a Random Access Response Grant or a
retransmission of the same transport block as part of the contention based random
access procedure

The group-hopping pattern fgh(”s) may be different for PUSCH, PUCCH and SRS and

is given by
0 if group hopping is disabled
Jenln) = (ZZ:O c(8ng+i)- 25) med 30 if group hopping is enabled

where the pseudo-random sequence o) is defined by clause 7.2. The pseudo-random
ol
sequence generator shall be initialized with Cm & 20 at the beginning of

S
each radio frame where ™yp is given by clause 5.5.1.5.
The sequence-shift pattern r. definition differs between PUGCH, PUSCH and SRS.

SRS SRS _ RS

For SRS, the seguence-shift pattern '/;S is given byfSS =y mod30 where
RS

T

ig given by clause 5.5 1. 5.

RS RB
Sequence hopping only applies for reference-signals of length A4;c 2361V§¢ .

RS RB
For reference-signals of length A4gc < 6]V;c , the base seguence number v

within the base seguence group is given by v=0.

) RS RB _
For reference-signals of length M ZON_ . the base sequence number + within

the base sequence group in slot », is defined by

_Jetn,) if group hopping is disabled and sequence hopping is enabled
" 0 otherwise

where the pseudo-random sequence () is given by clause 7.2. The parameter
Sequence-hopp ing-enah/ed provided by higher lavers determines if seauence hopping
is enabied or not. Sequence hopping Tor PUSCH can be disabled for a certain UE
through the higher-layer parameter [/sable-sequence-group-fiovping despite being
enabied on a cel! basis uniess the PUSCH transmission corresponds to a Random
Access Response Grant or a retransmission of the same fransport block as part of

the contention based random access proceadure
For SRS, the pssudo-random seauence genserator shall be initialized with

RS
# RS
Cinit “{E%J‘25+(ng+£\ss)m0d30 at the beginning of each radio frame where 7p
gooooan
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is given by clause b.5. 1.5 and A, is given by clause 5.5.1. 3.

) : RS _. Nccll
Sounding reference signais: p = {Vip .
 agm{m+1)

— Nye : RS
xq(m)de , 0Em< Ny ~1

with 4 given by
g=|g+12)+v -n2
G =Nge-(u+ /31
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} N, /'2_]1325}\.8 /., N, j if N, odd

n T e . . C e
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goooao

From a UE perspective, NR supports one or both of the following options on a given
carrier!:

Option 1 [ Support oniy one of the following options for avoiding coliisions
between NR-SRS and short PUCCH

Option 1-1 . symbol level TDY

Option 1-2 : FDM

Option 1-3 | both symbo! level TDM and FDM

FFS © details

Note . other options are not preciuded

Option 2: Prioritize SRS or short PUCCH transmission, i.e., drop SRS or short PUCCH
in case of collision

FFS whether to have one prioritization rule, or configurabie prioritization
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Short PUCCH.
Format 0 172 {= 2 with UE multiplexing in the same PRB.
Based on seguence selsction.
long PUCCH.
Format 1 4714 <=2 with muitipiexing in the same PRB.
time-multiplex the UGl and DMRS
Short PUCCH,.
Format 2 172 > 2 with no multiplexing in the same PRE.
freguency multiplexes UCI and DMRS
tong PUCCH.
Format 3 414 5 9 with modergte UGl pgy%ogds and with some
muitipiexing capacity in the same PRB.
time-nuitipiex the UG and DMRS
Long PUCCH.
Format 4 4714 > 2 with large UGl payloads and with
no pultiplexing capacity in the same PRB
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