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6.1.6 Multi-antenna scheme
6.1.6.1 Beam management
In NR, beam management is defined as follows:

- Beam management: a set of L1/L2 procedures to acquire and maintain a set of TRP(s)
and/or UE beams that can be used for DL and UL transmission/reception, which include at
least following aspects:

- Beam determination: for TRP(s) or UE to select of its own Tx/Rx beam(s).

- Beam measurement: for TRP(s) or UE to measure characteristics of received
beamformed signals

- Beam reporting: for UE to report information of beamformed signal(s) based on beam
measurement

- Beam sweeping: operation of covering a spatial area, with beams transmitted and/or
received during a time interval in a predetermined way.

Also, the followings are defined as Tx/Rx beam correspondence at TRP and UE:
- Tx/Rx beam correspondence at TRP holds if at least one of the following is satisfied:

- TRP is able to determine a TRP Rx beam for the uplink reception based on UE’s
downlink measurement on TRP’s one or more Tx beams.

- TRP is able to determine a TRP Tx beam for the downlink transmission based on TRP’s
uplink measurement on TRP’s one or more Rx beams

- Tx/Rx beam correspondence at UE holds if at least one of the following is satisfied:

- UE is able to determine a UE Tx beam for the uplink transmission based on UE’s
downlink measurement on UE’s one or more Rx beams.

- UE is able to determine a UE Rx beam for the downlink reception based on TRP’s
indication based on uplink measurement on UE’s one or more Tx beams.

- Capability indication of UE beam correspondence related information to TRP is
supported.

Note that definition/terminology of Tx/Rx beam correspondence is for convenience of
discussion. The detailed performance conditions are up to RAN4.

The following DL L1/L2 beam management procedures are supported within one or multiple
TRPs:

- P-1:is used to enable UE measurement on different TRP Tx beams to support selection of
TRP Tx beams/UE Rx beam(s)

ugbooodgaoan
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- For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a
set of different beams. For beamforming at UE, it typically includes a UE Rx beam
sweep from a set of different beams.

- P-2:is used to enable UE measurement on different TRP Tx beams to possibly change
inter/intra-TRP Tx beam(s)

- From a possibly smaller set of beams for beam refinement than in P-1. Note that P-2
can be a special case of P-1.

- P-3:is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam
in the case UE uses beamforming

At least network triggered aperiodic beam reporting is supported under P-1, P-2, and P-3
related operations.

UE measurement based on RS for beam management (at least CSI-RS) is composed of K (= total
number of configured beams) beams, and UE reports measurement results of N selected Tx
beams, where N is not necessarily fixed number. Note that the procedure based on RS for
mobility purpose is not precluded. Reporting information at least include measurement
quantities for N beam (s) and information indicating N DL Tx beam(s), if N < K. Specifically, when
a UE is configured with K’ >1 non-zero power (NZP) CSI-RS resources, a UE can report N’ CRIs
(CSI-RS Resource Indicator).

A UE can be configured with the following high layer parameters for beam management:
- N21 reporting settings, M21 resource settings

- The links between reporting settings and resource settings are configured in the
agreed CSI measurement setting

- CSI-RS based P-1 & P-2 are supported with resource and reporting settings
- P-3 can be supported with or without reporting setting

- Areporting setting at least including
- Information indicating selected beam(s)

- L1 measurement reporting

Time-domain behavior: e.g. aperiodic, periodic, semi-persistent

Frequency-granularity if multiple frequency granularities are supported
- Aresource setting at least including

- Time-domain behavior: e.g. aperiodic, periodic, semi-persistent

- RS type: NZP CSI-RS at least

- At least one CSI-RS resource set, with each CSI-RS resource set having K>1 CSI-RS
resources

gbooooaoan
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- Some parameters of K CSI-RS resources can be the same, e.g. port number, time-
domain behavior, density and periodicity if any

At least one of these two alternatives of beam reporting is supported.
- Altl:

- UE reports information about TRP Tx Beam(s) that can be received using selected UE
Rx beam set(s) where a Rx beam set refers to a set of UE Rx beams that are used for
receiving a DL signal. Note that it is UE implementation issues on how to construct the

Rx beam set. One example is that each of Rx beam in a UE Rx beam set corresponds to 10
a selected Rx beam in each panel. For UEs with more than one UE Rx beam sets, the UE
can report TRP Tx Beam(s) and an identifier of the associated UE Rx beam set per
reported TX beam(s).
- NOTE: Different TRP Tx beams reported for the same Rx beam set can be received
simultaneously at the UE.
- NOTE: Different TRP TX beams reported for different UE Rx beam set may not be
possible to be received simultaneously at the UE
- Alt2: 20
- UE reports information about TRP Tx Beam(s) per UE antenna group basis where UE
antenna group refers to receive UE antenna panel or subarray. For UEs with more than
one UE antenna group, the UE can report TRP Tx Beam(s) and an identifier of the
associated UE antenna group per reported TX beam.
- NOTE: Different TX beams reported for different antenna groups can be received
simultaneously at the UE.
- NOTE: Different TX beams reported for the same UE antenna group may not be
possible to be received simultaneously at the UE 30
NR also supports the following beam reporting considering L groups where L>=1 and each
group refers to a Rx beam set (Altl) or a UE antenna group (Alt2) depending on which
alternative is adopted. For each group /, UE reports at least the following information:
- Information indicating group at least for some cases
- Measurement quantities for N, beam (s)
- Support L1 RSRP and CSl report (when CSI-RS is for CSI acquisition)
- Information indicating N, DL Tx beam(s) when applicable 40

This group based beam reporting is configurable per UE basis. This group based beam reporting
can be turned off per UE basis e.g., when L=1 or N=1. Note that no group identifier is reported
when it is turned off.

NR supports that UE can trigger mechanism to recover from beam failure. Beam failure event

gbooooaoan
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occurs when the quality of beam pair link(s) of an associated control channel falls low enough
(e.g. comparison with a threshold, time-out of an associated timer). Mechanism to recover
from beam failure is triggered when beam failure occurs. Note that here the beam pair link is
used for convenience, and may or may not be used in specification. Network explicitly
configures to UE with resources for UL transmission of signals for recovery purpose.
Configurations of resources are supported where the base station is listening from all or partial
directions, e.g., random access region. The UL transmission/resources to report beam failure
can be located in the same time instance as PRACH (resources orthogonal to PRACH resources)
or at a time instance (configurable for a UE) different from PRACH. Transmission of DL signal is
supported for allowing the UE to monitor the beams for identifying new potential beams.

NR supports beam management with and without beam-related indication. When beam-
related indication is provided, information pertaining to UE-side beamforming/receiving
procedure used for CSI-RS-based measurement can be indicated through QCL to UE. NR
supports using the same or different beams on control channel and the corresponding data
channel transmissions.

For NR-PDCCH transmission supporting robustness against beam pair link blocking, UE can be
configured to monitor NR-PDCCH on M beam pair links simultaneously, where M21 and the
maximum value of M may depend at least on UE capability. UE can be configured to monitor
NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols. Parameters
related to UE Rx beam setting for monitoring NR-PDCCH on multiple beam pair links are
configured by higher layer signaling or MAC CE and/or considered in the search space design. At
least, NR supports indication of spatial QCL assumption between an DL RS antenna port(s), and
DL RS antenna port(s) for demodulation of DL control channel. Candidate signaling methods for
beam indication for a NR-PDCCH (i.e. configuration method to monitor NR-PDCCH) are MAC CE
signaling, RRC signaling, DCI signaling, specification-transparent and/or implicit method, and
combination of these signaling methods. Note that indication may not be needed for some
cases.

For reception of unicast DL data channel, NR supports indication of spatial QCL assumption
between DL RS antenna port(s) and DMRS antenna port(s) of DL data channel. Information
indicating the RS antenna port(s) is indicated via DCl (downlink grants). The information
indicates the RS antenna port(s) which is QCL-ed with DMRS antenna port(s). Different set of
DMRS antenna port(s) for the DL data channel can be indicated as QCL with different set of RS
antenna port(s). Note that indication may not be needed for some cases.
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11.2 Activation/Deactivation Mechanism

To enable reasonable UE battery consumption when CA is configured, an
activation/deactivation mechanism of SCells is supported (i.e. activation/deactivation does not
apply to PCell). When an SCell is deactivated, the UE does not need to receive the
corresponding PDCCH or PDSCH, cannot transmit in the corresponding uplink, nor is it required
to perform CQl measurements. Conversely, when an SCell is active, the UE shall receive PDSCH
and PDCCH (if the UE is configured to monitor PDCCH from this SCell), and is expected to be
able to perform CQl measurements. E-UTRAN ensures that while PUCCH SCell is deactivated,

10
SCells of secondary PUCCH group should not be activated.

The activation/deactivation mechanism is based on the combination of a MAC control element
and deactivation timers. The MAC control element carries a bitmap for the activation and
deactivation of SCells: a bit set to 1 denotes activation of the corresponding SCell, while a bit
set to 0 denotes deactivation. With the bitmap, SCells can be activated and deactivated
individually, and a single activation/deactivation command can activate/deactivate a subset of
the SCells. One deactivation timer is maintained per SCell but one common value is configured
per UE by RRC.

At reconfiguration without mobility control information: 20
- SCells added to the set of serving cells are initially "deactivated";

- SCells which remain in the set of serving cells (either unchanged or reconfigured) do not
change their activation status ("activated" or "deactivated").

At reconfiguration with mobility control information (i.e. handover):
- SCells are "deactivated".

In DC, the serving cells of the MCG other than the PCell can only be activated/deactivated by

the MAC Control Element received on MCG, and the serving cells of the SCG other than PSCell 30
can only be activated/ deactivated by the MAC Control Element received on SCG. The MAC

entity applies the bitmap for the associated cells of either MCG or SCG. PSCell in SCG is always
activated like the PCell (i.e. deactivation timer is not applied to PSCell). With the exception of

PUCCH SCell, one deactivation timer is maintained per SCell but one common value is

configured per CG by RRC.
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The RRCConnectionReconfiguration message is the command to modify an RRC connection. It
may convey information for measurement configuration, mobility control, radio resource
configuration (including RBs, MAC main configuration and physical channel configuration)
including any associated dedicated NAS information and security configuration.

Signalling radio bearer: SRB1
RLC-SAP: AM

Logical channel: DCCH
Direction: E-UTRAN to UE

RRCConnectionReconfiguration message

== ASNISTART
RRCConnectionReconfiguration ::= SEQUENCE {
rrc-Transactionldentifier RRC-Transactionldentifier,
criticalExtensions CHOICE {
cl CHOICE{
rrcConnectionReconfiguration-r8§ RRCConnectionRecontiguration-r8-1kg,

gpare7 NULL,
spare6 NULL, spareb NULL,
spare3 NULL, spare2 NULL,

b

criticalExtensionsFuture

RRCConnectionReconfiguration-r8-IEs
measConfig

mobilityControllInfo
dedicatedIntoNASList

radioResourceContigbedicated

toEUTRA

securityConfigHO

nonCriticalExtension

RRCConnectionReconfiguration-v890-1Es :

lateNonCriticalExtension
v8mo-IEg) OPTIONAL,

nonCriticalExtension

-~ Late non-critical extensions:

RRCConnectionReconfiguration-v8mo-1Es ::

::= SEQUENCE {

spare4 NULL,

sparel NULL

SEQUENCE {}

MeasConfig ‘ OPTIONAL, -- Need ON
MobilityControllnfo OPTIONAL, -~ Cond HO
SEQUENCE (SIZE({1..maxDRB)) OF

DedicatedInfoNAS OPTIONAL, = Cond nonHO
RadioResourceConfigbDedicated OPTIONAL, -- Cond HO-
SecurityConfigHo OPTIONAL,  -- Cond HO

RRCConnectionRecontiguration-v890-1Es OPTIONAL

:= SEQUENCE {
OCTET STRING (CONTAINING RRCConnectionReconfiguration-

RRCConnectionReconfiguration-v920-IEs OPTIONAL

SEQUENCE {

If:

-- Pollowing field 1s only for pre REL-10 late non-critical extensions
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lateNonCriticalExtension OCTET STRING OPTIONAL,
nonCriticalExtension RRCConnectionReconfiguration-v10i0-IEs OPTIONAL

i
RRCConnectionReconfiguration-v10i0-IEs ::= SEQUENCE {
antennalnfobDedicatedPCell-v10i0 AntennalnfoDedicated-v10i0 OPTIONAL, == Need
on ‘
-- Following field is only for late non-critical extensions from REL-10
nonCriticalExtension SEQUENCE {} OPTIONAL
}
~- Regular non-critical extensions:
RRCConnectionReconfiguration-v920-IEs ::= SEQUENCE {
otherConfig-r9 OtherConfig-r9 OPTIONAL;, -- Need ON
fullconfig-19 ENUMERATED {true} OPTIONAL, -- Cond HO-
Reestab
nonCriticalExtension RRCConnectionReconfiguration-v1020-1IEs OPTIONAL
!

RRCConnectionReconfiguration-v1020-IEs ::=
sCellToReleagelist-riQ
sCellToAddModList-rl10

nonCriticalExtengion

RRCConnectionReconfiguration-v1130-IEs .=

systemInformationBlockTypelDedicated-ril

SystemInformationBlockTypel)

SEQUENCE {
SCellToReleaseList-rl( OPTIONAL;, -- Need ON
SCellToAddModList-r10 OPTIONAL, == Need ON

RRCConnectionReconfiguration-v1130-1Es OPTIONAL

SEQUENCE {

OCTET STRING (CONTAINING

OPTIONAL, == Need ON
nonCriticalExtensgion RRCConnectionReconfiguration-v1250-IEs OPTIONAL
}
RRCConnectionReconfiguration=v1250-1Es ::= SEQUENCE ({
wlan-OffloadInfo-ri2 CHOICE {
release NULL;,
setup SEQUENCE {
wlan-0OffloadConfigbedicated-rl2 WLAN-OffloadConfig-r12,
t350-112 . ENUMERATED {min5, minl0, min20, min30, minso,
minl20; minigo; sparel} OPTIONAL -~ Need
OR
}
} OPTIONAL, ~- Need
ON
scg-Configuration-ri2 SCG-Contiguration-rilz OPTIONAL, -~ Cond
nonFullConfig
sl-SyncTxControl-ri2 SL-SyncTxControl-ri2 OPTIONAL:, == Need ON
sl-DiscConfig-ril2 SL—DiscConfig—rlQ OPTIONAL, -- Need ON
sl-CommContig-ri2 SL-CommContig-riz OPTIONAL, -~ Need ON
nonCriticalExtengion RRCConnectionReconfiguration—v13lO—IEs OPTIONAL
}

RRCConnectionReconfiguration-vi310-IEs ::=

gbooooaoan
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sCellToReleaselilstExt-r1l3 SCellToReleaseliistExt-rl3 OPTIONAL; == Need ON
sCellToAddModListExt -r13 SCellToAddModListExt-r13 OPTIONAL, ~= Need ON
lwa-Configuration-ril3 LWA-Configuration-rl3 OPTIONAL, -- Need ON
lwip-Configuration-ri3 LWIP-Configuration-r13 OPTIONAL, =~ Need ON
rclwi-Configuration-rl3 RCLWI—Configufation—rlB OPTIONAL, -- Need ON
nonCriticalExtension RRCConnectionReconfiguration+-v14x0-IEs
OPTIONAL ’

}
RRCConnectionReconfiguration-v14x0-IEs ::= SEQUENCE {
51-V2X-ContigDedicated-rl4 SL-V2X-Contigbedicated-r14 OPTIONAL, -- Need ON
sCellToAddModListExt-v14xy SCellToAddModListEkt—v14xy OPTIONAL, - Need ON
nonCriticalExtension SEQUENCE {} OPTIONAL
3 :
bPscellToAddMod-r12 ::= SEQUENCE {
sCellindex-v12 SCellIndex-r10,
cellldentification-ri2 SEQUENCE {
physCellld-ri2 PhysCellId,
dl-CarrierFreg-ri2 ARFCN-ValueEUTRA-19
} OPTIONAL, -- Cond
SCellndd

radioResourceConfigCommonPSCell-r12
Cond SCellAdd

- Cond sCelladd2

[[ antennaInfobDedicatedPSCell-v1280

radioResourceConfigbedicatedPSCell-ri2

RadioResourceConfigCommonPSCell-r12 OPTIONAL, ~=

RadioResourceConfigbedicatedPSCell-ri2 OPTIONAL, <

AntennalnfoDedicated-vi0i0 OPTIONAL = -- Need

ON

11

[[ sCellIndex-rl3 SCellIndex-r13 OPTIONAL -+ Need ON

11
}
PowerCoordinationInfo-rl2 ::= SEQUENCE {

p-MeNB-rl2 INTEGER (1..16},

p-SeNB-rl2 INTEGER (1..186),

powerControlMode-ri12 INTEGER (1..2)
!
SCellToAddModList-rl0 ::= SEQUENCE (SIZE (1..maxSCell-r10)) OF SCellToAddMod“rlo
SCellToAddModListEXt-r13 ::= SEQUENCE (SIZE (1..maxSCell-rl13)) OF SCellToAddModExt-rl3
SCellToAddModListExt-vidxy ::= SEQUENCE (SIZE (1, .mMaxSCell-r13)) OF SCellToAddModExt-vildxy
SCellToAddMod-r10 ::= SEQUENCE  {

sGellIndex-1r10 SCellIndex-r10;,

cellIdentification-xi10 SEQUENCE {

physCellId-rl0 PhysCellld,

dl-CarrierFreqg-r10

}

radioResourceConfigCommonSCell-x10

gboooooan
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Cond :SCellAdd
radioResourceConfigDedicatedSCell-x10 RadioResourceConfigbDedicatedSCell-z10 OPTIONAL, 2
- Cond SCellAdd2

wir

[[ dl-CarrierFreq-v1090 ARFCN-ValueEUTRA-v9e0  OPTIONAL -- Cond EARFCN-
max
11 :
[[  antennalnfoDedicatedSCell-v10i0 AntennalnfobDedicated-vi0i0 OPTIONAL =- Need ON
11, ‘
/[[ srs-SwitchFromServCellIndex-ri14 INTEGER (0.. 31) OPTIONAL -~ Need ON
1] ‘ 10
}
SCellToAddModExt-113 ::= SEQUENCE {
sCellIndex-rl3 SCelliIndex-rl3,
cellldentification-r13 SEQUENCE {
physCellid-z13 PhysCellld,
dl-CarrierFreg-ri3 ARFCN-ValueBEUTRA-r9
1 : OPTIONAL, -~ Cond SCellAdd
radioResourceConfigCommonSCell-ri3 RadioResourceConfigCommonSCell-r10 OPTIONAL, -
Cond SCellAdd
radioRegourceConfigDedicatedSCell-rl3 RadioRésourceConfigDedicatedSCell-rlO OPTIONAL; = 20
- Cond SCelladd2
antennaInfoDedicatedSCell-r13 AntennalInfoDedicdted-v10i0 OPTIONAL -< Need
ON ‘ /
}
5CellToAddMOdEXL -v1dxy ::= SEQUENCE {
srs-SwitchFromServCellIndex-ri4 INTEGER (0.. 31) OPTIONAL -~ Need ON
!
SCellToReleaselList-r10 ::= SEQUENCE (SIZE (1..maxSCell-rl0)) OF SCellindex-r10
SCellToReleaselistExt-rl3 ;::= SEQUENCE (SIZE (1..maxSCell-r13)) OF SCellIndex-zrl13 30
SCG-Configuration-ri2 ::= CHOICE {
release NULL;,
setup - SEQUENCE {
scg-ConfigPartMCG-r12 SEQUENCE { ‘
scé—Counter—rlZ IﬁTEGER {0.. 65535) OPTIONAL, - Need
ON
powerCoordinationinfo-ri2 PowerCoordinationInfo-ri2 OPTIONAL, - Need
ON
} OPTIONAL, -- Need ON 40
scg-ContigPart8CG-r12 SCG-ContigPart8CG-rl2 OPTIONAL - Need ON
}
}
SCG-ConfigPartSCG-rl2 ::= SEQUENCE {
radioRegourceConfigbedicatedsSCG-r12 RadioResourceConfigbedicatedSCG-rl2 OPTIONAL, -- Need
ON
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sCellToReleaselistSCG-r12 SCellToReleaseliist-r10 OPTIONAL;, == Need ON
pScellToAddMod-r12 PSCellToAddMod-rl2 OPTIONAL, Need ON
sCellToAddModListS8CG-r12 SCellToAddModList-x10 OPTIONAL:, -~ Need ON
mobilityControlInfoSCG-r12 MobilityControlInfoSCG-r12 @ OPTIONAL, == Need ON
LI ‘
sCellToReleaseliist SCG-Ext-r13 SCellToReleaselistExt-rl3 OPTIONAL, -- Need
ON
sCellToAddModList “Ext-rl3 SCellToAddModListExt-r1l OPTIONAL -~ Need
ON :
11
!
RRCConnectionReconfiguration field descriptions
(]
p-MeNB

Indicates the guaranteed power for the MeNB, as specified in TS 36.213 [23]. The value N corresponds to N-1in TS
36.213 [23].

[-]

p-SeNB
Indicates the guaranteed power for the SeNB as specified in TS 36.213 [23, Table 5.1.4.2-1]. The value N
corresponds to N-1in TS 36.213 [23].

[.]

sCelllndex

In case of DC, the SCellindex is unique within the scope of the UE i.e. an SCG cell can not use the same value as
used for an MCG cell. For pSCellToAddMod, if sCelllndex-r13 is present the UE shall ignore sCelllndex-r12.
sCellindex-r13 in sCellToAddModListExt-r13 shall not have same values as sCellindex-r10 in sCellToAddModList-r10.

sCellToAddModList, sCellToAddModListExt
Indicates the SCell to be added or modified. Field sCellToAddModList is used to add the first 4 SCells with sCelllndex-
r10 while sCellToAddModListExt is used to add the rest. If E-UTRAN includes SCellToAddModListExt-v14xy it

includes the same number of entries, and listed in the same order, as in SCellToAddModListExt-r13.

sCellToAddModListSCG, sCellToAddModListSCG-Ext

Indicates the SCG cell to be added or modified. The field is used for SCG cells other than the PSCell (which is added/
modified by field pSCellToAddMod). Field sCellToAddModListSCG is used to add the first 4 SCells with sCellindex-
r10 while sCellToAddModListSCG-Ext is used to add the rest.

sCellToReleaseListSCG, sCellToReleaseListSCG-Ext
Indicates the SCG cell to be released. The field is also used to release the PSCell e.g. upon change of PSCell, upon

system information change for the PSCell.

scg-Counter
A counter used upon initial configuration of SCG security as well as upon refresh of S-Keng. E-UTRAN includes the
field upon SCG change when one or more SCG DRBs are configured. Otherwise E-UTRAN does not include the field.

5.3.10.3b SCell addition/ modification

ugbooodgoan
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The UE shall:

1> for each sCelllndex value included either in the sCellToAddModlList or in the

sCellToAddModListSCG that is not part of the current UE configuration (SCell addition):

2> add the SCell, corresponding to the cellldentification, in accordance with the
radioResourceConfigCommonSCell and radioResourceConfigDedicatedSCell, both

included either in the sCellToAddModList or in the sCellToAddModListSCG;
2> configure lower layers to consider the SCell to be in deactivated state;
2> for each measld included in the measidList within VarMeasConfig:

3> if SCells are not applicable for the associated measurement; and

3> if the concerned SCell is included in cellsTriggeredList defined within the

VarMeasReportList for this measld:

4>remove the concerned SCell from cellsTriggeredList defined within the

VarMeasReportList for this measld,

1> for each sCellindex value included either in the sCellToAddModList or in the
sCellToAddModListSCG that is part of the current UE configuration (SCell modification):

2> modify the SCell configuration in accordance with the

radioResourceConfigDedicatedSCell, included either in the sCellToAddModList or in the

sCellToAddModListSCG;
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5.2.1.3 Reference signal (CSI-RS)
5.2.1.3.1 CSI-RS

The UE can be configured with one or more CSI-RS resource set configuration(s) as indicated by
the higher layer parameter ResourceSetConfig Each resource set consists of Kx1 non-zero
power [or zero power transmission power resources]..

The following parameters for which the UE shall assume non-zero transmission power for CSI-
RS resource are configured via higher layer parameter CSI-RS-ResourceConfig for each CSI-RS
resource configuration:

10
- CSI-RS resource configuration identify, defined as CSI-RS-ResourceConfigld .
- Number of CSI-RS ports as defined by NrofPorts, where the allowable values are given
in ,Subclause 7.4.1.5 of TS 38.211 [4].
- CSI-RS periodicity and slot offset for periodic/semi-persistent CSI-RS as defined by CS/-RS-
timeConfig..
- CSI-RS-ResourceMapping, the allowable port mappings are given in Subclause 7.4.1.5 of
TS 38.211 [4].
- CSI-RS frequency density as defined by CS/-RS-Density, where the allowable values are
given in Subclause 7.4.1.5 of TS 38.211 [4]. 20
- CDMType parameter, where the allowable values are given in Subclause 7.4.1.5 of TS
38.211 [4].
- CSI-RS-FregBand parameters enabling configuration of wideband and partial band CSI-RS
as defined in Subclause 7.4.1.5 of TS 38.211 [4].
- Pc: which is the assumed ratio of PDSCH EPRE to non-zero power CSI-RS EPRE when UE
derives CSl feedback.
- ScramblinglD:
[...] 30
5.2.2 CSl reporting using PUSCH
A UE shall perform aperiodic CS| reporting using PUSCH in slot n+Y on serving cell c upon
decoding in slot n an uplink DCI format for serving cell ¢, where Y is indicated in the decoded
uplink DCI. The higher layers-configured CSI Reporting Setting Indication is also indicated in the
decoded uplink DCI and the associated CSI Measurement Links and CSI Resource Settings are
higher layer configured. An aperiodic CSI report carried on the PUSCH supports wideband,
partial band, and sub-band frequency granularities.
CSl reporting on PUSCH can be multiplexed with uplink data on PUSCH. CSl reporting on PUSCH
can also be performed without any multiplexing with uplink data from the UE. 20

Type | CSl feedback is supported for CSI Reporting on PUSCH. Type | subband CSl is supported
for CSI Reporting on the PUSCH. Type Il CSl is supported for CSI Reporting on the PUSCH.

For Type | CSI feedback on PUSCH, a CSl report comprises up to two parts. The first part
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contains RI/CRI, CQl for the first codeword. The second part contains PMI and contains the CQl
for the second codeword when Ri>4.

For Type Il CSI feedback on PUSCH, a CSI report comprises up to [two or three - TBD] parts.
5.2.3 CSl reporting using PUCCH

A UE is semi-statically configured by higher layers to perform periodic CSI Reporting on the
PUCCH. A UE can be configured by higher layers for multiple periodic CSI Reports
corresponding to one or more higher layer configured CSI Reporting Setting Indications, where
the associated CSI Measurement Links and CSI Resource Settings are higher layer configured.

Periodic CSl reporting on [TBD if short of long] PUCCH supports wideband and partial band 10
frequency granularities. Periodic CSI reporting on the PUCCH supports Type | CSI.
A UE shall perform semi-persistent CSI reporting on the PUCCH upon decoding [ an uplink DCI
format and/or decoding a MAC CE (one or both are TBD)]. The uplink DCI format or the MAC CE
will contain one or more CSI Reporting Setting indications where the associated CSI
Measurement Links and CSI Resource Settings are higher layer configured. Semi-persistent CSI
reporting on the PUCCH supports Type | CSI. Semi-persistent CSl reporting on the Long PUCCH
supports Type | Subband CSI.
For CSl reporting on PUCCH, multiplexing of CSI parameters across more than one slot is not
supported. 20
6.2 UE reference symbol (RS) procedure
6.2.1 UE sounding procedure
The UE can be configured with one or more Sounding Reference Symbol (SRS) resource sets as
configured by the higher layer parameter SRS-ResourceSetConfig. For each SRS resource set, a
UE may be configured with K >1SRS resources (higher later parameter SRS-ResourceConfig),
where the maximum value of K is indicated by [SRS_capability [13, 38.306]].
A UE shall transmit SRS resources based on the following trigger types: 30
- [trigger type O: higher layer signalling]
- trigger type 1: DCl formats [TBD]
For a UE configured with one or more SRS resource configuration(s),
- when a UE receives an activation command [MAC spec citation, 38.321] for SRS
resource(s) in slot n, the corresponding actions in [MAC spec citation, 38.321] and the UE
assumptions on SRS transmission corresponding to the configured SRS resource
configuration(s) shall be applied no later than the minimum requirement defined in [10,
38.133 RRM spec].
- when a UE receives a deactivation command [MAC spec citation, 38.321] for activated 40

SRS resource(s) in slot n, the corresponding actions in [MAC spec citation, 38.321] and UE
assumption on cessation of SRS transmission corresponding to the deactivated SRS
resource(s) shall apply no later than the minimum requirement defined in [11, 38.133
RRM spec].

For trigger type 1, at least one state of the DCl field is used to select at least one out of the

gbooooaoan



(25) JP 6694032 B2 2020.5.13

configured SRS resources.

The following SRS parameters are semi-statically configurable by higher layer parameter SRS-
ResourceConfig for [trigger type O and] for trigger type 1.

Number of SRS ports as defined by the higher layer parameter NrofSRS-Ports in Subclause
6.4.1.4 of [4] [for trigger type 0 and] trigger type 1.

Time domain behaviour of SRS resource configuration as indicated by the higher layer
parameter SRS-ResourceConfigType, which can be periodic, semi-persistent, aperiodic SRS

transmission as defined in subclause 6.4.1.4 of [4].

10
Slot level periodicity and slot level offset as defined by the higher layer parameter SRS-

SlotConfig in Subclause 6.4.1.4 of [4].

OFDM symbol location of the SRS resource within a slot including number of OFDM
symbols as defined by the higher layer parameter SRS-ResourceMapping in Subclause
6.4.1.4 of [4] [for trigger type 0 and] trigger type 1.

Wideband or Partial band as defined by the higher layer parameter SRS-FreqBand in
Subclause 6.4.1.4 of [4] [for trigger type 0 and] trigger type 1.

Transmission comb value and comb offset as defined by the higher layer parameter SRS-

TransmissionComb in Subclause 6.4.1.4 of [4] [for trigger type 0 and] trigger type 1. 20

SRS sequence ID as defined by the higher layer parameter SRS-Sequenceld in Subclause
6.4.1.4 of [4] for [trigger type 0 and] trigger type 1.

When SRS and PUCCH with format 1 are transmitted in the same symbol on a given carrier for
one UE, regardless of whether there are overlapped REs or not, UE shall

transmit SRS and PUCCH with format 1 by TDM if the parameter [PUCCHSRS-
SimultaneousTransmission] is TRUE or

drop SRS or PUCCH with format 1 if the parameter [PUCCHSRS-
SimultaneousTransmission] is FALSE.

30

oooooao
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7.4.3 SS/PBCH block
7.4.3.1 Time-frequency structure of an SS/PBCH block

In the time domain, an SS/PBCH block consists of 4 OFDM symbols, numbered in increasing
order from 0 to 3. In the frequency domain, an SS/PBCH block consists of 24 contiguous
resource blocks with the subcarriers numbered in increasing order from 0 to 287, starting with

the resource block with the lowest number.

10
The UE shall assume the sequence of symbols dpgs(0),...,dpss (126) constituting the primary

synchronization signal to be scaled by a factor gy to conform to the PSS power allocation

specified in [5, TS 38.213] and mapped to resource elements (k,/). , in increasing order of &

)5%
where & and / are given by Table 7.4.3.1-1 and represent the frequency and time indices,

respectively, within one SS/PBCH block.

The UE shall assume the sequence of symbols dqy(0),...,dsss(126) constituting the secondary
synchronization signal to be scaled by a factor gy to conform to the SSS power allocation

specified in [5, TS 38.213] and mapped to resource elements (k) , in increasing order of & 20

Pt
where k and / are given by Table 7.4.3.1-1 and represent the frequency and time indices,

respectively, within one SS/PBCH block.

The UE shall assume the sequence of complex-valued symbols dppeg(0),....dppep(Mgmy —1)
constituting the physical broadcast channel to be scaled by a factor fypcy to conform to the
PBCH power allocation specified in [5, TS 38.213] and mapped in sequence starting with

dppcir(0) to resource elements (k,l)pjl, which meet all the following criteria:
- they are not used for PBCH demodulation reference signals 30

The mapping to resource elements (k,/) , not reserved for other purposes shall be in

Pt
increasing order of first the index ¥ and then the index /, where k and / represent the

frequency and time indices, respectively, within one SS/PBCH block and are given by Table

7.4.3.1-1.

The UE shall assume the sequence of complex-valued symbols 7,(0)....,,(143) constituting the
demodulation reference signals for the SS/PBCH block to be scaled by a factor of Bmes to
conform to the PBCH DM-RS power allocation specified in [5, TS 38.213] and mapped to 40

resource elements (k,/) , inincreasing order of first ¥ and then / where k and 7 are given by

pﬁu
Table 7.4.3.1-1 with v=N;3"mod4 and represent the frequency and time indices, respectively,

within one SS/PBCH block.
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For the SS/PBCH block, the UE shall assume
- antenna port p=4000,
- subcarrier spacing configuration ue {0,1,3,4}, and
- the same cyclic prefix length and subcarrier spacing for the PSS, SSS, and PBCH.

The UE may assume that SS/PBCH blocks transmitted with the same block time index within a
SS/PBCH burst set periodicity are quasi co-located with respect to Doppler spread, Doppler shift,
average gain, average delay, and spatial Rx parameters. The UE shall not assume quasi co-

location for any other SS/PBCH block transmissions.

0 O ResourcesO withinO an0 SS/PBCHO blockO ford PSS,0 SSS,0O0 PBCH,O andd DM-RSO F
orOPBCHO O ODODODODODOODODODDODODODODODOODODODODODODODODODODOOO
0o0Do00ooooDooDooDoooooaon

oooooag

0000000 0O3GPPO TSGO RANO WG1O #88bisCO vi.0o.oD D D 0O OoOOoOOoOoOOO
0000000000000 000FinalDOReportd OO0 OD0ODOODOOORANLD #88bi
sOmeeting 00 000D0DODODOODODODODODODOODOODO

ooooad

Agreements:
e For UE RRC connected mode, periodic signal is supported at least for P1 procedure

(Tx/Rx beam alignment) using following options in addition to UE-specifically configured
CSI-RS. Down selection from following options will be conducted in the next meeting.

o Opt. 1: SS blocks

o Opt. 2: Cell-specifically configured CSI-RS

= Configuration of CSI-RS is obtained from the broadcast message (e.g.,
MIB, SIB)

o Opt. 3: No additional option
ogooooao
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Agreements;
e Support spatial QCL assumption between antenna port(s) within a CSI-RS resource(s)
and antenna port of an SS Block (or SS block time index) of a cell

o The other QCL parameters not precluded
o FFS: indication either explicit or implicit or configurable or a default
o Note: default assumption may be no QCL

e Configuration of QCL for UE specific NR-PDCCH is by RRC and MAC-CE signalling
o Note that MAC-CE is not always needed
o FFS: necessity of DCl signalling
o Note: For example, DL RS QCLed with DMRS of PDCCH for delay spread, Doppler

spread, Doppler shift, and average delay parameters, spatial parameters

Agreement: Cell-specifically configured CSI-RS is not supported for beam management

Agreements:
* NR supports CSI-RS configuration to support Tx and/or Rx beam sweeping for beam
management conveying at least the following information
o Information related to CSI-RS resource configuration
= E.g., CSI-RS RE pattern, number of CSI-RS antenna ports, CSI-RS
periodicity (if applicable) etc.
o Information related to number of CSI-RS resources
o Information related to number of time-domain repetitions (if any) associated
with each CSI-RS resource
= FFS: details of time-domain repetitions, e.g., signaling for time-domain
repetitions may not be explicit
o FFS signaling details, e.g., explicit indication vs implicit indication
o Note this does not imply particular option (IFDMA or subcarrier scaling or DFT
based) for sub time unit partition
o FFS: whether different sub-time units have same or different ports

Agreements:
* For aperiodic SRS transmission triggered by single aperiodic SRS triggering field, the UE
can be configured to transmit N(N>1) SRS resources for UL beam management
o FFS transmit power for the N SRS resources for UL beam management

gbooooao
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Agreements:
* Support L1-RSRP reporting of measurements on SS block for beam management
procedures
* The following configurations for L1-RSRP reporting for beam management are
supported

¢SS block only (with mandatory support by UE)
e CSI-RS only (with mandatory support by UE)
* SSblock + CSI-RS independent L1 RSRP reporting
* Joint L1-RSRP using QCL-ed SS-biock + CSI-RS is optionally supported by
UE (with optionally support by UE)

Agreements:
* At least for non-grouping based beam reporting, taking the following parameter values
for further consideration
— For maximal TX beam numbers for a UE to measure for a given reporting
instance: candidate value is, e.g., around K = [64]
— For maximal TX beam numbers reported by a UE per reporting instance are, e.g.,
N=[1,2,4,8]
— For L1-RSRP levels, candidate value is, e.g., around [100]
* Considering maximal L1-RSRP range, e.g., from X dBm to Y dBm
* Considering step-size of L1-RSRP, e.g., Z dB
* Companies are encouraged to evaluate/analyze appropriate values considering
— P1, P2, and P3 procedures
— The values could be different for aperiodic reporting, and semi-
persistent/periodic reporting if supported
— The values could be different for PUCCH and PUSCH based reporting, if
supported
— CSI-RS and/or SS-block related measurement/reporting

Agreements:
e Support UE to provide information to gNB to assist UL beam management
— The information can be a number representing the amount of SRS resources
required for UE Tx beam training
* FFS the supported number(s), taking into account performance and
implementation complexity aspects
* Note: these set of SRS resources are associated with a set of Tx beams
—  FFS: signaling method
* E.g., capability signaling, or msg3, or dynamic signalling
—  FFS: impact of multi-panel
— FFS: if to support the antenna structure with both omni-directional antenna
panel and directional antenna panel, whether or not there is any additional
impact
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