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Foreword

This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
where:
x the first digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

y the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z the third digit is incremented when editorial only changes have been incorporated in the document.
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1 Scope

The present document specifies requirements for support of Radio Resource Management for the FDD and TDD modes
of New Radio (NR). These requirements include requirements on measurements in NR and the UE as well as
requirements on node dynamical behaviour and interaction, in terms of delay and response characteristics.

2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

- References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

- For a specific reference, subsequent revisions do not apply.

- For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including
a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same
Release as the present document.

[1] 3GPP TS 38.304: "NR; User Equipment (UE) procedures in idle mode".

[2] 3GPP TS 38.331: "NR; Radio Resource Control (RRC); Protocol specification”.

[3] 3GPP TS 38.213: "NR; Physical layer procedures for control™.

[4] 3GPP TS 38.215: "NR; Physical layer measurements".

[5] 3GPP TS 38.533: "NR; User Equipment (UE) conformance specification; Radio Resource
Management (RRM)".

[6] 3GPP TS 38.211: "NR; Physical channels and modulation”.

[7] 3GPP TS 38.321: "NR; Medium Access Control (MAC) protocol specification™.

[8] 3GPP TS 38.212 "NR; Multiplexing and channel coding™.

[9] 3GPP TS 38.202: "NR; Physical layer services provided by the physical layer".

[10] 3GPP TS 38.300: "NR; Overall description; Stage-2".

[11] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[12] 3GPP TS 38.423: "NG-RAN; Xn Application Protocol (XnAP)".

[13] 3GPP TS 38.104: "NR; Base Station (BS) radio transmission and reception".

[14] 3GPP TS 38.306: "NR; User Equipment (UE) radio access capabilities"”.

[15] 3GPP TS 36.133: "Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for
support of radio resource management".

[16] 3GPP TS 36.331: "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource
Control (RRC) protocol specification™.

[17] 3GPP TS 37.340: "Evolved Universal Terrestrial Radio Access (E-UTRA) and NR; Multi-
connectivity", Stage 2.

[18] 3GPP TS 38.101-1: "NR; User Equipment (UE) radio transmission and reception; Part 1: Range 1
Standalone”.

[19] 3GPP TS 38.101-2: "NR; User Equipment (UE) radio transmission and reception; Part 2: Range 2
Standalone”.
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[20] 3GPP TS 38.101-3: "NR; User Equipment (UE) radio transmission and reception; Part 3: Range 1
and Range 2 Interworking operation with other radios".

[21] 3GPP TS 38.101-4: "NR; User Equipment (UE) radio transmission and reception; Part 4:
Performance requirements”.

[22] 3GPP TS 38.305: "NG Radio Access Network (NG-RAN); Stage 2 functional specification of
User Equipment (UE) positioning in NG-RAN".

[23] 3GPP TS 36.211: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels and
Modulation™.

[24] 3GPP TS 36.300: "Evolved Universal Terrestrial Radio Access (E-UTRA); Overall description”.

[25] 3GPP TS 36.101: "Technical Specification Group Radio Access Network; Evolved Universal
Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception".

[26] 3GPP TS 38.214: "NR; Physical layer procedures for data™.

[27] 3GPP TS 36.355: "Evolved Universal Terrestrial Radio Access (E-UTRA); LTE Positioning
Protocol (LPP)".

[28] Void.

3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [11] and the following apply. A
term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [11].

Active DL BWP: Active DL bandwidth part as defined in TS 38.213 [3].

Blackbox Approach: Testing methodology, in which the UE internal implementation of certain specific UE
functionality involved in the test, is unknown.

Control Resource Set: As defined in TS 38.213 [3].

DL BWP: DL bandwidth part as defined in TS 38.213 [3].

EN-DC: E-UTRA-NR Dual Connectivity as defined in clause 4.1.2 of TS 37.340 [17].
en-gNB: As defined in TS 37.340 [17].

FR1: Frequency range 1 as defined in clause 5.1 of TS 38.104 [13].

FR2: Frequency range 2 as defined in clause 5.1 of TS 38.104 [13].

gNB: as defined in TS 38.300 [10].

Master Cell Group: As defined in TS 38.331 [2].

Multi-Radio Dual Connectivity: Dual Connectivity between E-UTRA and NR nodes, or between two NR nodes, as
defined in TS 37.340 [17].

ng-eNB: As defined in TS 38.300 [10].

NE-DC: NR-E-UTRA Dual Connectivity as defined in clause 4.1.3.2 of TS 37.340 [17].

NGEN-DC: NG-RAN E-UTRA-NR Dual Connectivity as defined in clause 4.1.3.1 of TS 37.340 [17].
NR-DC: NR-NR Dual Connectivity as defined in clause 4.1.3.3 of TS 37.340 [17].
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Primary Cell: As defined in TS 38.331 [2].
Quas Co-Location: As defined in TS 38.214 [26].

RLM-RSresource: A resource out of the set of resources configured for RLM by higher layer parameter RLM-RS-L.ist
[2] as defined in TS 38.213 [3].

SA operation mode: Operation mode when the UE is configured with at least PCell and not any MR-DC.
Secondary Cell: As defined in TS 38.331 [2].

Secondary Céll Group: As defined in TS 38.331 [2].

Serving Céll: As defined in TS 38.331 [2].

SMTC: An SSB-based measurement timing configuration configured by SSB-MeasurementTimingConfiguration as
specified in TS 38.331 [2].

Special Cell: As defined in TS 38.331 [2].
SSB: SS/PBCH block as defined in clause 7.8.3 of TS 38.211 [6].
Timing Advance Group: As defined in TS 38.331 [2].

3.2 Symbols

For the purposes of the present document, the following symbols apply:

BWchannel Channel bandwidth, defined in TS 38.101-1, 38.101-2 and 38.101-3 subclause 3.2

Es Received energy per RE (power normalized to the subcarrier spacing) during the useful part of the
symbol, i.e. excluding the cyclic prefix, at the UE antenna connector or radiated interface
boundary

Fc RF reference frequency on the channel raster, given in table 5.4.2.2-1 in TS 38.101-1 and 38.101-2

Fclow The Fc of the lowest carrier, expressed in MHz

lo The total received power density, including signal and interference, as measured at the UE antenna
connector or radiated interface boundary.

loc The power spectral density (integrated in a noise bandwidth equal to the chip rate and normalized

to the chip rate) of a band limited noise source (simulating interference from cells, which are not
defined in a test procedure) as measured at the UE antenna connector or radiated interface
boundary.

lot The received power spectral density of the total noise and interference for a certain RE (power
integrated over the RE and normalized to the subcarrier spacing) as measured at the UE antenna
connector or radiated interface boundary

N . The power spectral density of a white noise source (average power per RE normalised to the
subcarrier spacing), simulating interference from cells that are not defined in a test procedure, as
measured at the UE antenna connector or radiated interface boundary

npRB Physical Resource Block number as defined in clause 3.2 in TS 38.211.

Nta Timing offset between uplink and downlink radio frames at the UE, as defined in clause 4.2 in TS
38.213.

N 1A offset Fixed timing advance offset, as defined in clause 7.1.2 in TS 38.133.

PCMAX Configured UE transmitted power as defined in clause 6.2.4 in TS 38.101-1, 38-101-2 and 38.101-
3.

Pcemax.c Configured UE transmitted power on a serving cell c as defined in clause 6.2.4 in TS 38.101-1, 38-
101-2 and 38.101-3

S Cell Selection Criterion defined in TS 38.304, subclause 5.2.3.2 for NR

SSB_RP Received (linear) average power of the resource elements that carry NR synchronisation burst,
measured at the UE antenna connector or radiated interface boundary

Srxlev Cell selection RX level, defined in TS 38.304, subclause 5.2.3.2

Squal Cell selection quality, defined in TS 38.304, subclause 5.2.3.2

Sintrasearch Defined in TS 38.304 , subclause 5.2.4.7 for E-UTRAN amd 38.304 subclause 5.2.4.7 for NR
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Snonintrasearch Defined in TS 38.304 , subclause 5.2.4.7

Tc

Treselection
TreselectionRAT
TreselectionEUTRA
TreselectionUTRA

Basic time unit, defined in clause 4.1 of TS 38.211 [6].

Defined in TS 25.304, subclause 5.2.6.1.5
Defined in TS 36.304 , subclause 5.2.4.7
Defined in TS 36.304 , subclause 5.2.4.7
Defined in TS 36.304 , subclause 5.2.4.7

Trese|ecti0nGERANDefined |n TS 36304 3 SUbClaUSE 524

Threshx, high
Threshx, low

Threshserving, low

Ts

Defined in TS 38.304 , subclause 5.2.4.7
Defined in TS 38.304 , subclause 5.2.4.7
Defined in TS 38.304 , subclause 5.2.4.7

Reference time unit, defined in clause 4.1 of TS 38.211 [6].
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TUE re-establish_delay 11Me between the moments when any of the conditions requiring RRC re-establishment as defined
in clause 5.3.7 in TS 38.331 [2] is detected by the UE and when the UE sends PRACH to the

target PCell.

3.3 Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [11] and the following apply. An
abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in

TR 21.905 [11].

BFD
BFD-RS
BLER
BM-RS
BWP

CA

CBD

cC
CORESET
CP

csl
CSI-RS
DC

DCI

DL
DMRS
DRX
E-CID
E-UTRA
E-UTRAN
EN-DC
FDD

FR

HARQ
HO
L1-RSRP
MAC
MCG

MG

MGL
MGRP
MIB

MN
MR-DC
NE-DC
NGEN-DC
NR
NR-DC
OFDM
OFDMA

Beam Failure Detection

BFD Reference Signal

Block Error Rate

Beam Management Reference Signal
Bandwidth Part

Carrier Aggregation

Candidate Beam Detection
Component Carrier

Control Resource Set

Cyclic Prefix

Channel-State Information

CSI Reference Signal

Dual Connectivity

Downlink Control Information
Downlink

Demodulation Reference Signal
Discontinuous Reception

Enhanced Cell ID

Evolved UTRA

Evolved UTRAN

E-UTRA-NR Dual Connectivity
Frequency Division Duplex
Frequency Range

Hybrid Automatic Repeat Request
Handover

Layer 1 RSRP

Medium Access Control

Master Cell Group

Measurement Gap

Measurement Gap Length
Measurement Gap Repetition Period
Master Information Block

Master Node

Multi-Radio Dual Connectivity
NR-E-UTRA Dual Connectivity
NG-RAN E-UTRA-NR Dual Connectivity
New Radio

NR-NR Dual Connectivity
Orthogonal Frequency Division Multiplexing
Orthogonal Frequency Division Multiple Access
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Received (linear) average power of the resource elements that carry NR SSB signals and channels,
measured at the UE antenna connector or radiated interface boundary.
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OTDOA Observed Time Difference Of Arrival
PBCH Physical Broadcast Channel
PCC Primary Component Carrier
PCell Primary Cell
PDCCH Physical Downlink Control Channel
PDSCH Physical Downlink Shared Channel
PLMN Public Land Mobile Network
PRACH Physical RACH
PSCell Primary SCell
PSS Primary Synchronization Signal
pTAG Primary Timing Advance Group
PUCCH Physical Uplink Control Channel
PUSCH Physical Uplink Shared Channel
QCL Quasi Co-Location
RACH Random Access Channel
RAT Radio Access Technology
RLM Radio Link Monitoring
RLM-RS Reference Signal for RLM
RMSI Remaining Minimum System Information
RRC Radio Resource Control
RRM Radio Resource Management
RSSI Received Signal Strength Indicator
RSTD Reference Signal Time Difference
SA Standalone operation mode
SCcC Secondary Component Carrier
SCell Secondary Cell
SCG Secondary Cell Group
SCS Subcarrier Spacing
SCSsss SSB subcarrier spacing
SDL Supplementary Downlink
SFN System Frame Number
SFTD SFN and Frame Timing Difference
Sl System Information
SIB System Information Block
SMTC SSB-based Measurement Timing configuration
SpCell Special Cell
SRS Sounding Reference Signal
SS-RSRP Synchronization Signal based Reference Signal Received Power
SS-RSRQ Synchronization Signal based Reference Signal Received Quality
SS-SINR Synchronization Signal based Signal to Noise and Interference Ratio
SSB Synchronization Signal Block
SSB_RP
SSS Secondary Synchronization Signal
STAG Secondary Timing Advance Group
SUL Supplementary Uplink
TA Timing Advance
TAG Timing Advance Group
TCI Transmission Configuration Indicator
TDD Time Division Duplex
TTI Transmission Time Interval
UE User Equipment
UL Uplink
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3.4

The requirements given in the present document make no allowance for measurement uncertainty. The test specification
38.533 [5] defines the test tolerances.

Test tolerances

3.5 Frequency bands grouping

3.5.1

The intention with the frequency band grouping below is to increase the readability of the specification.

Introduction

The frequency bands grouping is derived based on UE REFSENS requirements specified in [18, 19, 20] and assuming
0.5 dB step between the neighbour groups. The groups are defined in the order of increasing REFSENS, i.e., the group
A has the smallest REFSENS among the groups. For the same SCS and a given bandwidth, the bands within the same
group have the same lo conditions in a corresponding requirement in this specification, provided the bands support this
SCS. For different SCSs supported by a frequency band and the same bandwidth, different lo conditions may apply for
the frequency band in the requirements, while the band group is the same, based on the lowest REFSENS requirement
normalized by the number of subcarriers among its supported SCSs for this bandwidth. For the same SCS but different
supported bandwidths, the group for a band is determined based on the lowest REFSENS requirement normalized by
the number of subcarriers among its supported bandwidths.

3.5.2

NR frequency bands grouping for FR1 is specified in Table 3.5.2-1.

NR operating bands in FR1

Table 3.5.2-1: NR frequency band groups for FR1

Group NR FDD NR TDD NR SDL
Band group . Band group . Band group .
notation Operating bands notation Operating bands notation Operating bands
A NR_FDD_FR1 A R NR_TDD_FR1 A | n34,n38,n39,n40, | NR_SDL FR1 A n75, n76
nl, n70, n74 n50, n51
B NR FDD FR1 B n66, n743 NR TDD FR1 B - NR _SDL FR1 B -
C NR FDD FR1 C - NR TDD FR1 C n77%, n78, n79 NR_SDL FR1 C -
D NR FDD FR1 D n28 NR TDD FR1 D n772 NR _SDL FR1 D -
E NR _FDD FR1 E n2, n5, n7 NR TDD FR1 E n4l NR SDL FR1 E -
F NR FDD FR1 F - NR TDD FR1 F - NR SDL FR1 F -
G NR_FDD_FR1 G | n3,n8,n12,n20, | NR_TDD_FR1_G - NR_SDL_FR1_G .
n71
H NR_FDD FR1 H n25 NR_TDD _FR1 H - NR_SDL FR1 H -
NOTE 1: Except 3.8 GHz to 4.2 GHz.
NOTE 2: Only 3.8 GHz to 4.2 GHz.
NOTE 3: Except 1475.9 MHz to 1510.9 MHz.
NOTE 4: Only when the band is confined in 1475.9 MHz to 1510.9 MHz.
NOTE 5: These bands are used only in NR carrier aggregation with other NR bands according to NR CA band combinations
specified in TS 38.101-1 [18] and TS 38.101-3 [20].
3.5.3 NR operating bands in FR2

NR frequency bands grouping for FR2 is specified in Table 3.5.3-1.

Table 3.5.3-1: NR frequency band groups for FR2

Group Band group notation Operating bands
A NR_TDD _FR2_A n257%, n258%, n261*
B NR_TDD_FR2 B n2574 n258% n261*
C NR TDD FR2 C
D NR TDD FR2 D
E NR_TDD FR2 E
F NR_TDD FR2 F n260*
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NR_TDD FR2 G

n260?

NR_TDD FR2 H

NR_TDD_FR2_I

NR_TDD_FR2_J

NR_TDD FR2 K

NR_TDD FR2 L

n2572, n2582, n2612

NR_TDD FR2 M

NR_TDD_FR2_N

NR_TDD _FR2 O

NR_TDD FR2 P

NR_TDD FR2 Q

NR_TDD_FR2_R

NR_TDD_FR2_S

NR_TDD FR2 T

n2573, n258%, n261°

NR_TDD FR2 U

NR_TDD FR2_V

NR_TDD_FR2_W

NR_TDD_FR2_X

<|x|ZS|<|c|H|n|mlO|T|o|Z|Z| |x|a|—|T|®

NR_TDD FR2_Y

n2603

NOTE 1: UE power class 1.
NOTE 2: UE power class 2.
NOTE 3: UE power class 3.
NOTE 4: UE power class 4.

Applicability of requirements in this specification version

In this specification,

‘cell’, “‘PCell’, ‘PSCell’ and “‘SCell’ refer to NR cell, NR PCell, NR PSCell, and NR SCell,

E-UTRA cells are referred to as ‘E-UTRA cell’, ‘E-UTRA PCell’, ‘E-UTRA PSCell’, and ‘E-UTRA SCell’,

E-UTRA-NR dual connectivity where E-UTRA is the master is referred to as ‘E-UTRA-NR dual connectivity’

or ‘EN-DC’.

NR-NR dual connectivity which involves two gNB acting as Master gNB and Secondary gNB is referred to as
“NR-NR dual connectivity” or “NR-DC”. NR-DC in Rel-15 only includes the scenarios where all serving cells

in MCG in FR1 and all serving cells in SCG in FR2.

‘active serving cell’ refers to PCell, PSCell and activated SCells

For UE configured with supplementary UL, the requirements in clause 7.1 and 7.3 shall also apply to uplink
transmissions on supplementary UL.

3.6.1

RRC connected state requirements in DRX

For the requirements in RRC connected state specified in this version of the specification, the UE shall assume that no
DRX is used provided the following conditions are met:

DRX parameters are not configured or

DRX parameters are configured and

- drx-InactivityTimer is running or

- drx-RetransmissionTimerDL is running or

- drx-RetransmissionTimerUL is running or

- ra-ContentionResolutionTimer is running or

- a Scheduling Request sent on PUCCH is pending or
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- aPDCCH indicating a new transmission addressed to the C-RNT]I of the MAC entity has not been
received after successful reception of a Random Access Response for the preamble not selected by the
MAC entity

Otherwise the UE shall assume that DRX is used.
3.6.2 Number of serving carriers

3.6.2.1 Number of serving carriers for SA

Requirements for standalone NR with NR PCell are applicable for the UE configured with the following number of
serving NR CCs:

- upto 8 NR DL CCs in total, with 1 UL (or 2 UL if SUL is configured) in PCell and up to 7 UL (or 8 UL if SUL
is configured) in SCell.

- SUL may be configured together with one of the UL

3.6.2.2 Number of serving carriers for EN-DC

Requirements for EN-DC operation of E-UTRA and NR with E-UTRA PCell and NR PSCell are applicable for the UE
configured with the following number of serving NR CCs:

- upto 8 NR DL CCs in total, with 1 UL (or 2 UL if SUL is configured) in PSCell and up to 1 UL (or 2 UL if SUL
is configured) in SCell in different FR with PSCell.

- SUL may be configured together with one of the UL
The applicable number of E-UTRA CC for EN-DC in the MCG for both UL and DL is specified in TS 36.133 [15].

3.6.2.3 Number of serving carriers for NE-DC

Requirements for NE-DC operation of NR and E-UTRA with NR PCell and E-UTRA PSCell are applicable for the UE
configured with the following number of serving NR CCs:

- upto7 NR DL CCs in total, with 1 UL (or 2 UL if SUL is configured) in PCell and up to 1 UL (or 2 UL if SUL
is configured) in SCell.

- SUL may be configured together with one of the UL
The applicable number of E-UTRA CC for NE-DC in the SCG for both UL and DL is specified in TS 36.133 [15].

3.6.24 Number of serving carriers for NR-DC
Requirements for NR-DC are applicable for the UE configured with the following number of serving NR CCs:

- upto2NR DL CCsintotal in FR1, up to 8 NR DL CCs in total in FR2, with 1 UL in PCell, 1 UL in PSCell.

3.6.3  Applicability for intra-band FR2
For the requirements in RRC connected state specified in this version of the specification, UE shall assume that the

transmitted signals from the serving cells should have the same downlink spatial domain transmission filter on one
OFDM symbol in the same band in FR2. Otherwise, the UE is not supposed to satisfy any requirements for SCell.

3.6.4  Applicability for FR2 UE power classes

For the requirements of each FR2 power class specified in this version of the specification, certain UE types with
specific device architectures are assumed. The UE types can be found in TS 38.101-2 [19].
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3.6.5  Applicability for SDL bands

The measurements accuracy requirements for SDL bands in this version of specification in clause 10.1 shall apply for
NR intra-frequency measurements on SCC (SS-RSRP, SS-RSRQ, SS-SINR, and L1-RSRP) and inter-frequency
measurements (SS-RSRP, SS-RSRQ, and SS-SINR).

3.6.6 Applicability of requirements for NGEN-DC operation

All the requirements in this specification applicable for EN-DC are also applicable for NGEN-DC.

3.6.7 Applicability of QCL

For the requirements specified in this version of the specification, a reference signal is considered to be QCLed to
another reference signal if it is in the same TCI chain as the other reference signal, provided that the number of
Reference Signals in the chain is no more than 4. It is assumed there is single QCL type per TCI chain.

A TCI chain consists of an SSB, and one or more CSI-RS resources, and the TCI state of each Reference Signal
includes another Reference Signal in the same TCI chain.

DMRS of PDCCH or PDSCH is QCLed with the reference signal in its active TCI state and any other reference signal
that is QCLed, based on above criteria, with the reference signal in the active TCI state.

4 SA: RRC_IDLE state mobility

4.1 Cell Selection

After a UE has switched on and a PLMN has been selected, the cell selection process takes place, as described in
TS 38.304 [1]. This process allows the UE to select a suitable cell where to camp on in order to access available

services. In this process, the UE can use stored information (Stored information cell selection) or not (Initial cell
selection).

4.2 Cell Re-selection

421 Introduction

The cell reselection procedure allows the UE to select a more suitable cell and camp on it.

When the UE is in either Camped Normally state or Camped on Any Cell state on a cell, the UE shall attempt to detect,
synchronise, and monitor intra-frequency, inter-frequency and inter-RAT cells indicated by the serving cell. For intra-
frequency and inter-frequency cells the serving cell may not provide explicit neighbour list but carrier frequency
information and bandwidth information only. UE measurement activity is also controlled by measurement rules defined
in TS 38.304 [1], allowing the UE to limit its measurement activity.

In the requirements of clause 4.2, the exceptions for side conditions apply as follows:

- for the UE capable of CA, the applicable exceptions for side conditions are specified in Annex B, clause B.3.2.1,
B.3.2.3, or B.3.2.5 for UE supporting CA in FR1, CA in FR2 and CA between FR1 and FR2, respectively;

- for the UE capable of SUL, the applicable exceptions for side conditions are specified in Annex B, clause
B.3.4.1 for UE supporting SUL in FR1.

4.2.2 Requirements

4221 UE measurement capability

For idle mode cell re-selection purposes, the UE shall be capable of monitoring at least:
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Intra-frequency carrier, and

- Depending on UE capability, 7 NR inter-frequency carriers, and

- Depending on UE capability, 7 FDD E-UTRA inter-RAT carriers, and
- Depending on UE capability, 7 TDD E-UTRA inter-RAT carriers.

In addition to the requirements defined above, a UE supporting E-UTRA measurements in RRC_IDLE state shall be
capable of monitoring a total of at least 14 carrier frequency layers, which includes serving layer, comprising of any
above defined combination of E-UTRA FDD, E-UTRA TDD and NR layers.

4222 Measurement and evaluation of serving cell

The UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion S
defined in TS 38.304 [1] for the serving cell at least once every M1*N1 DRX cycle; where:

M1=2 if SMTC periodicity (Tsmrc) > 20 ms and DRX cycle < 0.64 second,
otherwise M1=1.

The UE shall filter the SS-RSRP and SS-RSRQ measurements of the serving cell using at least 2 measurements. Within
the set of measurements used for the filtering, at least two measurements shall be spaced by, at least DRX cycle/2.

If the UE has evaluated according to Table 4.2.2.2-1 in Nserv consecutive DRX cycles that the serving cell does not fulfil
the cell selection criterion S, the UE shall initiate the measurements of all neighbour cells indicated by the serving cell,
regardless of the measurement rules currently limiting UE measurement activities.

If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements using the intra-
frequency, inter-frequency and inter-RAT information indicated in the system information for 10 s, the UE shall initiate
cell selection procedures for the selected PLMN as defined in TS 38.304 [1].

Table 4.2.2.2-1: Nserv

DRX cycle length [s] Scaling Factor (N1) Nserv [number of DRX cycles]
FR1 FR2Notel

0.32 8 M1*N1*4

0.64 1 5 M1*N1*4

1.28 4 N1*2

2.56 3 N1*2

Note 1:  Applies for UE supporting power class 2&3&4. For UE supporting power class

1, N1 = 8 for all DRX cycle length.

42.2.3 Measurements of intra-frequency NR cells

The UE shall be able to identify new intra-frequency cells and perform SS-RSRP and SS-RSRQ measurements of the
identified intra-frequency cells without an explicit intra-frequency neighbour list containing physical layer cell
identities.

The UE shall be able to evaluate whether a newly detectable intra-frequency cell meets the reselection criteria defined
in TS38.304[1] within Tgetect,nr_intra When that Treselection= 0. An intra frequency cell is considered to be detectable
according to the conditions defined in Annex B.1.2 for a corresponding Band.

The UE shall measure SS-RSRP and SS-RSRQ at least every Tmeasure,NR_intra (S€€ table 4.2.2.3-1) for intra-frequency
cells that are identified and measured according to the measurement rules.

The UE shall filter SS-RSRP and SS-RSRQ measurements of each measured intra-frequency cell using at least 2
measurements. Within the set of measurements used for the filtering, at least two measurements shall be spaced by at
least Tmeasure,NR_Intra/Z-

The UE shall not consider a NR neighbour cell in cell reselection, if it is indicated as not allowed in the measurement
control system information of the serving cell.
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For an intra-frequency cell that has been already detected, but that has not been reselected to, the filtering shall be such
that the UE shall be capable of evaluating that the intra-frequency cell has met reselection criterion defined in TS38.304
[1] Wlthln Teva|ua[eyNR_|n[ra When Trese|ecti0n = OaS SpECIerd in table 4223'1 provided that

when rangeToBestCell is not configured:
- thecell is at least 3 dB better ranked in FR1 or 4.5 dB better ranked in FR2.
when rangeToBestCell is configured:

- the cell has the highest number of beams above the threshold absThreshSS-BlocksConsolidation among all
detected cells whose cell-ranking criterion R value in TS38.304 [1] is within rangeToBestCell of the cell-ranking
criterion R value of the highest ranked cell.

- if there are multiple such cells, the cell has the highest rank among them.

- the cell is at least 3dB better ranked in FR1 or 4.5dB better ranked in FR2 if the current serving cell is
among them.

When evaluating cells for reselection, the SSB side conditions apply to both serving and non-serving intra-frequency
cells.

If Treselection timer has a non zero value and the intra-frequency cell is satisfied with the reselection criteria which are
defined in TS38.304 [1], the UE shall evaluate this intra-frequency cell for the Treselection time. If this cell remains
satisfied with the reselection criteria within this duration, then the UE shall reselect that cell.

Table 4.2.2.3-1: Tdetect,NR_Intra, T measure,NR_Intra and Tevaluate,NR_Intra

DRX cycle Scaling Factor (N1) Tdetect,NR_Intra [S] Tmeasure,NR_Intra [S] Tevaluate,NR_Intra
length [s] FR1 FRoNoteT (number of DRX (number of DRX [s] (number of DRX
cycles) cycles) cycles)
0.32 8 11.52 x N1 x M2 (36 x 1.28 x N1 x M2 (4 x N1 5.12 x N1 x M2 (16 x
N1 x M2) x M2) N1 x M2)
0.64 1 5 17.92 x N1 (28 x N1) 1.28 x N1 (2 x N1) 5.12 x N1 (8 x N1)
1.28 4 32 x N1 (25 x N1) 1.28 x N1 (1 x N1) 6.4 x N1 (5 x N1)
2.56 3 58.88 x N1 (23 x N1) 2.56 x N1 (1 x N1) 7.68 x N1 (3 x N1)
Note 1:  Applies for UE supporting power class 2&3&4. For UE supporting power class 1, N1 = 8 for all DRX cycle
length.
Note 2: M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1.
4224 Measurements of inter-frequency NR cells

The UE shall be able to identify new inter-frequency cells and perform SS-RSRP or SS-RSRQ measurements of
identified inter-frequency cells if carrier frequency information is provided by the serving cell, even if no explicit
neighbour list with physical layer cell identities is provided.

If Srxlev > Snonintrasearche @nd Squal > Sponintrasearch then the UE shall search for inter-frequency layers of higher priority at
|eaSt evel’y Thigher_priority_search Where Thigher_priority_search |S dESCI’Ibed |n Clause 4227

If Srxlev < Snonintrasearche OF SQual < Snonmtasearchg then the UE shall search for and measure inter-frequency layers of
higher, equal or lower priority in preparation for possible reselection. In this scenario, the minimum rate at which the UE
is required to search for and measure higher priority layers shall be the same as that defined below in this clause.

The UE shall be able to evaluate whether a newly detectable inter-frequency cell meets the reselection criteria defined
in TS38.304 [1] within Kearrier * Taetect,nr_inter If at least carrier frequency information is provided for inter-frequency
neighbour cells by the serving cells when Teseleciion = O provided that the reselection criteria is met by a margin of at
least 5 dB in FR1 or 6.5 dB in FR2 for reselections based on ranking or 6 dB in FR1 or 7.5 dB in FR2 for SS-RSRP
reselections based on absolute priorities or 4 dB in FR1 and 4 dB in FR2 for SS-RSRQ reselections based on absolute
priorities. The parameter Kcarier is the number of NR inter-frequency carriers indicated by the serving cell. An inter-
frequency cell is considered to be detectable according to the conditions defined in Annex B.1.3 for a corresponding
Band.

When higher priority cells are found by the higher priority search, they shall be measured at least every Tmeasure,NR_Inter-
If, after detecting a cell in a higher priority search, it is determined that reselection has not occurred then the UE is not
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required to continuously measure the detected cell to evaluate the ongoing possibility of reselection. However, the
minimum measurement filtering requirements specified later in this clause shall still be met by the UE before it makes
any determination that it may stop measuring the cell. If the UE detects on a NR carrier a cell whose physical identity is
indicated as not allowed for that carrier in the measurement control system information of the serving cell, the UE is not
required to perform measurements on that cell.

The UE shall measure SS-RSRP or SS-RSRQ at least every Kecarrier * Tmeasure,NR_inter (S€€ table 4.2.2.4-1) for identified
lower or equal priority inter-frequency cells. If the UE detects on a NR carrier a cell whose physical identity is indicated
as not allowed for that carrier in the measurement control system information of the serving cell, the UE is not required
to perform measurements on that cell.

The UE shall filter SS-RSRP or SS-RSRQ measurements of each measured higher, lower and equal priority inter-
frequency cell using at least 2 measurements. Within the set of measurements used for the filtering, at least two
measurements shall be spaced by at least Tmeasure,NR_inter/2.

The UE shall not consider a NR neighbour cell in cell reselection, if it is indicated as not allowed in the measurement
control system information of the serving cell.

For an inter-frequency cell that has been already detected, but that has not been reselected to, the filtering shall be such
that the UE shall be capable of evaluating that the inter-frequency cell has met reselection criterion defined TS 38.304
[1] Wlthln Kcarrier * Te\/a|uate'NR_|n[er When Trese|ecti0n = 0 as SpECified |n table 4224'1 pl’OVIdEd that the rESE|ECt|0n Criteria
is met by

- the condition when performing equal priority reselection and
when rangeToBestCell is not configured:
- the cell is at least 5dB better ranked in FR1 or 6.5dB better ranked in FR2 or.
when rangeToBestCell is configured:

- the cell has the highest number of beams above the threshold absThreshSS-BlocksConsolidation among
all detected cells whose cell-ranking criterion R value in TS38.304 [1] is within rangeToBestCell of the
cell-ranking criterion R value of the highest ranked cell.

- if there are multiple such cells, the cell has the highest rank among them

- the cell is at least 5dB better ranked in FR1 or 6.5dB better ranked in FR2 if the current serving cell is
among them. Or

- 6dB in FR1 or 7.5dB in FR2 for SS-RSRP reselections based on absolute priorities or
- 4dBin FR1 or 4dB in FR2 for SS-RSRQ reselections based on absolute priorities.
When evaluating cells for reselection, the SSB side conditions apply to both serving and inter-frequency cells.

If Treselection timer has a non zero value and the inter-frequency cell is satisfied with the reselection criteria, the UE shall
evaluate this inter-frequency cell for the Treselection time. If this cell remains satisfied with the reselection criteria within
this duration, then the UE shall reselect that cell.

The UE is not expected to meet the measurement requirements for an inter-frequency carrier under DRX cycle=320 ms
defined in Table 4.2.2.4-1 under the following conditions:

- Tswmrc_intra = Tsmrc_inter = 160 ms; where Tsmrc_intra @nd Tsmtc_inter re periodicities of the SMTC occasions
configured for the intra-frequency carrier and the inter-frequency carrier respectively, and

- SMTC occasions configured for the inter-frequency carrier occur up to 1 ms before the start or up to 1 ms after
the end of the SMTC occasions configured for the intra-frequency carrier, and

- SMTC occasions configured for the intra-frequency carrier and for the inter-frequency carrier occur up to 1 ms
before the start or up to 1 ms after the end of the paging occasion in TS38.304 [1].

Table 4.2.2.4-1: Tdetect,NR_Inter, T measure,NR_Inter and Tevaluate,NR_Inter

Scaling Factor (N1) ‘
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DRX cycle FR1 FR2Notel Tdetect,NR_Inter [S] Tmeasure,NR_Inter [S] Tevaluate,NR_Inter [S]
lenath (number of DRX (number of DRX (number of DRX
gth [s]
cycles) cycles) cycles)
0.32 8 11.52 x N1 x 1.5 (36 x 1.28xN1x1.5(4 xN1 5.12x N1 x 1.5 (16 x
N1 x 1.5) x 1.5) N1 x 1.5)
0.64 1 5 17.92x N1 (28 x N1) 1.28 x N1 (2 x N1) 5.12 x N1 (8 x N1)
1.28 4 32 x N1 (25 x N1) 1.28 x N1 (1 x N1) 6.4 x N1 (5 x N1)
2.56 3 58.88 x N1 (23 x N1) 2.56 x N1 (1 x N1) 7.68 x N1 (3 x N1)
Note 1:  Applies for UE supporting power class 2&3&4. For UE supporting power class 1, N1 = 8 for all DRX cycle
length.

4.2.25 Measurements of inter-RAT E-UTRAN cells

If Srxlev > Sponintrasearche @nd Squal > Snonintrasearchg then the UE shall search for inter-RAT E-UTRAN layers of higher
pI’IOI‘Ity at |eaSt every Thigher_priority_sear(;h Whel’e Thigher_priority_sear(;h |S dESCI’Ibed |n Clause 422

If Srxlev <X Sonintrasearchp OF Squal <X Snonintrasearch then the UE shall search for and measure inter-RAT E-UTRAN layers
of higher, lower priority in preparation for possible reselection. In this scenario, the minimum rate at which the UE is
required to search for and measure higher priority inter-RAT E-UTRAN layers shall be the same as that defined below
for lower priority RATS.

The requirements in this clause apply for inter-RAT E-UTRAN FDD measurements and E-UTRA TDD measurements.
When the measurement rules indicate that inter-RAT E-UTRAN cells are to be measured, the UE shall measure RSRP
and RSRQ of detected E-UTRA cells in the neighbour frequency list at the minimum measurement rate specified in this
clause. The parameter Neutra carrier IS the total number of configured E-UTRA carriers in the neighbour frequency list.
The UE shall filter RSRP and RSRQ measurements of each measured E-UTRA cell using at least 2 measurements. Within
the set of measurements used for the filtering, at least two measurements shall be spaced by at least Tmeasure,cuTRAN/2.

An inter-RAT E-UTRA cell is considered to be detectable provided the following conditions are fulfilled:

- the same conditions as for inter-frequency RSRP measurements specified in TS 36.133 [15, Annex B.1.2] are
fulfilled for a corresponding Band, and

- the same conditions as for inter-frequency RSRQ measurements specified in TS 36.133 [15, Annex B.1.2] are
fulfilled for a corresponding Band.

- SCH conditions specified in TS 36.133 [15, Annex B.1.2] are fulfilled for a corresponding Band

The UE shall be able to evaluate whether a newly detectable inter-RAT E-UTRAN cell meets the reselection criteria
defined in TS38.304 [1] within (NeuTrA carrier) * TaetecteuTRAN WHen Srxlev < Sponintrasearchp OF Squal < Snonintrasearch
when Treselection = O provided that the reselection criteria is met by a margin of at least 6dB for RSRP reselections based
on absolute priorities or 4dB for RSRQ reselections based on absolute priorities.

Cells which have been detected shall be measured at least every (Neutra carier) * Tmeasure,cuTRAN When Srxlev <
SnonlntraSearchP or Squal g SnonlntraSearchQ-

When higher priority cells are found by the higher priority search, they shall be measured at least every Tmeasure eutrAN. 1T,
after detecting a cell in a higher priority search, it is determined that reselection has not occurred then the UE is not
required to continuously measure the detected cell to evaluate the ongoing possibility of reselection. However, the
minimum measurement filtering requirements specified later in this clause shall still be met by the UE before it makes
any determination that it may stop measuring the cell.

If the UE detects on an inter-RAT E-UTRAN carrier a cell whose physical identity is indicated as not allowed for that
carrier in the measurement control system information of the serving cell, the UE is not required to perform measurements
on that cell.

The UE shall not consider an inter-RAT E-UTRA cell in cell reselection, if it is indicated as not allowed in the
measurement control system information of the serving cell.

For a cell that has been already detected, but that has not been reselected to, the filtering shall be such that the UE shall
be capable of evaluating that an already identified inter-RAT E-UTRA cell has met reselection criterion defined in TS
38304 [l] Wlthln (NEUTRA_carrier) * Teva|ua[eyEUTRAN When Trese|ecti0n = 0 aS SpefiCied in table 4225'1 provided that the
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reselection criteria is met by a margin of at least 6dB for RSRP reselections based on absolute priorities or 4dB for
RSRQ reselections based on absolute priorities.

If Tresetection timer has a non zero value and the inter-RAT E-UTRA cell is satisfied with the reselection criteria which are
defined in TS 38.304 [1], the UE shall evaluate this E-UTRA cell for the Treselection time. If this cell remains satisfied with
the reselection criteria within this duration, then the UE shall reselect that cell.

Table 4.2.2.5-1: Tgetect,EUTRAN, Tmeasure,eUTRAN, 8N Tevaluate EUTRAN

DRX | TdetectUTRAN [S] | Tmeasure,EUTRAN [S] Tevaluate EUTRAN
cycle (number of (number of DRX [s] (humber of DRX
length DRX cycles) cycles) cycles)

[s]

0.32 11.52 (36) 1.28 (4) 5.12 (16)

0.64 17.92 (28) 1.28 (2) 5.12 (8)

1.28 32(25) 1.28 (1) 6.4 (5)

2.56 58.88 (23) 2.56 (1) 7.68 (3)

4.2.2.6 Maximum interruption in paging reception

UE shall perform the cell re-selection with minimum interruption in monitoring downlink channels for paging
reception.

At intra-frequency and inter-frequency cell re-selection, the UE shall monitor the downlink of serving cell for paging
reception until the UE is capable to start monitoring downlink channels of the target intra-frequency and inter-frequency
cell for paging reception. The interruption time shall not exceed Tsi-nr + 2* T target_cell_SMTC_period MS.

At inter-RAT cell re-selection, the UE shall monitor the downlink of serving cell for paging reception until the UE is
capable to start monitoring downlink channels for paging reception of the target inter-RAT cell. For NR to E-UTRAN
cell re-selection the interruption time must not exceed Tsi-eutra + 55 MS.

Tsi-nr IS the time required for receiving all the relevant system information data according to the reception procedure
and the RRC procedure delay of system information blocks defined in TS 38.331 [2] for an NR cell.

Tsi.eutra iS the time required for receiving all the relevant system information data according to the reception procedure
and the RRC procedure delay of system information blocks defined in TS 36.331 [16] for an E-UTRAN cell.

These requirements assume sufficient radio conditions, so that decoding of system information can be made without
errors and does not take into account cell re-selection failure.

4.2.2.7 General requirements

The UE shall search every layer of higher priority at least every Thigner priority_search = (60 * Niayers) Seconds, where Niayers iS
the total number of higher priority NR and E-UTRA carrier frequencies broadcasted in system information.
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5 SA: RRC _INACTIVE state mobility

5.1 Cell Re-selection

51.1 Introduction

The cell reselection procedure allows the UE to select a more suitable cell and camp on it.

When the UE is in Camped Normally state on a cell, the UE shall attempt to detect, synchronise, and monitor intra-
frequency, inter-frequency and inter-RAT cells indicated by the serving cell. For intra-frequency and inter-frequency
cells the serving cell may not provide explicit neighbour list but carrier frequency information and bandwidth
information only. UE measurement activity is also controlled by measurement rules defined in TS38.304 [1], allowing
the UE to limit its measurement activity.

5.1.2 Requirements

5.1.2.1 UE measurement capability

The requirements in sub-clause 4.2.2.1 shall apply.

5.1.2.2 Measurement and evaluation of serving cell

The requirements in sub-clause 4.2.2.2 shall apply.

5.1.2.3 Measurements of intra-frequency NR cells

The requirements in sub-clause 4.2.2.3 shall apply.

5.1.2.4 Measurements of inter-frequency NR cells

The requirements in sub-clause 4.2.2.4 shall apply.

5.1.25 Measurements of inter-RAT E-UTRAN cells

The requirements in sub-clause 4.2.2.5 shall apply.

5.1.2.6 Maximum interruption in paging reception

The requirements in sub-clause 4.2.2.6 shall apply.

5.1.2.7 General requirements

The requirements in sub-clause 4.2.2.7 shall apply.
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5.2 Void

6 RRC_CONNECTED state mobility

6.1 Handover

6.1.1 NR Handover

6.1.1.1 Introduction

The purpose of NR handover is to change the NR PCell to another NR cell. The requirements in this clause are
applicable to SA NR, NE-DC and NR-DC.

6.1.1.2 NR FR1 - NR FR1 Handover

The requirements in this clause are applicable to both intra-frequency and inter-frequency handovers from NR FR1 cell
to NR FR1 cell.

6.1.1.2.1 Handover delay

When the UE receives a RRC message implying handover the UE shall be ready to start the transmission of the new
uplink PRACH channel within Dnandover msec from the end of the last TT1 containing the RRC command.

Where:

Drandover €quals the applicable RRC procedure delay defined in clause 12 in TS 38.331 [2] plus the interruption time
stated in clause 6.1.1.2.2.

6.1.1.2.2 Interruption time

The interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the
time the UE starts transmission of the new PRACH, excluding the RRC procedure delay.

When intra-frequency or inter-frequency handover is commanded, the interruption time shall be less than Tinterrupt
Tinterrupt = Tsearch + TIU + Tprocessing + TA + Tmargin ms
Where:

Tsearch IS the time required to search the target cell when the target cell is not already known when the handover
command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown
intra-frequency cell and the target cell Es/lot=-2 dB, then Tsearch = Trs ms. If the target cell is an unknown inter-
frequency cell and the target cell Es/lot=-2 dB, then Tsearch = 3* Tis ms. Regardless of whether DRX is in use by
the UE, Tsearch Shall still be based on non-DRX target cell search times.

Tprocessing 1S time for UE processing. Tprocessing €&N be up to 20ms.
Tmargin IS time for SSB post-processing. Tmargin Can be up to 2ms.

Ta is time for fine time tracking and acquiring full timing information of the target cell. T, = Tysfor both known
and unknown target cell.

Ty is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. T,y can be up
to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated
period is defined in the table 8.1-1 of TS 38.213 [3].

Tys is the SMTC periodicity of the target NR cell if the UE has been provided with an SMTC configuration for
the target cellin the handover command, otherwise Trs is the SMTC configured in the measObjectNR having the
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same SSB frequency and subcarrier spacing. If the measObjectNRs having the same SSB frequency and
subcarrier spacing configured by MN and SN have different SMTC, Trs is the periodicity of one of the SMTC
which is up to UE implementation. If the UE is not provided SMTC configuration or measurement object on this
frequency, the requirement in this clause is applied with T,s=5ms assuming the SSB transmission periodicity is
5ms. There is no requirement if the SSB transmission periodicity is not 5ms. If the UE has been provided with
higher layer in TS 38.331 [2] signaling of smtc2 prior to the handover command, T follows smtcl or smtc2
according to the physical cell ID of the target cell.

In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement during
the last 5 seconds otherwise it is unknown. Relevant cell identification requirements are described in Clause 9.2.5 for
intra-frequency handover and Clause 9.3.4 for inter-frequency handover.

6.1.1.3 NR FR2- NR FR1 Handover

The requirements in this clause are applicable to inter-frequency handovers from NR FR2 cell to NR FR1 cell.

6.1.1.3.1 Handover delay

When the UE receives a RRC message implying handover the UE shall be ready to start the transmission of the new
uplink PRACH channel within Dhandover ms from the end of the last TTI containing the RRC command.

Where:

Drandover €quals the applicable RRC procedure delay defined in clause 12 in TS 38.331 [2] plus the interruption time
stated in clause 6.1.1.3.2.

6.1.1.3.2 Interruption time

The interruption time is the time between the end of the last TTI containing the RRC command on the old PDSCH and
the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay.

When inter-frequency handover is commanded, the interruption time shall be less than Tinterrupt

Tinterrupt = Tsearch + TIU + Tprocessing + TA + Tmargin ms

Where:

Tsearch IS the time required to search the target cell when the target cell is not already known when the handover
command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown
inter-frequency cell and the target cell Es/lot > -2 dB, then Tsearch = 3* Trs ms. Regardless of whether DRX is in
use by the UE, Tsearcn Shall still be based on non-DRX target cell search times.

Ta is time for fine time tracking and acquiring full timing information of the target cell. T, = T,sfor both known
and unknown target cell.

Tprocessing IS time for UE processing. Tprocessing €N be up to 40ms.
Tmargin IS time for SSB post-processing. Tmargin Can be up to 2ms.

Ty is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. T,y can be up
to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated
period is defined in the table 8.1-1 of TS 38.213 [3].

Tis is the SMTC periodicity of the target NR cell if the UE has been provided with an SMTC configuration for
the target cell in the handover command, otherwise T is the SMTC configured in the measObjectNR having the
same SSB frequency and subcarrier spacing. If such measObjectNRs configured by MN and SN have different
SMTC, Ty is the periodicity of one of the SMTC which is up to UE implementation. If the UE is not provided
SMTC configuration or measurement object on this frequency, the requirement in this clause is applied with
Trs=5ms assuming the SSB transmission periodicity is 5ms. There is no requirement if the SSB transmission
periodicity is not 5ms.
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In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement during
the last 5 seconds otherwise it is unknown. Relevant cell identification requirements are described in Clause 9.2.5 for
intra-frequency handover and Clause 9.3.4 for inter-frequency handover.

6.1.1.4 NR FR2- NR FR2 Handover

The requirements in this clause are applicable to both intra-frequency and inter-frequency handovers from NR FR2 cell
to NR FR2 cell.

6.1.1.4.1 Handover delay

When the UE receives a RRC message implying handover the UE shall be ready to start the transmission of the new
uplink PRACH channel within Dhandover ms from the end of the last TTI containing the RRC command.

Where:

Drandover €quals the applicable RRC procedure delay defined in clause 12 in TS 38.331 [2] plus the interruption time
stated in clause 6.1.1.4.2.

6.1.1.4.2 Interruption time

The interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the
time the UE starts transmission of the new PRACH, excluding the RRC procedure delay.

When intra-frequency or inter-frequency handover is commanded, the interruption time shall be less than Tinterrupt

Tinterrupt = Tsearch + TIU + Tprocessing + TA + Tmargin ms

Where:

Tsearch IS the time required to search the target cell when the handover command is received by the UE. If the
target cell is a known cell, then Tsearch = 0 ms. If the target cell is an unknown intra-frequency cell and the target
cell Es/lot>-2 dB, then Tsearch = 8* Tis ms. If the target cell is an unknown inter-frequency cell and the target cell
Es/lot>-2 dB, then Tsearch = 8*3* Ts ms. Regardless of whether DRX is in use by the UE, Tsearch Shall still be
based on non-DRX target cell search times.

Tprocessing 1S time for UE processing. Tprocessing C&N be up to 20ms.
Tmargin IS time for SSB post-processing. Tmargin CaN be up to 2ms.

Ta is time for fine time tracking and acquiring full timing information of the target cell. T, = T for both known
and unknown target cell.

Ty is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. T,y can be up
to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated
period is defined in the table 8.1-1 of TS 38.213 [3].

Tis is the SMTC periodicity of the target NR cell if the UE has been provided with an SMTC configuration for the target
cell in the handover command, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB
frequency and subcarrier spacing. If such measObjectNRs configured by MN and SN have different SMTC, Trs is the
periodicity of one of the SMTC which is up to UE implementation. If the UE is not provided SMTC configuration or
measurement object on this frequency, the requirement in this clause is applied with T;s=5ms assuming the SSB
transmission periodicity is 5ms. There is no requirement if the SSB transmission periodicity is not 5ms. If the UE has
been provided with higher layer in TS 38.331 [2] signaling of smtc2 prior to the handover command, T follows smtcl
or smtc2 according to the physical cell ID of the target cell.

In FR2, the target cell is known if it has been meeting the following conditions:
- During the last 5 seconds before the reception of the handover command:

- the UE has sent a valid measurement report for the target cell and
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- One of the SSBs measured from the NR target cell being configured remains detectable according to the cell
identification conditions specified in clause 9.2 for intra-frequency cell and in clause 9.3 for inter-frequency
cell,

- One of the SSBs measured from the target cell also remains detectable during the handover delay according to
the cell identification conditions specified in clause 9.2 for intra-frequency cell and in clause 9.3 for inter-
frequency cell.

otherwise it is unknown.

6.1.1.5 NR FR1- NR FR2 Handover

The requirements in this clause are applicable to inter-frequency handovers from NR FR1 cell to NR FR2 cell.

6.1.1.5.1 Handover delay

When the UE receives a RRC message implying handover the UE shall be ready to start the transmission of the new
uplink PRACH channel within Dhandover ms from the end of the last TTI containing the RRC command.

Where:

Drandover €quals the applicable RRC procedure delay defined in clause 12 in TS 38.331 [2] plus the interruption time
stated in clause 6.1.1.5.2.

6.1.1.5.2 Interruption time

The interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the
time the UE starts transmission of the new PRACH, excluding the RRC procedure delay.

When inter-frequency handover is commanded, the interruption time shall be less than Tinterrupt

Tinterrupt = Tsearch + TIU + Tprocessing + TA + Tmargin ms

Where:

Tsearch IS the time required to search the target cell when the handover command is received by the UE. If the
target cell is a known cell, then Tsearch = 0 ms. . If the target cell is an unknown inter-frequency cell and the target
cell Es/lot>-2 dB, then Tsearch = 8*3* T,s ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be
based on non-DRX target cell search times.

T processing 1S time for UE processing. Tprocessing €2N be up 40ms.
Tmargin IS time for SSB post-processing. Tmargin Can be up to 2ms.

Ta is time for fine time tracking and acquiring full timing information of the target cell. T, = T for both known
and unknown target cell.

Ty is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. T\y can be up
to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated
period is defined in the table 8.1-1 of TS 38.213 [3].

Tys is the SMTC periodicity of the target NR cell if the UE has been provided with an SMTC configuration for the target
cell in the handover command, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB
frequency and subcarrier spacing. If such measObjectNRs configured by MN and SN have different SMTC, Trs is the
periodicity of one of the SMTC which is up to UE implementation. If the UE is not provided SMTC configuration or
measurement object on this frequency, the requirement in this clause is applied with T;s=5ms assuming the SSB
transmission periodicity is 5ms. There is no requirement if the SSB transmission periodicity is not 5ms.

In FR2, the target cell is known if it has been meeting the following conditions:
- During the last 5 seconds before the reception of the handover command:

- the UE has sent a valid measurement report for the target cell and
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- One of the SSBs measured from the NR target cell being configured remains detectable according to the cell
identification conditions specified in clause 9.3,

- One of the SSBs measured from the target cell also remains detectable during the handover delay according to
the cell identification conditions specified in clause 9.3.

otherwise it is unknown.

6.1.2 NR Handover to other RATS

6.1.2.1 NR — E-UTRAN Handover

6.1.2.1.1 Introduction

The purpose of inter-RAT handover from NR to E-UTRAN is to change the radio access mode of PCell from NR to E-
UTRAN. The handover procedure is initiated from NR with a RRC message that implies a handover as described in TS
38.331 [2]. The requirements in this clause are applicable to SA NR, NE-DC and NR-DC.

6.1.2.1.2 Handover delay

When the UE receives a RRC message implying handover to E-UTRAN the UE shall be ready to start the transmission
of the uplink PRACH channel in E-UTRA within Dhandover ms from the end of the last TTI containing the RRC
command. Dhandover IS defined as

Dhandover = TRRC_procedure_delay + Tinterrupt
Where:
TRRC_procedure_delay: it 1S the RRC procedure delay, which is 50ms

Tinterrupt: it is the time between end of the last TTI containing the RRC command on the NR PDSCH and the time the UE
starts transmission of the PRACH in E-UTRAN, excluding Trrc procedure_delay- Tinterrupt 1S defined in clause 6.1.2.1.3.

6.1.2.1.3 Interruption time

When the inter-RAT handover to E-UTRAN is commanded, the interruption time shall be less than Tinterrupt
Tinterrupt =T search + Tiu + 20 ms

Where:

Tsearch IS the time required to search the target cell when the target cell is not already known when the handover
command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is unknown and
signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = 80 ms. Regardless of
whether DRX is in use by the UE, Tsearcn Shall still be based on non-DRX target cell search times.

Ty is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. Ty can be up
to 30 ms.

NOTE: The actual value of Ty shall depend upon the PRACH configuration used in the target cell.

In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement
during the last 5 seconds otherwise it is unknown. Relevant E-UTRAN cell identification requirements are
described in clause 9.4.1.
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6.2 RRC Connection Mobility Control

6.2.1 SA: RRC Re-establishment

6.2.1.1 Introduction

This clause contains requirements on the UE regarding RRC connection re-establishment procedure. RRC connection
re-establishment is initiated when a UE in RRC_CONNECTED state loses RRC connection due to any of failure cases,
including radio link failure, handover failure, and RRC connection reconfiguration failure. The RRC connection re-
establishment procedure is specified in clause 5.3.7 of TS 38.331 [2].

The requirements in this clause are applicable for RRC connection re-establishment to NR cell.

6.2.1.2 Requirements

In RRC_CONNECTED state the UE shall be capable of sending RRCReestablishmentRequest message within T
establish_delay S€CONAS from the moment it detects a loss in RRC connection. The total RRC connection delay (Tre-
establish_delay) Shall be less than:

Tre—establish_delay = TUE_re—establish_delay + TUL_grant

TuL_grant: It is the time required to acquire and process uplink grant from the target PCell. The uplink grant is required to
transmit RRCReestablishmentRequest message.

The UE re-establishment delay (Tue_re-estantish_delay) IS Specified in clause 6.2.1.2.1.

6.2.1.2.1 UE Re-establishment delay requirement

The UE re-establishment delay (Tug_re-establish_delay) iS the time between the moments when any of the conditions
requiring RRC re-establishment as defined in clause 5.3.7 in TS 38.331 [2] is detected by the UE and when the UE
sends PRACH to the target PCell. The UE re-establishment delay (Tue re-establish_delay) requirement shall be less than:

Nfreq_]-
TUE_re—establish_delay =50ms + Tidentify_intra_NR + Z Tidentify_inter_NR,i + TSI—NR + TPRACH
i=1

The intra-frequency target NR cell shall be considered detectable if each relevant SSB can satisfy that:

- SS-RSRP related side conditions given in clause 10.1.2 and 10.1.3 are fulfilled for a corresponding NR Band for
FR1 and FR2, respectively, and

- the conditions of SSB_RP and SSB Es/lot according to Annex B.2.2 for a corresponding NR Band are fulfilled.
The inter-frequency target NR cell shall be considered detectable when for each relevant SSB:

- SS-RSRP related side conditions given in clause 10.1.4 and 10.1.5 are fulfilled for a corresponding NR Band for
FR1 and FR2, respectively, and

- the conditions of SSB_RP and SSB Es/lot according to Annex B.2.3 for a corresponding NR Band are fulfilled.

Tidentify_intra_ngr: 11 IS the time to identify the target intra-frequency NR cell and it depends on whether the target NR cell is
known cell or unknown cell and on the FR of the target NR cell. If the UE is not configured with intra-frequency NR
carrier for RRC re-establishment then Tigentity intra_nr=0; Otherwise Tidentity_inra_nr Shall not exceed the values defined in
Table 6.2.1.2.1-1.

Tidentify_inter NR,i: 1t 1S the time to identify the target inter-frequency NR cell on inter-frequency carrier i configured for
RRC re-establishment and it depends on whether the target NR cell is known cell or unknown cell and on the FR of the
target NR cell. Tigentity_inter_nr,i Shall not exceed the values defined in Table 6.2.1.2.1-2.

Tswmrc: It is the periodicity of the SMTC occasion configured for the intra-frequency carrier. If the UE has been
provided with higher layer in TS 38.331 [2] signaling of smtc2, Tsmi follows smtcl or smtc2 according to the physical
cell 1D of the target cell.
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Tswmrc,i: It is the periodicity of the SMTC occasion configured for the inter-frequency carrier i. If it is not configured, the
UE may assume that the target SSB periodicity is no larger than 20 ms.

Tsing: It is the time required for receiving all the relevant system information according to the reception procedure and

the RRC procedure delay of system information blocks defined in TS 38.331 [2] for the target NR cell.

Terach: It is the delay uncertainty in acquiring the first available PRACH occasion in the target NR cell. Teracn Can be
up to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated
period is defined in the table 8.1-1 of TS 38.213 [3].

Nireq: It is the total number of NR frequencies to be monitored for RRC re-establishment; Nseq = 1 if the target intra-
frequency NR cell is known, else Nireq = 2 and Tigentity inra_nr = O if the target inter-frequency NR cell is known.

There is no requirement if the target cell does not contain the UE context.

In the requirement defined in the below tables, the target FR1 cell is known if it has been meeting the relevant cell
identification requirement during the last 5 seconds otherwise it is unknown.

Table 6.2.1.2.1-1: Time to identify target NR cell for RRC connection re-establishment to NR intra-

frequency cell

serving cell SSB Es/lot < -8 dB.

Serving cell FR of target NR Tidentify_intra_NR [MS]
SSB Es/lot (dB) cell Known NR cell Unknown NR cell
= -8 FR1 MAX (200 ms, 5 x Tswmrc) MAX (800 ms, 10 x Tswmrc)
= -8 FR2 N/A MAX (1000 ms, 80 x Tswmrc))
<-8 FR1 N/A 80QNotel
<-8 FR2 N/A 352(QNotel
Note 1:  The UE is not required to successfully identify a cell on any NR frequency layer when Tsutc > 20 ms and

Table 6.2.1.2.1-2: Time to identify target NR cell for RRC connection re-establishment to NR inter-

frequency cell

Serving cell SSB FR of target NR Tidentify_inter NR,i [MS]
Es/lot (dB) cell Known NR cell Unknown NR cell
> .8 FR1 MAX (200 ms, 6 X Tswmrc, i) MAX (800 ms, 13 x Tswrc, i)
= -8 FR2 N/A MAX (1000 ms, 104 x Tswmtc, i)
<-8 FR1 N/A 80QNotel
<- FR2 N/A 400QNote!
Note 1.  The UE is not required to successfully identify a cell on any NR frequency layer when Tswrci > 20 ms and
serving cell SSB Esl/lot < -8 dB.
6.2.2 Random access
6.2.2.1 Introduction

This clause contains requirements on the UE regarding random access procedure. The random access procedure is
initiated to establish uplink time synchronization for a UE which either has not acquired or has lost its uplink
synchronization, or to convey UE’s request Other Sl, or for beam failure recovery. The random access is specified in
clause 8 of TS 38.213 [3] and the control of the RACH transmission is specified in clause 5.1 of TS 38.321 [7].

6.2.2.2

The UE shall have capability to calculate PRACH transmission power according to the PRACH power formula defined
in TS 38.213 [3] and apply this power level at the first preamble or additional preambles. The absolute power applied to
the first preamble shall have an accuracy as specified in Table 6.3.4.2-1 of TS 38.101-1 [18] for FR1 and in Table
6.3.4.2-1 of TS 38.101-2 [19] for FR2. The relative power applied to additional preambles shall have an accuracy as
specified in Table 6.3.4.3-1 of TS 38.101-1 [18] for FR1 and clause 6.3.4.3 of TS38.101-2 [19] for FR2.

Requirements
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The UE shall indicate a random access problem to upper layers if the maximum number of preamble transmission
counter has been reached for the random access procedure on PCell or PSCell as specified in clause 5.1.4 in
TS 38.321 [7].

The requirements in this clause apply for UE in SA operation mode or any MR-DC operation mode.
6.2.2.2.1 Contention based random access

6.2.2.2.1.1 Correct behaviour when transmitting Random Access Preamble

With the UE selected SSB with SS-RSRP above rsrp-ThresholdSSB, UE shall have the capability to select a Random
Access Preamble randomly with equal probability from the Random Access Preambles associated with the selected SSB
if the association between Random Access Preambles and SSB is configured, as specified in clause 5.1.2 in

TS 38.321 [7].

With the UE selected SSB with SS-RSRP above rsrp-ThresholdSSB, UE shall have the capability to transmit Random
Access Preamble on the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB
permitted by the restrictions given by the ra-ssh-OccasionMaskindex if configured, if the association between PRACH
occasions and SSBs is configured, and PRACH occasion shall be randomly selected with equal probability amongst the
selected SSB associated PRACH occasions occurring simultaneously but on different subcarriers, as specified in

clause 5.1.2 in TS 38.321 [7].

6.2.2.2.1.2 Correct behaviour when receiving Random Access Response

The UE may stop monitoring for Random Access Response(s) and shall transmit the msg3 if the Random Access
Response contains a Random Access Preamble identifier corresponding to the transmitted Random Access Preamble.

The UE shall again perform the Random Access Resource selection procedure defined in clause 5.1.2 in TS 38.321 [7],
and transmit with the calculated PRACH transmission power when the backoff time expires if all received Random
Access Responses contain Random Access Preamble identifiers that do not match the transmitted Random Access
Preamble.

6.2.2.2.1.3 Correct behaviour when not receiving Random Access Response

The UE shall again perform the Random Access Resource selection procedure defined in clause 5.1.2 in TS 38.321 [7],
and transmit with the calculated PRACH transmission power when the backoff time expires if no Random Access
Response is received within the RA Response window defined in clause 5.1.4 in TS 38.321 [7].

6.2.2.2.1.4 Correct behaviour when receiving an UL grant for msg3 retransmission

The UE shall re-transmit the msg3 upon the reception of an UL grant for msg3 retransmission.

6.2.2.2.1.5 SA: Correct behaviour when receiving a message over Temporary C-RNTI
The UE shall send ACK if the Contention Resolution is successful.

The UE shall again perform the Random Access Resource selection procedure defined in clause 5.1.2 in TS 38.321 [7],
and transmit with the calculated PRACH transmission power when the backoff time expires unless the received
message includes a UE Contention Resolution Identity MAC control element and the UE Contention Resolution
Identity included in the MAC control element matches the CCCH SDU transmitted in the uplink message.

6.2.2.2.1.6 Correct behaviour when contention Resolution timer expires

The UE shall re-select a preamble and transmit with the calculated PRACH transmission power when the backoff time
expires if the Contention Resolution Timer expires.
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6.2.2.2.2 Non-Contention based random access

6.2.2.2.2.1 Correct behaviour when transmitting Random Access Preamble

If the contention-free Random Access Resources and the contention-free PRACH occasions associated with SSBs is
configured, with the UE selected SSB with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs, UE shall
have the capability to select the Random Access Preamble corresponding to the selected SSB, and to transmit Random
Access Preamble on the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB
permitted by the restrictions given by the ra-ssh-OccasionMaskindex if configured, and PRACH occasion shall be
randomly selected with equal probability amongst the selected SSB associated PRACH occasions occurring
simultaneously but on different subcarriers, as specified in clause 5.1.2 in TS 38.321 [7].

If the contention-free Random Access Resources and the contention-free PRACH occasions associated with CSI-RSs is
configured, with the UE selected CSI-RS with CSI-RSRP above rsrp-ThresholdCS-RSamongst the associated CSI-
RSs, UE shall have the capability to select the Random Access Preamble corresponding to the selected CSI-RS, and to
transmit Random Access Preamble on the next available PRACH occasion from the PRACH occasions in ra-
OccasionList corresponding to the selected CSI-RS, and PRACH occasion shall be randomly selected with equal
probability amongst the selected CSI-RS associated PRACH occasions occurring simultaneously but on different
subcarriers, as specified in clause 5.1.2 in TS 38.321 [7].

If the random access procedure is initialized for beam failure recovery and if the contention-free Random Access
Resources and the contention-free PRACH occasions for beam failure recovery request associated with any of the SSBs
and/or CSI-RSs is configured, UE shall have the capability to select the Random Access Preamble corresponding to the
selected SSB with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs or the selected CSI-RS with CSI-
RSRP above rsrp-ThresholdCS -RSamongst the associated CSI-RSs, and to transmit Random Access Preamble on the
next available PRACH occasion from the PRACH occasions corresponding to the selected SSB permitted by the
restrictions given by the ra-ssh-OccasionMaskindex if configured, or from the PRACH occasions in ra-OccasionList
corresponding to the selected CSI-RS, and PRACH occasion shall be randomly selected with equal probability amongst
the selected SSB assocated PRACH occasions or the selected CSI-RS associated PRACH occasions occurring
simultaneously but on different subcarriers, as specified in clause 5.1.2 in TS 38.321 [7].

6.2.2.2.2.2 Correct behaviour when receiving Random Access Response

The UE may stop monitoring for Random Access Response(s), if the Random Access Response contains a Random
Access Preamble identifier corresponding to the transmitted Random Access Preamble, unless the random access
procedure is initialized for Other Sl request from UE.

The UE may stop monitoring for Random Access Response(s) and shall monitor the Other Sl transmission if the
Random Access Response only contains a Random Access Preamble identifier which is corresponding to the
transmitted Random Access Preamble and the random access procedure is initialized for Sl request from UE, as
specified in clause 5.1.4 in TS 38.321 [7].

The UE may stop monitoring for Random Access Response(s), if the contention-free Random Access Preamble for
beam failure recovery request was transmitted and if the PDCCH addressed to UE’s C-RNTI is received, as specified in
clause 5.1.4 in TS 38.321 [7].

The UE shall again perform the Random Access Resource selection procedure defined in clause 5.1.2 in TS 38.321 [7]
for the next available PRACH occasion, and transmit the preamble with the calculated PRACH transmission power if
all received Random Access Responses contain Random Access Preamble identifiers that do not match the transmitted
Random Access Preamble.

6.2.2.2.2.3 Correct behaviour when not receiving Random Access Response

The UE shall again perform the Random Access Resource selection procedure defined in clause 5.1.2 in TS 38.321 [7]
for the next available PRACH occasion, and transmit the preamble with the calculated PRACH transmission power, if
no Random Access Response is received within the RA Response window configured in RACH-ConfigCommon or if no
PDCCH addressed to UE’s C-RNTI is received within the RA Response window configured in
BeamFailureRecoveryConfig, as defined in clause 5.1.4 in TS 38.321 [7].
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6.2.2.2.3 UE behaviour when configured with supplementary UL

In addition to the requirements defined in clause 6.2.2.2.1 and 6.2.2.2.2, a UE configured with supplementary UL
carrier shall use RACH configuration for the supplementary UL carrier contained in RMSI and RRC dedicated
signalling. If the cell for the random access procedure is configured with supplementary UL, the UE shall transmit or re-
transmit PRACH preamble on the supplementary UL carrier if the SS-RSRP measured by the UE on the DL carrier is
lower than the rsrp-ThresholdSSB-SUL as defined in TS 38.331 [2].

6.2.3 SA: RRC Connection Release with Redirection

6.2.3.1 Introduction

This clause contains requirements on the UE regarding RRC connection release with redirection procedure. RRC
connection release with redirection is initiated by the RRCRelease message with redirection to E-UTRAN or NR from
NR specified in TS 38.331 [2]. The RRC connection release with redirection procedure is specified in clause 5.3.8 of
TS 38.331 [2].

6.2.3.2 Requirements

6.2.3.2.1 RRC connection release with redirection to NR

The UE shall be capable of performing the RRC connection release with redirection to the target NR cell within

Tconnection_release_redirect_NR-

The time delay (Tconnection_release_redirect NR) 1S the time between the end of the last slot containing the RRC command,
“RRCRelease” (TS 38.331 [2]) on the NR PDSCH and the time the UE starts to send random access to the target NR
Ce“ The tlme delay (Tconnection_reIease_redirect_NR) Sha“ be |ESS than

Tconnection_reIease_redirect_NR = TRRC_procedure_deIay + Tidentify—NR + TSI—NR + TRACH

The target NR cell shall be considered detetable when for each relevant SSB, the side conditions should be met that,

- the conditions of SSB_RP and SSB Es/lot according to Annex B.2.5 for a corresponding NR Band are fulfilled.

TRRC_procedure_delay: It IS the RRC procedure delay for processing the received message “RRCRelease” as defined in clause
6.2.2 of TS 38.331 [2].

Tidentify-nr: 1t 1S the time to identify the target NR cell and depends on the FR of the target NR cell. It is defined in Table
6.2.3.2.1-1. Note that Tidentity-nr = Tpssisss-sync + Tmeas, IN Which Tpss/sss.sync IS the cell search time and Tieas iS the
measurement time due to cell selection criteria evaluation.

Tsing: It is the time required for acquiring all the relevant system information of the target NR cell. This time depends
upon whether the UE is provided with the relevant system information of the target NR cell or not by the old NR cell
before the RRC connection is released.

Trach: It is the delay uncertainty in acquiring the first available PRACH occasion in the target NR cell. TracH can be up
to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated period
is defined in the table 8.1-1 of TS 38.213 [3].

T is the SMTC periodicity of the target NR cell if the UE has been provided with an SMTC configuration for the target
cell in the redirection command, otherwise T is the SMTC periodicity configured in the measObjectNR having the
same SSB frequency and subcarrier spacing configured for the RRC connection release with redirection. If the
measObjectNRs having the same SSB frequency and subcarrier spacing configured by MN and SN have different
SMTC, T is the periodicity of one of the SMTC which is up to UE implementation. If the UE is not provided with
SMTC configuration or measurement object for the frequency which is also configured for the RRC connection release
with redirection then:

- the requirement in this clause is applied with T,s = 20 ms if the SSB transmission periodicity is not larger than
20 ms; otherwise,

- there is no requirement if the SSB transmission periodicity is larger than 20ms.
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Table 6.2.3.2.1-1: Time to identify target NR cell for RRC connection release with redirection to NR

FR of target NR cell Tidentify-NR
FR1 MAX (680 ms, 11 X Trs)
FR2 MAX (880 ms, 8x11 X Trs)
Note: If the UE has been provided with higher layer signaling of smtc2 specified in TS 38.331 [2] prior to the
redirection command, Trs follows smtcl or smtc2 according to the physical cell ID of the target cell.
6.2.3.2.2 RRC connection release with redirection to E-UTRAN

The UE shall be capable of performing the RRC connection release with redirection to the target E-UTRAN cell within

Tconnection_reIease_redirect_E—UTRA-

The time delay (Tconnection_release_redirect E-UTRA) IS the time between the end of the last slot containing the RRC command,
“RRCRelease” (TS 38.331 [2]) on the PDSCH and the time the UE starts to send random access to the target E-UTRA
Ce“ The tlme delay (Tconnection_reIease_redirect_E-UTRA) Sha” be |ESS than

Tconnection_release_redirect_E-UTRA = TRRC_procedure_delay + Tidentify-E-UTRA + TSI-E-UTRA + TRACH
The target E-UTRA FDD or TDD cell shall be considered detectable provided the following conditions are fulfilled:

- the same conditions as for inter-frequency RSRP measurements specified in annex B.1.2 of TS 36.133 [15] are
fulfilled for a corresponding Band, and

- the same conditions as for inter-frequency RSRQ measurements specified in annex B.1.2 of TS 36.133 [15] are
fulfilled for a corresponding Band, and

- SCH conditions specified in annex B.1.2 of TS 36.133 [15] are fulfilled for a corresponding Band.

TRRC_procedure_delay: It IS the RRC procedure delay for processing the received message “RRCRelease” as defined in
clause 6.2.2 of TS 38.331 [2].

Tidentify-e-uTrA: It IS the time to identify the target E-UTRA cell. It shall be less than 320 ms.

Tsie.utra: It is the time required for acquiring all the relevant system information of the target E-UTRA cell. This time
depends upon whether the UE is provided with the relevant system information (SI) of the target E-UTRA cell or not by
the old NR cell before the RRC connection is released.

Trach: It is the delay caused due to the random access procedure when sending random access to the target E-UTRA
cell.

7 Timing
7.1 UE transmit timing

7.1.1 Introduction

The UE shall have capability to follow the frame timing change of the reference cell in connected state. The uplink
frame transmission takes place (. v, ... )« 7, beforethe reception of the first detected path (in time) of the

corresponding downlink frame from the reference cell. For serving cell(s) in pTAG, UE shall use the SpCell as the
reference cell for deriving the UE transmit timing for cells in the pTAG. For serving cell(s) in STAG, UE shall use any
of the activated SCells as the reference cell for deriving the UE transmit timing for the cells in the sSTAG. UE initial
transmit timing accuracy and gradual timing adjustment requirements are defined in the following requirements.

7.1.2 Requirements

The UE initial transmission timing error shall be less than or equal to £T. where the timing error limit value T¢ is
specified in Table 7.1.2-1. This requirement applies:

- when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS or it is the PRACH transmission.
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The UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE
during the last 160 ms. The reference point for the UE initial transmit timing control requirement shall be the downlink
timing of the reference cell minus (Nta + Nta ofiset ) X T - The downlink timing is defined as the time when the first

detected path (in time) of the corresponding downlink frame is received from the reference cell. Nra for PRACH is
defined as 0.

(Nta + Nyaofiset ) X T (in T units) for other channels is the difference between UE transmission timing and the

downlink timing immediately after when the last timing advance in clause 7.3 was applied. Nya for other channels is not
changed until next timing advance is received. The value of Nta 4r: depends on the duplex mode of the cell in which

the uplink transmission takes place and the frequency range (FR). Nra ofser 1S defined in Table 7.1.2-2.

Table 7.1.2-1: Te Timing Error Limit

Frequency SCS of SSB SCS of uplink T
Range signals (kHz) signals (kHz) ©
15 12*64*T.
15 30 10*64*T.
1 60 10*64*T.
15 8*64*T.
30 30 8*64*T.
60 7*64*T,
60 3.5*64*T.
2 120 120 3.5*64*T.
240 60 3*64*T.
120 3*64*T.
Note 1:  Tcis the basic timing unit defined in TS 38.211 [6]
Table 7.1.2-2: The Value of Nra offcet
Frequency range and baqd Qf cell used for uplink N a offset (UnNit: Tc)
transmission
FR1 FDD band without LTE-NR coexistence case or 25600 (Note 1)
FR1 TDD band without LTE-NR coexistence case
FR1 FDD band with LTE-NR coexistence case 0 (Note 1)
FR1 TDD band with LTE-NR coexistence case 39936 (Note 1)
FR2 13792

Note 1:  The UE identifies N1a et based on the information n-
TimingAdvanceOffset as specified in TS 38.331 [2]. If UE is not provided
with the information n-TimingAdvanceOffset, the default value of Ny gffet
is set as 25600 for FR1 band. In case of multiple UL carriers in the same

TAG, UE expects that the same value of n-TimingAdvanceOffset is
provided for all the UL carriers according to clause 4.2 in TS 38.213 [3] and

the value 39936 of N4 et Can also be provided for a FDD serving cell.
Note 2:  Void

When it is not the first transmission in a DRX cycle or there is no DRX cycle, and when it is the transmission for
PUCCH, PUSCH and SRS transmission, the UE shall be capable of changing the transmission timing according to the
received downlink frame of the reference cell except when the timing advance in clause 7.3 is applied.

Table 7.1.2-3: void

7121 Gradual timing adjustment

When the transmission timing error between the UE and the reference timing exceeds £T. then the UE is required to
adjust its timing to within £T. The reference timing shall be (N1 + Nya ofset ) X T beTOre the downlink timing of the

reference cell. All adjustments made to the UE uplink timing shall follow these rules:

1) The maximum amount of the magnitude of the timing change in one adjustment shall be T
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2) The minimum aggregate adjustment rate shall be T, per second.

3) The maximum aggregate adjustment rate shall be T4 per 200 ms.
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where the maximum autonomous time adjustment step T, and the aggregate adjustment rate T, are specified in

Table 7.1.2.1-1.

Table 7.1.2.1-1: Tq Maximum Autonomous Time Adjustment Step and T, Minimum Aggregate

Adjustment rate

SCS of uplink

Frequency Range signals (kHz) Tq Tp
15 5.5%64*T. 5.5%64*T.
1 30 5.5%64*T. 5.5%64*T.
60 5.5*64*T¢ 5.5%64*T.
5 60 2.5*64*T. 2.5%64*T
120 2.5*64*T. 2.5%64*T.
NOTE:  Tcis the basic timing unit defined in TS 38.211 [6]

7.1.2.2 Void

7.2

7.2.1

Table 7.1.2.2-1: Void

UE timer accuracy

Introduction

UE timers are used in different protocol entities to control the UE behaviour.

1.2.2

Requirements

For UE timers specified in TS 38.331 [2], the UE shall comply with the timer accuracies according to Table 7.2.2-1.

The requirements are only related to the actual timing measurements internally in the UE. They do not include the
following:

7.3

7.3.1

Inaccuracy in the start and stop conditions of a timer (e.g. UE reaction time to detect that start and stop
conditions of a timer is fulfilled), or

Inaccuracies due to restrictions in observability of start and stop conditions of a UE timer (e.g. slot alignment
when UE sends messages at timer expiry).

Table 7.2.2-1
Timer value [s] Accuracy
timer value < 4 +0.1s
timer value >4 +2.5%

Timing advance

Introduction

The timing advance is initiated from gNB to UE in EN-DC, NR-DC, NE-DC and NR SA operation modes, with MAC
message that implies the adjustment of the timing advance, as defined in clause 5.2 of TS 38.321 [7].
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7.3.2 Requirements

7.3.2.1 Timing Advance adjustment delay

UE shall adjust the timing of its uplink transmission timing at time slot n+ k+ 1 for a timing advance command received
in time slot n, and the value of k is defined in clause 4.2 in TS 38.213 [3]. The same requirement applies also when the
UE is not able to transmit a configured uplink transmission due to the channel assessment procedure.

7.3.2.2 Timing Advance adjustment accuracy

The UE shall adjust the timing of its transmissions with a relative accuracy better than or equal to the UE Timing
Advance adjustment accuracy requirement in Table 7.3.2.2-1, to the signalled timing advance value compared to the
timing of preceding uplink transmission. The timing advance command step is defined in TS 38.213 [3].

Table 7.3.2.2-1: UE Timing Advance adjustment accuracy

UL Sub Carrier

Spacing(kHz) 15 30 60 120
UE Timing Advance
adjustment accuracy +256 T¢ +256 T¢ +128 Tc +32 T¢

7.4 Cell phase synchronization accuracy

7.4.1 Definition

Cell phase synchronization accuracy for TDD is defined as the maximum absolute deviation in frame start timing
between any pair of cells on the same frequency that have overlapping coverage areas.
7.4.2 Minimum requirements

The cell phase synchronization accuracy measured at BS antenna connectors or radiated interface boundaries shall be
better than 3 ps.

7.5 Maximum Transmission Timing Difference

75.1 Introduction

A UE shall be capable of handling a relative transmission timing difference between subframe timing boundary of E-
UTRA PCell and the closest slot timing boundary of PSCell to be aggregated for EN-DC operation.

A UE shall be capable of handling a relative transmission timing difference among the closest slot timing boundaries of
different carriers to be aggregated in NR carrier aggregation.

A UE shall be capable of handling a relative transmission timing difference between slot timing boundary of PCell and
subframe timing boundary of E-UTRA PSCell to be aggregated for NE-DC operation.

A UE shall be capable of handling a relative transmission timing difference between slot timing boundaries of PCell
and the closest slot timing boundary of PSCell to be aggregated in NR DC operation.

7.5.2 Minimum Requirements for inter-band EN-DC

The UE shall be capable of handling a maximum uplink transmission timing difference between E-UTRA PCell and
PSCell as shown in Table 7.5.2-1.

ETSI



3GPP TS 38.133 version 15.22.0 Release 15
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Sub-carrier spacing UL Sub-carrier Maximum uplink
in E-UTRA PCell spacing for data in transmission timing
(kHz) PSCell (kHz) difference (us)
15 15 500
15 30 250
15 60 125
15 12(QNotel 62.5

NOTE 1: For E-UTRA FDD-NR FDD intra-band EN-DC, for which the
requirement is defined in clause 7.5.3 and this Table 7.5.2-1 is also
applicable, the scenario with 120kHz PSCell does not exist.

7521

Table 7.5.2-2 Void

Minimum Requirements for inter-band synchronous EN-DC

The requirements in this clause apply as a reference for inter-band synchronous EN-DC.

The UE shall be capable of handling a maximum uplink transmission timing difference between E-UTRA PCell and
PSCell for inter-band synchronous EN-DC as shown in Table 7.5.2.1-1 1. The requirements for synchronous EN-DC
are applicable for E-UTRA TDD-NR TDD, E-UTRA FDD-NR FDD, E-UTRA TDD-NR FDD and E-UTRA FDD-NR
TDD inter-band EN-DC.

Table 7.5.2.1-1 Maximum uplink transmission timing difference requirement for inter-band

synchronous EN-DC

Sub-carrier UL Sub-carrier Maximum uplink
spacing in E- spacing for data transmission timing
UTRA PCell (kHz) in PSCell (kHz) difference (us)
15 15 35.21
15 30 35.21
15 60 35.21
15 120 35.21

7.5.3

For intra-band EN-DC, only co-located deployment is applied.

Minimum Requirements for intra-band EN-DC

The UE shall be capable of handling a maximum uplink transmission timing difference between E-UTRA PCell and
PSCell as shown in Table 7.5.2-1 for E-UTRA FDD-NR FDD intra-band EN-DC provided the UE indicates that it is
capable of asynchronous EN-DC operation [2].

The UE shall be capable of handling a maximum uplink transmission timing difference between E-UTRA PCell and
PSCell as shown in Table 7.5.3-1 for E-UTRA TDD-NR TDD and E-UTRA FDD-NR FDD intra-band EN-DC
provided the UE does not indicate that it is capable of asynchronous FDD-FDD EN-DC operation [16].

Table 7.5.3-1: Maximum uplink transmission timing difference requirement for intra-band

synchronous EN-DC

Sub-carrier spacing UL Sub-carrier Maximum uplink
in E-UTRA PCell spacing for data in transmission timing
(kHz) PSCell (kHz) difference (us)
15 15 5.21N0181,N0l62
15 30 5.2]Note 2
15 60 5.2] Note 2

NOTE 1: This is not applicable for a UE which indicates the capability of only
supporting single UL timing (ul-TimingAlignmentEUTRA-NR is
signalled). Single UL timing for E-UTRA and NR cell is assumed for

this UE.
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NOTE 2: If the transmission timing difference exceeds the cyclic prefix length of
the UL Sub-carrier spacing for data in PSCell, NR UE Tx EVM
degradation is expected for the symbol that is overlapping the LTE
subframe boundary

7.5.4 Minimum Requirements for NR Carrier Aggregation

The UE shall be capable of handling at least a relative transmission timing difference between slot timing of all pairs of
TAGs as shown in Table 7.5.4-1, provided that the UE is:

- configured with the pTAG and the sTAG for inter-band NR carrier aggregation in SA or NR-DC mode, or

- configured with more than one STAG for inter-band NR carrier aggregation in EN-DC or NE-DC mode.

Table 7.5.4-1: Maximum uplink transmission timing difference requirement for inter-band NR carrier
aggregation

Frequency Range of Maximum uplink transmission
the pair of TAGs timing difference (us)
FR1 34.6
FR2 8.5
Between FR1 and FR2 26.1

7.5.5 Minimum Requirements for inter-band NE-DC

The UE shall be capable of handling a maximum uplink transmission timing difference between PCell and E-UTRA
PSCell as shown in Table 7.5.5-1 for inter-band asynchronous NE-DC.

Table 7.5.5-1: Maximum uplink transmission timing difference requirement for inter-band
asynchronous NE-DC

Sub-carrier spacing UL Sub-carrier Maximum uplink
in PCell (kHz) spacing for data in transmission timing
E-UTRA PSCell difference (us)
(kHz)
15 15 500
30 15 250
60 15 125
120 15 62.5
NOTE 1: Void

Table 7.5.5-2: Void

7551 Minimum Requirements for inter-band synchronous NE-DC
The requirements in this clause apply as a reference for inter-band synchronous NE-DC.

The UE shall be capable of handling a maximum uplink transmission timing difference between PCell and E-UTRA
PSCell for inter-band synchronous NE-DC as shown in Table 7.5.5.1-1. The requirements for synchronous NE-DC are
applicable for NR TDD- E-UTRA TDD, NR FDD- E-UTRA FDD, NR TDD- E-UTRA FDD and NR FDD- E-UTRA
TDD inter-band NE-DC.

Table 7.5.5.1-1: Maximum uplink transmission timing difference requirement for inter-band
synchronous NE-DC

Sub-carrier UL Sub-carrier Maximum uplink
spacing in PCell spacing for data transmission timing
(kHz) in E-UTRA PSCell difference (ps)
(kHz)
15 15 35.21
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30 15 35.21
60 15 35.21
120 15 35.21

7.5.6 Minimum Requirements for inter-band NR DC

The UE shall be capable of handling a maximum uplink transmission timing difference between PCell and PSCell as
shown in Table 7.5.6-1 provided that the UE indicates that it is capable of synchronous NR DC [16].

Table 7.5.6-1: Maximum uplink transmission timing difference requirement for inter-band
synchronous NR DC

Maximum uplink transmission
timing difference (us)
34.1

Frequency Range
PCell PSCell
FR1 FR2

7.6 Maximum Receive Timing Difference

7.6.1 Introduction

A UE shall be capable of handling a relative receive timing difference between subframe timing boundary of an E-
UTRA cell belonging to the MCG and the closest slot timing boundary of a cell belonging to SCG to be aggregated for
EN-DC operation.

A UE shall be capable of handling a relative receive timing difference between subframe timing boundary of an E-
UTRA cell belonging to the SCG to be aggregated for NE-DC operation and the closest slot timing boundary of a cell
belonging to MCG.

A UE shall be capable of handling a relative receive timing difference between slot timing boundary of a cell belonging
to MCG and the closest slot timing boundary of a cell belonging to the SCG to be aggregated for NR DC operation. A
UE shall be capable of handling a relative receive timing difference among the closest slot timing boundaries of
different carriers to be aggregated in NR carrier aggregation.

7.6.2

The UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal
from a E-UTRA cell belonging to the MCG and slot timing of signal from a cell belonging to SCG at the UE receiver as
shown in Table 7.6.2-1.

Minimum Requirements for inter-band EN-DC

Table 7.6.2-1: Maximum receive timing difference requirement for asynchronous EN-DC

Sub-carrier spacing
of E-UTRA cell in

DL Sub-carrier
spacing of cell in

Maximum receive timing
difference (us)

MCG (kHz) SCG (kHz) (Note 1)
15 15 500
15 30 250
15 60 125
15 12(QNote2 62.5

NOTE 1: DL Sub-carrier spacing is min{SCSss, SCSpata}.

NOTE 2: For E-UTRA FDD-NR FDD intra-band EN-DC, for which the
requirement is defined in clause 7.6.3 and this Table 7.6.2-1 is also
applicable, the scenario with 120 kHz does not exit.

Table 7.6.2-2: Void
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Table 7.6.2-3 Void

7.6.2.1 Minimum Requirements for inter-band synchronous EN-DC

The requirements in this clause apply as a reference for inter-band synchronous EN-DC.

The UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal
from an E-UTRA cell belonging to the MCG and slot timing of signal from a cell belonging to SCG at the UE receiver
for inter-band synchronous EN-DC as shown in Table 7.6.2.1-1. The requirements for synchronous EN-DC are
applicable for E-UTRA TDD-NR TDD, E-UTRA FDD-NR FDD, E-UTRA TDD-NR FDD and E-UTRA FDD-NR
TDD inter-band EN-DC.

Table 7.6.2.1-1: Maximum receive timing difference requirement for inter-band synchronous EN-DC

Sub-carrier spacing DL Sub-carrier Maximum receive timing
of E-UTRA cell in spacing of cell in difference (us)
MCG (kHz) SCG (kHz) (Notel)
15 15
15 30
15 60 33
15 120
Note 1: DL Sub-carrier spacing is min{SCSss, SCSpaTa}.

7.6.3

For intra-band EN-DC, only co-located deployment is applied.

Minimum Requirements for intra-band EN-DC

The UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal
from a E-UTRA cell belonging to the MCG and slot timing of signal from a cell belonging to the SCG as shown in
Table 7.6.2-1 for E-UTRA FDD-NR FDD intra-band EN-DC provided the UE indicates that it is capable of
asynchronous EN-DC operation [2].

The UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal
from a E-UTRA cell belonging to the MCG and slot timing of signal from a cell belonging to the SCG as shown in
Table 7.6.3-1 for E-FUTRA FDD-NR FDD and E-UTRA TDD-NR TDD intra-band EN-DC provided the UE does not
indicate that it is capable of asynchronous FDD-FDD EN-DC operation [16].

Table 7.6.3-1 Maximum receive timing difference requirement for intra-band synchronous EN-DC

Sub-carrier spacing DL Sub-carrier Maximum receive timing
of E-UTRA cell in spacing of cell in difference (us)
MCG (kHz) SCG (kHz) Notel
15 15 3
15 30 3
15 60 3

NOTE 1: DL Sub-carrier spacing is min{SCSss, SCSpaTa}.

Table 7.6.3-2 Void

7.6.4

For intra-band CA, only co-located deployment is applied. For intra-band non-contiguous NR carrier aggregation, the
UE shall be capable of handling at least a relative receive timing difference between slot timing of different carriers to
be aggregated at the UE receiver as shown in Table 7.6.4-1 below.

Minimum Requirements for NR Carrier Aggregation
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Table 7.6.4-1: Maximum receive timing difference requirement for intra-band non-contiguous NR
carrier aggregation

Maximum receive timing
difference (us)

FR1 3t

FR2 0.26

In the case of different SCS on different CCs, if the

receive time difference exceeds the cyclic prefix

length of that SCS, demodulation performance

degradation is expected for the first symbol of the

slot.

Frequency Range

Note 1:

For inter-band NR carrier aggregation, the UE shall be capable of handling at least a relative receive timing difference
between slot timing of all pairs of carriers to be aggregated at the UE receiver as shown in Table 7.6.4-2 below.

Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation

7.6.5

Frequency Range of
the pair of carriers

Maximum receive timing
difference (us)

FR1 33
FR2 8
Between FR1 and FR2 25

Minimum Requirements for inter-band NE-DC

The UE shall be capable of handling at least a relative receive timing difference between slot timing of signal from a
cell belonging to the MCG and subframe timing of signal from an E-UTRA cell belonging to the SCG at the UE
receiver for asynchronous NE-DC as shown in Table 7.6.5-1.

Table 7.6.5-1: Maximum receive timing difference requirement for asynchronous NE-DC

Sub-carrier spacing DL Sub-carrier Maximum receive timing
of cell in MCG (kHz) spacing of EUTRA difference (us)
cell in SCG (kHz)
(Note 1)

15 15 500

30 15 250

60 15 125

120 15 62.5
NOTE 1: DL Sub-carrier spacing is min{SCSss, SCSpaTa}.
NOTE 2: Void

Table 7.6.5-2: Void

7.6.5.1 Minimum Requirements for inter-band synchronous NE-DC

The requirements in this clause apply as a reference for inter-band synchronous NE-DC.

The UE shall be capable of handling at least a relative receive timing difference between slot timing of signal from a
cell belonging to the MCG and subframe timing of signal from a E-UTRA cell belonging to the SCG at the UE receiver
for inter-band synchronous NE-DC as shown in Table 7.6.5.1-1. The requirements for synchronous NE-DC are
applicable for NR TDD- E-UTRA TDD, NR FDD- E-UTRA FDD, NR TDD- E-UTRA FDD and NR FDD- E-UTRA
TDD inter-band NE-DC.

Table 7.6.5.1-1: Maximum receive timing difference requirement for inter-band synchronous NE-DC

Maximum receive timing
difference (us)

DL Sub-carrier
spacing of EUTRA
cell in SCG (kHz)
(Notel)

Sub-carrier spacing
of cell in MCG (kHz)
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15 15
30 15 33
60 15
120 15

7.6.6 Minimum Requirements for inter-band NR DC

The UE shall be capable of handling at least a relative receive timing difference between slot timing of signal from a
cell belonging to the MCG and slot timing of signal from a cell belonging to the SCG at the UE receiver as shown in
Table 7.6.6-1 provided that the UE indicates that it is capable of synchronous NR DC [16].

Table 7.6.6-1: Maximum receive timing difference requirement for inter-band synchronous NR DC

Frequency Range Maximum receive timing
Cellin Cellin difference (us)
MCG SCG
FR1 FR2 33
7.7 deriveSSB-IndexFromCell tolerance

7.7.1 Minimum requirements
When deriveSSB-IndexFromCell is enabled, the UE assumes frame boundary alignment (including half frame, subframe

and slot boundary alignment) across cells on the same frequency carrier is within a tolerance not worse than min(2 SSB
symbols, 1 PDSCH symbol) and the SFNs of all cells on the same frequency carrier are the same.

7.8 Void

8 Signalling characteristics

8.1 Radio Link Monitoring

8.1.1 Introduction

The requirements in clause 8.1 apply for radio link monitoring on:
- PCellin SA NR, NR-DC and NE-DC operation mode,
- PSCell in NR-DC and EN-DC operation mode.

The UE shall monitor the downlink radio link quality based on the reference signal configured as RLM-RS resource(s)
in order to detect the downlink radio link quality of the PCell and PSCell as specified in TS 38.213 [3]. The configured
RLM-RS resources can be all SSBs, or all CSI-RSs, or a mix of SSBs and CSI-RSs. UE is not required to perform RLM
outside the active DL BWP.

On each RLM-RS resource, the UE shall estimate the downlink radio link quality and compare it to the thresholds Qout
and Qi, for the purpose of monitoring downlink radio link quality of the cell.

The threshold Qo is defined as the level at which the downlink radio link cannot be reliably received and shall
correspond to the out-of-sync block error rate (BLERow) as defined in Table 8.1.1-1. For SSB based radio link
monitoring, Qout_sss is derived based on the hypothetical PDCCH transmission parameters listed in Table 8.1.2.1-1. For
CSI-RS based radio link monitoring, Qout_csi-rs is derived based on the hypothetical PDCCH transmission parameters
listed in Table 8.1.3.1-1.
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The threshold Qin is defined as the level at which the downlink radio link quality can be received with significantly
higher reliability than at Q.u and shall correspond to the in-sync block error rate (BLER;») as defined in Table 8.1.1-1.
For SSB based radio link monitoring, Qin_ssg is derived based on the hypothetical PDCCH transmission parameters
listed in Table 8.1.2.1-2. For CSI-RS based radio link monitoring, Qin_csi-rs is derived based on the hypothetical
PDCCH transmission parameters listed in Table 8.1.3.1-2.

The out-of-sync block error rate (BLER,.t) and in-sync block error rate (BLER;,) are determined from the network
configuration via parameter rlmlnSyncOutOfSyncThreshold signalled by higher layers. When UE is not configured
with rimlnSyncOutOfSyncThreshold from the network, UE determines out-of-sync and in-sync block error rates from
Configuration #0 in Table 8.1.1-1 by default. All requirements in clause 8.1 are applicable for BLER Configuration #0
in Table 8.1.1-1.

Table 8.1.1-1: Out-of-sync and in-sync block error rates

Configuration BLERout BLERIn
0 10% 2%

UE shall be able to monitor up to Nrum RLM-RS resources of the same or different types in each corresponding carrier
frequency range, depending on a maximum number | of SSBs per half frame according to TS 38.213 [3], where

Nrum is specified in Table 8.1.1-2 according TS 38.213 [3], and meet the requirements as specified in clause 8.1. UE is
not required to meet the requirements in clause 8.1 if RLM-RS is not configured and no TCI state for PDCCH is
activated.

Table 8.1.1-2: Maximum number of RLM-RS resources Nrum

Carrier frequency range of L Maximum number of RLM-RS
PCell/PSCell max resources, NrLm
FR1, < 3 GHzNote 4 2
FR1, > 3 GHzNoe 8 4
FR2 64 8
NOTE:  For unpaired spectrum operation with Case C - 30 kHz SCS, 3GHz is replaced by 1.88GHz, as specified in
clause 4.1in TS 38.213 [3].

8.1.2 Requirements for SSB based radio link monitoring

8.1.2.1 Introduction

The requirements in this clause apply for each SSB based RLM-RS resource configured for PCell or PSCell, provided
that the SSB configured for RLM is actually transmitted within UE active DL BWP during the entire evaluation period
specified in clause 8.1.2.2.

Table 8.1.2.1-1: PDCCH transmission parameters for out-of-sync evaluation

Attribute Value for BLER Configuration #0
DCI format 1-0
Number of control OFDM 5
symbols
Aggregation level (CCE) 8
Ratio of hypothetical PDCCH
RE energy to average SSS 4dB
RE energy
Ratio of hypothetical PDCCH
DMRS energy to average 4dB
SSS RE energy
Bandwidth (PRBSs) 24
Sub-carrier spacing (kHz) SCS of the active DL BWP
DMRS precoder granularity REG bundle size
REG bundle size 6
CP length Normal
Mapping from REG to CCE Distributed
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Table 8.1.2.1-2: PDCCH transmission parameters for in-sync evaluation

Attribute Value for BLER Configuration #0

DCI payload size 1-0

Number of control OFDM 5

symbols

Aggregation level (CCE) 4

Ratio of hypothetical PDCCH

RE energy to average SSS 0dB

RE energy

Ratio of hypothetical PDCCH

DMRS energy to average 0dB

SSS RE energy

Bandwidth (PRBSs) 24

Sub-carrier spacing (kHz) SCS of the active DL BWP

DMRS precoder granularity REG bundle size

REG bundle size 6

CP length Normal

Mapping from REG to CCE Distributed
8.1.2.2 Minimum requirement

UE shall be able to evaluate whether the downlink radio link quality on the configured RLM-RS resource estimated
over the last Tevaivate out sse MS period becomes worse than the threshold Qout_sse Within Tevaivate_out_sse [MS] evaluation
period.

UE shall be able to evaluate whether the downlink radio link quality on the configured RLM-RS resource estimated
over the last Tevalate in_sse MS period becomes better than the threshold Qin_sse Within Tevaiae in_sse [MS] evaluation
period.

TEvaluate_out_SSB and TEvaluate_in_SSB are deflned |n Table 8122'1 fOI’ FR].
Tevaluate_out_ssB aNd Tevaiuate_in_ssg are defined in Table 8.1.2.2-2 for FR2 with scaling factor N=8.

For FR1,

1
_TssB!
MGRP . . )
frequency or inter-RAT measurements, and these measurement gaps are overlapping with some but not all

occasions of the SSB; and

- P= when in the monitored cell there are measurement gaps configured for intra-frequency, inter-

- P =1 when in the monitored cell there are no measurement gaps overlapping with any occasion of the SSB.

For FR2,

1
Tssp
TSMTCperiad

is partially overlapped with SMTC occasion (Tssg < TsmTcperiod)-

- P= , when RLM-RS resource is not overlapped with measurement gap and the RLM-RS resource

- P iS Psharing factor, When the RLM-RS resource is not overlapped with measurement gap and RLM-RS resource is
fully overlapped with SMTC period (Tssg = Tsmrcperiod)-

1
TssB TssB

MGRP TSMTCperiad
RLM-RS resource is partially overlapped with SMTC occasion (Tssg < Tswmtcperiod) and SMTC occasion is not

overlapped with measurement gap and

- P= , when the RLM-RS resource is partially overlapped with measurement gap and the

- TSMTCperiod # MGRP or

- Tswmrcperiod = MGRP and Tssg < 0.5 X Tsmrcperiod
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_ P = Psharing factor
- _TssB
MGRP

partially overlapped with SMTC occasion (Tsss < Tsmrcperiod) and SMTC occasion is not overlapped with
measurement gap and Tsmrcperiod = MGRP and Tssg = 0.5 X Tsmtcperiod

, Wwhen the RLM-RS is partially overlapped with measurement gap and the RLM-RS is

1

1 TssB
Min(MGRP.TsyTCperiod)

RLM-RS resource is partially overlapped with SMTC occasion (Tssg < Tsmrcperiod) and SMTC occasion is
partially or fully overlapped with measurement gap

- P= , When the RLM-RS resource is partially overlapped with measurement gap and the

P = Psharing factor
_TssB
MGRP

resource is fully overlapped with SMTC occasion (Tsss = Tsmrcperiod) @hd SMTC occasion is partially overlapped
with measurement gap (Tsmrcperiod < MGRP)

, when the RLM-RS resource is partially overlapped with measurement gap and the RLM-RS

- Psharing factor = 1, if the RLM-RS resource outside measurement gap is

- not overlapped with the SSB symbols indicated by SSB-ToMeasure and 1 data symbol before each
consecutive SSB symbols indicated by SSB-ToMeasure and 1 data symbol after each consecutive SSB
symbols indicated by SSB-ToMeasure, given that SSB-ToMeasure is configured, where the SSB-ToMeasure
is the union set of SSB-ToMeasure from all the configured measurement objects merged on the same
serving carrier, and,

- not overlapped by the RSSI symbols indicated by ss-RSS-Measurement and 1 data symbol before each
RSSI symbol indicated by ss-RSS-Measurement and 1 data symbol after each RSSI symbol indicated by
ss-RSS -Measurement, given that sssRSS-Measurement is configured.

- Psharing factor = 3, Otherwise.
where,

If the high layer in TS 38.331 [2] signaling of smtc2 is present, Tswrcperiod follows smtc2; Otherwise
Tsmrcperiod follows smtcl. Tsmrcperiod IS the shortest SMTC period among all CCs in the same FR2 band,
provided the SMTC offset of all CCs in FR2 have the same offset.

Longer evaluation period would be expected if the combination of RLM-RS resource, SMTC occasion and
measurement gap configurations does not meet previous conditions.

Table 8.1.2.2-1: Evaluation period Tevaluate out_sss and Tevaiuate_in_sss for FR1

Configuration TEvaluate_out_ssa (MS) Tevaluate_in_sss (MS)
no DRX Max (200, Ceil(10 x P) x Tssg) Max (100, Ceil(5 x P) x Tsss)
DRX cycles320ms Max(200, Ceil(15 x P) x Max(100, Ceil(7.5 x P) x Max(Torx, Tssg))
Max(Torx, Tsss))
DRX cycle>320ms Ceil(10 x P) x Tprx Ceil(5 x P) x Torx
NOTE:  Tsss is the periodicity of the SSB configured for RLM. Torx is the DRX cycle length.

Table 8.1.2.2-2: Evaluation period Tevaluate out_sss and Tevaiuate_in_sss for FR2

Configuration TEvaluate_out_ssa (MS) Tevaluate_in_sss (MS)
no DRX Max(200, Ceil(10 x P x N) x Tssg) Max(100, Ceil(5 x P x N) x Tssg)
DRX cycles320ms Max(200, Ceil(15 x P x N) x Max(100, Ceil(7.5 x P x N) x Max(Torx, Tsss))
Max(Tprx, TssB))
DRX cycle>320ms Ceil(10 x P x N) x Torx Ceil(5 x P x N) X Torx
NOTE:  Tsssis the periodicity of the SSB configured for RLM. Torx is the DRX cycle length.

8.1.2.3 Measurement restrictions for SSB based RLM

The UE is required to be capable of measuring SSB for RLM without measurement gaps. The UE is required to perform
the SSB measurements with measurement restrictions as described in the following clauses.
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For FR1, when the SSB for RLM is in the same OFDM symbol as CSI-RS for RLM, BFD, CBD or L1-RSRP

measurement,

- If SSB and CSI-RS have same SCS, UE shall be able to measure the SSB for RLM without any restriction;

- If SSB and CSI-RS have different SCS,

- If UE supports simultaneousRxDataSSB-DiffNumerology, UE shall be able to measure the SSB for RLM
without any restriction;

- If UE does not support simultaneousRxDataSSB-DiffNumerology, UE is required to measure one of but not
both SSB for RLM and CSI-RS. Longer measurement period for SSB based RLM is expected, and no
requirements are defined.

For FR2, when the SSB for RLM measurement on one CC is in the same OFDM symbol as CSI-RS for RLM, BFD,
CBD or L1-RSRP measurement on the same CC or different CCs in the same band, UE is required to measure one of
but not both SSB for RLM and CSI-RS. Longer measurement period for SSB based RLM is expected, and no
requirements are defined.

8.1.3

8.1.3.1

Introduction

Requirements for CSI-RS based radio link monitoring

The requirements in this clause apply for each CSI-RS based RLM-RS resource configured for PCell or PSCell,
provided that the CSI-RS configured for RLM is actually transmitted within UE active DL BWP during the entire
evaluation period specified in clause 8.1.3.2. UE is not expected to perform radio link monitoring measurements on the
CSI-RS configured as RLM-RS if the CSI-RS is not in the active TCI state of any CORESET configured in the UE

active BWP.

Table 8.1.3.1-1: PDCCH transmission parameters for out-of-sync evaluation

Attribute Value for BLER Configuration #0
DCI format 1-0
Number of control OFDM 5
symbols
Aggregation level (CCE) 8
Ratio of hypothetical PDCCH
RE energy to average CSI-RS 4dB
RE energy
Ratio of hypothetical PDCCH
DMRS energy to average 4dB
CSI-RS RE energy
Bandwidth (PRBSs) 48
Sub-carrier spacing (kHz) SCS of the active DL BWP
DMRS precoder granularity REG bundle size
REG bundle size 6
CP length Normal
Mapping from REG to CCE Distributed

Table 8.1.3.1-2: PDCCH transmission parameters for in-sync evaluation

Attribute Value for BLER Configuration #0
DCI payload size 1-0
Number of control OFDM 5
symbols
Aggregation level (CCE) 4
Ratio of hypothetical PDCCH
RE energy to average CSI-RS 0dB
RE energy
Ratio of hypothetical PDCCH
DMRS energy to average 0dB
CSI-RS RE energy
Bandwidth (PRBSs) 48
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Sub-carrier spacing (kHz) SCS of the active DL BWP

DMRS precoder granularity REG bundle size

REG bundle size 6

CP length Normal

Mapping from REG to CCE Distributed
8.1.3.2 Minimum requirement

UE shall be able to evaluate whether the downlink radio link quality on the configured RLM-RS resource estimated
over the last Tevaluate out csi-rs MS period becomes worse than the threshold Qout_csi-rs Within Tevaiuate_out_csi-rs [MS]
evaluation period.

UE shall be able to evaluate whether the downlink radio link quality on the configured RLM-RS resource estimated
over the last Tevaluate_in_csi-rs MS period becomes better than the threshold Qin_csi-rs Within Tevaluate in_csi-rs [MS]
evaluation period.

- TEvaluate_out_Csl.RS and TEvaluate_in_Csl-RS are deﬂned |n Table 8132'1 fOI’ FR].
- Tevaluate_out_csi-rs @nd Tevalate_in_csi-rs are defined in Table 8.1.3.2-2 for FR2 with scaling factor N=1.

The requirements of Tevaluate_out_csi-rs @Nd Tevaivate_in_csi-rs @pply provided that the CSI-RS for RLM is not in a resource
set configured with repetition ON. The requirements do not apply when the CSI-RS resource in the active TCI state of
CORESET is the same CSI-RS resource for RLM and the TCI state information of the CSI-RS resource is not given,
wherein the TCI state information means QCL Type-D to SSB for L1-RSRP or CSI-RS with repetition ON.

For FR1,

- P= Tosirs' when in the monitored cell there are measurement gaps configured for intra-frequency, inter-

MGRP
frequency or inter-RAT measurements, and these measurement gaps are overlapping with some but not all

occasions of the CSI-RS; and
- P =1, when in the monitored cell there are no measurement gaps overlapping with any occasion of the CSI-RS.
For FR2,

- P =1, when the RLM-RS resource is not overlapped with measurement gap and also not overlapped with SMTC
occasion.

1

_Tcsi-Rs’
MGRP
resource is not overlapped with SMTC occasion (Tcsi-rs < MGRP)

- P= when the RLM-RS resource is partially overlapped with measurement gap and the RLM-RS

1
1—__LCSI-RS
TsMTCperiod
resource is partially overlapped with SMTC occasion (Tcsi-rs < Tsmrcperiod)-

- P= , when the RLM-RS resource is not overlapped with measurement gap and the RLM-RS

- P = Psharing factor, When the RLM-RS resource is not overlapped with measurement gap and RLM-RS resource is
fully overlapped with SMTC occasion (Tcsi-rs = TsmTcperiod)-

1
1_Ycsi—rs __ TcsI-Rs
MGRP  TgmTCperiod
RLM-RS resource is partially overlapped with SMTC occasion (Tcsi-rs < Tsmrcperiod) @nd SMTC occasion is not

overlapped with measurement gap and

- p=

, when the RLM-RS resource is partially overlapped with measurement gap and the

- TSMTCperiod # MGRP or

- Tswmrcperiod = MGRP and Tcsirs < 0.5 X Tsmrcperiod

P = Psharing factor
— . _Tcsi-Rs !
MGRP

resource is partially overlapped with SMTC occasion (Tcsi-rs < Tsmtcperiod) @and SMTC occasion is not
overlapped with measurement gap and Tsmrcperiod = MGRP and Tcsi.rs = 0.5 X Tsmrcperiod

when the RLM-RS resource is partially overlapped with measurement gap and the RLM-RS
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1
1o Tcsi-rs
Min(MGRP.TsMTCperiod)

RLM-RS resource is partially overlapped with SMTC occasion (Tcsi-rs < Tsmtcperiod) @ahd SMTC occasion is
partially or fully overlapped with measurement gap

- P=

, when the RLM-RS resource is partially overlapped with measurement gap and the

P = Psharing factor
— . _Tcsi-Rs !
MGRP

resource is fully overlapped with SMTC occasion (Tcsi-rs = Tsmrcperiod) @nd SMTC occasion is partially
overlapped with measurement gap (Tsmrcperiod < MGRP)

when the RLM-RS resource is partially overlapped with measurement gap and the RLM-RS

- Psharing factor = 1, if the RLM-RS resource outside measurement gap is

- not overlapped with the SSB symbols indicated by SSB-ToMeasure and 1 data symbol before each
consecutive SSB symbols indicated by SSB-ToMeasure and 1 data symbol after each consecutive SSB
symbols indicated by SSB-ToMeasure, given that SSB-ToMeasure is configured, where the SSB-ToMeasure
is the union set of SSB-ToMeasure from all the configured measurement objects merged on the same serving
carrier, and,

- not overlapped by the RSSI symbols indicated by ss-RSSI-Measurement and 1 data symbol before each RSSI
symbol indicated by ss-RSS-Measurement and 1 data symbol after each RSSI symbol indicated by ss-RSSI-
Measurement, given that ss-RSSl-Measurement is configured.

Psharing factor = 3, Otherwise.
where,

If the high layer in TS 38.331 [2] signaling of smtc2 is present, Tswrcperiod follows smtc2; Otherwise
Tsmrcperiod follows smtcl. Tsmrcperiod IS the shortest SMTC period among all CCs in the same FR2 band,
provided the SMTC offset of all CCs in FR2 have the same offset.

Note: The overlap between CSI-RS for RLM and SMTC means that CSI-RS based RLM is within the SMTC
window duration.

Longer evaluation period would be expected if the combination of RLM-RS resource, SMTC occasion and
measurement gap configurations does not meet previous conditions.

The values of Moyt and Mi, used in Table 8.1.3.2-1 and Table 8.1.3.2-2 are defined as:

- Mou = 20 and M, = 10, if the CSI-RS resource configured for RLM is transmitted with higher layer CSI-RS
parameter density [6, clause 7.4.1] set to 3 and over the bandwidth = 24 PRBs.

Table 8.1.3.2-1: Evaluation period Tevaluate out_csi-rs 8Nd Tevaiuate_in_csi-rs for FR1

Configuration TEvaluate_out_CSI-RS (ms) TEvaluate_in_CSI-RS (ms)
no DRX Max(200, Ceil(MoutxP)xTcsi-rs) Max (2100, Ceil(MinxP) x Tcsi-rs)
DRX < 320ms Max (200, Ceil(1.5xMoutxP)x Max(100, Ceil(1.5xMinxP)x Max(Torx, Tcsi-
Max(Torx, Tcsi-rs)) RS))
DRX > 320ms Ceil(MoutxP) X Tprx Ceil(MinxP) X Tprx
NOTE:  Tcsirs is the periodicity of the CSI-RS resource configured for RLM. The requirements in this table
apply for Tcsirs equal to 5 ms, 10ms, 20 ms or 40 ms. Toprx is the DRX cycle length.

Table 8.1.3.2-2: Evaluation period Tevaluate out_csi-rs @nd Tevaiuate_in_csi-rs for FR2

Configuration TEvaluate_out_csi-rs (MS) TEvaluate_in_csi-rRs (MS)
no DRX Max(200, Ceil(MouxPxN)xTcsirs) | Max(100, Ceil(MinxPxN) x Tcsi-rs)
DRX < 320ms Max(200, Ceil(1.5xMoutxPxN)x Max(100, Ceil(1.5%XMinxPxN)x
Max(Torx, Tcsi-rs)) Max(Torx, Tcsi-rs))
DRX > 320ms Ceil(MouxPxN) x Tprx Ceil(MinxPxN) X Tprx
NOTE:  Tcsirs is the periodicity of the CSI-RS resource configured for RLM. The requirements in this table apply for
Tcsirs equal to 5 ms, 10 ms, 20 ms or 40 ms. Torx is the DRX cycle length.
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8.1.3.3 Measurement restrictions for CSI-RS based RLM

The UE is required to be capable of measuring CSI-RS for RLM without measurement gaps. The UE is required to
perform the CSI-RS measurements with measurement restrictions as described in the following clauses.

For both FR1 and FR2, when the CSI-RS for RLM is in the same OFDM symbol as SSB for RLM, BFD, CBD or L1-
RSRP measurement, UE is not required to receive CSI-RS for RLM in the PRBs that overlap with an SSB.

For FR1, when the SSB for RLM, BFD, CBD, or L1-RSRP measurement is within the active BWP and has same SCS
than CSI-RS for RLM, the UE shall be able to perform CSI-RS measurement without restrictions.

For FR1, when the SSB for RLM, BFD, CBD or L1-RSRP measurement is within the active BWP and has different
SCS than CSI-RS for RLM, the UE shall be able to perform CSI-RS measurement with restrictions according to its
capabilities:

- If the UE supports simultaneousRxDataSSB-DiffNumerology the UE shall be able to perform CSI-RS for RLM
measurement without restrictions.

- If the UE does not support simultaneousRxDataSSB-DiffNumerology, UE is required to measure one of but not
both CSI-RS for RLM and SSB. Longer measurement period for CSI-RS based RLM is expected, and no
requirements are defined.

For FR1, when the CSI-RS for RLM is in the same OFDM symbol as another CSI-RS for RLM, BFD, CBD or L1-
RSRP measurement, UE shall be able to measure the CSI-RS for RLM without any restriction.

For FR2, when the CSI-RS for RLM measurement on one CC is in the same OFDM symbol as SSB for RLM, BFD, or
L1-RSRP measurement on the same CC or different CCs in the same band, or in the same symbol as SSB for CBD
measurement on the same CC or different CCs in the same band when beam failure is detected, UE is required to
measure one of but not both CSI-RS for RLM and SSB. Longer measurement period for CSI-RS based RLM is
expected, and no requirements are defined.

For FR2, when the CSI-RS for RLM measurement on one CC is in the same OFDM symbol as another CSI-RS for
RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band,

- Inthe following cases, UE is required to measure one of but not both CSI-RS for RLM and the other CSI-RS.
Longer measurement period for CSI-RS based RLM is expected, and no requirements are defined.

- The CSI-RS for RLM or the other CSI-RS in a resource set configured with repetition ON, or
- The other CSI-RS is configured in gl and beam failure is detected, or
- The two CSI-RS-es are not QCL-ed w.r.t. QCL-TypeD, or the QCL information is not known to UE,

- Otherwise, UE shall be able to measure the CSI-RS for RLM without any restriction.

8.1.4 Minimum requirement at transitions

When the UE transitions between DRX and no DRX or when DRX cycle periodicity changes, for each RLM-RS
resource, for a duration of time equal to the evaluation period corresponding to the second mode after the transition
occurs, the UE shall use an evaluation period that is no less than the minimum of evaluation period corresponding to the
first mode and the second mode. Subsequent to this duration, the UE shall use an evaluation period corresponding to the
second mode for each RLM-RS resource. This requirement shall be applied to both out-of-sync evaluation and in-sync
evaluation of the monitored cell.

When the UE transitions from a first configuration of RLM resources to a second configuration of RLM resources that
is different from the first configuration, for each RLM resource present in the second configuration, for a duration of
time equal to the evaluation period corresponding to the second configuration after the transition occurs, the UE shall
use an evaluation period that is no less than the minimum of evaluation periods corresponding to the first configuration
and the second configuration. Subsequent to this duration, the UE shall use an evaluation period corresponding to the
second configuration for each RLM resource present in the second configuration. This requirement shall be applied to
both out-of-sync evaluation and in-sync evaluation of the monitored cell.

When the UE transitions from a first configuration of active TCI state of the CORESET to a second configuration of
active TCI state of the CORESET, for each CSI-RS for RLM present in the second configuration, the UE shall use an
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evaluation period corresponding to the second configuration from the time of transition. This requirement shall be
applied to both out-of-sync evaluation and in-sync evaluation of the monitored cell.

8.1.5 Minimum requirement for UE turning off the transmitter

The transmitter power of the UE in the monitored cell shall be turned off within 40ms after expiry of T310 timer as
specified in TS 38.331 [2].

8.1.6 Minimum requirement for L1 indication

When the downlink radio link quality on all the configured RLM-RS resources is worse than Qou, layer 1 of the UE
shall send an out-of-sync indication for the cell to the higher layers. A layer 3 filter shall be applied to the out-of-sync
indications as specified in TS 38.331 [2].

When the downlink radio link quality on at least one of the configured RLM-RS resources is better than Qin, layer 1 of
the UE shall send an in-sync indication for the cell to the higher layers. A layer 3 filter shall be applied to the in-sync
indications as specified in TS 38.331 [2].

The out-of-sync and in-sync evaluations for the configured RLM-RS resources shall be performed as specified in clause
5in TS 38.213 [3]. Two successive indications from layer 1 shall be separated by at least Tindication_interval-

When DRX is not used Tingication_interval 1S Max(10ms, Trum-rs,m), Where Trowm,m iS the shortest periodicity of all
configured RLM-RS resources for the monitored cell, which corresponds to Tssg specified in clause 8.1.2 if the RLM-
RS resource is SSB, or Tcsirs specified in clause 8.1.3 if the RLM-RS resource is CSI-RS.

In case DRX is used, Tingication_interval IS Max(10ms, 1.5 x DRX_cycle_length, 1.5 X Trum-rsm) if DRX cycle_length is
less than or equal to 320ms, and Tindication_interval IS DRX_cycle_length if DRX cycle_length is greater than 320ms. Upon
start of T310 timer as specified in TS 38.331 [2], the UE shall monitor the configured RLM-RS resources for recovery
using the evaluation period and layer 1 indication interval corresponding to the no DRX mode until the expiry or stop of
T310 timer.

8.1.7 Scheduling availability of UE during radio link monitoring

When the reference signal to be measured for RLM has different subcarrier spacing than PDSCH/PDCCH or is on
frequency range 2, there are restrictions on the scheduling availability as described in the following clauses.

8.1.7.1 Scheduling availability of UE performing radio link monitoring with a same
subcarrier spacing as PDSCH/PDCCH on FR1

There are no scheduling restrictions due to radio link monitoring performed with a same subcarrier spacing as
PDSCH/PDCCH on FR1.

8.1.7.2 Scheduling availability of UE performing radio link monitoring with a different
subcarrier spacing than PDSCH/PDCCH on FR1

For UEs which support simultaneousRxDataSSB-DiffNumerology [14] there are no restrictions on scheduling
availability due to radio link monitoring based on SSB as RLM-RS. For UEs which do not support
simultaneousRxDataSSB-DiffNumerology [14] the following restrictions apply due to radio link monitoring based on
SSB as RLM -RS.

- The UE is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH or CSI-RS for tracking
or CSI-RS for CQI on SSB symbols to be measured for radio link monitoring.

When intra-band carrier aggregation in FR1 is performed, the scheduling restrictions on FR1 serving PCell or PSCell
applies to all serving cells in the same band on the symbols that fully or partially overlap with the restricted symbols.
When inter-band carrier aggregation within FR1 is performed, there are no scheduling restrictions on FR1 serving
cell(s) in the bands due to radio link monitoring performed on FR1 serving PCell or PSCell in different bands.
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8.1.7.3 Scheduling availability of UE performing radio link monitoring on FR2
The following scheduling restriction applies due to radio link monitoring on an FR2 serving PCell and/or PSCell.

- If the RLM-RS is CSI-RS which is type-D QCLed with active TCI state for PDCCH or PDSCH, and the CSI-RS
is not in a CSI-RS resource set with repetition ON,

- There are no scheduling restrictions due to radio link monitoring based on the CSI-RS.
- Otherwise

- The UE is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH or CSI-RS for
tracking or CSI-RS for CQI on RLM-RS symbols to be measured for radio link monitoring.

When intra-band carrier aggregation in FR2 is performed, the scheduling restrictions on FR2 serving PCell or PSCell
applies to all serving cells in the same band on the symbols that fully or partially overlap with restricted symbols.

For FR2, if following conditions are met,
- UE has been notified about system information update through paging,

- The gap between UE’s reception of PDCCH that UE monitors in the Type2-PDCCH CSS set and that notifies
system information update, and the PDCCH that UE monitors in the Type0-PDCCH CSS set, is greater than 2
slots,

For the SSB for RLM and CORESET for RMSI scheduling multiplexing patterns 3, UE is expected to receive the
PDCCH that UE monitors in the Type0-PDCCH CSS set, and the corresponding PDSCH, on SSB symbols to be
measured for RLM; and

For the SSB for RLM and CORESET for RMSI scheduling multiplexing patterns 2, UE is expected to receive PDSCH
that corresponds to the PDCCH that UE monitors in the Type0-PDCCH CSS set, on SSB symbols to be measured for
RLM.

8.1.7.4 Scheduling availability of UE performing radio link monitoring on FR1 or FR2
in case of FR1-FR2 inter-band CA and NR-DC

There are no scheduling restrictions on FR1 serving cell(s) due to radio link monitoring performed on FR2 serving
PCell and/or PSCell.

There are no scheduling restrictions on FR2 serving cell(s) due to radio link monitoring performed on FR1 serving
PCell and/or PSCell.

NR-DC in Rel-15 only includes the scenarios where all serving cells in MCG are in FR1 and all serving cells in SCG
are in FR2.

8.2 Interruption

8.2.1 EN-DC Interruption

8.2.1.1 Introduction
This clause contains the requirements related to the interruptions on PSCell, and SCell, when
E-UTRA PCell transitions between active and non-active during DRX, or
E-UTRA PCell transitions from non-DRX to DRX, or
E-UTRA SCell in MCG or SCell in SCG is added or released, or
E-UTRA SCell in MCG or SCell in SCG is activated or deactivated, or

measurements on SCC with deactivated SCell in either E-UTRA MCG or NR SCG, or
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a supplementary UL carrier or an UL carrier is configured or de-configured, or
UL/DL BWP is switched on PSCell or SCell in SCG.
The requirements shall apply for E-UTRA-NR DC with an E-UTRA PCell.

This clause contains interruptions where victim cell is PSCell or SCell belonging to SCG. Requirements for
interruptions requirements when the victim cell is E-UTRA PCell or E-UTRA SCell belonging to MCG are specified in
TS 36.133 [15].

For a UE which does not support per-FR measurement gaps, interruptions to the PSCell or activated SCG SCells may
be caused by EUTRA PCell, EUTRA SCells or SCells on any frequency range. For UE which support per-FR gaps,
interruptions to the PSCell or activated SCG SCells may be caused by EUTRA PCell, EUTRA SCells or SCells on the
same frequency range as the victim cell.

8.2.1.2 Requirements

8.2.1.2.1 Interruptions at transitions between active and non-active during DRX

Interruption on PSCell and the activated SCell if configured due to E-UTRA PCell transitions between active and non-
active druing DRX when PSCell or SCell is in non-DRX are allowed with up to 1% probability of missed ACK/NACK
when the configured E-UTRA PCell DRX cycle is less than 640 ms, and 0.625% probability of missed ACK/NACK is
allowed when the configured E-UTRA PCell DRX cycle is 640 ms or longer. Each interruption shall not exceed X slot
as defined in table 8.2.1.2.1-1.

Table 8.2.1.2.1-1: Interruption length X at transition between active and non-active during DRX

u NR Slot Interruption length X (slots
length (ms) Sync Async

0 1 1 2

1 0.5 1 2

2 0.25 3

3 0.125 5

When both E-UTRA PCell and PSCell are in DRX, no interruption is allowed.

8.2.1.2.2 Interruptions at transitions from non-DRX to DRX

Interruption on PSCell and the activated SCell if configured due to E-UTRA PCell transitions from non-DRX to DRX
when PSCell or SCell is in non-DRX shall not exceed X slot as defined in table 8.2.1.2.1-1.

When PSCell and the activated SCell are in DRX, no interruption due to E-UTRA PCell transitions from non-DRX to
DRX is allowed.

8.2.1.2.3 Interruptions at SCell addition/release
The requirements in this clause shall apply for the UE configured with PSCell.
When one E-UTRA SCell in MCG is added or released:

- the UE is allowed an interruption on any active serving cell in SCG:

- of up to X1 slot, if the active serving cell is not in the same band as the E-UTRA SCell being added or
released, or

- of up to max{Y1 slot + Tsmrc_duraion, S} if the active serving cells are in the same band as the E-UTRA
SCell being added or released, provided the cell specific reference signals from the active serving cells and
the E-UTRA SCell being added or released are available in the same slot, where Tsmrc_duration IS the longest
SMTC duration among all above active serving cells in SCG;

Where X1 and Y1 are specified in Table 8.2.1.2.3-1.

When one SCell in SCG is added or released:
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- the UE is allowed an interruption on any active serving cell in SCG:

8.21.24

of up to X1 slot, if the active serving cell is not in the same band as any of the SCells being added or
released, or

of up to Y1 slot + Tsmrc_quration if the active serving cells are in the same band as any of the SCells being
added or released, provided the cell specific reference signals from the active serving cells and the SCells
being added or released are available in the same slot, where, Tsmtc_duration IS

- the longest SMTC duration among all above active serving cells in SCG and the SCell being added when
one SCell is added. If SSB configuration (absoluteFrequencySSB) but no SMTC configuration is
provided for the SCell being added, the SSB transmission periodicity is assumed to be 5ms and Tswmrc
duration fOr the SCell being added is x ms, where x = the number of consecutive subframes containing all
SSBs in one SSB burst transmitted by the SCell being added. If no SSB configuration
(absoluteFrequencySSB) nor SMTC configuration is provided for the SCell being added, Tswmrc duration fOr
the SCell being added is 0 ms;

- the longest SMTC duration among all above active serving cells in SCG when one SCell is released.

Where X1 and Y1 are specified in Table 8.2.1.2.3-2.

Table 8.2.1.2.3-1: Interruption length X1 and Y1 at E-UTRA SCell addition/Release

NR Slot Interruption length X1 Interruption length Y1 (slots)
H length (slots)
(ms) Sync Async Sync Async
0 1 1 2 1 2
1 0.5 2 3 2 3
2 0.25 5
3 0.125 9 N/A N/A

Table 8.2.1.2.3-2: Interruption length X1 and Y1 at SCell addition/Release

NR Slot Interruption length X1 (slots) Interruption length Y1 (slots)
length
H (ms) of
victim
cell
0 1 1 1
1 0.5 2 2
2 0.25 Both aggressor cell and 4 4
victim cell are on FR2
Either aggressor cell or 5
victim cell is on FR1
3 0.125 Aggressor cell is on FR2 8 8
Aggressor cell is on FR1 9

Interruptions at SCell activation/deactivation

The requirements in this clause shall apply for the UE configured with PSCell and one SCell.

When one E-UTRA SCell in MCG is activated or deactivated:

- the UE is allowed an interruption on any active serving cell in SCG:

of up to X2 slot, if the active serving cell is not in the same band as the E-UTRA SCell being activated or
deactivated, or

of up to max{Y2 slot + Tsmrc_quration, 5MS} if the active serving cells are in the same band as the E-UTRA
SCell being activated or deactivated, provided the cell specific reference signals from the active serving cells
and the E-UTRA SCell being activated or deactivated are available in the same slot, where Tsmrc_duration iS the
longest SMTC duration among all above active serving cells in SCG.
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- of up to X2 slot, if the active serving cell is not in the same band as the SCell being activated or deactivated,

or

- of up to Y2 slot + Tsmrc_auration if the active serving cells are in the same band as the SCell being activated or
deactivated, provided the cell specific reference signals from the active serving cells and the SCell being
activated or deactivated are available in the same slot, where, Tsmrc_duration IS

- the longest SMTC duration among all above active serving cells in SCG and the SCell being activated
when one SCell is activated. If SSB configuration (absoluteFrequencySSB) but no SMTC configuration is
provided for the SCell being activated, the SSB transmission periodicity is assumed to be 5ms and Tsurc
duration fOr the SCell being activated is x ms, where x = the number of consecutive subframes containing all
SSBs in one SSB burst transmitted by the SCell being activated. If no SSB configuration
(absoluteFrequencySSB) nor SMTC configuration is provided for the SCell being activated, Tsmrc duration
for the SCell being activated is Oms;

- the longest SMTC duration among all above active serving cells in SCG when one SCell is deactivated.

Where X2 and Y2 are specified in Table 8.2.1.2.4-2.

Table 8.2.1.2.4-1: Interruption length X2 and Y2 at E-UTRA SCell activation/deactivation

NR Slot Interruption length X2 Interruption length Y2 (slots)
pe’ length (slots)
(ms) Sync Async Sync Async
0 1 1 2 1 2
1 0.5 1 2 1 2
2 0.25 3 3
3 0.125 5 N/A N/A

Table 8.2.1.2.4-2: Interruption length X2 and Y2 at SCell activation/deactivation

NR Slot Interruption length X2 (slots) Interruption length Y2
pe’ length (ms) (slots)
of victim cell
0 1 1 1
1 0.5 1 1
2 0.25 Both aggressor cell and victim 2 2
cell are on FR2
Either aggressor cell or victim 3
cellis on FR1
3 0.125 Aggressor cell is on FR2 4 4
Aggressor cell is on FR1 5
8.2.1.25 Interruptions during measurements on SCC
8.2.1.251 Interruptions during measurements on deactivated NR SCC

Interruption on PSCell and other activated NR SCell(s) during measurement on the deactivated NR SCC shall meet
requirements in clause 8.2.2.2.3, where the term PCell in clause 8.2.2.2.3 shall be deemed to be replaced with PSCell.

8.2.1.25.2

Interruptions during measurements on deactivated E-UTRAN SCC

When one E-UTRA SCell in MCG is deactivated, the UE is allowed due to measurements on the E-UTRA SCC with
the deactivated E-UTRA SCell:
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- aninterruption on PSCell or any activated SCell with up to 0.5% probability of missed ACK/NACK when any
of the configured measCycleSCell [15] for the deactivated E-UTRA SCells is 640 ms or longer.

- aninterruption on PSCell or any activated SCell with up to 0.5% probability of missed ACK/NACK regardless
of the configured measCycleSCell [15] for the deactivated E-UTRA SCells if indicated by the network using IE
allowinterruptions [15].

Each interruption shall not exceed

- X3 slot, if the PSCell or activated SCell is not in the same band as the E-UTRA deactivated SCC being
measured, or

- Y3slot + SMTC duration, if the PSCell or activated SCell is in the same band as the E-UTRA deactivated
SCC being measured, provided the cell specific reference signals from the PSCell or activated SCell and the
E-UTRA deactivated SCC being measured are available in the same slot.

Table 8.2.1.2.5.2-1: Interruption length X3 and Y3 at measurements on deactivated E-UTRA SCC

NR Slot Interruption length X3 Interruption length Y3 (slots)
pe’ length (slots)
(ms) Sync Async Sync Async
0 1 2 1 2
1 0.5 2 1 2
2 0.25 3 2 3
3 0.125 5 N/A N/A

8.2.1.2.6 Interruptions at UL carrier RRC reconfiguration

The requirements in this clause shall apply when a supplementary UL carrier or an UL carrier is configured or de-
configured in NR non-standalone operation as defined in TS 38.331 [2].

When an UL carrier or supplementary UL carrier is configured or de-configured, an interruption of up to X4 slot, is
allowed during the RRC reconfiguration procedure [2] on E-UTRA PCell, all activated E-UTRA SCells, PSCell and all
activated SCells within the same FR as the reconfigured uplink carrier. The interruption is for both uplink and downlink

of E-UTRA PCell, all activated E-UTRA SCells, PSCell and all activated SCells within the same FR as the configured
or de-configured UL.

Table 8.2.1.2.6-1: Interruption length X4 at UL carrier RRC reconfiguration

NR Slot Interruption length X4
H length (ms) (slots)
Sync Async
0 1 1 2
1 0.5 2 3
2 0.25 5
3 0.125 9

8.2.1.2.7 Interruptions due to Active BWP switching Requirement

The requirements for DCI-based and timer-based BWP switches in this clause only apply to the case that the BWP
switch is performed on a single CC.

When UE receives a DCI indicating UE to switch its active BWP involving changes in any of the parameters listed in
Table 8.2.1.2.7-2, the UE is allowed to cause interruption of up to X slot to other active serving cells if the UE is not
capable of per-FR gap, or if the BWP switching involves SCS changing. When the BWP switch imposes changes in any
of the parameters listed in Table 8.2.1.2.7-2 and the UE is capable of per-FR gap, the UE is allowed to cause
interruption of up to X slot to other active serving cells in the same frequency range wherein the UE is performing BWP
switching. X is defined in Table 8.2.1.2.7-1. The starting time of interruption is only allowed within the BWP switching
delay Teweswitchpelay @s defined in clause 8.6.2. Interruptions are not allowed during BWP switch involving any other
parameter change.

ETSI



3GPP TS 38.133 version 15.22.0 Release 15 80 ETSI TS 138 133 V15.22.0 (2023-07)

When a BWP timer bwp-InactivityTimer defined in TS 38.331 [2] expires, UE is allowed to cause interruption of up to
X slot to other active serving cells due to switching its active BWP involving changes in any of the parameters listed in
Table 8.2.1.2.7-2 if the UE is not capable of per-FR gap, or if the BWP switching involves SCS changing. When the
BWP switch imposes changes in any of the parameters listed in Table 8.2.1.2.7-2 and the UE is capable of per-FR gap,
the UE is allowed to cause interruption of up to X slot to other active serving cells in the same frequency range wherein
the UE is performing BWP switching. X is defined in Table 8.2.1.2.7-1. The starting time of interruption is only
allowed within the BWP switching delay Tewpswitchoelay as defined in clause 8.6.2. Interruptions are not allowed during
BWP switch involving any other parameter change.

When UE receives an RRC reconfiguration that only requests UE to switch its active BWP on one single CC, the UE is
allowed to cause interruption of up to X slot to other active serving cells due to switching its active BWP involving
changes in any of the parameters listed in Table 8.2.1.2.7-2 if the UE is not capable of per-FR gap, or if the BWP
switching involves SCS changing. When the BWP switch imposes changes in any of the parameters listed in

Table 8.2.1.2.7-2 and the UE is capable of per-FR gap, the UE is allowed to cause interruption of up to X slot to other
active serving cells in the same frequency range wherein the UE is performing BWP switching. X is defined in

Table 8.2.1.2.7-1. The interruption is only allowed within the delay Trrcprocessingdelay + T Bwpswitchbelayrre defined in
clause 8.6.3.

Table 8.2.1.2.7-1: interruption length X

NR Slot Interruption length X
H length (ms) (slots)
0 1 1
1 0.5 1
2 0.25 3
3 0.125 5
Notel:  void

Table 8.2.1.2.7-2: Parameters which cause interruption other than SCS

Parameters Comment
locationAndBandwidth
From TS 38.331 [2]
nrofSRS-Ports

8.2.2 SA: Interruptions with Standalone NR Carrier Aggregation

8.2.2.1 Introduction
This clause contains the requirements related to the interruptions on PCell and activated SCell if configured, when
up to 7 SCells are configured, de-configured, activated or deactivated, or
a supplementary UL carrier or an UL carrier is configured or de-configured, or
measurements on SCC with deactivated SCell in NR SCG, or
UL/DL BWP is switched on PCell or SCell.

Note: interruptions at SCell addition/release, activation/deactivation and during measurements on SCC may not
be required by all UEs.

The interruptions shall not interrupt RRC signalling or ACK/NACKS related to RRC reconfiguration procedure [2] for
SCell addition/release or MAC control signalling [17] for SCell activation/deactivation command.

This clause additionally contains requirements related to interruptions at inter-frequency SFTD between PCell in FR1
and neighbour cell in FR2.

For a UE which does not support per-FR measurement gap, interruptions to the PCell and activated SCell may be

caused by SCells on any frequency range. For a UE which supports per-FR gap, interruptions to PCell and activated
SCell may be caused by SCells on the same frequency range as the victim cell.

ETSI



3GPP TS 38.133 version 15.22.0 Release 15 81 ETSI TS 138 133 V15.22.0 (2023-07)

8.2.2.2 Requirements

8.22.2.1 Interruptions at SCell addition/release
When any number of SCells between one and 7 is added or released using the same RRCConnectionReconfiguration
message as defined in TS 38.331 [2], the UE is allowed an interruption on any active serving cell during the RRC
reconfiguration procedure as follows:

- an interruption on any active serving cell:

- of up to the duration shown in table 8.2.2.2.1-1, if the active serving cell is not in the same band as the SCell
being added or released, or

- of up to the duration shown in table 8.2.2.2.1-2, if the active serving cells are in the same band as the SCell

being added or released, provided the cell specific reference signals from the active serving cells and the
SCell being added or released are available in the same slot.

Table 8.2.2.2.1-1: Interruption duration for SCell addition/release for inter-band CA

NR Slot Interruption length (slots)
H length (ms)
of victim cell
0 1 1
1 0.5 2
2 0.25 Both aggressor cell and 4
victim cell are on FR2
Either aggressor cell or 5
victim cell is on FR1
3 0.125 Aggressor cell is on FR2 8
Aggressor cell is on FR1 9

Table 8.2.2.2.1-2: Interruption duration for SCell addition/release for intra-band CA

NR Slot length (ms) Interruption length (slot)

1
0.5

0 Nsubframe,u
1

2 0.25

3

1

slot
Nssllg}:frame,u
Nsslg]:frame,u
Nssllg}:frame,u

1 + Tswmrc_duration *

2 + TsmTc_duration *

4 + TsmTc_duration *

0.125

TsmTc_duration measured in subframes is

- the longest SMTC duration among all above active serving cells and the SCell being added when one
SCell is added. If SSB configuration (absoluteFrequencySSB) but no SMTC configuration is provided for
the SCell being added, the SSB transmission periodicity is assumed to be 5ms and Tswmrc duration for the
SCell being added is x ms, where x = the number of consecutive subframes containing all SSBs in one
SSB burst transmitted by the SCell being added. If no SSB configuration (absoluteFrequencySSB) nor
SMTC configuration is provided for the SCell being added, Tsmtc duration for the SCell being added is Oms;
- the longest SMTC duration among all active serving cells in the same band when one SCell is released.

NOTE 2: N°"™"**is as defined in TS 38.211 [6].

slot

8 + Tsmrc_duration *

8.2.2.2.2 Interruptions at SCell activation/deactivation
When an SCell is activated or deactivated as defined in TS 37.340 [17], the UE is allowed
- an interruption on any active serving cell:

- of up to the duration shown in table 8.2.2.2.2-1, if the active serving cell is not in the same band as the SCell
being activated or deactivated, or

ETSI



3GPP TS 38.133 version 15.22.0 Release 15 82 ETSI TS 138 133 V15.22.0 (2023-07)

- of up to the duration shown in table 8.2.2.2.2-2, if the active serving cells are in the same band as the SCell
being activated or deactivated provided the cell specific reference signals from the active serving cells and
the SCell being activated or deactivated are available in the same slot.

Table 8.2.2.2.2-1: Interruption duration for SCell activation/deactivation for inter-band CA

NR Slot Interruption length (slots)
H length (ms)
of victim cell
0 1 1
1 0.5 1
2 0.25 Both aggressor cell and 2
victim cell are on FR2
Either aggressor cell or 3
victim cell is on FR1
3 0.125 Aggressor cell is on FR2 4
Aggressor cell is on FR1 5

Table 8.2.2.2.2-2: Interruption duration for SCell activation/deactivation for intra-band CA

y7i NR Slot length (ms) Interruption length (slots)
0 1 1 + TsMmTc_duration * Nssll;lzframe,u
L 05 1 + Tsmrtc_duration * Nssll;léframe,u
2 0.25 2+ TSMTC_duration * Nssll;lzframe,u
bf ,
3 0.125 4 + TsMTc_duration * Nssll;t rameu

NOTE 1: Tswmrc_duration measured in subframes is
- the longest SMTC duration among all above active serving cells and the SCell being activated when one
SCell is activated. If SSB configuration (absoluteFrequencySSB) but no SMTC configuration is provided for
the SCell being activated, the SSB transmission periodicity is assumed to be 5ms and Tswmrc duration for the
SCell being activated is x ms, where x = the number of consecutive subframes containing all SSBs in one
SSB burst transmitted by the SCell being activated. If no SSB configuration (absoluteFrequencySSB) nor
SMTC configuration is provided for the SCell being activated, Tswmrc duration for the SCell being activated is
Oms;

- the longest SMTC duration among all active servingNOTE 2: N

subframe,u
slot

is as defined in TS 38.211 [6].

8.2.2.2.3 Interruptions during measurements on deactivated SCC

Interruptions on PCell or activated SCell(s) due to measurements when an SCell is deactivated are allowed with up to
0.5% probability of missed ACK/NACK when the configured measCycleSCell [2] is 640 ms or longer.

- Ifthe PCell or activated SCell(s) is not in the same band as the deactivated SCell, the UE is only allowed to
cause interruptions on PCell or activated SCell(s) immediately before and immediately after an SMTC. Each
interruption shall not exceed requirement in Table 8.2.2.2.2-1.

- If the PCell or activated SCell(s) is in the same band as the deactivated SCell, the UE is only allowed to cause an
interruption on PCell or activated SCell(s) no earlier than X slots before Tsmrc_duration @nd no later than X slots
after Tsmrc_duration, provided the cell specific reference signals from the active serving cells and the deactivated
SCell are available in the same slot, where X and Tswmrc_guration are given by Table 8.2.2.2.3-1. The interruption
shall not exceed requirements in Table 8.2.2.2.3-1.

Table 8.2.2.2.3-1: Interruption duration for measurement on deactivated SCell for intra-band CA

u NR Slot X (slots) Interruption length (slots)
length (ms)

1 1 2 + TsmTc_duration * Nssllélzframe'ﬂ

1 0.5 1 2+ TSMTC_duration * N:llét)frame'#
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2 0.25 2 4 + Tsmtc_duration * Nssllélzframe,u

3 0125 4 8 + TSMTC_duration * N:llét)frame'#

NOTE 1: Tsmrc_duraion measured in subframes is the longest SMTC duration among
all above active serving cells and the deactivated SCell to be measured,;

NOTE 2: N'o"™"** js as defined in TS 38.211 [6].

8.2.2.2.4 Interruptions at UL carrier RRC reconfiguration

The requirements in this clause shall apply when a supplementary UL carrier or an UL carrier is configured or de-
configured in NR standalone carrier aggregation as defined in TS 38.331 [2].

When an UL carrier or supplementary UL carrier is configured or de-configured, an interruption of up to the duration

shown in table 8.2.2.2.4-1, is allowed during the RRC reconfiguration procedure [2] on PCell and all activated SCells
within the same FR as the reconfigured uplink carrier. The interruption is for both uplink and downlink of PCell and all
the activated SCells within the same FR as the configured or de-configured UL.

Table 8.2.2.2.4-1: Interruption duration for UL carrier RRC reconfiguration

NR Slot Interruption length
H length (slots)
(ms)
0 1 1
1 0.5 2
2 0.25 4
3 0.125 8
8.2.2.25 Interruptions due to Active BWP switching Requirement

The requirements for DCI-based and timer-based BWP switches in this clause only apply to the case that the BWP
switch is performed on a single CC.

When UE receives a DCI indicating UE to switch its active BWP involving changes in any of the parameters listed in
Table 8.2.2.2.5-2, the UE is allowed to cause interruption of up to X slot to other active serving cells if the UE is not
capable of per-FR gap, or if the BWP switching involves SCS changing. When the BWP switch imposes changes in any
of the parameters listed in Table 8.2.2.2.5-2 and the UE is capable of per-FR gap the UE is allowed to cause interruption
of up to X slot to other active serving cells in the same frequency range wherein the UE is performing BWP switching.
X is defined in Table 8.2.2.2.5-1. The starting time of interruption is only allowed within the BWP switching delay
Teweswitchpelay S defined in clause 8.6.2. Interruptions are not allowed during BWP switch involving any other parameter
change.

When a BWP timer bwp-InactivityTimer defined in TS 38.331 [2] expires, UE is allowed to cause interruption of up to
X slot to other active serving cells due to switching its active BWP involving changes in any of the parameters listed in
Table 8.2.2.2.5-2 if the UE is not capable of per-FR gap, or if the BWP switching involves SCS changing. When the
BWP switch imposes changes in any of the parameters listed in Table 8.2.2.2.5-2 and the UE is capable of per-FR gap,
the UE is allowed to cause interruption of up to X slot to other active serving cells in the same frequency range wherein
the UE is performing BWP switching. X is defined in Table 8.2.2.2.5-1. The starting time of interruption is only
allowed within the BWP switching delay Tewepswitchelay S defined in clause 8.6.2. Interruptions are not allowed during
BWP switch involving any other parameter change.

When UE receives an RRC reconfiguration that only requests UE to switch its active BWP on one single CC, the UE is
allowed to cause interruption of up to X slot to other active serving cells due to switching its active BWP involving
changes in any of the parameters listed in Table 8.2.2.2.5-2 if the UE is not capable of per-FR gap, or if the BWP
switching involves SCS changing. When the BWP switch imposes changes in any of the parameters listed in

Table 8.2.2.2.5-2 and the UE is capable of per-FR gap, the UE is allowed to cause interruption of up to X slot to other
active serving cells in the same frequency range wherein the UE is performing BWP switching. X is defined in

Table 8.2.2.2.5-1. The interruption is only allowed within the delay Trrcprocessingdelay + T Bwpswitchbelayrre defined in
clause 8.6.3.
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Table 8.2.2.2.5-1: Interruption length X

NR Slot Interruption length X
H length (ms) (slots)
0 1 1
1 0.5 1
2 0.25 3
3 0.125 5
Notel:  void

Table 8.2.2.2.5-2: Parameters which cause interruption other than SCS

Parameters Comment
locationAndBandwidth
From TS 38.331 [2]
nrof SRS-Ports
8.2.2.2.6 Interruptions at inter-frequency SFTD measurement

The requirements in this clause concern interruptions on PCell, as well as on activated SCells in MCG, when the UE is
performing SFTD measurements on inter-frequency neighbour cell(s). The following requirements apply when no
PSCell is configured.

For a UE with per-FR gap capability:

- for neighbour cell in FR1:

the percentage of interrupted slots on uplink and downlink on FR1 serving cells during the SFTD
measurement period Tmeasure_sFrp1 SPecified in Clause 9.3.8 shall not exceed the percentages specified in
Table 8.2.2.2.6-1. No interruption is allowed on FR2 serving cells.

the length of each interruption on FR1 serving cells shall not exceed the number of slots specified in Table
8.2.2.2.6-2.

- for neighbour cell in FR2:

the percentage of interrupted slots on uplink and downlink on FR2 serving cells during the SFTD
measurement period Tmeasure sFrp1 SPecified in Clause 9.3.8 shall not exceed the percentages specified in
Table 8.2.2.2.6-1. No interruption is allowed on FR1 serving cells.

the length of each interruption on FR2 serving cells shall not exceed the number of slots specified in Table
8.2.2.2.6-2.

For a UE with per-UE gap capability:

- for neighbour cell in FR1 or FR2:

the percentage of interrupted slots on uplink and downlink on FR1 and FR2 serving cells during the SFTD
measurement period Tmeasure_srro1 SPecified in Clause 9.3.8 shall not exceed the percentages specified in
Table 8.2.2.2.6-1.

the length of each interruption on FR1 and FR2 serving cells shall not exceed the number of slots specified in
Table 8.2.2.2.6-2.

Table 8.2.2.2.6-1: Requirements on maximum percentage of interrupted slots in serving cell in inter-

frequency SFTD

SFTD Serving Neighbour cell SMTC periodicity
configuration cell u 5ms 10ms 20ms 40ms 80ms 160ms
With RSRP 0
report % 8.4% 6.3% 8.4% 6.3% 5.3% 4.7%
3

ETSI



3GPP TS 38.133 version 15.22.0 Release 15 85 ETSI TS 138 133 V15.22.0 (2023-07)

Without RSRP
report

11.4% 8.6% 7.9% 6.8% 6.3% 6.0%

WIN | |O

Table 8.2.2.2.6-2: Interruption duration for FR1 serving cell in inter-frequency SFTD with neighbour
cellin FR1

NR Slot Interruption length
length (slots)
(ms)
1
0.5
0.25
0.125

w

WIN[(R|O
QBN

Table 8.2.2.2.6-3: Void

Table 8.2.2.2.6-4: Void
8.2.3 NE-DC Interruptions

8.23.1 Introduction

This clause contains the requirements related to the interruptions on PCell and SCell, when
E-UTRA PSCell transitions between active and non-active during DRX, or
E-UTRA PSCell transitions from non-DRX to DRX, or
E-UTRA PSCell/SCell in SCG or SCell in MCG is added or released, or
E-UTRA PSCell/SCell in SCG or SCell in MCG is activated or deactivated, or
measurements on SCC with deactivated SCell in either E-UTRA SCG or NR MCG or
PUSCH/PUCCH carrier configuration and deconfiguration in NR MCG, or
UL/DL BWP is switched on PCell or SCell in MCG.

The requirements shall apply for NE-DC with an NR PCell.

This clause contains interruptions where victim cell is PCell or SCell belonging to MCG. Requirements for
interruptions requirements when the victim cell is E-UTRA PSCell or E-UTRA SCell belonging to SCG are specified in
TS 36.133 [15].

For a UE which does not support per-FR measurement gap, interruptions to the PCell, E-UTRA PSCell or activated
MCG SCells may be caused by EUTRA PSCell, EUTRA SCells or SCells on any frequency range. For UE which
support per-FR gap, interruptions to the PCell, E-UTRA PSCell or activated MCG SCells may be caused by EUTRA
PSCell, EUTRA SCells or SCells on the same frequency range as the victim cell.

8.2.3.2 Requirements

8.2.3.2.1 Interruptions at transitions between active and non-active during DRX

Interruption on PCell and the activated SCell if configured due to E-UTRA PSCell transitions between active and non-
active druing DRX when PCell or SCell is in non-DRX are allowed with up to 1% probability of missed ACK/NACK
when the configured E-UTRA PSCell DRX cycle is less than 640 ms, and 0.625% probability of missed ACK/NACK is
allowed when the configured E-UTRA PCell DRX cycle is 640 ms or longer. Each interruption shall not exceed X slot
as defined in table 8.2.3.2.1-1.
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NR slot Interruption length X
H length (ms) (slots)
Sync Async
0 1 1 2
1 0.5 1 2
2 0.25 3
3 0.125 5

When both PCell and E-UTRA PSCell are in DRX, no interruption is allowed.

8.2.3.2.2 Interruptions at transitions from non-DRX to DRX

Interruption on PCell and the activated SCell if configured due to E-UTRA PSCell transitions from non-DRX to DRX
when PCell or SCell is in non-DRX shall not exceed X slot as defined in table 8.2.3.2.1-1.

8.2.3.2.3 Interruptions at PSCell/SCell addition/release

The requirements in this clause shall apply for the UE configured with E-UTRA PSCell.
When one E-UTRA PSCell/SCell in SCG is added or released:
- the UE is allowed an interruption on any active serving cell in MCG:

- of up to X1 slots, if the active serving cell is not in the same band as the E-UTRA PSCell/SCell being added
or released, or

- of up to max{Y1 slots+ Tsmrc_duration, 5MS} if the active serving cells are in the same band as the E-UTRA
PSCell/SCell being added or released, provided the cell specific reference signals from the active serving
cells and the E-UTRA PSCell/SCell being added or released are available in the same slot, where
Tsmrc_duration 1S the longest SMTC duration among all above activated serving cells in MCG;

Where X1 and Y1 are specified in Table 8.2.3.2.3-1.
When one SCell in MCG is added or released:
- the UE is allowed an interruption on any activated serving cell in MCG:
- of up to X1 slots, if the active serving cell is not in the same band as the SCell being added or released, or

- of up to Y1 slots + Tsmrc_duration if the active serving cells are in the same band as the SCell being added or
released, provided the cell specific reference signals from the active serving cells and the SCell being added
or released are available in the same slot, where, Tsmrc_duration IS

- the longest SMTC duration among all above active serving cells in MCG and the SCell being added when
one SCell is added. If SSB configuration (absoluteFrequencySSB) but no SMTC configuration is
provided for the SCell being added, the SSB transmission periodicity is assumed to be 5ms and Tswmrc
duration fOr the SCell being added is x ms, where x = the number of consecutive subframes containing all
SSBs in one SSB burst transmitted by the SCell being added. If no SSB configuration
(absoluteFrequencySSB) nor SMTC configuration is provided for the SCell being added, Tswmrc duration fOr
the SCell being added is Oms;

- the longest SMTC duration among all above active serving cells in MCG when one SCell is released.

Where X1 and Y1 are specified in Table 8.2.3.2.3-2.

Table 8.2.3.2.3-1: Interruption length X1 and Y1 at E-UTRA PSCell/SCell addition/release

NR Slot Interruption length X1 Interruption length Y1 (slots)
H length (slots)
(ms) Sync Async Sync Async
0 1 1 2 1 2
1 0.5 2 3 2 3
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2 0.25 5 4 5
3 0.125 9 N/A N/A

Table 8.2.3.2.3-2: Interruption length X1 and Y1 at SCell addition/Release

NR Slot Interruption length X1 (slots) Interruption length Y1 (slots)
length
H (ms) of
victim
cell
0 1 1 1
1 0.5 2 2
2 0.25 Both aggressor cell and 4 4
victim cell are on FR2
Either aggressor cell or 5
victim cell is on FR1
3 0.125 Aggressor cell is on FR2 8 8
Aggressor cell is on FR1 9

8.2.3.24 Interruptions at SCell activation/deactivation

The requirements in this clause shall apply for the UE configured with E-UTRA PSCell and one SCell.

When one E-UTRA SCell in SCG is activated or deactivated:

- the UE is allowed an interruption on any active serving cell in MCG:

of up to X2 slots, if the active serving cell is not in the same band as the E-UTRA SCell being activated or
deactivated, or

of up to max{Y2 slots + Tsmrc_auration, MS} if the active serving cells are in the same band as the E-UTRA
SCell being activated or deactivated, provided the cell specific reference signals from the active serving cells
and the E-UTRA SCell being activated or deactivated are available in the same slot, where Tsurc_duration iS the
longest SMTC duration among all above active serving cells in MCG.

Where X2 and Y2 are specified in Table 8.2.3.2.4-1.

When one SCell in MCG is activated or deactivated:

- the UE is allowed an interruption on any serving cell in MCG:

of up to X2 slots, if the active serving cell is not in the same band as the SCell being activated or deactivated,
or

of up to Y2 slots + Tswmrc_duration If the active serving cells are in the same band as the SCell being activated or
deactivated, provided the cell specific reference signals from the active serving cells and the SCell being
activated or deactivated are available in the same slot, where, Tsmrc_duration IS

- the longest SMTC duration among all above active serving cells in MCG and the SCell being activated
when one SCell is activated, If SSB configuration (absoluteFrequencySSB) but no SMTC configuration is
provided for the SCell being activated, the SSB transmission periodicity is assumed to be 5ms and Tsmrc
duration fOr the SCell being activated is x ms, where x = the number of consecutive subframes containing all
SSBs in one SSB burst transmitted by the SCell being activated. If no SSB configuration
(absoluteFrequencySSB) nor SMTC configuration is provided for the SCell being activated, Tsmrc duration
for the SCell being activated is Oms;

- the longest SMTC duration among all above active serving cells in MCG when one SCell is deactivated.

Where X2 and Y2 are specified in Table 8.2.3.2.4-2.

Table 8.2.3.2.4-1: Interruption length X2 and Y2 at E-UTRA SCell activation/deactivation

) Interruption length X2 Interruption length Y2 (slots)
(slots)
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NR Slot Sync Async Sync Async
length
(ms)
0 1 1 2 1 2
1 0.5 1 2 1 2
2 0.25 3 2 3
3 0.125 5 N/A N/A

Table 8.2.3.2.4-2: Interruption length X2 and Y2 at SCell activation/deactivation

NR Slot Interruption length X2 (slots) Interruption length Y2
length (slots)
H (ms) of
victim
cell
0 1 1 1
1 05 1 1
2 0.25 Both aggressor cell and 2 2
victim cell are on FR2
Either aggressor cell or 3
victim cell is on FR1
3 0.125 Aggressor cell is on FR2 4 4
Aggressor cell is on FR1 5
8.2.3.25 Interruptions during measurements on SCC
8.2.3.251 Interruptions during measurements on deactivated NR SCC

Interruption on PCell and other activated SCell(s) during measurement on the deactivated NR SCC shall meet
requirements in clause 8.2.2.2.3.

8.2.3.25.2

Interruptions during measurements on deactivated E-UTRAN SCC

When one E-UTRA SCell in SCG is deactivated, the UE is allowed due to measurements on the E-UTRA SCC with the
deactivated E-UTRA ScCell:

- aninterruption on PCell or any activated SCell with up to 0.5% probability of missed ACK/NACK when any of
the configured measCycleSCell [15] for the deactivated E-UTRA SCells is 640 ms or longer.

- aninterruption on PCell or any activated SCell with up to 0.5% probability of missed ACK/NACK regardless of
the configured measCycleSCell [15] for the deactivated E-UTRA SCells if indicated by the network using IE
allowinterruptions [15].

Each interruption shall not exceed

- X3slots, if the PCell or activated SCell is not in the same band as the E-UTRA deactivated SCC being
measured, or

- Y3slots + SMTC duration, if the PCell or activated SCell is in the same band as the E-UTRA deactivated
SCC being measured, provided the cell specific reference signals from the PCell or activated SCell and the E-
UTRA deactivated SCC being measured are available in the same slot.

Where X3 and Y3 are specified in Table 8.2.3.2.5-1

Table 8.2.3.2.5-1: Interruption length X3 and Y3 at measurements on deactivated E-UTRA SCC

NR Slot Interruption length X3 Interruption length Y3 (slot)
H length (slots)
(ms) Sync Async Sync Async
0 1 1 2 1 2
1 0.5 1 2 1 2
2 0.25 3 2 3
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[ 3 | 0125 | 5 | N/A | N/A |

8.2.3.2.6 Interruptions at UL carrier RRC reconfiguration

The requirements in this clause shall apply when a supplementary UL carrier or an UL carrier is configured or de-
configured in NE-DC.

When an UL carrier or supplementary UL carrier is configured or deconfigured, an interruption of up to X4 slot as
specified in Table 8.2.3.2.6-1, is allowed during the RRC reconfiguration procedure in TS 38.331 [2] on PCell, all
activated SCells within the same FR as the reconfigured uplink carrier. The interruption is for both uplink and downlink
of PCell, all activated E-UTRA SCells, E-UTRA PSCell and all activated SCells within the same FR as the configured
or de-configured UL.

Table 8.2.3.2.6-1: Interruption length X4 at UL carrier RRC reconfiguration

NR Slot Interruption length X4
H length (ms) (slots)
Sync Async
0 1 1 2
1 0.5 2 3
2 0.25 5
3 0.125 9

8.2.3.2.7 Interruptions due to Active BWP switching Requirement

The requirements for DCI-based and timer-based BWP switches in this clause only apply to the case that the BWP
switch is performed on a single CC.

When UE receives a DCI indicating the UE to switch its active BWP, or when a BWP timer bwp-InactivityTimer
defined in TS 38.331 [2] expires, or when the UE receives an RRC command indicating the UE to switch its active
BWHP, the UE is allowed an interruption on PCell and any activated SCells as defined in clause 8.2.2.2.5.

8.2.4 NR-DC: Interruptions

8.24.1 Introduction

This clause contains the requirements related to the interruptions on PCell, PSCell and activated SCell if configured,
when

SCells are configured, de-configured, activated or deactivated or,

a supplementary UL carrier or an UL carrier is configured or de-configured, or

measurements on SCC with deactivated SCell in NR SCG, or

UL/DL BWP is switched on PCell, PSCell or SCell.transitions between active and non-active during DRX, or
transitions from non-DRX to DRX.

Note: interruptions at SCell addition/release, activation/deactivation and during measurements on SCC may not

be required by all UEs.

The interruptions shall not interrupt RRC signalling or ACK/NACKS related to RRC reconfiguration procedure [2] for
SCell addition/release or MAC control signalling [17] for SCell activation/deactivation command. How to specify this
is FFS.

The requirements shall apply for NR-DC with an NR PCell, PSCell or SCell.

For a UE which does not support per-FR measurement gap, interruptions to the PCell and activated SCell may be
caused by SCells on any frequency range. For a UE which supports per-FR gaps, interruptions to PCell, PSCell and
activated SCell may be caused by SCells on the same frequency range as the victim cell.
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8.2.4.2 Requirements

8.24.2.1 Interruptions at PSCell/SCell addition/release
When PSCell or one or more SCells is added or released using the same RRCConnectionReconfiguration message as
defined in TS 38.331 [2], the UE is allowed an interruption on any activated serving cell during the RRC
reconfiguration procedure as follows:

- an interruption on any active serving cell:

- of up to the duration shown in table 8.2.4.2.1-1, if the active serving cell is not in the same band as the SCell
being added or released, or

- of up to the duration shown in table 8.2.4.2.1-2, if the active serving cells are in the same band as the SCell

being added or released, provided the cell specific reference signals from the active serving cells and the
SCell being added or released are available in the same slot.

Table 8.2.4.2.1-1: Interruption duration for PSCell/SCell addition/release for inter-band DC/CA

NR Slot Interruption length (slots)
H length (ms)
of victim cell
0 1 1
1 0.5 2
2 0.25 Both aggressor cell and 4
victim cell are on FR2
Either aggressor cell or 5
victim cell is on FR1
3 0.125 Aggressor cell is on FR2 8
Aggressor cell is on FR1 9

Table 8.2.4.2.1-2: Interruption duration for SCell addition/release for intra-band DC/CA

NR Slot length (ms) Interruption length (slots)

1
0.5

0 Nsubframe,u
1

2 0.25

3

1

slot
Nssllg}:frame,u
Nsslg]:frame,u
Nssllg}:frame,u

1 + Tswmrc_duration *

2 + TsmTc_duration *

4 + TsmTc_duration *

0.125

TsmTc_duration measured in subframes is

- the longest SMTC duration among all above activeserving cells and the SCell being added when one
SCell is added. If SSB configuration (absoluteFrequencySSB) but no SMTC configuration is provided for
the SCell being added, the SSB transmission periodicity is assumed to be 5ms and Tswmrc duration for the
SCell being added is x ms, where x = the number of consecutive subframes containing all SSBs in one
SSB burst transmitted by the SCell being added. If no SSB configuration (absoluteFrequencySSB) nor
SMTC configuration is provided for the SCell being added, Tsmtc duration for the SCell being added is Oms;
- the longest SMTC duration among all active serving cells in the same band when one SCell is released.

NOTE 2: N°"™"**is as defined in TS 38.211 [6].

slot

8 + Tsmrc_duration *

8.24.2.2 Interruptions at SCell activation/deactivation
When a SCell is activated or deactivated as defined in TS 37.340 [17], the UE is allowed
- an interruption on any active serving cell:

- of up to the duration shown in table 8.2.4.2.2-1, if the active serving cell is not in the same band as the SCell
being activated or deactivated, or
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- of up to the duration shown in table 8.2.4.2.2-2, if the active serving cells are in the same band as the SCell
being activated or deactivated provided the cell specific reference signals from the active serving cells and
the SCell being activated or deactivated are available in the same slot.

Table 8.2.4.2.2-1: Interruption duration for SCell activation/deactivation for inter-band DC/CA

NR Slot Interruption length (slots)
length
H (ms) of
victim
cell
0 1 1
1 0.5 1
2 0.25 Both aggressor cell and 2
victim cell are on FR2
Either aggressor cell or 3
victim cell is on FR1
3 0.125 Aggressor cell is on FR2 4
Aggressor cell is on FR1 5

Table 8.2.4.2.2-2: Interruption duration for SCell activation/deactivation for intra-band DC/CA

U NR Slot length (ms) Interruption length (slots)
0 1 1+ TSMTC_duration * N:llé?frame'#
1 0.5 1 + Tswmrc_duration * Nssllélzframe'ﬂ
2 0.25 2+ TSMTC_duration * N:llét)frame'#
3 0.125 4 + Tsmtc_duration * Nssllélzframe'ﬂ

NOTE 1: Tswmrc_duration measured in subframes is
- the longest SMTC duration among all above active serving cells and the SCell being activated when one
SCell is activated. If SSB configuration (absoluteFrequencySSB) but no SMTC configuration is provided for
the SCell being activated, the SSB transmission periodicity is assumed to be 5ms and Tswmtc duration for the
SCell being activated is x ms, where x = the number of consecutive subframes containing all SSBs in one
SSB burst transmitted by the SCell being activated. If no SSB configuration (absoluteFrequencySSB) nor
SMTC configuration is provided for the SCell being activated, Tswmrc duration for the SCell being activated is
Oms;
- the longest SMTC duration among all active serving cells in the same band when one SCell is
deactivated.

NOTE 2: N’o"™"** js as defined in TS 38.211 [6].

8.24.2.3 Interruptions during measurements on SCC

Interruption on PCell, PSCell and other activated SCell(s) during measurement on the deactivated NR SCC shall meet
requirements in clause 8.2.2.2.3, where the term PCell in clause 8.2.2.2.3 shall be deemed to be replaced with SpCell.

8.24.2.4 Interruptions at UL carrier RRC reconfiguration

The requirements in this clause shall apply when a supplementary UL carrier or an UL carrier is configured or de-
configured in NR-DC as defined in TS 38.331 [2].

When an UL carrier or supplementary UL carrier is configured or de-configured, an interruption of up to the duration
shown in table 8.2.4.2.4-1, is allowed during the RRC reconfiguration procedure in TS 38.331 [2] on all the other
activated serving cells within the same FR as the reconfigured uplink carrier. The interruption is for both uplink and
downlink of all the other serving cells within the same FR as the configured or de-configured UL.

Table 8.2.4.2.4-1: Interruption duration for UL carrier RRC reconfiguration

NR Slot Interruption length
H length (slots)
(ms)
0 1 1
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1 0.5 2
2 0.25 4
3 0.125 8

8.2.4.2.5 Interruptions due to Active BWP switching Requirement

The requirements for DCl-based and timer-based BWP switches in this clause only apply to the case that the BWP
switch is performed on a single CC.

When UE receives a DCI indicating the UE to switch its active BWP, or when a BWP timer bwp-InactivityTimer
defined in TS 38.331 [2] expires, or when the UE receives an RRC command indicating the UE to switch its active
BWHP, the UE is allowed to cause an interruption on any other serving cells as defined in clause 8.2.2.2.5.

8.2.4.2.6 Interruptions at transitions between active and non-active during DRX

When PCell is in non-DRX and PSCell is in DRX, interruptions on PCell and the activated SCell in MCG if configured
due to transitions from active to non-active and from non-active to active during PSCell DRX are allowed with up to
1% probability of missed ACK/NACK when the configured PSCell DRX cycle is less than 640 ms, and 0.625%
probability of missed ACK/NACK is allowed when the configured PSCell DRX cycle is 640 ms or longer. Each
interruption shall not exceed X slot as defined in table 8.2.4.2.6-1.

When PSCell is in non-DRX and PCell is in DRX, interruptions on PSCell on the activated SCell in SCG if configured
due to transitions from active to non-active and from non-active to active during PCell DRX are allowed with up to 1 %
probability of missed ACK/NACK when the configured PCell DRX cycle is less than 640 ms, and 0.625% probability
of missed ACK/NACK is allowed when the configured PCell DRX cycle is 640 ms or longer. Each interruption shall
not exceed X slot as defined in table 8.2.4.2.6-1.

Table 8.2.4.2.6-1: Interruption length X at transition between active and non-active during DRX

NR Slot Interruption length X
H length (ms) (slots)
Sync Async
0 1 1 2
1 0.5 1 2
2 0.25 3
3 0.125 5

When both PCell and PSCell are in DRX, no interruption is allowed.

8.2.4.2.7 Interruptions at transitions from non-DRX to DRX

Interruption on PCell and the activated SCell in MCG if configured due to PSCell transitions from non-DRX to DRX
when PCell is in non-DRX shall not exceed X slots as defined in table 8.2.4.2.6-1.

Interruption on PSCell and the activated SCell in SCG if configured due to PCell transitions from non-DRX to DRX
when PSCell is in non-DRX shall not exceed X slots as defined in table 8.2.4.2.6-1.

8.3 SCell Activation and Deactivation Delay

8.3.1

This clause defines requirements for the delay within which the UE shall be able to activate a deactivated SCell and
deactivate an activated SCell in EN-DC, or in standalone NR carrier aggregation, or in NE-DC, or in NR-DC.

Introduction

The requirements shall apply for EN-DC, standalone NR carrier aggregation, NE-DC, and NR-DC.
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8.3.2 SCell Activation Delay Requirement for Deactivated SCell

The requirements in this clause shall apply for the UE configured with one downlink SCell in EN-DC, or in standalone
NR carrier aggregation or in NE-DC or in NR-DC and when one SCell is being activated.

The delay within which the UE shall be able to activate the deactivated SCell depends upon the specified conditions.

Upon receiving SCell activation command in slot n, the UE shall be capable to transmit valid CSI report and apply

actions related to the activation command for the SCell being activated no later than in slot n +
THARQTactivation_time+T CSI_Reporting , where:
NR slot length

Trarg (in ms) is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3]
Tactivation_time 1S the SCell activation delay in millisecond.
If the SCell is known and belongs to FR1, Tactivation_time IS:

- Tristsst 5ms, if the measurement period of the SCell being activated is equal to or smaller than
2400ms.

- Trirstsse_max + Trs + 5ms, if the measurement period of the SCell being activated is larger than 2400ms.

If the SCell being activated belongs to FR1 and if there is at least one active serving cell contiguous to the
SCell on that FR1 band, if the UE is not provided with SSB configuration (absoluteFrequencySSB) nor
SMTC configuration for the target SCell, Tactivation_time 1S 3 ms for UE supporting scellWithoutSSB, provided

- The RTD between the target SCell and the contiguous active serving cell is within within +260ns, and
- The difference of the reception power with the contiguous active serving cell is <= 6dB, and

- The RS(s) of SCell being activated is (are) QCL-TypeA with TRS(s) of the SCell being activated, and
the TRS(s) of the SCell being activated is (are) further QCL-TypeC with SSB(s) of any active serving
cell that is contiguous to the SCell being activated on that FR1 band.

If the SCell is unknown and belongs to FR1, provided that the side condition Es/lot = -2dB is fulfilled, then

Tactivation_time 1S:
- Trirstsse_max + Tsmtc_max+ 2*Trs + 5ms

If the SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band,
then Tactivation_time 1S Trirstsse+ 5ms provided:

- The UE is provided with SMTC for the target SCell, and

- The SSBs in the serving cell(s) and the SSBs in the SCell fulfil the condition defined in clause 3.6.3,

- The parameter ssb-PositionsinBurst is same for the serving cell(s) and the Scell, and
- SSB is in the same half-frame on the SCell and the contiguous FR2 active serving cell.

If the SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band, if
the UE supporting scellWithoutSSB is not provided with any SMTC for the target SCell, Tactivation_time IS 3 MS,
provided

- the RS (s) of SCell being activated is (are) QCL-TypeD with RS (s) of one active serving cell on that
FR2 band.

If the SCell being activated belongs to FR2 and if there is no active serving cell on that FR2 band provided
that PCell or PSCell is FR1:

If the target SCell is known to UE and semi-persistent CSI-RS is used for CSI reporting, then Tactivation_time IS:

- 3ms+ maX(Tuncertainty_MAC + TFineTiming + 2m5, Tuncertainty_SP), where Tuncertainty_MAC:O and Tuncertainty_SP:0 if
UE receives the SCell activation command, semi-persistent CSI-RS activation command and TCI
state activation command at the same time.
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If the target SCell is known to UE and periodic CSI-RS is used for CSI reporting, then Tactivation_time IS:

- max(Tuncertainty MAC + 5MS + TrineTiming, T uncertainty RRC + TRRC_delay- T HARQ), Where Tuncertainty mac=0 if UE
receives the SCell activation command and TCI state activation commands at the same time.

If the target SCell is unknown to UE and semi-persistent CSI-RS is used for CSI reporting, provided that the
side condition Es/lot = -2dB is fulfilled, then Tagivation_time IS:

- 6MS + Trirstsse_max + 15*Tsmrc_max + 8*Trs + TL1-RsRP, measure + TL1-RSRP, report + THARQ +
max(Tuncertainty MAC + TrineTiming + 2MS, Tuncertainty_sp).

If the target SCell is unknown to UE and periodic CSI-RS is used for CSI reporting, provided that the side
condition Es/lot = -2dB is fulfilled, then Tactivation_time iS:

- 3ms + Trirstssg_max + 15*Tsmrc_max + 8*Trs + TL1-Rrsre, measure + TL1-RSRP, report + MaX {(Tharg +
Tuncertainty MAC + 5MS + TrineTiming), (Tuncertainty RRC + TRRC delay) }-

where,
Tsmtc_max:

- InFR1, in case of intra-band SCell activation, Tsurc_max is the longer SMTC periodicity between active
serving cells and SCell being activated provided the cell specific reference signals from the active serving
cells and the SCells being activated or released are available in the same slot; in case of inter-band SCell
activation, Tsmrc_max is the SMTC periodicity of SCell being activated.

- InFR2, Tsmrc_max is the longer SMTC periodicity between active serving cells and SCell being activated
provided that in Rel-15 only support FR2 intra-band CA.

- Tsmrc_max is bounded to a minimum value of 10ms.

Tis is the SMTC periodicity of the SCell being activated if the UE has been provided with an SMTC
configuration for the SCell in SCell addition message, otherwise T is the SMTC configured in the
measObjectNR having the same SSB frequency and subcarrier spacing. If the measObjectNRs having the
same SSB frequency and subcarrier spacing configured by MN and SN have different SMTC, Trs is the
periodicity of one of the SMTC which is up to UE implementation. If the UE is not provided SMTC
configuration or measurement object on this frequency, the requirement which involves T is applied with T
= 5ms assuming the SSB transmission periodicity is 5ms. There are no requirements if the SSB transmission
periodicity is not 5ms.

Trirstssa: 1S the time to the end of the first complete SSB burst indicated by the SMTC, or within 5ms if

H - T +3ms
SMTC is not configured, after slot n + —248&""—_
NR slot length

Trirstss_max: IS the time to the end of the first complete SSB burst indicated by the SMTC, or within 5ms if

SMTC is not configured, after slot n + —24RC5E™ g her fulfilling:
NR slot length

- InFR1, in case of intra-band SCell activation, the occasion when all active serving cells and SCells being
activated or released are transmitting SSB bursts in the same slot; in case of inter-band SCell activation,
the first occasion when the SCell being activated is transmitting SSB burst.

- InFR2, the occasion when all active serving cells and SCells being activated or released are transmitting
SSB bursts in the same slot.

TrineTiming 1S the time period between UE finish processing the last activation command for PDCCH TCl,
PDSCH TCI (when applicable) and the timing of first complete available SSB corresponding to the TCI
state.

TLl—RSRP, measure is L1-RSRP measurement d8|ay TLl—RSRP_Measurement_Period_SSB ms or TLl—RSRP_Measurement_Period_CSI—RS
based on applicability as defined in clause 9.5 assuming M=1 and Treport=0.

Tri-rsre, report 1S delay of acquiring CSI reporting resources.

Tuncertainty_ mac 1S the time period between reception of the last activation command for PDCCH TCI, PDSCH
TCI (when applicable) relative to
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- SCell activation command for known case;
- First valid L1-RSRP reporting for unknown case.

Tuncertainty_sp 1S the time period between reception of the activation command for semi-persistent CSI-RS
resource set for CQI reporting relative to

- SCell activation command for known case;
- First valid L1-RSRP reporting for unknown case.

Tuncertainty rRRC 1S the time period between reception of the RRC configuration message for TCI of periodic
CSI-RS for CQI reporting (when applicable) relative to

- SCell activation command for known case;
- First valid L1-RSRP reporting for unknown case.
Trre_delay IS the RRC procedure delay as specified in TS 38.331 [2].

Longer delays for RRM measurement requirements, and in case of FR2 also SSB based RLM/BFD/CBD/L1-
RSRP measurement requirements, can be expected during the cell detection time for unknown SCell
activation.

When absoluteFregquencySSB is not configured in DownlinkConfigCommon for target SCell but SMTC for
target SCell is configured, no requirement would be applied.

Tcsi_reporting 1S the delay (in ms) including uncertainty in acquiring the first available downlink CSI reference
resource, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting
resources as specified in TS 38.331 [2].

SCell in FR1 is known if it has been meeting the following conditions:

- During the period equal to max(5*measCycleSCell, 5*DRX cycles) for FR1 before the reception of the SCell
activation command:

- the UE has sent a valid measurement report for the SCell being activated and

- the SSB measured remains detectable according to the cell identification conditions specified in clause 9.2
and 9.3.

- the SSB measured during the period equal to max(5*measCycleSCell, 5*DRX cycles) also remains detectable
during the SCell activation delay according to the cell identification conditions specified in clause 9.2 and 9.3.

Otherwise SCell in FR1 is unknown.

The requirements for FR1 unknown SCell activation specified in this clause apply when one of the following conditions
is met

- ‘ssh-PositionInBurst’ indicates only one SSB is being actually transmitted, or

- ‘ssh-PositionInBurst’ indicates multiple SSBs and TCI indication is provided in same MAC PDU with SCell
activation.

For the first SCell activation in FR2 bands, the SCell is known if it has been meeting the following conditions:

- During the period equal to 4s for UE supporting power classl and 3s for UE supporting power class 2/3/4 before
UE receives the last activation command for PDCCH TCI, PDSCH TCI (when applicable) and semi-persistent
CSI-RS for CQI reporting (when applicable):

- the UE has sent a valid L3-RSRP measurement report with SSB index, and

- SCell activation command is received after L3-RSRP reporting and no later than the time when UE receives
MAC-CE command for TCI activation
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- During the period from L3-RSRP reporting to the valid CQI reporting, the reported SSBs with indexes remain
detectable according to the cell identification conditions specified in clauses 9.2 and 9.3, and the TClI state is
selected based on one of the latest reported SSB indexes.

Otherwise, the first SCell in FR2 band is unknown. The requirement for unknown SCell applies provided that the
activation commands for PDCCH TCI, PDSCH TCI (when applicable), semi-persistent CSI-RS for CQI reporting
(when applicable), and configuration message for TCI of periodic CSI-RS for CQI reporting (when applicable) are
based on the latest valid L1-RSRP reporting.

If the UE has been provided with higher layer in TS 38.331 [2] signaling of smtc2 prior to the activation command,
Tsmrc_scenn follows smtcl or smitc2 according to the physical cell 1D of the target cell being activated. Tsurc_max follows
smtcl or smitc2 according to the physical cell IDs of the target cells being activated and the active serving cells.

In addition to CSI reporting defined above, UE shall also apply other actions related to the activation command
specified in TS 38.331 [2] for a SCell at the first opportunities for the corresponding actions once the SCell is activated.

The starting point of an interruption window on spCell or any activated SCell, as specified in clause 8.2, shall not occur

T T, +3 +T . .
before slot n+1+——4R¢_ and not occur after slot n+1+—4RCTETX \yhare NR slot length is with respect to the
NR slot length NR slot length

numerology used in the SCell being activated, and Tx is:
- 0, if Tactivation_time is 3ms
- Tristsss, for any scenario where Tactivation time inCludes Trirstsss;
- Trirstss_max, for any scenario where Tactivation_time INClUdes Trirstsss_max;
- Tuncertainty MAC *TFineTiming, fOr any scenario where Tactivation_time iNCludes only TeineTiming-and N0 Trirstsse_MAX.

The length of the interruption window may be different for different victim cells, and depends on the applicable
scenario and on the frequency band relation between the aggressor cell and the victim cell.

The requirements in this clause and requriements on interruption due to SCell activation in clause 8.2 apply provided
that the SSB of the to-be-activated SCell is within the first active DL BWP of the SCell.

Starting from the slot specified in clause 4.3 of TS 38.213 [3] (timing for secondary Cell activation/deactivation) and
until the UE has completed the SCell activation, the UE shall report out of range if the UE has available uplink
resources to report CQI for the SCell.

Starting from the slot specified in clause 4.3 of TS 38.213 [3] (timing for secondary Cell activation/deactivation) and
until the UE has completed a first L1-RSRP measurement, the UE shall report lowest valid L1 SS-RSRP range if the
UE has available uplink resources to report L1-RSRP for the SCell.

8.3.3 SCell Deactivation Delay Requirement for Activated SCell

The requirements in this clause shall apply for the UE configured with one downlink SCell in EN-DC, or in standalone
NR carrier aggregation, or in NE-DC, or in NR-DC.

Upon receiving SCell deactivation command in slot n, the UE shall accomplish the deactivation actions for the SCell
THARQ+3ms

being deactivated no later than in slot n + . The starting point of an interruption window on spCell or any

NR slot length
THARQ

—————— and not occur after slot
NR slot length

activated SCell, as specified in clause 8.2, shall not occur before slot n+1+
THARQ+3ms

n+1+ ———— where NR slot length is with respect to the numerology used in the SCell being deactivated.
NR slot length

Upon expiry of the sCellDeactivationTimer in slot n, the UE shall accomplish the deactivation actions for the SCell

being deactivated no later than in slot n + P T— rtnls " The starting point of an interruption window on spCell or any
slot leng

activated SCell, as specified in clause 8.2, shall not occur before slot n+1 and not occur after slot n+1+

3ms

NR slot length’
where NR slot length is with respect to the humerology used in the SCell being deactivated.

The length of the interruption window may be different for different victim cells, and depends on the applicable
scenario and on the frequency band relation between the aggressor cell and the victim cell.
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8.4 UE UL carrier RRC reconfiguration delay

84.1 Introduction

The requirements in this clause apply for a UE being configured or deconfigured with a supplementary UL carrier or
NR UL carrier.
8.4.2 UE UL carrier configuration delay requirement

When the UE receives a RRC message implying NR UL or supplementary UL carrier configuration, the UE shall be
ready to start transmission on the newly configured carrier within Tur_carrier config from the end of the slot n..

Where
- Slot n is the last slot overlapping with the PDSCH containing the RRC command.

- TuL_carrier_config €quals the maximum RRC procedure delay defined in clause 11.2 in TS 36.331 [16] if the
corresponding RRC message is embedded in E-UTRA RRC message, otherwise it equals the maximum RRC
procedure delay defined in clause 12 in TS 38.331 [2].

8.4.3 UE UL carrier deconfiguration delay requirement

When the UE receives a RRC message implying NR UL or supplementary UL carrier deconfiguration RRC signalling,
the UE shall stop UL signalling on the deconfigured UL carrier within TuL_carrier_deconfig from the end of the slot n.

Where
- Slot n is the last slot overlapping with the PDSCH containing the RRC command.

- TuL_carrier_decontig €quals the maximum RRC procedure delay defined in clause 11.2 in TS 36.331 [16] if the
corresponding RRC message is embedded in E-UTRA RRC message, otherwise it equals the maximum RRC
procedure delay defined in clause 12 in TS 38.331 [2].

8.5 Link Recovery Procedures

85.1 Introduction

The UE shall assess the downlink radio link quality of a serving cell based on the reference signal in the set q) as
specified in TS 38.213 [3] in order to detect beam failure on:

- PCellin SA, NR-DC, or NE-DC operation mode,
- PSCell in NR-DC and EN-DC operation mode.

The RS resource configurations in the set q) can be periodic CSI-RS resources and/or SSBs. UE is not required to
perform beam failure detection outside the active DL BWP. UE is not required to meet the requirements in clause 8.5.2

and 8.5.3 if UE does not have set Q)

On each RS resource configuration in the set Q, the UE shall estimate the radio link quality and compare it to the
threshold Qou_Lr for the purpose of accessing downlink radio link quality of the serving cell beams.

The threshold Qout_Lr is defined as the level at which the downlink radio level link of a given resource configuration on

set q) cannot be reliably received and shall correspond to the BLER.: = 10% block error rate of a hypothetical PDCCH

transmission. For SSB based beam failure detection, Qout_Lr_sss is derived based on the hypothetical PDCCH
transmission parameters listed in Table 8.5.2.1-1. For CSI-RS based beam failure detection, Qout Lr_csi-rs IS derived
based on the hypothetical PDCCH transmission parameters listed in Table 8.5.3.1-1.
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Upon request the UE shall deliver configuration indexes from the set Qas specified in TS 38.213 [3] , to higher layers,

and the corresponding L1-RSRP measurement provided that the measured L1-RSRP is equal to or better than the
threshold Qin_Lr, Which is indicated by higher layer parameter rsrp-ThresholdSSB. The UE applies the Qin_Lr threshold
to the L1-RSRP measurement obtained from an SSB. The UE applies the Qin_Lr threshold to the L1-RSRP measurement
obtained for a CSI-RS resource after scaling a respective CSI-RS reception power with a value provided by higher layer

parameter power Control OffsetSS. The RS resource configurations in the set q can be periodic CSI-RS resources or

SSBs or both SSB and CSI-RS resources. UE is not required to perform candidate beam detection outside the active DL
BWP.

8.5.2 Requirements for SSB based beam failure detection

8521 Introduction

The requirements in this clause apply for each SSB resource in the set Q) configured for a serving cell, provided that

the SSB configured for beam failure detection is actually transmitted within the UE active DL BWP during the entire
evaluation period specified in clause 8.5.2.2.

Table 8.5.2.1-1: PDCCH transmission parameters for beam failure instance

Attribute Value for BLER
DCI format 1-0
Number of control OFDM 5
symbols
Aggregation level (CCE) 8
Ratio of hypothetical PDCCH
RE energy to average SSS 0dB
RE energy
Ratio of hypothetical PDCCH
DMRS energy to average 0dB
SSS RE energy
Bandwidth (PRBSs) 24
Sub-carrier spacing (kHz) Same as the SCS of RMSI CORESET
DMRS precoder granularity REG bundle size
REG bundle size 6
CP length Normal
Mapping from REG to CCE Distributed

8.5.2.2 Minimum requirement

UE shall be able to evaluate whether the downlink radio link quality on the configured SSB resource in set Q) estimated
over the last Tevaate_sro_sse MS period becomes worse than the threshold Qout Lr_ssg Within Tevalate_sro_sse MS period.

The value of Tevawate_sro_sss IS defined in Table 8.5.2.2-1 for FR1.
The value of Tevaae gro_ssg is defined in Table 8.5.2.2-2 for FR2 with scaling factor N=8

For FR1,

1
_TssB!
MGRP A A A A i
frequency or inter-RAT measurements, which are overlapping with some but not all occasions of the SSB.

- P= when in the monitored cell there are measurement gaps configured for intra-frequency, inter-

- P =1 when in the monitored cell there are no measurement gaps overlapping with any occasion of the SSB.

For FR2,

ETSI



3GPP TS 38.133 version 15.22.0 Release 15 99 ETSI TS 138 133 V15.22.0 (2023-07)

1

TssB
TSMTCperiad
partially overlapped with SMTC occasion (Tsse < Tsmrcperiod)-

- P= , when BFD-RS resource is not overlapped with measurement gap and the BFD-RS resource is

- P = Psharing factor, When the BFD-RS resource is not overlapped with measurement gap and the BFD-RS resource is
fully overlapped with SMTC period (Tssg = Tsmrcperiod)-

1
1-TLssB _ TssB
MGRP TSMTCperiad
BFD-RS resource is partially overlapped with SMTC occasion (Tssg < Tsmrcperiod) ad SMTC occasion is not

overlapped with measurement gap and

- p=

, when the BFD-RS resource is partially overlapped with measurement gap and the

- TSMTCperiod # MGRP or

- Tswmrcperiod = MGRP and Tssg < 0.5 X Tsmrcperiod

- p= Psharing factor
_TssB
MGRP

resource is partially overlapped with SMTC occasion (Tssg < Tswmtcperiod) 2and SMTC occasion is not overlapped
with measurement gap and Tsmrcperiod = MGRP and Tssg = 0.5*T smrcperiod

, when the BFD-RS resource is partially overlapped with measurement gap and the BFD-RS

1
1 Tsse
Min(MGRP, TsyTCperiod)

<MGRP) and the BFD-RS resource is partially overlapped with SMTC occasion (Tssg < Tswmtcperiod) and SMTC
occasion is partially or fully overlapped with measurement gap.

- P= , when the BFD-RS resource is partially overlapped with measurement gap (Tsss

_ P = Psharing factor
- _TssB
MGRP

resource is fully overlapped with SMTC occasion (Tsse = Tsmrcperiod) and SMTC occasion is partially overlapped
with measurement gap (Tsmrcperioa < MGRP)

, When the BFD-RS resource is partially overlapped with measurement gap and the BFD-RS

Psharing factor = 1, if the BFD-RS resource outside measurement gap is

- not overlapped with the SSB symbols indicated by SSB-ToMeasure and 1 data symbol before each
consecutive SSB symbols indicated by SSB-ToMeasure and 1 data symbol after each consecutive SSB
symbols indicated by SSB-ToMeasure, given that SSB-ToMeasure is configured, where the SSB-ToMeasure
is the union set of SSB-ToMeasure from all the configured measurement objects merged on the same serving
carrier, and;

- not overlapped with the RSSI symbols indicated by ss-RSSI-Measurement and 1 data symbol before each
RSSI symbol indicated by ss-RSS-Measurement and 1 data symbol after each RSSI symbol indicated by ss-
RSS-Measurement, given that sssRSS-Measurement is configured.

- Psharing factor = 3, Otherwise.
where,

If the high layer in TS 38.331 [2] signaling of smtc2 is configured, Tsmrcperiod COrresponds to the value of
higher layer parameter smtc2; Otherwise Tsmrcperiod COrresponds to the value of higher layer parameter smtcl.
Tsmrcperiod IS the shortest SMTC period among all CCs in the same FR2 band, given the SMTC offset of all
CCs in FR2 provided the same offset.

Longer evaluation period would be expected if the combination of BFD-RS resource, SMTC occasion and measurement
gap configurations does not meet pervious conditions.

Table 8.5.2.2-1: Evaluation period Tevaluate Bro_sse for FR1

Configuration Tevaluate_BFD_sss (MS)
no DRX Max(50, Ceil(5 x P) x Tsss)
DRX cycle < 320ms Max (50, Ceil(7.5 x P) x Max(Torx, Tssg))
DRX cycle > 320ms Ceil(5 x P) X Torx
Note: Tsss is the periodicity of SSB in the set Q. Torx is the DRX cycle length.
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Table 8.5.2.2-2: Evaluation period Tevaluate Bro_sse for FR2

Configuration Tevaluate_BFD_sss (MS)
no DRX Max(50, Ceil(5 x P x N) x Tsss)
DRX cycle < 320ms Max (50, Ceil(7.5 x P x N) x Max(Torx, Tssg))
DRX cycle > 320ms Ceil(5 x P x N) X Tprx
Note: Tsss is the periodicity of SSB in the set Q. Torx is the DRX cycle length.

8523 Measurement restriction for SSB based beam failure detection

The UE is required to be capable of measuring SSB for BFD without measurement gaps. The UE is required to perform
the SSB measurements with measurement restrictions as described in the following clauses.

For FR1, when the SSB for BFD measurement is in the same OFDM symbol as CSI-RS for RLM, BFD, CBD or L1-
RSRP measurement,

- If SSB and CSI-RS have same SCS, UE shall be able to measure the SSB for BFD measurement without any
restriction;

- If SSB and CSI-RS have different SCS,

- If UE supports simultaneousRxDataSSB-DiffNumerology, UE shall be able to measure the SSB for BFD
measurement without any restriction;

- If UE does not support simultaneousRxDataSSB-DiffNumerology, UE is required to measure one of but not
both SSB for BFD measurement and CSI-RS. Longer measurement period for SSB based BFD measurement
is expected, and no requirements are defined.

For FR2, when the SSB for BFD measurement on one CC is in the same OFDM symbol as CSI-RS for RLM, BFD,
CBD or L1-RSRP measurement on the same CC or different CCs in the same band, UE is required to measure one of
but not both SSB for BFD measurement and CSI-RS. Longer measurement period for SSB based BFD measurement is
expected, and no requirements are defined.

8.5.3 Requirements for CSI-RS based beam failure detection

8531 Introduction

The requirements in this clause apply for each CSI-RS resource in the set @, of resource configurations for a serving

cell, provided that the CSI-RS resource(s) in set ¢, for beam failure detection are actually transmitted within the UE

active DL BWP during the entire evaluation period specified in clause 8.5.3.2. UE is not expected to perform beam
failure detection measurements on the CSI-RS configured for BFD if the CSI-RS is not QCL-ed, with QCL-TypeD
when applicable, with the RS in the active TCI state of any CORESET configured in the UE active BWP.

Table 8.5.3.1-1: PDCCH transmission parameters for beam failure instance

Attribute Value for BLER
DCI format 1-0
Number of control OFDM 2
symbols
Aggregation level (CCE) 8
Ratio of hypothetical PDCCH
RE energy to average CSI-RS 0dB
RE energy
Ratio of hypothetical PDCCH
DMRS energy to average 0dB
CSI-RS RE energy
Bandwidth (PRBs) 48
Sub-carrier spacing (kHz) SCS of the active DL BWP
DMRS precoder granularity REG bundle size
REG bundle size 6
CP length Normal
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| Mapping from REG to CCE | Distributed |

8.5.3.2 Minimum requirement

UE shall be able to evaluate whether the downlink radio link quality on the CSI-RS resource in set q) estimated over
the last Tevaiate BrFo_csi-rs MSs period becomes worse than the threshold Qout Lr_csi-rs Within Tevauate_sro_csi-rs MS period.

The value of Tevaate_sro_csi-rs is defined in Table 8.5.3.2-1 for FR1.

The value of Tevaae_sro_csirs is defined in Table 8.5.3.2-2 for FR2 with N=1. The requirements of Tevaluate_BFD_csi-rs
apply provided that the CSI-RS for BFD is not in a resource set configured with repetition ON. The requirements shall
not apply when the CSI-RS resource in the active TCI state of CORESET is the same CSI-RS resource for BFD and the
TCI state information of the CSI-RS resource is not given, wherein the TCI state information means QCL Type-D to
SSB for L1-RSRP or CSI-RS with repetition ON.

For FR1,

- P= when in the monitored cell there are measurement gaps configured for intra-frequency, inter-

_Tcsi-Rs'’
MGRP

frequency or inter-RAT measurements, which are overlapping with some but not all occasions of the CSI-RS.
- P =1 when in the monitored cell there are ho measurement gaps overlapping with any occasion of the CSI-RS.
For FR2,

- P =1, when the BFD-RS resource is not overlapped with measurement gap and also not overlapped with SMTC
occasion.

1

Tcsi-rs’
1="mcrp
resource is not overlapped with SMTC occasion (Tcsi-rs < MGRP)

- P= when the BFD-RS resource is partially overlapped with measurement gap and the BFD-RS

1
1—__TCcS1-Rs
TSMTCperiad
resource is partially overlapped with SMTC occasion (Tcsi-rs < Tsmtcperiod)-

- P= , when the BFD-RS resource is not overlapped with measurement gap and the BFD-RS

- P = Psharing factor, When the BFD-RS resource is not overlapped with measurement gap and the BFD-RS resource is
fully overlapped with SMTC occasion (Tcsi-rs = TsmTcperiod)-

1
Tcsi-RS _ _ TCSI-RS
MGRP TSMTCperiad
BFD-RS resource is partially overlapped with SMTC occasion (Tcsi-rs < Tsmrcperiod) and SMTC occasion is not

overlapped with measurement gap and

- P=

, when the BFD-RS resource is partially overlapped with measurement gap and the

- TSMTCperiod # MGRP or

- Tswmrcperiod = MGRP and Tcsirs < 0.5 X Tsmrcperiod

- p= Psharing factor
_Tcsi-rs
MGRP

resource is partially overlapped with SMTC occasion (Tcsi-rs < Tsmtcperiod) @and SMTC occasion is not
overlapped with measurement gap and Tsmrcperiod = MGRP and Tcsi.rs = 0.5 X Tsmrcperiod

, when the BFD-RS resource is partially overlapped with measurement gap and the BFD-RS

1
1o Tcsi-Rrs
Min(MGRP.TsMTCperiod)

MGRP) and the BFD-RS resource is partially overlapped with SMTC occasion (Tcsi-rs < Tsmtcperiod) and SMTC
occasion is partially or fully overlapped with measurement gap.

- P= , when the BFD-RS resource is partially overlapped with measurement gap (Tcsi-rs <

P = Psharing factor
~ 1_Tcsi-Rs
MGRP

resource is fully overlapped with SMTC occasion (Tcsi-rs = Tsmrcperiod) and SMTC occasion is partially
overlapped with measurement gap (Tsmrcperiod < MGRP)

, when the BFD-RS resource is partially overlapped with measurement gap and the BFD-RS
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- Psharing factor = 1, if the BFD-RS resource outside measurement gap is

not overlapped with the SSB symbols indicated by SSB-ToMeasure and 1 data symbol before each
consecutive SSB symbols indicated by SSB-ToMeasure and 1 data symbol after each consecutive SSB
symbols indicated by SSB-ToMeasure, given that SSB-ToMeasure is configured, where the SSB-ToMeasure
is the union set of SSB-ToMeasure from all the configured measurement objects merged on the same serving
carrier, and;

not overlapped with the RSSI symbols indicated by ss-RSSI-Measurement and 1 data symbol before each
RSSI symbol indicated by ss-RSS-Measurement and 1 data symbol after each RSSI symbol indicated by ss-
RSS -Measurement, given that ss-RSS-Measurement is configured,

- Psharing factor = 3, Otherwise.

where,

Note:

If the high layer in TS 38.331 [2] signaling of smtc2 is configured, Tsmrcperiod COrresponds to the value of
higher layer parameter smtc2; Otherwise Tsmrcperiod COrresponds to the value of higher layer parameter smtcl.
Tsmrcperiod 1S the shortest SMTC period among all CCs in the same FR2 band, provided the SMTC offset of
all CCs in FR2 have the same offset.

The overlap between CSI-RS for BFD and SMTC means that CSI-RS for BFD is within the SMTC
window duration.

Longer evaluation period would be expected if the combination of the BFD-RS resource, SMTC occasion and
measurement gap configurations does not meet pervious conditions.

The values of Mgrp used in Table 8.5.3.2-1 and Table 8.5.3.2-2 are defined as

- Merp = 10, if the CSI-RS resource(s) in set g, used for BFD is transmitted with Density = 3 and over the
bandwidth = 24 PRBs.

8.5.3.3

Table 8.5.3.2-1: Evaluation period Tevauate Fp_csi-rs for FR1

Configuration TEvaluate_BFD_csI-Rs (MS)
no DRX Max (50, Ceil(Msrp X P) x Tcsi-rs)
DRX cycle < 320ms Max (50, Ceil(1.5 x Mgerp x P) x Max(Torx, Tcsi-Rs))
DRX cycle > 320ms Ce”(MBFD X P) X TDRX
Note: Tcsirs is the periodicity of CSI-RS resource in the set Q. Torx is the
DRX cycle length.

Table 8.5.3.2-2: Evaluation period Tevauate 8Fp_csi-rs for FR2

Configuration TEvaluate_BFD_csI-Rs (MS)
no DRX Max(50, Ceil(Merp X P x N) x Tcsi-rs)
DRX cycle < 320ms | Max(50, Ceil(1.5 x Marp X P x N) x Max(Torx, Tcsi-rs))
DRX cycle > 320ms Ceil(Merp X P x N) x Torx
Note: Tcsirs is the periodicity of CSI-RS resource in the set T, . Torx is the
DRX cycle length.

Measurement restrictions for CSI-RS beam failure detection

The UE is required to be capable of measuring CSI-RS for BFD without measurement gaps. The UE is required to
perform the CSI-RS measurements with measurement restrictions as described in the following clauses.

For both FR1 and FR2, when the CSI-RS for BFD measurement is in the same OFDM symbol as SSB for RLM, BFD,
CBD or L1-RSRP measurement, UE is not required to receive CSI-RS for BFD measurement in the PRBs that overlap
with an SSB.

For FR1, when the SSB for RLM, BFD, CBD or L1-RSRP measurement is within the active BWP and has same SCS
than CSI-RS for BFD measurement, the UE shall be able to perform CSI-RS measurement without restrictions.
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For FR1, when the SSB for RLM, BFD, CBD or L1-RSRP measurement is within the active BWP and has different
SCS than CSI-RS for BFD measurement, the UE shall be able to perform CSI-RS measurement with restrictions
according to its capabilities:

- If the UE supports simultaneousRxDataSSB-DiffNumerology the UE shall be able to perform CSI-RS
measurement without restrictions.

- If the UE does not support simultaneousRxDataSSB-DiffNumerology, UE is required to measure one of but not
both CSI-RS for BFD measurement and SSB. Longer measurement period for CSI-RS based BFD measurement
is expected, and no requirements are defined.

For FR1, when the CSI-RS for BFD measurement is in the same OFDM symbol as another CSI-RS for RLM, BFD,
CBD or L1-RSRP measurement, UE shall be able to measure the CSI-RS for BFD measurement without any restriction.

For FR2, when the CSI-RS for BFD measurement on one CC is in the same OFDM symbol as SSB for RLM, BFD or
L1-RSRP measurement on the same CC or different CCs in the same band, or in the same symbol as SSB for CBD
measurement on the same CC or different CCs in the same band when beam failure is detected, UE is required to
measure one of but not both CSI-RS for BFD measurement and SSB. Longer measurement period for CSI-RS based
BFD measurement is expected, and no requirements are defined.

For FR2, when the CSI-RS for BFD measurement on one CC is in the same OFDM symbol as another CSI-RS for
RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band,

- Inthe following cases, UE is required to measure one of but not both CSI-RS for BFD measurement and the
other CSI-RS. Longer measurement period for CSI-RS based BFD measurement is expected, and no
requirements are defined.

- The CSI-RS for BFD measurement or the other CSI-RS in a resource set configured with repetition ON, or
- The other CSI-RS is configured in set @ and beam failure is detected, or

- The two CSI-RS-es are not QCL-ed w.r.t. QCL-TypeD, or the QCL information is not known to UE,

- Otherwise, UE shall be able to measure the CSI-RS for BFD measurement without any restriction.

8.5.4 Minimum requirement for L1 indication

When the radio link quality on all the RS resources in set q) is worse than Qout LR, layer 1 of the UE shall send a beam
failure instance indication to the higher layers.

The beam failure instance evaluation for the RS resources in set Q) shall be performed as specified in clause 6 in
TS 38.213 [3]. Two successive indications from layer 1 shall be separated by at least Tindication_interval_BFD-
When DRX is not used, Tindication_interval_BFD 1S Max(2ms, Tsse-rs,m) ) OF max(2ms, Tcsi-rs,m), Where Tssg-rs,m and Tcsi-rs,m
is the shortest periodicity of all RS resources in set Q) for the accessed cell, corresponding to either the shortest
periodicity of the SSB in the set Q) or CSI-RS resource in the set Q)
When DRX is used, for SSB based link quality measurement,
- Tindication_interval_sFp = Max(1.5 x DRX_cycle_length, 1.5 x Tssg-rsm), if DRX_cycle_length < 320ms,
- Tindication_interval_sro = DRX_cycle_length, if DRX_cycle_length > 320ms.
When DRX is used, for CSI-RS based link quality measurement,
- Tindication_interval_srp = Max(1.5 x DRX_cycle_length, 1.5 X Tcsirsm), if DRX_cycle_length << 320ms,

- Tindication_interval_Brp = DRX_cycle_length, if DRX_cycle_length > 320ms.
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8.5.5 Requirements for SSB based candidate beam detection

8551 Introduction

The requirements in this clause apply for each SSB resource in the set @ configured for a serving cell, provided that the

SSBs configured for candidate beam detection are actually transmitted within UE active DL BWP during the entire
evaluation period specified in clause 8.5.5.2.

8.5.5.2 Minimum requirement

Upon request the UE shall be able to evaluate whether the L1-RSRP measured on the configured SSB resource in set
G, estimated over the last Tevaate cBp_sss MS period becomes better than the threshold Qi Lr provided SSB_RP and
SSB Es/lot are according to Annex Table B.2.4.1 for a corresponding band.

The UE shall monitor the configured SSB resources using the evaluation period in table 8.5.5.2-1 and 8.5.5.2-2
corresponding to the non-DRX mode, if the configured DRX cycle < 320ms.

The value of Tevaae_cep_sse IS defined in Table 8.5.5.2-1 for FR1.
The value of Tevaae_ceo_sss i defined in Table 8.5.5.2-2 for FR2 with scaling factor N=8.
where,

For FR1,

1
_Tssp'’
MGRP A A A A i
frequency or inter-RAT measurements, which are overlapping with some but not all occasions of the SSB,

- P= when in the monitored cell there are measurement gaps configured for intra-frequency, inter-

- P =1 when in the monitored cell there are no measurement gaps overlapping with any occasion of the SSB.

For FR2,

1
1— TssB
TsMTCperiod
beam detection RS is partially overlapped with SMTC occasion (Tssg < Tsmrcperiod)-

- P= , When candidate beam detection RS is not overlapped with measurement gap and candidate

- P iS Psharing factor, When candidate beam detection RS is not overlapped with measurement gap and candidate beam
detection RS is fully overlapped with SMTC period (Tssg = Tsmrcperiod)-

1
TssB _ TssB
MGRP  TsmTCperiod

candidate beam detection RS is partially overlapped with SMTC occasion (Tssg < Tsmrcperiod) and SMTC
occasion is not overlapped with measurement gap and

- p=

, When candidate beam detection RS is partially overlapped with measurement gap and

- TSMTCperiod # MGRP or

- Tsmrcperiod = MGRP and Tssg < 0.5 X Tsmrcperiod

P = Psharing factor
_TssB
MGRP

candidate beam detection RS is partially overlapped with SMTC occasion (Tssg < Tsmrcperiod) and SMTC
occasion is not overlapped with measurement gap and Tsmrcperiod = MGRP and Tssg = 0.5 X Tsmrcperiod

, when candidate beam detection RS is partially overlapped with measurement gap and

1

1 TssB
Min(MGRP.TsyTCperiod)

and candidate beam detection RS is partially overlapped with SMTC occasion (Tssg < Tsmtcperiod) and SMTC
occasion is partially or fully overlapped with measurement gap

- p=

, When candidate beam detection RS is partially overlapped with measurement gap

P = Psharing factor
_TssB
MGRP

candidate beam detection RS is fully overlapped with SMTC occasion (Tssg = Tsmrtcperiod) @nd SMTC occasion is
partially overlapped with measurement gap (T smrcperiod < MGRP)

, when candidate beam detection RS is partially overlapped with measurement gap and
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- Psharing factor = 1, if the candidate beam detection RS outside measurement gap is

- not overlapped with the SSB symbols indicated by SSB-ToMeasure and 1 data symbol before each
consecutive SSB symbols indicated by SSB-ToMeasure and 1 data symbol after each consecutive SSB
symbols indicated by SSB-ToMeasure, given that SSB-ToMeasure is configured, where the SSB-ToMeasure
is the union set of SSB-ToMeasure from all the configured measurement objects merged on the same serving
carrier, and;

- not overlapped with the RSSI symbols indicated by ss-RSSI-Measurement and 1 data symbol before each
RSSI symbol indicated by ss-RSSI-Measurement and 1 data symbol after each RSSI symbol indicated by ss-
RSSI-Measurement, given that ss-RSSI-Measurement is configured

- Psharing factor = 3, Otherwise.
where,

If the high layer in TS 38.331 [2] signaling of smtc2 is present, Tswrcperiod follows smtc2; Otherwise
Tsmrcperiod follows smtcl. Tsmrcperiod IS the shortest SMTC period among all CCs in the same FR2 band,
provided the SMTC offset of all CCs in FR2 have the same offset.

Longer evaluation period would be expected if the combination of the CBD-RS resource, SMTC occasion and
measurement gap configurations does not meet pervious conditions.

Table 8.5.5.2-1: Evaluation period Tevauate cep_sss for FR1

Configuration Tevaluate_cBp_ssa (MS)
non-DRX, DRX cycle Max(25, Ceil(3 x P) x Tssg)
< 320ms
DRX cycle > 320ms Ceil(3 x P) X Torx
Note: Tsss is the periodicity of SSB in the set G . Torx is the DRX cycle
length.

Table 8.5.5.2-2: Evaluation period Tevaluate cep_sse for FR2

Configuration Tevaluate_cBD_sss (MS)
non-DRX, DRX cycle Max(25, Ceil(3 x P x N) x Tsss)
< 320ms
DRX cycle > 320ms Ceil(3 x P x N) X Tprx
Note: Tsss is the periodicity of SSB in the set G . Torx is the DRX cycle
length.
8.5.5.3 Measurement restriction for SSB based candidate beam detection

For FR1, when the SSB for CBD measurement is in the same OFDM symbol as CSI-RS for RLM, BFD, CBD or L1-
RSRP measurement,

- If SSB and CSI-RS have same SCS, UE shall be able to measure the SSB for CBD measurement without any
restrictions;

- If SSB and CSI-RS have different SCS-es,

- If UE supports simultaneousRxDataSSB-DiffNumerology, UE shall be able to measure the SSB for CBD
measurement without any restriction;

- If UE does not support simultaneousRxDataSSB-DiffNumerology, UE is required to measure one of but not
both SSB for CBD measurement and CSI-RS. Longer measurement period for SSB based CBD measurement
is expected, and no requirements are defined.

For FR2, when the SSB for CBD measurement on one CC is in the same OFDM symbol as CSI-RS for RLM, BFD,
CBD or L1-RSRP measurement on the same CC or different CCs in the same band, UE is required to measure one of
but not both SSB for CBD measurement and CSI-RS. Longer measurement period for SSB based CBD measurement is
expected, and no requirements are defined.
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8.5.6 Requirements for CSI-RS based candidate beam detection

8.56.1 Introduction

The requirements in this clause apply for each CSI-RS resource in the set @ configured for a serving cell, provided that
the CSI-RS resources configured for candidate beam detection are actually transmitted within UE active DL BWP

during the entire evaluation period specified in clause 8.5.6.2.
8.5.6.2 Minimum requirement

Upon request the UE shall be able to evaluate whether the L1-RSRP measured on the configured CSI-RS resource in set
G, estimated over the last Tevaate cBp_csi-rs [Ms] period becomes better than the threshold Qin_Lr Within Tevaiuate cap_csi-
rs [ms] period provided CSI-RS Es/lot is according to Annex Table B.2.4.2 for a corresponding band.

The UE shall monitor the configured CSI-RS resources using the evaluation period in table 8.5.6.2-1 and 8.5.6.2-2
corresponding to the non-DRX mode, if the configured DRX cycle < 320ms.

The value of Tevaiate_cep_csi-rs IS defined in Table 8.5.6.2-1 for FR1.

The value of Tevawae_cep_csi-rs IS defined in Table 8.5.6.2-2 for FR2 with scaling factor N=8.

For FR1,
- P = —55 When in the monitored cell there are measurement gaps configured for intra-frequency, inter-
" MGRP
frequency or inter-RAT measurements, which are overlapping with some but not all occasions of the CSI-RS;
and

- P =1 when in the monitored cell there are no measurement gaps overlapping with any occasion of the CSI-RS.
For FR2,

- P =1, when candidate beam detection RS is not overlapped with measurement gap and also not overlapped with
SMTC occasion.

1

1_TcsI-Rs’
MGRP

beam detection RS is not overlapped with SMTC occasion (Tcsirs < MGRP)

- P= when candidate beam detection RS is partially overlapped with measurement gap and candidate

1
1—__LCSI-RS
TsMTCperiod
beam detection RS is partially overlapped with SMTC occasion (Tcsi-rs < TsmTcperiod)-

- P= , When candidate beam detection RS is not overlapped with measurement gap and candidate

- P = Psharing factor, When candidate beam detection RS is not overlapped with measurement gap and candidate beam
detection RS is fully overlapped with SMTC occasion (Tcsi-rs = TsmTcperiod)-

1
Tcsi-rs _ _ Tcsi-RS
MGRP  TsyrCperiod
and candidate beam detection RS is partially overlapped with SMTC occasion (Tcsi-rs < Tsmrcperiod) and SMTC

occasion is not overlapped with measurement gap and

- P= , When candidate beam detection RS is partially overlapped with measurement gap

- TSMTCperiod # MGRP or

- Tsmrcperiod = MGRP and Tcsirs < 0.5 X Tsmrcperiod

P = Psharing factor
— . _Tcsi-Rs !
MGRP

candidate beam detection RS is partially overlapped with SMTC occasion (Tcsi-rs < Tsmtcperiod) and SMTC
occasion is not overlapped with measurement gap and Tsmrcperiod = MGRP and Tcsi-rs = 0.5 X Tsmrcperiod

when candidate beam detection RS is partially overlapped with measurement gap and
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1
1o Tcsi-Rrs
Min(MGRP.TsMTCperiod)

and candidate beam detection RS is partially overlapped with SMTC occasion (Tcsi-rs < Tsmtcperiod) and SMTC
occasion is partially or fully overlapped with measurement gap

- P= , when candidate beam detection RS is partially overlapped with measurement gap

- P= when candidate beam detection RS is partially overlapped with measurement gap and candidate

1_Tcsi-Rrs’
MGRP

beam detection RS is fully overlapped with SMTC occasion (Tcsi-rs = TsmTcperiod) and SMTC occasion is
partially overlapped with measurement gap (T smrcperiod < MGRP)

Psharing factor = 1, If the candidate beam detection RS outside measurement gap is

- not overlapped with the SSB symbols indicated by SSB-ToMeasure and 1 data symbol before each
consecutive SSB symbols indicated by SSB-ToMeasure and 1 data symbol after each consecutive SSB
symbols indicated by SSB-ToMeasure, given that SSB-ToMeasure is configured, where the SSB-ToMeasure
is the union set of SSB-ToMeasure from all the configured measurement objects merged on the same serving
carrier, and;

- not overlapped with the RSSI symbols indicated by ss-RSSI-Measurement and 1 data symbol before each
RSSI symbol indicated by ss-RSS-Measurement and 1 data symbol after each RSSI symbol indicated by ss-
RSS-Measurement, given that ss-RSS-Measurement is configured.

- Psharing factor = 3, Otherwise.
where,

If the high layer in TS 38.331 [2] signaling of smtc2 is present, Tswmrcperiod fOllows smtc2; Otherwise
Tsmrcperiod follows smitcl. Tsmrcperiod IS the shortest SMTC period among all CCs in the same FR2 band,
provided the SMTC offset of all CCs in FR2 have the same offset.

Note: The overlap between CSI-RS for CBD and SMTC means that CSI-RS for CBD is within the SMTC
window duration.

Longer evaluation period would be expected if the combination of the CBD-RS resource, SMTC occasion and
measurement gap configurations does not meet pervious conditions.

Longer evaluation period would be expected if the CSI-RS is on the same OFDM symbols with RLM, BFD, BM-RS, or
other CBD-RS, according to the measurement restrictions defined in clause 8.5.6.3.

The values of Mcgp used in Table 8.5.6.2-1 and Table 8.5.6.2-2 are defined as

- Mcep = 3, if the CSI-RS resource configured in the set @ is transmitted with Density = 3 and over the
bandwidth = 24 PRBs.

Table 8.5.6.2-1: Evaluation period Tevaluate_cep_csi-rs for FR1

Configuration TEvaluatec_cBD_csi-Rrs (MS)
non-DRX, DRX cycle Max(25, Ceil(Mcep x P) x Tcsirs)
< 320ms
DRX cycle > 320ms Ceil(MCBD X P) X TDRX
Note: Tesirs is the periodicity of CSI-RS resource in the set T, . Torx is the
DRX cycle length.

Table 8.5.6.2-2: Evaluation period Tevaluate cep_csirs for FR2

Configuration Tevaluate_cBD_csi-rs (MS)
non-DRX, DRX cycle Max(25, Ceil(Mcep x P x N) X Tcsi-rs)
< 320ms
DRX cycle > 320ms Ceil(Mceb X P x N) X Torx
Note: Tesirs is the periodicity of CSI-RS resource in the set T . Torx is the
DRX cycle length.
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8.5.6.3 Measurement restriction for CSI-RS based candidate beam detection

For both FR1 and FR2, when the CSI-RS for CBD measurement is in the same OFDM symbol as SSB for RLM, BFD,
CBD or L1-RSRP measurement, UE is not required to receive CSI-RS for CBD measurement in the PRBs that overlap
with an SSB.

For FR1, when the SSB for RLM, BFD, CBD or L1-RSRP measurement is within the active BWP and has same SCS
than CSI-RS for CBD measurement, the UE shall be able to perform CSI-RS based CBD measurement without
restrictions.

For FR1, when the SSB for RLM, BFD, CBD or L1-RSRP measurement is within the active BWP and has different
SCS than CSI-RS for CBD measurement, the UE shall be able to perform CSI-RS based CBD measurement with
restrictions according to its capabilities:

- If the UE supports simultaneousRxDataSSB-DiffNumerology the UE shall be able to perform CSI-RS based
CBD measurement for without restrictions.

- If the UE does not support simultaneousRxDataSSB-DiffNumerology, UE is required to measure one of but
not both CSI-RS for CBD measurement and SSB. Longer measurement period for CSI-RS based CBD
measurement is expected, and no requirements are defined.

For FR1, when the CSI-RS for CBD measurement is in the same OFDM symbol as another CSI-RS for RLM, BFD,
CBD or L1-RSRP measurement, UE shall be able to measure the CSI-RS for CBD measurement without any
restriction.

For FR2, when the CSI-RS for CBD measurement on one CC is in the same OFDM symbol as SSB for RLM, BFD,
CBD or L1-RSRP measurement on the same CC or different CCs in the same band, UE is required to measure one of
but not both CSI-RS for CBD measurement and SSB. Longer evaluation period for CSI-RS based CBD measurement is
expected, and no requirements are defined.

For FR2, when the CSI-RS for CBD measurement on one CC is in the same OFDM symbol as another CSI-RS for
RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band, UE is required to
measure one of but not both CSI-RS for CBD measurement and the other CSI-RS. Longer evaluation period for CSI-RS
based CBD measurement is expected, and no requirements are defined.

8.5.7 Scheduling availability of UE during beam failure detection

Scheduling availability restrictions when the UE is performing beam failure detection are described in the following
clauses.

8.5.7.1 Scheduling availability of UE performing beam failure detection with a same
subcarrier spacing as PDSCH/PDCCH on FR1

There are no scheduling restrictions due to beam failure detection performed on SSB and CSI-RS configured for BFD
with the same SCS as PDSCH or PDCCH in FR1.

8.5.7.2 Scheduling availability of UE performing beam failure detection with a
different subcarrier spacing than PDSCH/PDCCH on FR1

For UEs which support simultaneousRxDataSSB-DiffNumerology [14] there are no restrictions on scheduling
availability due to beam failure detection when SSB is configured as BFD. For UEs which do not support
simultaneousRxDataSSB-DiffNumerol ogy [14] the following restrictions apply due to beam failure detection when SSB
is configured as BFD.

- The UE is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH or CSI-RS for tracking
or CSI-RS for CQI on SSB symbols to be measured for beam failure detection.

When intra-band carrier aggregation in FR1 is configured, the scheduling restrictions on FR1 serving PCell or PSCell
apply to all serving cells in the same band on the symbols that fully or partially overlap with restricted symbols. When
inter-band carrier aggregation within FR1 is configured, there are no scheduling restrictions on FR1 serving cell(s)
configured in other bands than the bands in which PCell or PSCell is configured.
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8.5.7.3 Scheduling availability of UE performing beam failure detection on FR2
The following scheduling restriction applies due to beam failure detection.

- For the case where no RSs are provided for BFD, or when CSI-RS is configured for BFD is explicitly configured
and is type-D QCLed with active TCI state for PDCCH or PDSCH, and the CSI-RS is not in a CSI-RS resource
set with repetition ON

- There are no scheduling restrictions due to beam failure detection performed based on the CSI-RS.
- Otherwise

- The UE is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH or CSI-RS for
tracking or CSI-RS for CQI on BFD-RS resource symbols to be measured for beam failure detection.

When intra-band carrier aggregation in FR2 is performed, the scheduling restrictions on FR2 serving PCell or PSCell
apply to all serving cells in the same band on the symbols that fully or partially overlap with restricted symbols.

For FR2, if following conditions are met,
- UE has been notified about system information update through paging,

- The gap between UE’s reception of PDCCH that UE monitors in the Type2-PDCCH CSS set and that notifies
system information update, and the PDCCH that UE monitors in the Type0-PDCCH CSS set, is greater than 2
slots,

For the SSB and CORESET for RMSI scheduling multiplexing patterns 3, UE is expected to receive the PDCCH that
UE monitors in the Type0-PDCCH CSS set, and the corresponding PDSCH, on SSB symbols to be measured for BFD
mesurement; and

For the SSB and CORESET for RMSI scheduling multiplexing patterns 2, UE is expected to receive PDSCH that
corresponds to the PDCCH that UE monitors in the Type0-PDCCH CSS set, on SSB symbols to be measured for BFD
mesurement.

8.5.7.4 Scheduling availability of UE performing beam failure detection on FR1 or
FR2 in case of FR1-FR2 inter-band CA and NR DC

There are no scheduling restrictions on FR1 serving cell(s) due to beam failure detection performed on FR2 serving
PCell and/or PSCell.

There are no scheduling restrictions on FR2 serving cell(s) due to beam failure detection performed on FR1 serving
PCell and/or PSCell.

NR-DC in Rel-15 only includes the scenarios where all serving cells in MCG are in FR1 and all serving cells in SCG
are in FR2.
8.5.8  Scheduling availability of UE during candidate beam detection

Scheduling availability restrictions when the UE is performing L1-RSRP measurement for candidate beam detection are
described in the following clauses.

8.5.8.1 Scheduling availability of UE performing L1-RSRP measurement with a same
subcarrier spacing as PDSCH/PDCCH on FR1

There are no scheduling restrictions due to L1-RSRP measurement performed on SSB and CSI-RS configured as link
recovery detection resource with the same SCS as PDSCH or PDCCH in FR1.

8.5.8.2 Scheduling availability of UE performing L1-RSRP measurement with a
different subcarrier spacing than PDSCH/PDCCH on FR1

For UEs which support simultaneousRxDataSSB-DiffNumerology [14] there are no restrictions on scheduling
availability due to L1-RSRP measurement based on SSB as link recovery detection resource. For UEs which do not
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support simultaneousRxDataSSB-DiffNumerology [14] the following restrictions apply due to L1-RSRP measurement
based on SSB configured as link recovery detection resource.

- The UE is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH, TRS, CSI-RS for
tracking or CSI-RS for CQI on SSB symbols to be measured for L1-RSRP.

When intra-band carrier aggregation in FR1 is configured, the scheduling restrictions on one serving cell apply to all
other serving cells in the same band on the symbols that fully or partially overlap with the restricted symbols. When
inter-band carrier aggregation within FR1 is configured, there are no scheduling restrictions on FR1 serving cell(s)
configured in other bands.

8.5.8.3 Scheduling availability of UE performing L1-RSRP measurement on FR2
The following scheduling restriction applies due to candidate beam detection

- The UE is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH, CSI-RS for tracking
or CSI-RS for CQI on reference symbols to be measured for candidate beam detection.

When intra-band carrier aggregation in FR2 is configured, the scheduling restrictions on to one serving cell apply to all
serving cells in the same band on the symbols that fully or partially overlap with restricted symbols.

For FR2, if following conditions are met,
- UE has been notified about system information update through paging,

- The gap between UE’s reception of PDCCH that UE monitors in the Type2-PDCCH CSS set and that notifies
system information update, and the PDCCH that UE monitors in the Type0-PDCCH CSS set, is greater than 2
slots,

For the SSB and CORESET for RMSI scheduling multiplexing patterns 3, UE is expected to receive the PDCCH that
UE monitors in the Type0-PDCCH CSS set, and the corresponding PDSCH, on SSB symbols to be measured for CBD
mesurement; and

For the SSB and CORESET for RMSI scheduling multiplexing patterns 2, UE is expected to receive PDSCH that
corresponds to the PDCCH that UE monitors in the Type0-PDCCH CSS set, on SSB symbols to be measured for CBD
mesurement.

8.5.8.4 Scheduling availability of UE performing L1-RSRP measurement on FR1 or
FR2 in case of FR1-FR2 inter-band CA and NR-DC

There are no scheduling restrictions on FR1 serving cell(s) due to L1-RSRP measurement performed on FR2 serving
cell(s).

There are no scheduling restrictions on FR2 serving cell(s) due to L1-RSRP measurement performed on FR1 serving
cell(s).

NR-DC in Rel-15 only includes the scenarios where all serving cells in MCG are in FR1 and all serving cells in SCG
are in FR2.

8.5.9 Minimum requirement at transitions for beam failure detection

When the UE transitions between DRX and no DRX or when DRX cycle periodicity changes, for each BFD-RS
resource, for a duration of time equal to the evaluation period corresponding to the second mode after the transition
occurs, the UE shall use an evaluation period that is no less than the minimum of evaluation period corresponding to the
first mode and the second mode. Subsequent to this duration, the UE shall use an evaluation period corresponding to the
second mode for each BFD-RS resource.

When the UE transitions from a first configuration of BFD resources to a second configuration of BFD resources that is
different from the first configuration, for each BFD resource present in the second configuration, for a duration of time
equal to the evaluation period corresponding to the second configuration after the transition occurs, the UE shall use an
evaluation period that is no less than the minimum of evaluation periods corresponding to the first configuration and the
second configuration. Subsequent to this duration, the UE shall use an evaluation period corresponding to the second
configuration for each BFD resource present in the second configuration.
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When the UE transitions from a first configuration of active TCI state of the CORESET to a second configuration of
active TCI state of the CORESET, for each CSI-RS for BFD present in the second configuration, the UE shall use an
evaluation period corresponding to the second configuration from the time of transition.

8.6 Active BWP switch delay

8.6.1 Introduction

The requirements in this clause apply for a UE configured PCell or any activated SCell in standalone NR or NE-DC,
PCell, PSCell or any activated SCell in MCG or SCG in NR-DC, or PSCell or any activated SCell in SCG in EN-DC.
UE shall complete the switch of active DL and/or UL BWP within the delay defined in this clause.

8.6.2 DCI and timer based BWP switch delay

The requirements in this clause only apply to the case that the BWP switch is performed on a single CC with more than
one BWP configurations configured.

For DCI based BWP switch, if the serving cell where UE receives DCI for BWP switch request is different from the
serving cell on which BWP switch occurs, the UE is not required to follow the requirements specified in this clause.

For DCI-based BWP switch, after the UE receives BWP switching request at DL slot n on a serving cell, UE shall be
able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the new BWP
on the serving cell on which BWP switch on the first DL or UL slot occurs right after a time duration of Teweswitchpelay
which starts from the beginning of DL slot n.

The UE is not required to transmit UL signals or receive DL signals until the first DL or UL slot occurs right after a
time duration of Teweswitchpelay Which starts from the beginning of DL slot n except DCI triggering BWP switch on the
cell where DCI-based BWP switch occurs. The UE is not required to follow the requirements defined in this clause
when performing a DCI-based BWP switch between the BWPs in disjoint channel bandwidths or in partially
overlapping channel bandwidths.

For timer-based BWP switch, the UE shall start BWP switch at DL slot n, where slot n is the first slot of a DL subframe
(FR1) or DL half-subframe (FR2) immediately after a BWP-inactivity timer bwp-InactivityTimer [2] expires on a
serving cell, and the UE shall be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active
BWP switch) on the new BWP on the serving cell on which BWP switch on the first DL or UL slot occurs right after a
time duration of Teweswitchpelay Which starts from the beginning of DL slot n.

The UE is not required to transmit UL signals or receive DL signals during time duration Tewpswitchpelay after bwp-
InactivityTimer [2] expires on the cell where timer-based BWP switch occurs.

Depending on UE capability bwp-SwitchingDelay [2], UE shall finish BWP switch within the time duration
TBWPswitchDelay deflned |n Table 862'1

Table 8.6.2-1: BWP switch delay

NR Slot BWP switch delay Tswpswitchpelay (SIOtS)
‘u Ie(rr:?st)h Type 1Note 1 Type 2Note 1
0 1 1 3
1 0.5 2 5
2 0.25 3 9
3 0.125 6 18

Note 1:  Depends on UE capability.

Note 2:  If the BWP switch involves changing of SCS, the BWP
switch delay is determined by the smaller SCS between
the SCS before BWP switch and the SCS after BWP
switch.
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Provided the UE does not have the required TClI-state information to receive PDCCH and PDSCH in the new BWP, the
UE shall use old TCl-states before the BWP switch until a new MAC CE updating the required TCl-state information
for PDCCH and PDSCH is received after the BWP switch.

If UE has the information on the required TCl-state information to receive PDCCH and PDSCH in the new BWP,

- UE shall be able to receive PDCCH and PDSCH with old TCI-states before the delay as specified in Clause 8.10
in the new BWP.

- UE shall be able to receive PDCCH and PDSCH with new TCl-states after the delay as specified in Clause 8.10
in the new BWP

8.6.3 RRC based BWP switch delay

The requirements in this clause only apply to the case that the BWP switch is performed on a single CC with one or
more than one BWP configuration(s) configured, with

- Active BWP switch or parameter change of its active BWPs for SpCell

- Parameter change of its active BWPs except parameter firstActiveDownlinkBWP-1d and firstActiveUplinkBWP-
Id for SCell

For RRC-based BWP switch, after the UE receives RRC reconfiguration involving active BWP switching or parameter
change of its active BWP, UE shall be able to receive PDSCH/PDCCH (for DL active BWP switch) or transmit PUSCH
(for UL active BWP switch) on the new BWP on the serving cell on which BWP switch occurs on the first DL or UL

. . . T i +T, i R . . .
slot right after a time duration of —==Proee=maiey l;";f’iw’“h’”’“y”c slots which begins from the beginning of DL slot
n, where

DL slot n is the last slot overlapping with the PDSCH containing the RRC command, and

NR Slot length is determined by the smaller SCS between the SCS before BWP switch and the SCS after BWP
switch if the BWP switch involves changing of SCS.

Trreprocessingpetay 1S the length of the RRC procedure delay in ms as defined in clause 11.2 in TS 36.331 [16] if
the corresponding RRC message is embedded in E-UTRA RRC message, otherwise it is the length of the RRC
procedure delay in ms as defined in clause 12 in TS 38.331 [2], and

Tewpswitcnpelayrre = 6ms is the time used by the UE to perform BWP switch.

The UE is not required to transmit UL signals or receive DL signals during the time defined by Trrcprocessingpetay +
Tgwpswitchpetayrrc ON the cell where RRC-based BWP switch occurs. When Tyaro > Trreprocessingpetay @ lONger
switching delay is allowed. Where Ty 4z, is the time between DL data transmission and acknowledgement as specified
in TS 38.213 [3].

8.7 Void

8.8 NE-DC: E-UTRAN PSCell Addition and Release Delay

8.8.1 Introduction

This clause defines requirements for the delay within which the UE shall be able to configure an E-UTRAN PSCell in
NR - E-UTRA dual connectivity. The requirements are applicable to an NR - E-UTRA dual connectivity capable UE.

8.8.2 E-UTRAN PSCell Addition Delay Requirement

The requirements in this clause shall apply for the UE, which is configured with PCell, and may also be configured with
one or more SCells.
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Upon receiving E-UTRAN PSCell addition in subframe n, the UE shall be capable to transmit PRACH preamble
towards E-UTRAN PSCell no later than in subframe n + Tconfig EUTRAN-PSCell:
Where:

Tconfig EUTRAN-PSCell = TRRC_delay T T activation_time + 50MS + Te-UTRAN-PSCell_ DU

Trre_delay 1S the RRC procedure delay as specified in TS 38.331 [2].

Tactivation_time 1S the E-UTRAN PSCell activation delay. If the E-UTRAN PSCell is known, then Tactivation_time IS
20ms. If the E-UTRAN PSCell is unknown, then T activation_time iS 30ms provided the E-UTRAN PSCell can be
successfully detected on the first attempt.

TeuTran-pscell_pu IS the delay uncertainty in acquiring the first available PRACH occasion in the E-UTRAN
PSCell. Te.utran-pscell_pu iS up to 30ms.

E-UTRAN PSCell is known if it has been meeting the following conditions:
- During the last 5 seconds before the reception of the E-UTRAN PSCell configuration command:
- the UE has sent a valid measurement report for the E-UTRAN PSCell being configured and

- the E-UTRAN PSCell being configured remains detectable according to the cell identification conditions
specified in clause 8.8 of TS 36.133 [15],

- E-UTRAN PSCell being configured also remains detectable during the E-UTRAN PSCell configuration delay
Teonfig_ eUTRAN-PsCell 2CCOrding to the cell identification conditions specified in clause 8.8 of TS 36.133 [15].

otherwise it is unknown.

The PCell interruption specified in clause 8.2 is allowed only during the RRC reconfiguration procedure [2].

8.8.3 E-UTRAN PSCell Release Delay Requirement

The requirements in this clause shall apply for a UE which is configured with PCell and E-UTRAN PSCell and may
also be configured with one or more SCells and/or E-UTRAN SCells.

Upon receiving E-UTRAN PSCell release in subframe n, the UE shall accomplish the release actions specified in
TS 38.331 [2] no later than in subframe N+ Trrc_delay:

Where
Trre_delay IS the RRC procedure delay as specified in TS 38.331 [2].

The PCell interruption specified in clause 8.2 is allowed only during the RRC reconfiguration procedure [2].

8.9 NR-DC: PSCell Addition and Release Delay

89.1 Introduction

This clause defines requirements for the delay within which the UE shall be able to configure an PSCell in NR dual
connectivity. The requirements are applicable to an NR dual connectivity capable UE.

8.9.2 PSCell Addition Delay Requirement

The requirements in this clause shall apply for the UE configured with only PCell in FR1.

Upon receiving PSCell addition in subframe n, the UE shall be capable to transmit PRACH preamble towards PSCell in

. T, i
FR2 no later than in slot n + —<22/ig-Pscell
NR slot length

where:
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Tconfig_Pscell = TRRC_delay + Tprocessing + Tsearch + Ta + Tpscen_pu + 2 ms
Trre_delay IS the RRC procedure delay as specified in TS 38.331 [2].
Torocessing IS the SW processing time needed by UE, including RF warm up period. Tprocessing = 40 ms.

Tsearch IS the time for AGC settling and PSS/SSS detection. If the target cell is known, Tsearch = 0 ms. If the target
cell is unknown and the target cell Es/lot = -2dB, Tsearch = 24* Trs ms.

T, is time for fine time tracking and acquiring full timing information of the target cell. T = 1*Trs ms for a
known or unknown PSCell.

Trscen_pu IS the delay uncertainty in acquiring the first available PRACH occasion in the PSCell. Tpscen_pu IS up
to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated
period is defined in Table 8.1-1 of TS 38.213 [3].

Trs is the SMTC periodicity of the target cell if the UE has been provided with an SMTC configuration for the
target cell in PSCell addition message, otherwise Trs is the SMTC configured in the measObjectNR having the
same SSB frequency and subcarrier spacing. If the UE is not provided SMTC configuration or measurement
object on this frequency, the requirement in this clause is applied with Trs = 5 ms assuming the SSB
transmission periodicity is 5 ms. There is no requirement if the SSB transmission periodicity is not 5 ms.

In FR1 and FR2, the PSCell is known if it has been meeting the following conditions:
During the last 5 seconds before the reception of the PSCell configuration command:
- the UE has sent a valid measurement report for the PSCell being configured and

- One of the SSBs measured from the PSCell being configured remains detectable according to the cell
identification conditions specified in clause 9.3.

- One of the SSBs measured from PSCell being configured also remains detectable during the PSCell
configuration delay Tconfig_pscenn according to the cell identification conditions specified in clause 9.3.

otherwise it is unknown.

The PCell interruption specified in clause 8.2 is allowed only during the RRC reconfiguration procedure [2].

8.9.3 PSCell Release Delay Requirement
The requirements in this clause shall apply for a UE which is configured with PCell and one PSCell.

Upon receiving PSCell release in subframe n, the UE shall accomplish the release actions specified in TS 38.331 [2] no

. T
later than in slot n + —2Rcdelay .
NR slot length

where
Trre_delay IS the RRC procedure delay as specified in TS 38.331 [2].

The PCell interruption specified in clause 8.2 is allowed only during the RRC reconfiguration procedure [2].

8.10  Active TCI state switching delay

8.10.1 Introduction

The requirements in this clause apply for a UE configured with one or more TCI state configurations on serving cell in
MR-DC or standalone NR. UE shall complete the switch of active TCI state within the delay defined in this clause.

8.10.2 Known conditions for TCI state

The TCI state is known if the following conditions are met:
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- During the period from the last transmission of the RS resource used for the L1-RSRP measurement reporting
for the target TCI state to the completion of active TCI state switch, where the RS resource for L1-RSRP
measurement is the RS in target TCI state or QCLed to the target TCI state

- TCI state switch command is received within 1280 ms upon the last transmission of the RS resource for
beam reporting or measurement

- The UE has sent at least 1 L1-RSRP report for the target TCI state before the TCI state switch command
- The TCI state remain detectable during the TCI state switching period
- The SSB associated with the TCI state remain detectable during the TCI switching period

- SNR of the TCI state > -3dB

Otherwise, the TCI state is unknown.

8.10.3 MAC-CE based TCI state switch delay

If the target TCI state is known, upon receiving PDSCH carrying MAC-CE activation command in slot n, UE shall be
able to receive PDCCH with target TCI state of the serving cell on which TCI state switch occurs at the first slot that is

after slot n+ Traro + 3NSUDTAMeAL TO*(Thi o ss8 + Tsse-proc) / NR Slot length. The UE shall be able to receive PDCCH

slot
subframe,p

with the old TCI state until slot n+ Tuarq +3Ngj,,

Where Tharg is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3];
Trirst-ssg IS time to first SSB transmission after MAC CE command is decoded by the UE;
Tss-proc = 2 MS;
TOk =1 if target TCI state is not in the active TCI state list for PDSCH, 0 otherwise.

If the target TCI state is unknown, upon receiving PDSCH carrying MAC-CE activation command in slot n, UE shall be
able to receive PDCCH with target TCI state of the serving cell on which TCI state switch occurs at the first slot that is

after slot n+ Trarg +3NSIDTAMeH 4 T4 pere +TOw(Trirstssa* Tsse-proc) / NR lot length. The UE shall be able to receive

PDCCH with the old TCI state until slot n+ Tiarg + 3NZ0famet
Where
T Lirsre = 0 in FR1 or when the TCI state switching not involving QCL-TypeD in FR2. Otherwise,
T L1-rsre 1S the time for Rx beam refinement in FR2, defined as
- TL1-RrsRP_Measurement_Period_sse for SSB as specified in clause 9.5.4.1,
- with the assumption of M=1
- With Treport =0

- TL1-RsRP_Measurement_Period_csi-rs for CSI-RS as specified in clause 9.5.4.2

- configured with higher layer parameter repetition set to ON

with the assumption of M=1 for periodic CSI-RS

for aperiodic CSI-RS if number of resources in resource set at least equal to MaxNumber RxBeam
= Wlth TReport = O

- TOw = 1 for CSI-RS based L1-RSRP measurement, and O for SSB based L1-RSRP measurement when TCI state
switching involves QCL-TypeD

- TOw =1 when TCI state switching involves other QCL types only
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- Tristssg IS time to first SSB transmission after L1-RSRP measurement when TCI state switching involves QCL-
TypeD;

- Trirstssg IS time to first SSB transmission after MAC CE command is decoded by the UE for other QCL types;

- The SSB shall be the QCL-TypeA or QCL-TypeC to target TCI state

8.10.4 DClI based TCI state switch delay

If the target TCI state is known, when a UE is configured with the higher layer parameter tci-PresentinDCI which is set
as 'enabled' for the CORESET scheduling PDSCH at slot n, UE shall be able to receive PDSCH with target TCI state of
the serving cell on which TCI state switch occurs at the first slot that is after slot n+timeDurationForQCL, where,
timeDurationForQCL is the time required by the UE to perform PDCCH reception and applying spatial QCL
information received in DCI for PDSCH processing as described in TS 38.214 [26], the value of timeDurationForQCL
is defined in TS 38.331 [2].

The known condition for TCI state defined in clause 8.10.2 is applied.

8.10.5 RRC based TCI state switch delay

If the target TCI state is known, UE shall be able to receive PDCCH with target TCI state of the serving cell on which
TCI state switch occurs at the first slot that is after slot n+ (Trrc_processing + T Ox™(Trirst-ssg + Tssa-proc)) / NR Slot length,
The UE is not required to receive PDCCH/PDSCH/CSI-RS or transmit PUCCH/PUSCH until the end of switching
period.

Where
- Slot n is the last slot overlapping with the PDSCH carrying RRC activation command.

- Trre_processing IS the RRC processing delay defined in Clause 11.2 of TS 36.331 [16] if the corresponding RRC
message is embedded in E-UTRA RRC message, otherwise it is the RRC processing delay defined in Clause 12
of TS 38.331 [2].

- Tristssg IS time to first SSB transmission after RRC processing by the UE; The SSB shall be the QCL-TypeA or
QCL-TypeC to target TCI state.

- Tsse-proc and TO are defined in clause 8.10.3.

If the target TCI state is unknown, UE shall be able to receive PDCCH with target TCI state of the serving cell on
which TCI state switch occurs at the first slot that is after slot n+ (Trrc_processing +TL1-rRsrP + T Ouc™(Trirst-ssg + Tssg-proc)) /
NR slot length, The UE is not required to receive PDCCH/PDSCH/CSI-RS or transmit PUCCH/PUSCH until the end of
switching period.

Where
- Slot n is the last slot overlapping with the PDSCH carrying RRC activation command.

- Trre_processing IS the RRC processing delay defined in Clause 11.2 of TS 36.331 [16] if the corresponding RRC
message is embedded in E-UTRA RRC message, otherwise it is the RRC processing delay defined in Clause 12
of TS 38.331 [2].

- Tristssg IS time to first SSB transmission after L1-RSRP measurement when TCI state switching involves QCL-
TypeD;

- Tristsse IS time to first SSB transmission after RRC processing time at the UE for other QCL types;
- The SSB shall be the QCL-TypeA or QCL-TypeC to target TCI state

- Tviirsre, TOuk and Tsse-proc are defined in clause 8.10.3.
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The requirements for RRC based TCI state switch delay apply when only 1 TCI state is configured in RRC TCI state
list. When Tyarg > Trre processing @ longer switching delay is allowed. Where Ty, 4z, is the time between DL data
transmission and acknowledgement as specified in TS 38.213 [3].

8.10.6 Active TCI state list update delay

If the target TCI state is known, upon receiving PDSCH carrying MAC-CE active TCI state list update at slot n, UE

shall be able to receive PDCCH to schedule PDSCH with the new target TCI state at the first slot that is after n+ Tharg
+3NSIDIAMER 4 T O (Trirsesse + Tsse-proc) / NR Slot length. Where Tiag, Trirstsse, Tsse-proc and TOx are defined in clause

8.10.3.

8.11 PSCell Change

This clause defines requirements for the delay within which the UE shall be able to change PSCell to other cell in EN-
DC or NR-DC. The requirements in this clause are applicable to EN-DC and NR-DC.

The UE shall be capable of transmitting PRACH preamble towards the target PSCell no later than specified in clause
8.9.2 for the case of NR-DC and in TS 36.133 clause 7.31.2 for the case of EN-DC,, where the following values for slot
N, Tprocessing @Nd Trre_delay Shall override the existing ones:

- Slot n is the last slot overlapping with the PDSCH containing PSCell change,

- Tprocessing = 20 ms when source and target cells are in the same FR,
- Tprocessing = 40 ms when source and target cells are in different FRs.

- Trrc_delay IS the RRC procedure delay as specified in TS 36.331 [16] if the corresponding RRC message is
embedded in E-UTRA RRC message, otherwise it is the RRC procedure delay as specified in TS 38.331 [2].

If the SMTC periodicity of the target cell is not provided within the PSCell change message, and measObjectNRs
having the same SSB frequency and subcarrier spacing configured by MN and SN have different SMTC, T is the
periodicity of one of the SMTC which is up to UE implementation.

The target PSCell is known if it has been meeting the conditions in clause 8.9.2 for the case of NR-DC and in TS36.133
clause 7.31.2 for the case of EN-DC.

The interruption on PCell and other serving cells specified in TS36.133 clause 7.32.2.1 for EN-DC and in TS38.133
clause 8.2.4.2.1 for NR-DC is allowed only during the RRC reconfiguration procedure [2].

9 Measurement Procedure

9.1 General measurement requirement

9.1.1 Introduction

This clause contains general requirements on the UE regarding measurement reporting in RRC_CONNECTED state.
The requirements are split in intra-frequency, inter-frequency, inter-RAT E-UTRAN FDD, inter-RAT E-UTRAN TDD,
and L1-RSRP measurements requirements. These measurements may be used by the NG-RAN. The measurement
quantities are defined in TS38.215 [4], the measurement model is defined in TS38.300 [10], TS37.340 [17] and
measurement accuracies are specified in clause 10. Control of measurement reporting is specified in TS 38.331 [2].

In the requirements of clause 9, the exceptions for side conditions apply as follows:

- for the UE capable of CA but not configured with any SCell, the applicable exceptions for side conditions are
specified in Annex B, clause B.3.2.1 for UE supporting CA in FR1, and clause B.3.2.3 for UE supporting CA in
FR2, respectively;
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- for the UE capable of CA and configured with at least one SCell, the applicable exceptions for side conditions
are specified in Annex B, clause B.3.2.2 for UE configured with CA in FR1, and clause B.3.2.4 for UE
supporting CA in FR2, respectively;

- for the UE capable of SUL but not configured with SUL, the applicable exceptions for side conditions are
specified in Annex B, clause B.3.4.1 for UE supporting SUL in FR1;

- for the UE capable of SUL and configured with at least one SUL, the applicable exceptions for side conditions
are specified in Annex B, clause B.3.4.2 for UE configured with SUL in FR1.

9.1.2 Measurement gap

If the UE requires measurement gaps to identify and measure intra-frequency cells and/or inter-frequency cells and/or
inter-RAT E-UTRAN cells, and the UE does not support independent measurement gap patterns for different frequency
ranges as specified in Table 5.1-1 in [18, 19, 20], in order for the requirements in the following clauses to apply the
network must provide a single per-UE measurement gap pattern for concurrent monitoring of all frequency layers.

If the UE requires measurement gaps to identify and measure intra-frequency cells and/or inter-frequency cells and/or
inter-RAT E-UTRAN cells, and the UE supports independent measurement gap patterns for different frequency ranges
as specified in Table 5.1-1 in [18, 19, 20], in order for the requirements in the following clauses to apply the network
must provide either per-FR measurement gap patterns for frequency range where UE requires per-FR measurement gap
for concurrent monitoring of all frequency layers of each frequency range independently, or a single per-UE
measurement gap pattern for concurrent monitoring of all frequency layers of all frequency ranges.

During the per-UE measurement gaps the UE:

- is not required to conduct reception/transmission from/to the corresponding E-UTRAN PCell, E-UTRAN
SCell(s) and NR serving cells for E-UTRA-NR dual connectivity except the reception of signals used for RRM
measurement(s) and the signals used for random access procedure according to TS38.321 [7].

- is not required to conduct reception/transmission from/to the corresponding NR serving cells for SA (with single
carrier or CA configured) except the reception of signals used for RRM measurement(s) and the signals used for
random access procedure according to TS38.321 [7].

- is not required to conduct reception/transmission from/to the corresponding PCell, SCell(s) and E-UTRAN
serving cells for NR-E-UTRA dual connectivity except the reception of signals used for RRM measurement(s)
and the signals used for random access procedure according to TS38.321 [7].

- is not required to conduct reception/transmission from/to the corresponding NR serving cells for NR-DC except
the reception of signals used for RRM measurement(s) and the signals used for random access procedure
according to TS38.321 [7].

During the per-FR measurement gaps the UE:

- is not required to conduct reception/transmission from/to the corresponding E-UTRAN PCell, E-UTRAN
SCell(s) and NR serving cells in the corresponding frequency range for E-UTRA-NR dual connectivity except
the reception of signals used for RRM measurement(s) and the signals used for random access procedure
according to [7].

- is not required to conduct reception/transmission from/to the corresponding NR serving cells in the
corresponding frequency range for SA (with single carrier or CA configured) except the reception of signals
used for RRM measurement(s) and the signals used for random access procedure according to TS38.321 [7].

- is not required to conduct reception/transmission from/to the corresponding PCell, SCell(s) and E-UTRAN
serving cells in the corresponding frequency range for NR-E-UTRA dual connectivity except the reception of
signals used for RRM measurement(s) and the signals used for random access procedure according to TS38.321

[71.

- is not required to conduct reception/transmission from/to the corresponding NR serving cells in the
corresponding frequency range for NR-DC except the reception of signals used for RRM measurement(s) and
the signals used for random access procedure according to TS38.321 [7].

ETSI



3GPP TS 38.133 version 15.22.0 Release 15 119 ETSI TS 138 133 V15.22.0 (2023-07)

UEs shall support the measurement gap patterns listed in Table 9.1.2-1 based on the applicability specified in table
9.1.2-2 and 9.1.2-3. UE determines measurement gap timing based on gap offset configuration and measurement gap
timing advance configuration provided by higher layer signalling as specified in TS 38.331 [2] and TS 36.331 [16].

Table 9.1.2-1: Gap Pattern Configurations

Gap Pattern | Measurement Gap Measurement
Id Length (MGL, ms) Gap Repetition
Period
(MGRP, ms)
0 6 40
1 6 80
2 3 40
3 3 80
4 6 20
5 6 160
6 4 20
7 4 40
8 4 80
9 4 160
10 3 20
11 3 160
12 5.5 20
13 55 40
14 55 80
15 5.5 160
16 35 20
17 35 40
18 35 80
19 35 160
20 1.5 20
21 1.5 40
22 1.5 80
23 15 160

Table 9.1.2-2: Applicability for Gap Pattern Configurations supported by the E-UTRA-NR dual
connectivity UE or NR-E-UTRA dual connectivity UE

Measurement Serving cell Measurement Applicable Gap Pattern Id
gap pattern Purpose
configuration
E-UTRA + FR1, or non-NR RAT Notel.2 0,1,2,3
Per-UE E-UTRA + FR2, or FR1 and/or FR2 0-11
measurement E-UTRA + FR1 + non-NR RATNotel.2 0,1,2,3,4,6,7,8,10
gap FR2 and FR1 and/or
FR2
E-UTRA and, FR1if | non-NR RAT Notel.2 0,1,2,3
configured
FR2 if configured No gap
E-UTRA and, FR1 if FR1 only 0-11
configured
FR2 if configured No gap
E-UTRA and, FR1 if FR2 only No gap
configured
Per-FR FR2 if configured 12-23
measurement - Noteis
gap E-UTRA gnd, FR1if | non-NR RAT ' 0,1,2,3,4,6,7,8,10
configured and FR1
FR2 if configured No gap
E-UTRA and, FR1 if FR1 and FR2 0-11
configured
FR2 if configured 12-23
E-UTRA and, FR1 if | non-NR RAT Notel.2 0,1,2,3,4,6,7,8,10
configured and FR2
FR2 if configured 12-23
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E-UTRA and, FR1 if | non-NR RAT Notel.2 0,1,23,4,6,7,8,10
configured and FR1 and FR2
FR2 if configured 12-23
Note: In E-UTRA-NR dual connectivity mode, if GSM or UTRA TDD or UTRA FDD inter-RAT

frequency layer is configured to be monitored, only measurement gap pattern #0 and #1 can
be used for per-FR gap in E-UTRA and FRL1 if configured, or for per-UE gap.

NOTE 1: In E-UTRA-NR dual connectivity mode, non-NR RAT includes E-UTRA, UTRA and/or GSM.
In NR-E-UTRA dual connectivity mode, non-NR RAT means E-UTRA.

NOTE 2: Void

NOTE 3: When E-UTRA inter-frequency RSTD measurements are configured and the UE requires
measurement gaps for performing such measurements, only Gap Pattern #0 can be used.

In E-UTRA-NR dual connectivity mode,

- if per-UE measurement gap is configured with MG timing advance of Tme ms, the measurement gap starts at
time Tme ms advanced to the end of the latest E-UTRA subframe occurring immediately before the configured
measurement gap among MCG serving cells subframes.

- if per-FR measurement gap for FR1 is configured with MG timing advance of Tme ms, the measurement gap for
FR1 starts at time Tme ms advanced to the end of the latest E-UTRA subframe occurring immediately before the
configured measurement gap among MCG serving cells subframes.

- if per-FR measurement gap for FR2 is configured with MG timing advance of Tmg ms, the measurement gap for
FR2 starts at time Tme ms advanced to the end of the latest NR subframe occurring immediately before the
configured measurement gap among SCG serving cells subframes in FR2.

In NR-E-UTRA dual connectivity mode,

- if per-UE measurement gap is configured with MG timing advance of Tue ms, the measurement gap starts at
time Tme ms advanced to the end of the latest NR subframe occurring immediately before the configured
measurement gap among MCG serving cells subframes.

- if per-FR measurement gap for FR1 is configured with MG timing advance of Tme ms and UE has NR serving
cell in FR1, the measurement gap for FR1 starts at time Tme ms advanced to the end of the latest NR subframe
occurring immediately before the configured measurement gap among MCG serving cells subframes in FR1.

- if per-FR measurement gap for FR1 is configured with MG timing advance of Tme ms and UE doesn’t have NR
serving cell in FR1, the measurement gap for FR1 starts at time Tme ms advanced to the end of the latest E-
UTRA subframe occurring immediately before the configured measurement gap among SCG serving cells
subframes.

- if per-FR measurement gap for FR2 is configured with MG timing advance of Tme ms, the measurement gap for
FR2 starts at time Tme ms advanced to the end of the latest NR subframe occurring immediately before the
configured measurement gap among MCG serving cells subframes in FR2.

In NR-NR dual connectivity mode,

- If per-UE measurement gap is configured with MG timing advance of Tme ms, the measurement gap starts at
time Tme ms advanced to the end of the latest MCG subframe occurring immediately before the configured
measurement gap among MCG serving cells subframes.

- If per-FR measurement gap for FR1 is configured with MG timing advance of Tme ms, the measurement gap for
FR1 starts at time Tme ms advanced to the end of the latest MCG subframe occurring immediately before the
configured measurement gap among MCG serving cells subframes.

- If per-FR measurement gap for FR2 is configured with MG timing advance of Tme ms, the measurement gap for
FR2 starts at time Tme ms advanced to the end of the latest SCG subframe occurring immediately before the
configured measurement gap among SCG serving cells subframes in FR2.

Twe is the MG timing advance value provided in mgta according to TS38.331 [2].

In determining the measurement gap starting point, UE shall use the DL timing of the latest E-UTRA or NR subframe
occurring immediately before the configured measurement gap among E-UTRA or NR serving cells.
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NR-DC in Rel-15 only includes the scenarios where all serving cells in MCG in FR1 and all serving cells in SCG in
FR2.

For per-FR measurement gap capable UE configured with E-UTRA-NR dual connectivity or NR-E-UTRA dual
connectivity, when serving cells are in E-UTRA and FR1, measurement objects are in both E-UTRA/FR1 and FR2,

- If MN indicates UE that the measurement gap from MN applies to E-UTRA/FR1/FR2 serving cells, UE fulfils
the per-UE measurement requirements for both E-UTRA/FR1 and FR2 measurement objects based on the
measurement gap pattern configured by MN;

- If MN indicates UE that the measurement gap from MN applies to only LTE/FR1 serving cell(s),

- UE fulfils the measurement requirements for FR1/LTE measurement objects based on the configured
measurement gap pattern;

- UE fulfils the requirements for FR2 measurement objects based on effective MGRP=20ms;

For per-FR measurement gap capable configured with E-UTRA-NR dual connectivity, NR-E-UTRA dual connectivity
or NR-NR dual connectivity, when serving cells are in E-UTRA, FR1 and FR2, or in E-UTRA and FR2, or in FR1 and
FR2, measurement objects are in both E-UTRA /FR1 and FR2,

- If MN indicates UE that the measurement gap from MN applies to E-UTRA/FR1/FR2 serving cells, UE fulfils
the per-UE measurement requirements for both E-UTRA/FR1 and FR2 measurement objects based on the
measurement gap pattern configured by MN.

Table 9.1.2-3: Applicability for Gap Pattern Configurations supported by the UE with NR standalone

operation (with single carrier, NR CA and NR-DC configuration)

Measurement Serving cell Measurement Applicable Gap Pattern Id
gap pattern Purpose NOTE2
configuration
E-UTRA onlyNOTES 01,23
FR1NOTES or FR1 and/or FR2 0-11
FR1 + FR2 E-UTRAN and 0,1,2,3,4,6,7,8,10
FR1 and/or FR2
NOTE3
megf&;gﬂfem E-UTRA only NOTE3 0,1,2,3
gap FR1 only 0-11
FR1 and FR2 0-11
FR2 NOTES E-UTRAN and 0,1,2,3,4,6,7,8,10
FR1 and/or FR2
NOTE3
FR2 only 12-23
FR1 if configured E-UTRA only NOTE3 0123
FR2 if configured No gap
FR1 if configured FR1 only 0-11
FR2 if configured No gap
FR1 if configured FR2 only No gap
Per-FR FR2 if configured 12-23
measurement FR1 if configured E-UTR@TaEr;d FR1 0,1,2,3,4,6,7,8,10
gap FR2 if configured No gap
FR1 if configured FR1 and FR2 0-11
FR2 if configured 12-23
FR1 if configured E-UTRA and FR2 0,1,2,3,4,6,7,8,10
FR2 if configured NOTES 12-23
FR1 if configured E-UTRA and FR1 0,1,2,3,4,6,7,8,10
FR2 if configured and FR2 NOTES 12-23
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NOTE 1: When E-UTRA inter-RAT RSTD measurements are configured and the UE requires
measurement gaps for performing such measurements, only Gap Pattern #0 can be used.

NOTE 2: Measurement purpose which includes E-UTRA measurements includes also inter-RAT E-
UTRA RSRP and RSRQ measurements for E-CID

NOTE 3: Void

NOTE4: If per-UE measurement gap is configured with MG timing advance of Tme ms, the
measurement gap starts at time Twe ms advanced to the end of the latest subframe occurring
immediately before the configured measurement gap among all serving cells subframes.
If per-FR measurement gap for FR1 is configured with MG timing advance of Twe ms, the
measurement gap for FR1 starts at time Tmue ms advanced to the end of the latest subframe
occurring immediately before the configured measurement gap among serving cells
subframes in FR1.
If per-FR measurement gap for FR2 is configured with MG timing advance of Tmue ms, the
measurement gap for FR2 starts at time Tmuc ms advanced to the end of the latest subframe
occurring immediately before the configured measurement gap among serving cells
subframes in FR2.
Twme is the MG timing advance value provided in mgta according to [2].
In determining the measurement gap starting point, UE shall use the DL timing of the latest
subframe occurring immediately before the configured measurement gap among serving
cells.

NOTE 5: NR-DC in Rel-15 only includes the scenarios where all serving cells in MCG in FR1 and all
serving cells in SCG in FR2.

For per-FR measurement gap capable UE in NR standalone operation (with single carrier, NR CA and NR-DC
configuration), for per-FR gap based measurement, when there is no serving cell in a particular FR, where measurement
objects are configured, regardless if explicit per-FR measurement gap is configured in this FR, the effective MGRP in
this FR is used to determine requirements;

- 20 ms for FR2 NR measurements

40 ms for FR1 NR measurements

- 40 ms for LTE measurements
- 40 ms for FR1+LTE measurements

For per-FR measurement gap capable UE in NR standalone operation (with single carrier, NR CA and NR-DC
configuration), when serving cells are in FR1 or FR2, measurement objects are in both E-UTRA /FR1 and FR2,

- If MN indicates UE that the measurement gap from MN applies to E-UTRA/FR1/FR2 serving cells, UE fulfils
the per-UE measurement requirements for both E-UTRA/FR1 and FR2 measurement objects based on the
measurement gap pattern configured by MN;

If measurement gap is configured in one FR but measurement object is not configured in the FR, the scheduling
opportunity in the FR depends on the configured measurement gap pattern.

For E-UTRA-NR dual connectivity, if UE is not capable of per-FR-gap, total interruption time on SCG during MGL is
defined only when MGL(N) = 6ms, 4ms and 3ms. And if UE is capable of per-FR-gap, total interruption time on FR1
serving cells in SCG during MGL is defined only when MGL(N) = 6ms, 4ms and 3ms, and total interruption time on
FR2 serving cells in SCG during MGL is defined only when MGL(N) = 5.5ms, 3.5ms and 1.5ms.

For NR standalone operation (with single carrier, NR CA and NR-DC configuration), if UE is not capable of per-FR-
gap, total interruption time on a serving cell during MGL is defined when MGL(N) = 6ms, 5.5ms, 4ms, 3.5ms, 3ms, and
1.5ms. And if UE is capable of per-FR-gap, total interruption time on FR1 serving cells during MGL is defined only
when MGL(N) = 6ms, 4ms and 3ms, and total interruption time on FR2 serving cells during MGL is defined only when
MGL(N) = 5.5ms, 3.5ms and 1.5ms.

For NR-E-UTRA dual connectivity, if UE is not capable of per-FR-gap, total interruption time on MCG during MGL is
defined only when MGL(N) = 6ms, 4ms and 3ms. And if UE is capable of per-FR-gap, total interruption time on FR1
serving cells in MCG during MGL is defined only when MGL(N) = 6ms, 4ms and 3ms, and total interruption time on
FR2 serving cells in MCG during MGL is defined only when MGL(N) = 5.5ms, 3.5ms and 1.5ms.
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Figure 9.1.2-1: Measurement GAP and total interruption time on serving cells for EN-DC, NR
standalone operation (with single carrier, NR CA and NR-DC configuration) and NE-DC

The corresponding total number of interrupted slots on serving cells is listed in Table 9.1.2-4 for synchronous EN-DC,
NR standalone and NE-DC, and in Table 9.1.2-4a for asynchronous EN-DC respectively.
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Table 9.1.2-4: Total number of interrupted slots on serving cells during MGL for Synchronous EN-DC,
NR standalone operation (with single carrier, NR CA and NR-DC configuration) and NE-DC with per-

UE measurement gap or per-FR measurement gap for FR1

NR Total number of interrupted slots on serving cells

SCS | When MG timing advance of Oms is | When MG timing advance of 0.5ms
(kHz) applied is applied

MGL=6ms | MGL=4ms | MGL=3ms | MGL=6ms | MGL=4ms | MGL=3ms

15 6 4 3 7Note3 5NoteS 4Note3
30 12 8 6 12 8 6

60 24 16 12 24 16 12
120 48 32 24 48 32 24

NOTE 2:

NOTE 3:

NOTE 1: For Gap Pattern ID 0, 1, 2 and 3, total number of interrupted subframes on
MCG is MGL subframes when MG timing advance of Oms is applied, and

(MGL+1) subframes when MG timing advance of 0.5ms is applied.

gap.

UE implementation.

NR SCS of 120 kHz is only applicable to the case with per-UE measurement

Non-overlapped half-slots occur before and after the measurement gap.
Whether a Rel-15 UE can receive and/or transmit in those half-slots is up to

Table 9.1.2-4a: Total number of interrupted slots on serving cells during MGL for Asynchronous EN-

DC with per-UE measurement gap or per-FR measurement gap for FR1

NR Total number of interrupted slots on serving cells
SCS | When MG timing advance of Oms is | When MG timing advance of 0.5ms
(kHz) applied is applied
MGL=6ms | MGL=4ms | MGL=3ms | MGL=6ms | MGL=4ms | MGL=3ms
15 7 5 4 7 5 4
30 13 9 7 13 9 7
60 25 17 13 25 17 13
120 49 33 25 49 33 25

NOTE 1: For Gap Pattern ID 0, 1, 2 and 3, total number of interrupted subframes on
MCG is MGL subframes when MG timing advance of Oms is applied, and

(MGL+1) subframes when MG timing advance of 0.5ms is applied.

gap.

NOTE 2: NR SCS of 120 kHz is only applicable to the case with per-UE measurement

In case that UE capable of per-FR measurement gap is configured with per-FR measurement gap for FR2 serving cells,

total number of interrupted slots on FR2 serving cells during MGL is listed in Table9.1.2-4b.

Table 9.1.2-4b: Total number of interrupted slots on FR2 serving cells during MGL for EN-DC, NR
standalone operation (with single carrier, NR CA and NR-DC configuration) and NE-DC with per-UE

measurement gap or per-FR measurement gap for FR2

NR Total number of interrupted slots on FR2 serving cells
SCS When MG timing advance of Oms is When MG timing advance of 0.25ms is
(kHz) applied applied
MGL=5.5ms | MGL=3.5ms | MGL=1.5ms | MGL=5.5ms | MGL=3.5ms | MGL=1.5ms
60 22 14 6 22 14 6
120 44 28 12 44 28 12

NOTE 2:

NOTE 1: The total number of interrupted slots is based on that SFN and subframe reference for

per-FR gap in FR2 indicated by high layer parameter refServCellindicator is an FR2

serving cell.

Slot occurs before or after the measurement gap may be interrupted additionally if SFN
and subframe reference for per-FR gap in FR2 indicated by high layer parameter

refServCellindicator is an FR1 serving cell.

It is up to UE implementation whether or not the UE is able to conduct transmission in the following slot(s),

- when MGTA is not applied, in the L consecutive UL slots with respect to the SCS of the UL carrier with the

same slot indices as the DL slots occurring immediately after measurement gap
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- when MGTA is applied and the SCS of the UL carrier is other than 15kHz, in the L consecutive UL slots with
respect to the SCS of the UL carrier with the same slot indices as the DL slots occurring immediately after
measurement gap

- when MGTA is applied and the SCS of the UL carrier is 15kHz, in the L consecutive UL slots with respect to the
SCS of the UL carrier with the same slot indices as the DL slots occurring immediately after the slot partially
overlapped with measurement gap

where UL slot denotes that all the symbols in the slot are uplink symbols, and L=1 if (N1 + Nyaoffset) X Tc for the UL
transmission is less than the length of one slot; L=2 otherwise.

Note: Network is supposed to take into account the possible difference between the estimated TA at network and actual
TA at UE when scheduling UE in the above slot(s).

Table 9.1.2-5: (Void)

9.1.2.1 EN-DC: Measurement Gap Sharing

For E-UTRA-NR dual connectivity UE configured with per-UE measurement gap, measurement gap sharing shall be
applies when UE requires measurement gaps to identify and measure cells on intra-frequency carriers or when SMTC
configured for intra-frequency measurement are fully overlapping with per-UE measurement gaps, and when UE is
configured to identify and measure cells on inter-frequency carriers, E-UTRA gap-needed inter-frequency carriers and
inter-RAT UTRAN carriers and/or inter-RAT GSM carriers.

For E-UTRA-NR dual connectivity UE configured with per-FR1 measurement gap, measurement gap sharing shall be
applied when UE requires measurement gaps to identify and measure cells on FR1 intra-frequency carriers or when
SMTC configured for FR1 intra-frequency measurement are fully overlapping with per-FR1 measurement gaps, and
when UE is configured to identify and measure cells on FR1 inter-frequency carriers, E-UTRA gap-needed inter-
frequency carriers, inter-RAT UTRAN carriers and/or inter-RAT GSM carriers.

For E-UTRA-NR dual connectivity UE configured with per-FR2 measurement gap, measurement gap sharing shall be
applied when UE requires measurement gaps to identify and measure cells on FR2 intra-frequency carriers or when
SMTC configured for FR2 intra-frequency measurement are fully overlapping with per-FR2 measurement gaps, and
when UE is configured to identify and measure cells on FR2 inter-frequency carriers.

When network signals “01”, “10” or “11” with RRC parameter MeasGapSharingScheme [2][16]and the value of X is
defined as in Table 9.1.2.1-1, and

- Kin[ra: 1 / X * 100,
- Kiner=1/ (100 - X) *100,
When network signals “00” indicating equal splitting gap sharing, X is not applied.

The RRC parameter MeasGapSharingScheme shall be applied to the calculation of carrier specific scaling factor as
specified in clause 9.1.5.2.1.

Table 9.1.2.1-1: Value of parameter X for EN-DC measurement gap sharing

measGapSharingScheme Value of X (%)
‘00’ Equal splitting
‘0’ 25
‘10’ 50
11 75

Note: It is left to UE implementation to determine

which measurement gap sharing scheme in
the table to be applied, when
MeasGapSharingScheme is absent and
there is no stored value in the field.
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9.1.2.1a SA: Measurement Gap Sharing

For NR standalone UE without NR-DC operation and configured with per-UE measurement gap, measurement gap
sharing shall be applies when UE requires measurement gaps to identify and measure cells on intra-frequency carriers
or when SMTC configured for intra-frequency measurement are fully overlapping with per-UE measurement gaps, and
when UE is configured to identify and measure cells on inter-frequency carriers, and/or inter-RAT E-UTRAN carriers.

For NR standalone UE without NR-DC operation and configured with per-FR1 measurement gap, measurement gap
sharing shall be applied when UE requires measurement gaps to identify and measure cells on FR1 intra-frequency
carriers or when SMTC configured for FR1 intra-frequency measurement are fully overlapping with per-FR1
measurement gaps, and when UE is configured to identify and measure cells on FR1 inter-frequency carriers and/or
inter-RAT E-UTRAN carriers.

For NR standalone UE without NR-DC operation and configured with per-FR2 measurement gap, measurement gap
sharing shall be applied when UE requires measurement gaps to identify and measure cells on FR2 intra-frequency
carriers or when SMTC configured for FR2 intra-frequency measurement are fully overlapping with per-FR2
measurement gaps, and when UE is configured to identify and measure cells on FR2 inter-frequency carriers.

When network signals “01”, “10” or “11” with RRC parameter MeasGapSharingScheme [2] and the value of X is
defined as in Table 9.1.2.1a-1, and

- Kin[ra: 1 / X * 100,
- Kiner=1/(100 - X) * 100,
When network signals “00” indicating equal splitting gap sharing, X is not applied.

The RRC parameter MeasGapSharingScheme shall be applied to the calculation of carrier specific scaling factor as
specified in clause 9.1.5.2.2.

Table 9.1.2.1a-1: Value of parameter X for NR standalone measurement gap sharing

measGapSharingScheme Value of X (%)
‘00’ Equal splitting
‘ot 25
‘10’ 50
1 75

Note: It is left to UE implementation to determine

which measurement gap sharing scheme in
the table to be applied, when
MeasGapSharingScheme is absent and
there is no stored value in the field.

9.1.2.1b NE-DC: Measurement Gap Sharing

For NR-E-UTRA dual connectivity UE configured with per-UE measurement gap, measurement gap sharing shall be
applied when UE requires measurement gaps to identify and measure cells on intra-frequency carriers or when SMTC
configured for intra-frequency measurement are fully overlapping with per-UE measurement gaps, and when UE is
configured to identify and measure cells on inter-frequency carriers, E-UTRA gap-needed inter-frequency carriers,
and/or inter-RAT E-UTRA carriers.

For NR-E-UTRA dual connectivity UE configured with per-FR1 measurement gap, measurement gap sharing shall be
applied when UE requires measurement gaps to identify and measure cells on FR1 intra-frequency carriers or when
SMTC configured for FR1 intra-frequency measurement are fully overlapping with per-FR1 measurement gaps, and
when UE is configured to identify and measure cells on inter-frequency carriers, E-UTRA gap-needed inter-frequency
carriers, and/or inter-RAT E-UTRA carriers.

For NR-E-UTRA dual connectivity UE configured with per-FR2 measurement gap, measurement gap sharing shall be
applied when UE requires measurement gaps to identify and measure cells on FR2 intra-frequency carriers or when
SMTC configured for FR2 intra-frequency measurement are fully overlapping with per-FR2 measurement gaps, and
when UE is configured to identify and measure cells on FR2 inter-frequency carriers.
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When network signals “01”, “10” or “11” with RRC parameter measGapSharingConfig [2][16] and the value of X is
defined as in Table 9.1.2.1b-1, and
- Kinwa=1/X* 100,
- Kiner =1/ (100 — X) * 100,
When network signals “00” indicating equal splitting gap sharing, X is not applied.

The RRC parameter MeasGapSharingScheme shall be applied to the calculation of carrier specific scaling factor as
specified in clause 9.1.5.2.3.

Table 9.1.2.1b-1: Value of parameter X for NE-DC measurement gap sharing

measGapSharingScheme Value of X (%)
‘00’ Equal splitting
‘or’ 25
‘10’ 50
‘11 75

Note: It is left to UE implementation to determine
which measurement gap sharing scheme in
the table to be applied, when
MeasGapSharingScheme is absent and

there is no stored value in the field.

9.1.2.1c

For UE with NR-DC operation and configured with per-UE measurement gap, measurement gap sharing shall be
applies when UE requires measurement gaps to identify and measure cells on intra-frequency carriers or when SMTC
configured for intra-frequency measurement are fully overlapping with per-UE measurement gaps, and when UE is
configured to identify and measure cells on inter-frequency carriers, and/or inter-RAT E-UTRAN carriers.

NR-DC: Measurement Gap Sharing

For UE with NR-DC operation and configured with per-FR1 measurement gap, measurement gap sharing shall be
applied when UE requires measurement gaps to identify and measure cells on FR1 intra-frequency carriers or when
SMTC configured for FR1 intra-frequency measurement are fully overlapping with per-FR1 measurement gaps, and
when UE is configured to identify and measure cells on FR1 inter-frequency carriers and/or inter-RAT E-UTRAN
carriers.

For UE with NR-DC operation and configured with per-FR2 measurement gap, measurement gap sharing shall be
applied when UE requires measurement gaps to identify and measure cells on FR2 intra-frequency carriers or when
SMTC configured for FR2 intra-frequency measurement are fully overlapping with per-FR2 measurement gaps, and
when UE is configured to identify and measure cells on FR2 inter-frequency carriers.

When network signals “01”, “10” or “11” with RRC parameter measGapSharingConfig [2] and the value of X is
defined as in Table 9.1.2.1c-1, and

- Kin[ra: 1 / X * 100,
- Kiner=1/(100 - X) * 100,
When network signals “00” indicating equal splitting gap sharing, X is not applied.

The RRC parameter MeasGapSharingScheme shall be applied to the calculation of carrier specific scaling factor as
specified in clause 9.1.5.2.4.

Table 9.1.2.1c-1: Value of parameter X for NR-DC measurement gap sharing

measGapSharingConfig Value of X (%)
‘00 Equal splitting
‘or 25
‘10 50
11’ 75

Note:

It is left to UE implementation to determine
which measurement gap sharing scheme in
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the table to be applied, when
MeasGapSharingScheme is absent and
there is no stored value in the field.

9.1.3 UE Measurement capability

9.1.3.1 EN-DC: Monitoring of multiple layers using gaps
The requirements in this clause are applicable for UE capable of and configured with the EN-DC operation mode.

When monitoring of multiple inter-frequency E-UTRAN, inter-RAT NR, GSM, UTRA FDD and UTRA TDD carriers
as configured by E-UTRA PCell, and inter-frequency NR carriers as configured by PSCell using gaps (or without using
gaps provided the UE supports such capability or the effective MGRP is applied for per-FR measurement gap capable
UE) is configured, the UE shall be capable of performing one measurement of the configured measurement type (SS-
RSRP, SS-RSRQ, SS-SINR, SFTD, E-UTRAN RSRP, E-UTRAN RSRQ, E-UTRAN RS-SINR measurements,
UTRAN TDD P-CCPCH RSCP, UTRAN FDD CPICH measurements, GSM carrier RSSI, etc.) of detected cells on all
the layers.

For UE configured with the EN-DC operation, the effective total number of frequencies excluding the frequencies of
the PSCell, SCells, E-UTRA PCell, and E-UTRA SCells being monitored is Nireq, en-pc, Which is defined as:

Nfreq, EN-DC = Nireq, En-DC, NR + Nfreq, En-DC, E-UTRAT Nireq, EN-DC, UTRA + MEN-DC, GSM,
where

Nfreq, EN-DC, E-UTRA 1S the number of E-UTRA inter-frequency carriers being monitored (FDD and TDD) as
configured by E-UTRA PCell or via LPP [22],

Nfreq, eN-DC, NR <= Nfreq, EN-DC, NR, inter-RAT + Nireq, EN-DC, NR, inter-freq
where

Nfreq, EN-DC, NR, inter-RAT 1S the number of NR inter-RAT carriers excluding NR serving carrier(s) being
monitored as configured by E-UTRA PCell [15],

Nireq, EN-DC, NR, inter-freq 1S the number of NR inter-frequency carriers being monitored as configured by
PSCell,

Nfreq, eN-DC, UTRA IS the number of UTRA inter-RAT carriers being monitored as configured by E-UTRA PCell
(FDD and TDD).

Men-oc, gsm IS an integer which is a function of the number of GSM inter-RAT carriers as configured by E-
UTRA PCell on which measurements are being performed. Men-oc, ssm is equal to 0 if no GSM carrier is being
monitored. For a MGRP of 40 ms, Men-oc, csm is equal to 1 if cells on up to 32 GSM carriers are being
measured. For a MGRP of 80 ms, Men-pc, csm IS equal to ceil(Ncarriers,csm /20) where Neariers,csm 1S the number of
GSM carriers on which cells are being measured.

9.1.3.1a SA: Monitoring of multiple layers using gaps

The requirements in this clause are applicable for UE configured with SA NR operation mode.

When monitoring of multiple inter-RAT E-UTRAN carriers and inter-frequency NR carriers using gaps (or without
using gaps provided the UE supports such capability or the effective MGRP is applied for per-FR measurement gap
capable UE) is configured by PCell, the UE shall be capable of performing one measurement of the configured
measurement type (SS-RSRP, SS-RSRQ, SS-SINR, E-UTRAN RSRP, E-UTRAN RSRQ, E-UTRAN RS-SINR
measurements, etc.) of detected cells on all the layers.

For UE configured with the NR SA operation, the effective total number of frequencies, excluding the frequencies of
the PCell, PSCell and SCells being monitored, is Nireq, sa, Which is defined as:

Nfreq, sA = Nireq, sa, NR + Nireq, sA, E-UTRA,

where
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Nfreq, sA, £-UTRA IS the number of E-UTRA inter-RAT carriers being monitored (FDD and TDD) as configured by
PCell or via LPP [22],

Nfreq, sa, NR 1S the number of NR inter-frequency carriers being monitored as configured by PCell.

9.1.3.1b NE-DC: Monitoring of multiple layers using gaps
The requirements in this clause are applicable for UE capable of and configured with the NE-DC operation mode.

When monitoring of multiple inter-frequency E-UTRAN carriers as configured by E-UTRA PSCell, inter-RAT E-
UTRAN carriers as configured by PCell, and inter-frequency NR carriers as configured by PCell using gaps (or without
using gaps provided the UE supports such capability or the effective MGRP is applied for per-FR measurement gap
capable UE) is configured, the UE shall be capable of performing one measurement of the configured measurement
type (SS-RSRP, SS-RSRQ, SS-SINR, SFTD, E-UTRAN RSRP, E-UTRAN RSRQ, and E-UTRAN RS-SINR
measurements, etc.) of detected cells on all the layers.

For UE configured with the NE-DC operation, the effective total number of frequencies excluding the frequencies of
the PCell, SCells, E-UTRA PSCell, and E-UTRA SCells being monitored is Nfreq, ne-c, Which is defined as:

Nfreq, NE-DC = Nfreq, NE-DC, NR + Nfreq, NE-DC, E-UTRA,
where
Nfreq, NE-DC, NR 1S the number of NR inter-frequency carriers being monitored as configured by PCell,
Nfreq, Ne-DC, E-UTRA <= Nireq, NE-DC, E-UTRA, inter-RAT + Nfreq, NE-DC, E-UTRA, inter-freq
where

Nireq, NE-DC, E-UTRA, inter-RAT 1S the number of E-UTRA inter-RAT carriers (FDD and TDD) excluding E-
UTRA serving carrier(s) being monitored as configured by PCell or via LPP [22],

Nfreq, NE-DC, E-UTRA, inter-freq 1S the number of E-UTRA inter-frequency carriers (FDD and TDD) being
monitored as configured by E-UTRA PSCell [15] or via LPP [22].

9.1.3.1c NR-DC: Monitoring of multiple layers using gaps

The requirements in this clause are applicable for UE configured with NR-DC operation mode.

When monitoring of multiple inter-RAT E-UTRAN carriers and inter-frequency NR carriers using gaps (or without
using gaps provided the UE supports such capability) as configured by PCell, and inter-frequency NR carriers as
configured by PSCell is configured, the UE shall be capable of performing one measurement of the configured
measurement type (SS-RSRP, SS-RSRQ, SS-SINR, E-UTRAN RSRP, E-UTRAN RSRQ, E-UTRAN RS-SINR
measurements, etc.) of detected cells on all the layers.

For UE configured with the NR-DC operation, the effective total number of frequencies, excluding the frequencies of
the PCell, PSCell and SCells being monitored, is Nrreq, nr-Dc, Which is defined as:

Nfreq, NR-DC = Nireq, NR-DC, NR + Nreq, NR-DC, E-UTRA,
where

Nfreq, NR-DC, E-UTRA IS the number of E-UTRA inter-RAT carriers being monitored (FDD and TDD) as configured
by PCell or via LPP [22].

Nfreq, NR-DC, NR 1S the number of NR inter-frequency carriers being monitored as configured by PCell and PSCell.

9.1.3.2 EN-DC: Maximum allowed layers for multiple monitoring
If a UE is configured with EN-DC operation, the UE shall be capable of monitoring at least:
- Depending on UE capability, 7 NR inter-frequency carriers configured by PSCell, and

- Depending on UE capability, 7 NR inter-RAT carriers excluding NR serving carrier(s) configured by E-UTRA
PCell [15], and
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- Depending on UE capability, 6 E-UTRA TDD inter-frequency carriers configured by E-UTRA PCell [15], and
- Depending on UE capability, 6 E-UTRA FDD inter-frequency carriers configured by E-UTRA PCell [15], and
- Depending on UE capability, 3 FDD UTRA carriers, and

- Depending on UE capability, 3 TDD UTRA carriers, and

- Depending on UE capability, 32 GSM carriers (one GSM layer corresponds to 32 carriers), and

- Depending on UE capability, 1 E-UTRA FDD inter-frequency carrier for RSTD measurements configured via
LPP [22], and

- Depending on UE capability, 1 E-UTRA TDD inter-frequency carrier for RSTD measurements configured via
LPP [22].

In addition to the requirements defined above, the UE shall be capable of monitoring a total of at least 13 effective
carrier frequency layers comprising of any above defined combination of NR, E-UTRA FDD, E-UTRA TDD, UTRA
FDD, UTRA TDD and GSM (one GSM layer corresponds to 32 carriers) layers. The UE shall be capable of monitoring
a total of at least 7 effective NR carrier frequency layers excluding NR serving carrier(s), comprising of any above
defined combination of NR inter-RAT carriers excluding NR serving carrier(s) configured by E-UTRA PCell and NR
inter-frequency carriers configured by PSCell.

When the E-UTRA PCell and PSCell configures the same NR carrier frequency layer to be monitored by the UE in
synchronous intra-band EN-DC, this layer shall be counted only once to the total number of effective carrier frequency
layers provided that the SFN-s and slot boundaries are aligned, unless the configured NR carrier frequency layers to be
monitored have

- different RSSI measurement resources or
- different deriveSSB-IndexFromCell indications or
- different SMTC configurations.
Note 1: The E-UTRA-NR dual connectivity capable UE configured with PSCell shall fulfil the requirements
defined in only one of clause 9.1.3.2 and clause 8.1.2.1.1b.1 of TS 36.133 [15].
9.1.3.2a SA: Maximum allowed layers for multiple monitoring
If a UE is configured with SA NR operation mode, the UE shall be capable of monitoring at least:
- Depending on UE capability, 7 NR inter-frequency carriers configured by PCell, and
- Depending on UE capability, 7 E-UTRA TDD inter-RAT carriers configured by PCell, and
- Depending on UE capability, 7 E-UTRA FDD inter-RAT carriers configured by PCell, and

- Depending on UE capability, 1 E-UTRA FDD inter-RAT carrier for RSTD measurements configured via LPP
[22], and

- Depending on UE capability, 1 E-UTRA TDD inter-RAT carrier for RSTD measurements configured via LPP
[22].

In addition to the requirements defined above, the UE shall be capable of monitoring a total of at least 13 effective
carrier frequency layers comprising of any above defined combination of NR, E-UTRA FDD and E-UTRA TDD layers.
9.1.3.2b NE-DC: Maximum allowed layers for multiple monitoring
If a UE is configured with NE-DC operation mode, the UE shall be capable of monitoring at least:

- Depending on UE capability, 7 NR inter-frequency carriers configured by PCell, and

- Depending on UE capability, 6 E-UTRA TDD inter-RAT carriers excluding E-UTRA serving carriers
configured by PCell, and
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- Depending on UE capability, 6 E-UTRA FDD inter-RAT carriers excluding E-UTRA serving carriers
configured by PCell, and
- Depending on UE capability, 6 E-UTRA TDD inter-frequency carriers configured by E-UTRA PSCell [15], and
- Depending on UE capability, 6 E-UTRA FDD inter-frequency carriers configured by E-UTRA PSCell [15], and

- Depending on UE capability, 1 E-UTRA FDD inter-frequency carrier for RSTD measurements configured via
LPP [22], and

- Depending on UE capability, 1 E-UTRA TDD inter-frequency carrier for RSTD measurements configured via
LPP [22].

In addition to the requirements defined above, the UE shall be capable of monitoring a total of at least 13 effective
carrier frequency layers comprising of any above defined combination of NR, E-UTRA FDD, and E-UTRA TDD
layers. The UE shall be capable of monitoring a total of at least 6 effective E-UTRA carrier frequency layers, excluding
E-UTRA serving carrier(s), comprising of any above defined combination of E-UTRA inter-RAT carriers excluding E-
UTRA serving carrier(s) configured by PCell and E-UTRA inter-frequency carriers configured by E-UTRA PSCell.
9.1.3.2c NR-DC: Maximum allowed layers for multiple monitoring
If a UE is configured with NR-DC operation, the UE shall be capable of monitoring at least:

- Depending on UE capability, 7 NR inter-frequency carriers configured by PCell, and

- Depending on UE capability, 7 NR inter-frequency carriers configured by PSCell, and

- Depending on UE capability, 7 E-UTRA TDD inter-RAT carriers configured by PCell, and

- Depending on UE capability, 7 E-UTRA FDD inter-RAT carriers configured by PCell, and

- Depending on UE capability, 1 E-UTRA FDD inter-RAT carrier for RSTD measurements configured via LPP
[22], and

- Depending on UE capability, 1 E-UTRA TDD inter-RAT carrier for RSTD measurements configured via LPP
[22].

In addition to the requirements defined above, the UE shall be capable of monitoring a total of at least 13 effective
carrier frequency layers comprising of any above defined combination of NR, E-UTRA FDD and E-UTRA TDD layers.
The UE shall be capable of monitoring a total of at least 7 effective NR carrier frequency layers excluding NR serving
carrier(s), which are configured by PCell and PSCell.

When PCell and PSCell configures the same NR carrier frequency layer to be monitored by the UE in NR-DC, this
layer shall be counted only once to the total number of effective carrier frequency layers provided that the SFN-s and
slot boundaries are aligned, unless the configured NR carrier frequency layers to be monitored have

- different RSSI measurement resources or
- different deriveSSB-IndexFromCell indications or

- different SMTC configurations.
9.1.4  Capalbilities for Support of Event Triggering and Reporting Criteria

9.14.1 Introduction

This clause contains requirements on UE capabilities for support of event triggering and reporting criteria. As long as
the measurement configuration does not exceed the requirements stated in clause 9.1.4.2, the UE shall meet all other
performance requirements defined in clause 9 and clause 10.

The UE can be requested to make measurements under different measurement identities defined in TS 38.331 [2]. Each
measurement identity corresponds to either event-based reporting, periodic reporting, or no reporting. In case of event-
based reporting, each measurement identity is associated with an event triggering criterion. In case of periodic
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reporting, a measurement identity is associated with one periodic reporting criterion. In case of no reporting, a
measurement identity is associated with one no reporting criterion.

The purpose of this clause is to set some limits on the number of different event triggering, periodic, and no reporting
criteria the UE may be requested to track in parallel.

9.1.4.2 Requirements

In this clause a reporting criterion corresponds to either one event (in the case of event-based reporting), or one periodic
reporting criterion (in case of periodic reporting), or one no reporting criterion (in case of no reporting). For event-based
reporting, each instance of event, with the same or different event identities, is counted as separate reporting criterion in
Table 9.1.4.2-1.

The UE shall be able to support in parallel per category up to Eca reporting criteria according to Table 9.1.4.2-1. For the
measurement categories belonging to intra-frequency, inter-frequency, and inter-RAT measurements (i.e. without
counting other categories that the UE shall always support in parallel), the UE need not support more than the total
number of reporting criteria as follows:

= FOI’ UE COﬂfIgUFEd Wlth EN'DC' Ecat,EN—DC,NR + ECat,EN—DC,E—UTRA7 Where

Ecaten—pcnr = 10 + 9 X nis the total number of NR reporting criteria configured by PSCell (NR intra- and
inter-frequency reporting criteria) and by E-UTRA PCell on NR serving frequencies (NR intra-frequency
reporting criteria) applicable for UE configured with EN-DC according to Table 9.1.4.2-1, and n is the
number of configured NR serving frequencies, including PSCell and SCells carrier frequencies,

Ecat En—pcE—uTra 18 the total number of reporting criteria configured by E-UTRA PCell except PSCell and
SCells carrier frequencies, as specified in TS 36.133 [15] for UE configured with EN-DC.

- FOf UE COI"IfIgUI'E'd Wlth NE'DC. ECat,NE*DC,NR + ECat,NE*DC,E*UTRA’ Where

E aene—pcnr = 10 + 9 X n is the total number of NR reporting criteria according to Table 9.1.4.2-1, and n
is the number of configured NR serving frequencies, including PCell, and SCells carrier frequencies,

Ecat,NE—DC,E—UTRA = Ecat,NE—DC,E—UTRA,inteT—RAT + Ecat,NE—DC,E—UTRA,intra—RAT! where

Ecqt NE-DC E-UTRA,inter—raT 1S the total number of inter-RAT E-UTRA reporting criteria configured by PCell
except E-UTRA PSCell and E-UTRA SCells carrier frequencies, according to Table 9.1.4.2-1,

Ecat NE-DC E—UTRA intra—rar 1S the total number of E-UTRA reporting criteria including E-UTRA PSCell and
E-UTRA SCells carrier frequencies as specified in TS 36.133 [15] for UE configured with NE-DC.

- For UE configured with SA operation mode: E where

cat ,SA,NR + Ecat,SA,E—UTRA ’

B sang =10+9%xn is the total number of NR reporting criteria according to Table 9.1.4.2-1, and n is

the number of configured NR serving frequencies, including PCell, and SCells carrier frequencies,

Eca s e_ura 1S the total number of inter-RAT E-UTRA reporting criteria according to Table 9.1.4.2-1.

- FOf UE COﬂfIgUI’ed Wlth NR'DC. Ecat,NR—DC,NR + Ecat,NR—DC,E—UTRA! Where

Ecqenr-penr = 10 +9 X n s the total number of NR reporting criteria according to Table 9.1.4.2-1, and n
is the number of configured NR serving frequencies, including PCell, PSCell and SCells carrier frequencies,

Ecat Nr—pc E—uTRA 1S the total number of inter-RAT E-UTRA reporting criteria according to Table 9.1.4.2-1.

Table 9.1.4.2-1: Requirements for reporting criteria per measurement category

Measurement category Ecat Note
Intra-frequency Note 1.2.3.45 9 Events for any one or a combination of intra-
frequency SS-RSRP, SS-RSRQ, and SS-SINR
for NG-RAN intra-frequency cells
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Inter-frequency Note 2345 10 Events for any one or a combination of inter-
frequency SS-RSRP, SS-RSRQ, and SS-SINR
for NG-RAN inter-frequency cells

Inter-RAT (E-UTRA FDD, E-UTRA TDD) Note 245 10 Only applicable for UE with this (inter-RAT)
capability. These reporting criteria apply for any
E-UTRA carrier frequencies other than the
carrier frequency of the E-UTRA PSCell or E-

UTRA SCell.
Inter-RAT (E-UTRA FDD, E-UTRA TDD) RSTD Note 1 Inter-RAT RSTD measurement reporting for UE
245 supporting OTDOA; 1 report capable of

minimum 16 inter-RAT cell measurements.
Only applicable for UE with this (inter-RAT
RSTD via LPP [22]) capability. These reporting
criteria apply for any E-UTRA carrier
frequencies other than the carrier frequency of
the E-UTRA PSCell or E-UTRA SCell.
Inter-RAT (E-UTRA FDD, E-UTRA TDD) RSRP and 1 Inter-RAT RSRP and RSRQ measurements for
RSRQ measurements for E-CID Note 245 E-CID reported to E-SMLC via LPP [22]. One
report capable of at least in total 10 inter-RAT
RSRP and RSRQ measurements. Applicable to
UE capable of reporting inter-RAT RSRP and
RSRQ to E-SMLC via LPP. These reporting
criteria apply for any E-UTRA carrier
frequencies other than the carrier frequency of
the E-UTRA PSCell or E-UTRA ScCell.
NOTE 1: When the UE is configured with PSCell and SCell carrier frequencies, Ecat for Intra-frequency is applied
per corresponding NR serving frequency.
NOTE 2: Applicable for UE configured with SA NR operation mode.
NOTE 3: Applicable for UE configured with EN-DC operation mode.
NOTE 4: Applicable for UE configured with NE-DC operation mode.
NOTE 5: Applicable for UE configured with NR-DC operation mode.

9.1.5 Carrier-specific scaling factor

This clause specifies the derivation of carrier-specific scaling factor (CSSF) values, which scales the measurement
delay requirements given in clause 9.2, 9.3 and 9.4 when UE is configured to monitor multiple measurement objects.
The CSSF values are categorized into CSSFoutside_gap,i aNd CSSFuwithin_gap,i, fOr the measurements conducted outside
measurement gaps and within measurement gaps, respectively.

9.15.1 Monitoring of multiple layers outside gaps

The carrier-specific scaling factor CSSFouside_gap,i TOr measurement object i derived in this chapter is applied to following
measurement types:

- Intra-frequency measurement with no measurement gap in clause 9.2.5, when none of the SMTC occasions of
this intra-frequency measurement object are overlapped by the measurement gap.

- Intra-frequency measurement with no measurement gap in clause 9.2.5, when part of the SMTC occasions of this
intra-frequency measurement object are overlapped by the measurement gap.

- Fora UE in E-UTRA-NR dual connectivity operation, NR inter-RAT measurement object configured by the E-
UTRAN PCell on an NR serving carrier

- the SSB is completely contained in the active BWP of the UE, and

- none or part of the SMTC occasions of this inter-RAT measurement object are overlapped by the
measurement gap;

UE is expected to conduct the measurement of this measurement object i only outside the measurement gaps.

For a UE in E-UTRA-NR dual connectivity operation, if a measurement object configured by PSCell and an NR inter-
RAT measurment object configured by E-UTRAN PCell are on the same serving carrier, they shall be counted as one
intra-frequency measurement object, provided that they meet the measurement object merging conditions [in clause
9.1.3.2].
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If the higher layer signaling in TS 38.331 [2] of smtc2 is present and smtcl is fully overlapping with measurement gaps
and smtc2 is partially overlapping with measurement gaps, CSSFoutside_gap,i @nd requirements derived from
CSSFoutside_gap,i are not specified.

The UE cell identification and measurement periods derived based on CSSFoutside_gap,i in clauses 9.2.5.1, 9.2.5.2 may be
extended for measurement objects of which the cell identification and measurement periods are overlapped with
Tmeasure_srro1 Specified in clause 9.3.8 when no measurement gaps are provided.

The requirements in this clause apply provided that

- The SMTC on all CCs in FR2 have the same offset, and one of following conditions is met

- If smtc2 is configured on any FR2 CC,

- All CCs have the same configuration for smtcl, and

- All CCs configured with smtc2 have the same configuration for smtc2

- If smtc2 is not configured on any FR2 CC,

- The total number of different SMTC periodicities on all serving CCs does not exceed 4

Note:

Longer delays for cell identification and measurement periods derived based on CSSFouside_gap,i IN clauses

9.2.5.1, 9.2.5.2, can be expected, if the UE is configured with more than 4 different SMTC periodicities
on FR2 serving carriers. The longer delay applies for the FR2 intra-frequency measurement objects with
the longest SMTC periodicity/periodicities.

9.1511

EN-DC mode: carrier-specific scaling factor for SSB-based measurements
performed outside gaps

For UE configured with the E-UTRA-NR dual connectivity operation, the carrier-specific scaling factor CSSFouside_gap,i
for intra-frequency SSB-based measurements performed outside measurements gaps will be as specified in Table

9.1.5.1.1-1.
Table 9.1.5.1.1-1: CSSFoutside_gap,i Scaling factor for EN-DC mode
Scenario CSSFoutside_ga CSSFoutside_gap CSSFoutside_gap, CSSFoutside_gap,i for CSSFoutside_gap,i for
p,i for FR1 ifor FR1 SCC i for FR2 FR2 SCC where FR2 SCC where
PSCC PSCC neighbour cell neighbour cell
measurement is measurement is not
required Note 2 required
EN-DC with FR1 Number of
only CA 1 configured N/A N/A N/A
FR1 SCell(s)
EN-DC with Number of configured
FR2 only intra N/A N/A 1 N/A 9
band CA FR2 SCells
EN-DC with
FRL +FR2 CA ) 2’(‘:(0’}'1‘;35’&0“ NIA o’ 2x(Number of
Note 1 -

EFRl PSCell) SCell(s)-1) configured SCell(s)-1)
EN-DC with Number of .
FR1 +FR2 CA N/A configured 1 N/A N”mbeéggﬁz’s';f'gured
(FR2 PSCell) Note 1 ScCell(s)

Note 1:

Note 2:
Note 3:  Void
Note 4:  Void
Note 5:
Note 6:

CSSFoutside_gap,i =1 if only one SCell is configured.
If a measurement object configured by PSCell and an NR inter-RAT measurment object configured by E-UTRAN

Only one NR FR1 operating band and one NR FR2 operating band are included for FR1+FR2 inter-band EN-DC.
Selection of FR2 SCC where neighbour cell measurement is required follows clause 9.2.3.2.

PCell are on the same serving carrier, they shall be counted as one intra-frequency measurement object,
provided that they meet the measurement object merging conditions [in clause 9.1.3.2], otherwise they are
counted separately as two measurement objects.
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SA mode: carrier-specific scaling factor for SSB-based measurements performed

outside gaps

For UE in SA operation mode, the carrier-specific scaling factor CSSFousidge_gap,i fOr intra-frequency SSB-based
measurements performed outside measurements gaps will be as specified in Table 9.1.5.1.2-1, which shall also be
applied for a UE configured with NE-DC operation.

Table 9.1.5.1.2-1: CSSFoutside_gap,i Scaling factor for SA mode

Scenario CSSFoutside_gap | CSSFoutside_gap | CSSFoutside_ga CSSFoutside_gap,i for CSSFoutside_gap,i for
ifor FR1PCC | , for FR1SCC p.i for FR2 FR2 SCC where FR2 SCC where
PCC neighbour cell neighbour cell
measurement is measurement is not
required required
FR1 only CA 1 Number of N/A N/A N/A
configured
FR1 Scell(s)

FR2 only intra Number of configured
band CA N/A N/A 1 N/A FR2 SCell(s)

FR1 +FR2 CA 1 2x(Number of N/A 2 Note5 2x(Number of
(FR1 PCell) Note 1 configured configured SCell(s)-1)

SCell(s)-1)

FR1 +FR2 CA N/A Number of 1 N/A Number of configured

(FR2 PCell) Note 1 configured ScCell(s)
ScCell(s)
Note 1:  Only one FR1 operating band and one FR2 operating band are included for FR1+FR2 inter-band CA.
Note 2:  Selection of FR2 SCC where neighbour cell measurement is required follows clause 9.2.3.2.
Note 3:  Void
Note 4:  Void
Note 5:  CSSFoutside_gap.i =1 if only one SCell is configured.
9.1.5.1.3 NR-DC mode: carrier-specific scaling factor for SSB-based measurements

performed outside gaps

For UE configured with NR-DC operation, the carrier-specific scaling factor CSSFousside_gap,i fOr intra-frequency SSB-
based measurements performed outside measurements gaps will be as specified in Table 9.1.5.1.3-1.

Table 9.1.5.1.3-1: CSSFoutside_gap,i Scaling factor for NR-DC mode

Scenario CSSFoutside_gap CSSFoutside_gap,i CSSFoutside_gap,i CSSFoutside_gap,i for FR2 SCC where
ifor FR1 PCC for FR1 SCC for FR2 PSCC neighbour cell measurement is not
required
T 2 tiamberr
1 configured 2 Note 3 2x(Number of configured SCell(s))
and FR2 PScell)
Note 1 SCE“(S))
Note 1: NR-DC in Rel-15 only includes the scenarios where all serving cells in MCG in FR1 and all serving cells in SCG
in FR2.
Note 2:  Void
Note 3:  CSSFoutside_gap,i =1 if no SCell is configured.
9.1.5.1.4 NE-DC mode: carrier-specific scaling factor for SSB-based measurements

performed outside gaps

For UE configured with NE-DC operation, the carrier-specific scaling factor CSSFouside_gap,i fOr intra-frequency SSB-
based measurements performed outside measurements gaps will be as specified in Table 9.1.5.1.4-1.

Table 9.1.5.1.4-1: CSSFoutside_gap, Scaling factor for NE-DC mode

Scenario

CSSFoutside_gap
ifor FR1 PCC

CSSFoutside_gap
ifor FR1 SCC

CSSFoutside_ga
p.i for FR2
PCC

CSSFoutside_gap,i for
FR2 SCC where
neighbour cell

CSSFoutside_gap,i for
FR2 SCC where
neighbour cell
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measurement is measurement is not
required required
NE-DC with FR1 Number of
only CA 1 configured N/A N/A N/A
FR1 SCell(s)

NE-DC with FR2

only intra band N/A N/A 1 N/A Number of configured

CA FR2 ScCell(s)
NE-DC with FR1 2x(Number of 2x(Number of
+FR2 CA (FR1 1 configured N/A 2 Note 3 :

PCell) Nme(l SCeII%s)—l) configured SCell(s)-1)

Note 1:  Only one FR1 operating band and one FR2 operating band are included for FR1+FR2 inter-band CA.
Note 2:  Selection of FR2 SCC where neighbour cell measurement is required follows clause 9.2.3.2.
Note 3:  CSSFoutside gap.i =1 if only one SCell is configured.

9.1.5.2 Monitoring of multiple layers within gaps

The carrier-specific scaling factor CSSFuitin_gap,i fOr measurement object i derived in this chapter is applied to following
measurement types:

- Intra-frequency measurement object with no measurement gap in clause 9.2.5, when all of the SMTC occasions
of this intra-frequency measurement object are overlapped by the measurement gap.

- Intra-frequency measurement object with measurement gap in clause 9.2.6.

- Inter-frequency measurement object in clause 9.3.

- E-UTRA Inter-RAT measurement object in clauses 9.4.2 and 9.4.3.

- E-UTRA Inter-RAT RSTD and E-CID measurements in clauses 9.4.4 and 9.4.5.

- Fora UE in E-UTRA-NR dual connectivity operation, NR Inter-RAT measurement object configured by the E-
UTRAN PCell (TS 36.133 [15] clause 8.17.4) on an NR serving carrier

- the SSB is not completely contained in the active BWP of the UE, or
- all of the SMTC occasions of this inter-RAT measurement object are overlapped by the measurement gap;

- NR Inter-RAT measurement object configured by the E-UTRAN PCell (TS 36.133 [15] clause 8.17.4) on an NR
non-serving carrier.

- E-UTRAN Inter-frequency measurement object configured by the E-UTRAN PCell (TS 36.133 [15] clause
8.17.3) and by the E-UTRAN PSCell (TS 36.133 [15] clause 8.19.3).

- E-UTRAN Inter-frequency RSTD measurement configured by the E-UTRAN PCell (TS 36.133 [15] clause
8.17.15).

- UTRA Inter-RAT measurement object configured by the E-UTRAN PCell (TS 36.133 [15] clauses 8.17.5 to
8.17.12).

- GSM Inter-RAT measurements configured by the E-UTRAN PCell (TS 36.133 [15] clauses 8.17.13 and
8.17.14).

UE is expected to conduct the measurement of this measurement object i only within the measurement gaps.

If the higher layer signaling in TS 38.331 [2] of smtc2 is present and smtcl is fully overlapping with measurement gaps
and smtc2 is partially overlapping with measurement gaps, CSSFuithin_gap,i and requirements derived from CSSFouside_gap,i
are not specified.

9.1.5.2.1 EN-DC mode: carrier-specific scaling factor for SSB-based measurements
performed within gaps

The scaling value CSSFuitin_gap,i below has been derived without considering GSM inter-RAT carriers.
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For UE supporting per-FR gap, for each measurement object i that are measured based on effective MGRP as defined in
clause 9.1.2, CSSFuitin_gap,i Used for derving the measurement requirements is defined as the total number of
measurement objects in the same FR as measurement object i.

When one or more measurement objects are monitored within measurement gaps, the carrier specific scaling factor for a
target measurement object with index i is designated as CSSFwitin_gap,i @nd is derived as described in this clause.

For a UE in E-UTRA-NR dual connectivity operation, if a measurement object configured by PSCell and an NR inter-
RAT measurement object configured by E-UTRAN PCell are on the same carrier, they shall be counted as one
measurement object in My,ij, provided that they meet the measurement object merging conditions [in clause 9.1.3.2].

If measurement object i refers to an RSTD measurement with periodicity Tprs>160ms or with periodicity Tprs=160ms
but prs-Mutinglnfo-r9 is configured, CSSFithin_gap,i=1. Otherwise, the CSSFitnin_gap,i fOr other measurement objects
(including RSTD measurement with periodicity Tprs=160ms) participate in the gap competition are derived as below.

For each measurement gap j not used for an RSTD measurement with periodicity Tprs>160ms or with periodicity
Tprs=160ms but prs-Mutinglnfo-r9 is configured within an arbitrary 160ms period, count the total number of
intrafrequency measurement objects and interfrequency/interRAT measurement objects which are candidates to be
measured within the gap j.

- An NR measurement object is a candidate to be measured in a gap if its SMTC duration is fully covered by the
MGL excluding RF switching time. For intra-frequency NR carriers, if the higher layer in TS 38.331 [2]
signaling of smtc2 is configured, the assumed periodicity of SMTC occasions corresponds to the value of higher
layer parameter smtc2; otherwise the assumed periodicity of SMTC occasions corresponds to the value of higher
layer parameter smtcl

- Aninter-RAT UTRA measurement object configured by E-UTRA PCell [15] is a candidate to be measured in all
measurement gaps.

- Aninter-frequency E-UTRA measurement object configured by E-UTRA PCell [15] is a candidate to be
measured in all measurement gaps.

- For UEs which support and are configured with per FR gaps, the counting is done on a per FR basis, and for UEs
which are configured with per UE gaps the counting is done on a per UE basis.

- Minmaij: Number of intra-frequency measurement objects which are candidates to be measured in gap j where the
measurement object i is also a candidate. Otherwise Minra,ij equals 0.

- Miner,ij : Number of NR inter-frequency measurement objects or NR inter-RAT measurement objects configured
by E-UTRA PCell, EUTRA inter-frequency measurement objects configured by E-UTRA PCell, UTRA inter-
RAT measurement objects configured by E-UTRA PCell which are candidates to be measured in gap j where the
measurement object i is also a candidate. Otherwise Miner,ij equals 0.

- Muotij = Minwaij + Minterij - Total number of intra-frequency, inter-frequency and inter-RAT measurement objects
which are candidates to be measured in gap j where the measurement object i is also a candidate. Otherwise
Mio,ij equals 0.

For each measurement gap j used for an RSTD measurement with periodicity Tprs>160ms or with periodicity
Tprs=160ms but prs-Mutinglnfo-r9 is configured within an arbitrary 160ms period, Mintraij = Minter,ij = Miot,ij =0.

The carrier specific scaling factor CSSFuitnin_gap,i IS given by:
If measGapSharingScheme is equal sharing, CSSFuwithin_gap,i= max(ceil(RixMu,ij)), where j=0...(160/MGRP)-1
If measGapSharingScheme is not equal sharing and
- measurement object i is an intra-frequency measurement object, CSSFuwithin_gap,i IS the maximum among
- ceil(RixKinwraXMintra,ij) in gaps where Miner,ij70, where j=0...(160/MGRP)-1
- ceil(RixMinwaij) in gaps where Miner,ij=0, where j=0...(160/MGRP)-1

- measurement object i is an inter-frequency or inter-RAT measurement object, CSSFuithin_gap,i IS the maximum
among

- ceil(RixKinterXMinter,ij) in gaps where Minwa,ij 70, where j=0...(160/MGRP)-1
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Where R; is the maximal ratio of the number of measurement gap where measurement object i is a candidate to
be measured over the number of measurement gap where measurement object i is a candidate and not used for
RSTD measurement with periodicity Tprs>160ms or with periodicity Tprs=160ms but prs-Mutinglnfo-r9 is
configured within an arbitrary 1280ms period.

Note: In this release of specification, longer delays for cell identification and measurement periods derived
based on CSSFuitnin_gap,i Can be expected, if the UE is configured with inter-RAT MO on NR serving CC
by E-UTRAN PCell in EN-DC mode.

9.1.5.2.2 SA mode: carrier-specific scaling factor for SSB-based measurements performed
within gaps

When one or more measurement objects are monitored within measurement gaps, the carrier specific scaling factor for a
target measurement object with index i is designated as CSSFwitin_gap,i @nd is derived as described in this clause.

For UE supporting per-FR gap, for each measurement object i that are measured based on effective MGRP as defined in
clause 9.1.2, CSSFuitin_gap,i Used for derving the measurement requirements is defined as the total number of
measurement objects in the same FR as measurement object i.

If measurement object i refers to an RSTD measurement with periodicity Tprs>160ms or with periodicity Tprs=160ms
but prs-Mutinglnfo-r9 is configured, CSSFuitnin_gap,i=1. Otherwise, the the CSSFwitin_gap,i fOr other measurement objects
(including RSTD measurement with periodicity Tprs=160ms) participate in the gap competition and the CSSFuithin_gap,i
are derived as below.

For each measurement gap j not used for an RSTD measurement with periodicity Tprs>160ms or with periodicity
Tprs=160ms but prs-Mutinglnfo-r9 is configured within an arbitrary 160ms period, count the total number of
intrafrequency measurement objects and interfrequency/interRAT measurement objects which are candidates to be
measured within the gap j.

- An NR measurement object is a candidate to be measured in a gap if its SMTC duration is fully covered by the
MGL excluding RF switching time. For intra-frequency NR measurement objects, if the higher layer in TS
38.331 [2] signaling of smtc2 is configured, the assumed periodicity of SMTC occasions corresponds to the
value of higher layer parameter smtc2; otherwise the assumed periodicity of SMTC occasions corresponds to the
value of higher layer parameter smtcl.

- Aninter-RAT measurement object is a candidate to be measured in all meausrement gaps.

- Aninter-frequency SFTD measurement object, if to be measured with measurement gaps, is a candidate to be
measured in all measurement gaps.

- For UEs which support and are configured with per FR gaps, the counting is done on a per FR basis, and for UEs
which are configured with per UE gaps the counting is done on a per UE basis.

- Minma,ij: Number of intra-frequency measurement objects which are candidates to be measured in gap j where the
measurement object i is also a candidate. Otherwise Mina,ij equals 0.

- Miner,ij: Number of NR inter-frequency and EUTRA inter-RAT measurement objects which are candidates to be
measured in gap j where the measurement object i is also a candidate. Otherwise Mingr,ij equals 0.

- Muotij = Mingaij + Minterij - Total number of intra-frequency, inter-frequency and inter-RAT measurement objects
which are candidates to be measured in gap j where the measurement object i is also a candidate. Otherwise
Mio,ij equals 0.

For each measurement gap j used for an RSTD measurement with periodicity Tprs>160ms or with periodicity
Tprs=160ms but prs-Mutinglnfo-r9 is configured within an arbitrary 160ms period, Mintraij = Minter,ij = Miot,ij =0.

The carrier specific scaling factor CSSFitnin_gap,i IS given by:
- If measGapSharingScheme is equal sharing, CSSFuwithin_gap,i= max(ceil(RixMxo,ij)), where j=0...(160/MGRP)-1
- If measGapSharingScheme is not equal sharing and
- measurement object i is an intra-frequency measurement object, CSSFuwithin_gap,i IS the maximum among

- ceil(RixKinwraXMintra,ij) in gaps where Miner,ij70, where j=0...(160/MGRP)-1
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- ceil(RixMinta,ij) in gaps where Mingr,ij=0, where j=0...(160/MGRP)-1

- measurement object i is an inter-frequency or inter-RAT measurement object, CSSFuithin_gap,i IS the maximum
among

= CeiI(RixKinterXMinteryiJ) |n gapS Where Mintraviyj 7‘—'0, Where J:0 . (160/MGRP)'1
- ceil(RixMinter,ij) in gaps where Mina,ij=0, where j=0...(160/MGRP)-1

- Where R; is the maximal ratio of the number of measurement gap where measurement object i is a candidate to
be measured over the number of measurement gap where measurement object i is a candidate and not used for
RSTD measurement with periodicity Tprs>160ms or with periodicity Tprs=160ms but prs-Mutinglnfo-r9 is
configured within an arbitrary 1280ms period.

CSSFuithin_gap,k=1 during Tpetect, e-uTrRAN FOD SPeCified in clause 9.4.4.1.2.2 and Tpetect, e-uTrRAN TOD SPECified in clause
9.4.4.2.2.2, where k is the carrier frequency where the UE is performing cell detection of the inter-RAT E-UTRA
OTDOA assistance data reference cell when acquiring the subframe and slot timing of the cell according to clause 9.4.4.
In this case, the UE cell identification and measurement periods derived based on CSSFuithin_gap,i in clauses 9.2.5.1,
9.25.2,9.2.6.2,9.2.6.3,9.3.4,9.3.5,9.4.2.2, and 9.4.2.3 may be extended for measurement objects of which the cell
identification and measurement periods are overlapped with Toetect, -utRAN FDD @8N T Detect, E-UTRAN TDD-

9.1.5.2.3 NE-DC: carrier-specific scaling factor for SSB-based measurements performed
within gaps

When one or more measurement objects are monitored within measurement gaps, the carrier specific scaling factor for a
target measurement object with index i is designated as CSSFuitin gap,i and is derived as described in this clause.

For UE supporting per-FR gap, for each measurement object i that are measured based on effective MGRP as defined in
clause 9.1.2, CSSFuitin_gap,i USed for derving the measurement requirements is defined as the total number of
measurement objects in the same FR as measurement object i.

If measurement object i refers to an RSTD measurement with periodicity Tprs>160ms or with periodicity Tprs=160ms
but prs-Mutinglnfo-r9 is configured, CSSFuwitnin_gap,i=1. Otherwise, the CSSFuitin_gap,i fOr other measurement objects
(including RSTD measurement with periodicity Tprs=160ms) participate in the gap competition are derived as below.

For each measurement gap j not used for an RSTD measurement with periodicity Tprs>160ms or with periodicity
Tprs=160ms but prs-Mutinglnfo-r9 is configured within an arbitrary 160ms period, count the total number of
intrafrequency measurement objects and interfrequency/interRAT measurement objects which are candidates to be
measured within the gap j.

- An NR measurement object is a candidate to be measured in a gap if its SMTC duration is fully covered by the
MGL excluding RF switching time. For intra-frequency NR measurement objects, if the higher layer in TS
38.331 [2] signaling of smtc2 is configured, the assumed periodicity of SMTC occasions corresponds to the
value of higher layer parameter smtc2; otherwise the assumed periodicity of SMTC occasions corresponds to the
value of higher layer parameter smtcl.

- Aninter-RAT measurement object is a candidate to be measured in all measurement gaps.
- Aninter-frequency E-UTRA measurement object is a candidate to be measured in all measurement gaps.

- For UEs which support and are configured with per FR gaps, the counting is done on a per FR basis, and for UEs
which are configured with per UE gaps the counting is done on a per UE basis.

- If the number of configured inter-frequency and inter-RAT measuerement objects is non-zero and the UE is
configured with per UE gaps, or if the UE is configured with per FR gaps:

- FR1 and FR2 intra-frequency measurement objects belong to group A
- Inter-frequency and inter-RAT measurement objects belong to group B

- Mygroupa,ij: Sum of the number of FR1 intra-frequency measurement objects Minta-rr1,ij and the number of FR2
intra-frequency measurement objects Minwa-Fro,ij Which are candidates to be measured in gap j where the
measurement object i is also a candidate. Otherwise Mgroupa,ij equals 0.
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- Myroupeij: Number of NR inter-frequency and EUTRA inter-RAT measurement objects which are candidates
to be measured in gap j where the measurement object i is also a candidate. Otherwise Mgroups,ij equals O.

- If the number of configured inter-frequency and inter-RAT measuerement objects is zero and the UE is
configured with per UE gaps:

- FR1 intra-frequency measurement objects belong to group A
- FR2 intra-frequency measurement objects belong to group B

- Mgrouwa,ij: The number of FR1 intra-frequency measurement objects Minwa-rr1,ij Which are candidates to be
measured in gap j where the measurement object i is also a candidate. Otherwise Mgrouwa,ij equals 0.

- Mgroupsij: The number of FR2 intra-frequency measurement objects Minra-rrz,ij Which are candidates to be
measured in gap j where the measurement object i is also a candidate. Otherwise Mgroupg,ij equals 0.

- Motij = Mgrowpaij + Mgroups,ij : Total number of group A and group B measurement objects which are candidates
to be measured in gap j where the measurement object i is also a candidate. Otherwise M,ij equals 0.

For each measurement gap j used for an RSTD measurement with periodicity Tprs>160ms or with periodicity
Tprs=160ms but prs-Mutinglnfo-r9 is configured within an arbitrary 160ms period, Mintraij = Minter,ij = Miotij =0.

- The carrier specific scaling factor CSSFuitnin_gap,i iS given by:
- If measGapSharingScheme is equal sharing, CSSFuithin_gap,i= max(ceil(RixMxo,ij)), where j=0...(160/MGRP)-1
- If measGapSharingScheme is not equal sharing and
- measurement object i is a group A measurement object, CSSFuithin_gap,i IS the maximum among
- ceil(RixKinraXMgroupa,ij) in gaps where Mgroups,ij70, where j=0...(160/MGRP)-1
- ceil(RixMgroupa,ij) in gaps where Mgroups,ij=0, where j=0...(160/MGRP)-1
- measurement object i is an group B measurement object, CSSFithin_gap,i IS the maximum among
- ceil(RixKinter*Mgroupgij) in gaps where Mgroupa,ij =0, where j=0...(160/MGRP)-1
- ceil(RixMgroups,ij) in gaps where Mgroupa,ij=0, where j=0...(160/MGRP)-1

- Where R; is the maximal ratio of the number of measurement gap where measurement object i is a candidate to
be measured over the number of measurement gap where measurement object i is a candidate and not used for
RSTD measurement with periodicity Tprs>160ms or with periodicity Tprs=160ms but prs-Mutinglnfo-r9 is
configured within an arbitrary 1280ms period.

9.1.5.24 NR-DC: carrier-specific scaling factor for SSB-based measurements performed
within gaps

When one or more measurement objects are monitored within measurement gaps, the carrier specific scaling factor for a
target measurement object with index i is designated as CSSFuitin gap,i and is derived as described in this clause.

For UE supporting per-FR gap, for each measurement object i that are measured based on effective MGRP as defined in
clause 9.1.2, CSSFuitin_gap,i USed for derving the measurement requirements is defined as the total number of
measurement objects in the same FR as measurement object i.

If measurement object i refers to an RSTD measurement with periodicity Tprs>160ms or with periodicity Tprs=160ms
but prs-Mutinglnfo-r9 is configured, CSSFuwitnin_gap,i=1. Otherwise, the CSSFuitin_gap,i fOr other measurement objects
(including RSTD measurement with periodicity Tprs=160ms) participate in the gap competition and the CSSFithin_gap,i
are derived as below.

For each measurement gap j not used for an RSTD measurement with periodicity Tprs>160ms or with periodicity
Tprs=160ms but prs-Mutinglnfo-r9 is configured within an arbitrary 160ms period, count the total number of intra-
frequency measurement objects and inter-frequency/interRAT measurement objects which are candidates to be
measured within the gap j.
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- An NR measurement object is a candidate to be measured in a gap if its SMTC duration is fully covered by the
MGL excluding RF switching time. For intra-frequency NR measurement objects, if the higher layer in TS
38.331 [2] signaling of smtc2 is configured, the assumed periodicity of SMTC occasions corresponds to the
value of higher layer parameter smtc2; otherwise the assumed periodicity of SMTC occasions corresponds to the
value of higher layer parameter smtcl.

- Aninter-RAT measurement object is a candidate to be measured in all measurement gaps.

For UEs which support and are configured with per FR gaps, the counting is done on a per FR basis, and for UEs
which are configured with per UE gaps the counting is done on a per UE basis.

If the number of configured inter-frequency and inter-RAT measuerement objects is non-zero and the UE is
configured with per UE gaps, or if the UE is configured with per FR gaps:

FR1 and FR2 intra-frequency measurement objects belong to group A
Inter-frequency and inter-RAT measurement objects belong to group B

Mgroupaij: Sum of the number of FR1 intra-frequency measurement objects Mintra-rr1,ij and the number of FR2
intra-frequency measurement objects Minra-Fro,ij Which are candidates to be measured in gap j where the
measurement object i is also a candidate. Otherwise Mgroupa,ij equals O.

Mgroupsij : Number of NR inter-frequency and EUTRA inter-RAT measurement objects which are candidates to
be measured in gap j where the measurement object i is also a candidate. Otherwise Mgroups,ij equals 0.

If the number of configured inter-frequency and inter-RAT measuerement objects is zero and the UE is configured
with per UE gaps:

FR1 intra-frequency measurement objects belong to group A
FR2 intra-frequency measurement objects belong to group B

Mgroupa,ij: The number of FR1 intra-frequency measure