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--- Start of Change #1 ---

8.1
Radio Link Monitoring 

Editor’s note: if RLM requirement is diverse based on with beamforming and without beamforming, then two sections of requirements may needed to reflect both beamforming and non-beamforming RLM cases.

8.1.1
Introduction
The UE shall monitor the downlink link quality based on the reference signal in the configured RLM-RS resource(s) in order to detect the downlink radio link quality of the PCell and PSCell as specified in [Ref 38.213]. The configured RLM-RS resources can be all SSBs, all CSI-RSs, or a mix of SSBs and CSI-RSs. The UE shall be able to monitor up to the maximum number of configured RLM-RS resources of the same or different types in each corresponding carrier frequency range as specified in Table 8.1.1-2, and meet the requirements, as specified in sections 8.1.2, 8.1.3, and 8.1.6, for the RLM-RS resources which are within the UE’s 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 Qin for the purpose of monitoring downlink radio link quality of the cell. 
The threshold Qout 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 (BLERout) as defined in Table 8.1.1-1.

The threshold Qin is defined as the level at which the downlink radio link quality can be significantly more reliably received than at Qout and shall correspond to the in-sync block error rate (BLERin) as defined in Table 8.1.1-1.

The out-of-sync block error rate (BLERout) and in-sync block error rate (BLERin) are determined from the network configuration via [Parameter name in 38.331] signalled by higher layers. The network can configure one of the two pairs of out-of-sync and in-sync block error rates which are shown 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%]

	1
	TBD
	TBD


Table 8.1.1-2: Maximum number of RLM-RS resources
	Carrier frequency range
	Number of RLM-RS resources

	FR1, ≤ 3 GHz
	2

	FR1, > 3 GHz
	4

	FR2
	[8]


When the downlink radio link quality on all the configured RLM-RS resources are worse than Qout, 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 [Ref 38.331].

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 [Ref 38.331].
8.1.2
Requirements for SSB based radio link monitoring
8.1.2.1
Introduction

The requirements in this section apply for:

- SSBs which are actually transmitted as indicated by SSB-transmitted [3], and

- when all configured RLM-RS resources that are within the UE active DL BWP are SSBs. 
The out-of-sync block error rate is derived based on the hypothetical PDCCH transmission parameters listed in Table 8.1.2.1-1. The in-sync block error rate is derived based on the hypothetical PDCCH transmission parameters are listed in Table 8.1.2.1-2.

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

	Attribute
	Value for BLER pair#0
	Value for BLER pair#1

	DCI payload size
	TBD
	TBD

	Number of control OFDM symbols
	Same as the number of symbols of RMSI CORESET
	

	Aggregation level (CCE)
	[8]
	

	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	[0]dB
	

	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	[0]dB
	

	Bandwidth (MHz)
	Same as the number of PRBs of RMSI CORESET
	

	Sub-carrier spacing (kHz)
	Same as the SCS of RMSI CORESET
	

	DMRS
	TBD
	

	REG bundle size
	6
	

	CP length
	Same as the CP length of RMSI CORESET
	

	Mapping from REG to CCE
	[Distributed]
	


Table 8.1.2.1-2: PDCCH transmission parameters for in-sync
	Attribute
	Value for BLER pair#0
	Value for BLER pair#1

	DCI payload size
	TBD
	TBD

	Number of control OFDM symbols
	[Same as the number of symbols of RMSI CORESET]
	

	Aggregation level (CCE)
	[4]
	

	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	[0]dB
	

	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	[0]dB
	

	Bandwidth (MHz)
	Same as the number of PRBs of RMSI CORESET
	

	Sub-carrier spacing (kHz)
	Same as the SCS of RMSI CORESET
	

	DMRS
	TBD
	

	REG bundle size
	6
	

	CP length
	Same as the CP length of RMSI CORESET
	

	Mapping from REG to CCE
	[Distributed]
	


8.1.2.2
Minimum requirement 

Editor’s note: The requirements below have been derived without considering gap sharing when all SSBs for RLM are fully overlapping with measurement gaps.

The requirements in this section apply when the UE is configured to perform RLM for PCell and PSCell based on SSB, provided that the actually transmitted SSB(s) configured for RLM are within UE active DL BWP during the entire evaluation period specified below.
UE shall be able to evaluate whether the downlink radio link quality on the configured RLM-RS resource estimated over the last TEvaluate_out_SSB [ms] period becomes worse than the threshold Qout within TEvaluate_out_SSB [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_SSB [ms] period becomes better than the threshold Qin within TEvaluate_in_SSB [ms] evaluation period. 

TEvaluate_out_SSB and TEvaluate_in_SSB are defined in Table 8.1.2.2-1 for FR1 and Table 8.1.2.2-2 for FR2, respectively.

Table 8.1.2.2-1: Evaluation period TEvaluate_out and TEvaluate_in for FR1

	Configuration
	TEvaluate_out (ms) 
	TEvaluate_in (ms) 

	non-DRX
	[10]*max(20,TSSB)
	[5]*max(20, TSSB)

	DRX
	[10]*max(20,TDRX,TSSB)
	[5]*max(20,TDRX,TSSB)

	Note:
TSSB is the periodicity of SSB configured for RLM. TDRX is the DRX cycle length.


Table 8.1.2.2-2: Evaluation period TEvaluate_out and TEvaluate_in for FR2

	Configuration
	TEvaluate_out (ms) 
	TEvaluate_in (ms) 

	non-DRX
	[10]*max(20,TSSB)
	[5]*max(20, TSSB)

	DRX
	[10]*max(20,TDRX,TSSB)
	[5]*max(20,TDRX,TSSB)

	Note:
TSSB is the periodicity of SSB configured for RLM. TDRX is the DRX cycle length.


Editor’s note: FFS values for DRX in Table 8.1.2.2-1 and Table 8.1.2.2-2 may be scaled by 1.5 when the DRX on-duration time cannot fully overlap with the radio link monitoring reference signals.

The out-of-sync and in-sync evaluations for the configured RLM-RS resources shall be performed as specified in clause TBD in [Ref 38.213]. Two successive indications from Layer 1 shall be separated by TIndication_interval. TIndication_interval is max(10ms, TSSB) when DRX is not used, and max(10ms, TSSB, TDRX) when DRX is used.
In case DRX is used, upon start of TBD timer as specified in [Ref 38.331], the UE shall monitor the configured RLM-RS resources for recovery using the evaluation period and Layer 1 indication interval corresponding to the non-DRX mode until the expiry or stop of TBD timer.
Editor’s note: FFS whether values of TIndication_interval are scaled when the DRX on-duration time cannot fully overlap with the radio link monitoring reference signals. 

Editor’s note: TIndicate_interval is FFS when not all RLM-RSs have the same periodicity.
--- End of Change #1 ---

--- Start of Change #2 ---
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].
DL BWP: DL bandwidth part as defined in TS 38.213 [3].
EN-DC: E-UTRA-NR Dual Connectivity as defined in TS 37.340 [16, Section 4.1.2].

en-gNB: As defined in TS 37.340 [16].
gNB: as defined in in TS 38.300 [10].
Master Cell Group: As defined in TS 38.331 [2].
ng-eNB: As defined in TS 38.300 [10].
Primary Cell: As defined in TS 38.331 [2].

RLM-RS resource: A resource out of the set of resources configured for RLM by higher layer parameter RLM-RS-List [2] as defined in TS 38.213 [3].
Secondary Cell: As defined in TS 38.331 [2].

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

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

SSB: SS/PBCH block as defined in TS 38.211 [6, section 7.8.3].
Timing Advance Group: As defined in TS 38.331 [2]. 

--- End of Change #2 ---

--- Start of Change #3 ---
8.1.6
Requirements for radio link monitoring based on SSB and CSI-RS
8.1.6.1
Introduction
The requirements in this section apply when at least configured RLM-RS resource within the UE active DL BWP is SSB and at least one configured RLM-RS resource within the UE active DL BWP is CSI-RS.
8.1.6.2
Minimum requirement 
The requirements in this section apply when the UE is configured to perform RLM for the PCell or PSCell based on at least one SSB and at least one CSI-RS, which are within the UE active DL BWP during their entire evaluation period.
--- End of Change #3 ---
--- Start of Change #4 ---
3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [x] 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 [x].

BWP
Bandwidth Part
CA
Carrier Aggregation
CC
Component Carrier
CP
Cyclic Prefix
CSI
Channel-State Information

CSI-RS
CSI Reference Signal
DC
Dual Connectivity

DL
Downlink
DMRS
Demodulation Reference Signal
DRX
Discontinuous Reception

E-UTRA
Evolved UTRA

E-UTRAN
Evolved UTRAN
EN-DC
E-UTRA-NR Dual Connectivity
FDD
Frequency Division Duplex
HARQ
Hybrid Automatic Repeat Request

HO
Handover

MAC 
Medium Access Control 

MCG
Master Cell Group
MGL
Measurement Gap Length
MGRP
Measurement Gap Repetition Period
MIB
Master Information Block
NG-RAN
NG Radio Access Network

NR
New Radio

NSA
Non-standalone
OFDM
Orthogonal Frequency Division Multiplexing

OFDMA
Orthogonal Frequency Division Multiple Access

PBCH
Physical Broadcast Channel

PCell
Primary Cell

PLMN
Public Land Mobile Network
PRACH
Physical RACH
PSCell
Primary SCell

PSS
Primary Synchronization Signal
PUCCH
Physical Uplink Control Channel

PUSCH
Physical Uplink Shared Channel

RACH
Random Access Channel

RAT
Radio Access Technology

RLM
Radio link Monitoring

RLM-RS
Reference Signal for RLM

RRC
Radio Resource Control

RRM
Radio Resource Management

RSSI
Received Signal Strength Indicator
SCell
Secondary Cell 

SCG
Secondary Cell Group

SCS
Subcarrier Spacing

SFN
System Frame Number

SI
System Information

SIB
System Information Block
SMTC
SS block based RRM measurement timing configuration
SRS
Sounding Reference Signal
SS
Synchronization 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

SSS
Secondary Synchronization Signal
TA
Timing Advance

TAG
Timing Advance Group
TDD
Time Division Duplex

TTI
Transmission Time Interval

UE
User Equipment

UL
Uplink
--- End of Change #4 ---
