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1 RLM
Proposals from companies:

	Companies
	Proposals

	Samsung
	R4-1808904
Discussion on remaining issues for RLM
Proposal 1: To adopt the following RLM condition in which no RX beam sweeping is needed: 

· [For SSB-based RLM]: N=1, if the SSB configured for RLM is QCL-Type D with DM-RS for PDCCH and the QCL association is known to UE, or if the SSB for RLM is not explicitly configured when UE is not provided higher layer parameter RadioLinkMonitoringRS and if UE is provided by higher layer parameter TCI-state for PDCCH which includes QCL-TypeD RS;

· [For CSI-RS based RLM]: N=1, if the CSI-RS resource configured for RLM is QCL-Type D with DM-RS for PDCCH and the QCL association is known to UE, or if the CSI-RS for RLM is not explicitly configured when UE is not provided higher layer parameter RadioLinkMonitoringRS and if UE is provided by higher layer parameter TCI-state for PDCCH which includes QCL-TypeD RS. 

Proposal 2: RAN4 adopt N1 (=N3) for scaling factor needed in other conditions in which RX beam sweeping is necessary for FR2 RLM.

Proposal 3: When UE performing radio link monitoring with a different subcarrier spacing than PDSCH/PDCCH on FR1, for UE which do not support simultaneousRxDataSSB-DiffNumerology, RAN4 change the scheduling availability requirement to aligned with intra-frequency measurement.

Proposal 4: RAN4 adopt Psharing_factor =2 to finalize RLM delay requirement.

Proposal 5: Adopt 1% and 0.1% for the second pair of IS/OOS BLER values for voice service, as in the below table:

Configuration

BLERout
BLERin
0

[10%]

[2%]

1

[1%]

[0.1%]



	Huawei
	R4-1809052
Discussion on SSB based RLM requirements
Proposal: The value of scaling factoring P is defined as
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when the following conditions are satisfied:

· RLM-RS is partially overlapped with measurement gap(TSSB < MGRP)

· RLM-RS is partially overlapped with SMTC occasion (TSSB < TSMTC) 

· SMTC occasion is partially or fully overlapped with measurement gap.

	LG Electronics Inc.
	R4-1808850
Discussion on RLM requirements regard of Rx beam sweeping for FR2
· Proposal: Define maxNumerRxBeam for the scaling value N of RLM evaluation time which does not satisfy the condition for no Rx beam sweeping in FR 2.

	MediaTek
	R4-1808915
Discussion on RLM
Proposal 1: If the high layer in TS 38.331 [2] signaling of smtc2 is present, TSMTCperiod follows smtc2; Otherwise TSMTCperiod follows smtc1.
Proposal 2: If one CSI-RS based RLM-RS is QCLed with multiple CORESETs or not QCLed with any CORESET, the PDCCH parameters shall be determined based on the rules:
· If the CSI-RS based RLM-RS is QCLed with multiple CORESETs, the CORESET to determine PDCCH is:

· the CORESET with the lowest index and directly QCLed with the CSI-RS resource, if at least one CORESET is directly QCLed to the CSI-RS resource. Else, 

· the CORESET with the lowest index and indirectly QCLed with the CSI-RS resource

· If the CSI-RS based RLM is not QCLed with any CORESET, UE is not expected to perform RLM based on this CSI-RS based RLM-RS.

Proposal 3: N = 1 in TEvaluate_out_CSI-RS, if the CSI-RS resource configured for RLM is spatially QCLed and TDMed to CSI-RS resources configured for BM or SSBs configured for BM, all CSI-RS resources configured for RLM are mutually TDMed, and the QCL association is known to UE
Proposal 4: When CSI-RS based RLM-RS and SSB based RLM-RS have different subcarrier spacing, for UE which does not support simultaneousRxDataSSB-DiffNumerology, CSI-RS based RLM-RS and SSB based RLM-RS are TDMed.
Observation 1: When CSI-RS based RLM-RS and SSB based RLM-RS have different subcarrier spacing, RLM behavior also becomes simultaneousRxDataSSB-DiffNumerology dependent if network only grantees CSI-RS based RLM-RS and SSB based RLM-RS are TDMed for UE which does not support simultaneousRxDataSSB-DiffNumerology.
Proposal 5: Regardless of simultaneousRxDataSSB-DiffNumerology capability, to have unified CSI-RS based RLM behavior, CSI-RS based RLM-RS and SSB based RLM-RS are TDMed When CSI-RS based RLM-RS and SSB based RLM-RS have different subcarrier spacing.
Proposal 6: The overlap between CSI-RS based RLM-RS and SMTC means that CSI-RS based RLM-RS is within the window duration of SMTC. 

	Huawei
	R4-1809008
Discussion on remaining issues of collision between RLM-RS and SMTC
Proposal 1: For FR2, when the second intra-frequency SMTC is configured, smaller periodicity of the two SMTCs (i.e. the periodicity of smtc2) shall be used to determine UE behavior and scaling factors for RLM and intra-frequency measurements.

	Nokia
	R4-1808788
Remaining issues for RLM requirements
Proposal 1: For FR2, the time sharing factor between RLM and intra-frequency measurement for the case of full overlapped RLM-RS and SMTC is fixed as 50%.
Proposal 2: N = 2 applies to RLM evaluation period in FR2, if RLM-RS is not QCL-ed with any BM-RS or RLM-RS is not TDM-ed with the BM-RS.
Proposal 3: RAN4 should discuss the impact of RLM on L1-RSRP measurement for BM, when RLM-RS is not TDM-ed with the BM-RS.
Proposal 4: For intra-band CA in FR2, the scheduling restrictions due to RLM shall not apply to serving cells other than PCell or PSCell.
Proposal 5: For the reference CORESET for CSI-RS based RLM, in case a CSI-RS is QCL-ed with multiple CORESETs or a CSI-RS is not QCL-ed with any CORESET, the CORESET with lowest index should be used as the reference.
Proposal 6: Evaluation period for CSI-RS based RLM with D=1 is defined as 25 samples for OOS and 15 samples for IS.
Proposal 7: L1 indication interval should be scaled in the same way as evaluation period.

	Intel
	R4-1808720
Discussion about evaluation time for CSI-RS based NR RLM
Proposal 1: Don’t define RLM evaluation time for CSI-RS with D=1 for FR1.

Proposal 2: Don’t define RLM evaluation time for CSI-RS with D=1 for FR2.

	Intel
	R4-1808721
Discussion about indication interval for NR RLM

Proposal 1: L1 indication period should be scaled by 1.5 when DRX≤320ms.

	NTT DOCOMO, INC.
	R4-1808766
Scheduling availability during RLM
Proposal 1: When intra-band carrier aggregation is performed, the following scheduling restriction applies to serving SCells due to radio link monitoring on an FR2 serving PCell and/or PSCell.

· The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on symbols carrying RLM-RS to be measured which is not QCLed with active TCI state for PDCCH/PDSCH for radio link monitoring.

· No scheduling restriction applies to symbols carrying RLM-RS to be measured which is QCLed with active TCI state for PDCCH/PDSCH for radio link monitoring.

	Huawei
	R4-1809053
CR on TS38.133 for SSB based RLM requirements

	Huawei
	R4-1809054
CR on TS38.133 for CSI-RS based RLM requirements

	Nokia
	R4-1808789
CR for remaining issues for RLM

	MediaTek
	R4-1808916
CR on TS38.133 for RLM requirements

	Huawei
	R4-1809009
CR for collision of RLM-RS and SMTC for SSB RLM

	NTT DoCoMo
	R4-1808767
[draft] CR on scheduling availability during RLM


1.1 Rx beam sweeping for FR2 RLM:
· Open issue#1.1: updates to the condition under which FR2 RLM is not based on Rx beam sweeping

· Option 1 (MediaTek): 

· For CSI-RS based RLM, add another restriction that “all CSI-RS resources configured for RLM are mutually TDMed”.

· Option 2 (Samsung): 

· For explicit RLM-RS, RLM-RS is QCL-Type D DM-RS for PDCCH and the QCL association is known to UE

· For implicit RLM-RS, UE is provided by higher layer parameter TCI-state for PDCCH which includes QCL-TypeD RS 

· Recommendation: further discussion 

· Open issue#1.2: N factor when condition discussed in issue#1.1 is not met

· Option 1 (LGE): maxNumerRxBeam (existing UE indication to network in RRC)

· Option 2 (Nokia/NSB): 2

· Option 3 (Samsung): same as N1=N3 for RRM

· Recommendation: further discussion

Discussion:
Agreement:
1.2 Collision among RLM-RS, MG and intra-frequency SMTC 

· Open issue#2.1: time sharing factor P_sharing for the case of full overlapped RLM-RS and intra-frequency SMTC outside MGs

· Option 1 (NTT DOCOMO): fixed in spec with conditions

· Sharing factor should be 1:1 for following conditions.

· RLM-RS and SMTC periodicity are 160 ms, or

· RLM-RS periodicity is half of SMTC periodicity and RLM-RS outside of SMTC is fully covered by MG.

· Sharing factor should be 1:2 for the other conditions.

· Option 2 (Nokia/NSB, Samsung, MediaTek): fixed as 1:1 (RLM:RRM)

· Option 3 (Huawei/HiSilicon): fixed as 1:2 (RLM:RRM)

· Recommendation: skipped if discussed under other AIs, otherwise further discussion 

· Open issue#2.2: updates to the case categorization for FR2

· Option 1 (Huawei/HiSilicon): update description of Case 5 in the current spec as 

· RLM-RS is partially overlapped with measurement gap (TSSB < MGRP)

· RLM-RS is partially overlapped with SMTC occasion (TSSB < TSMTC) 

· SMTC occasion is partially or fully overlapped with measurement gap.

· Recommendation: agreed

· Open issue#2.3: clarification on the intra-frequency SMTC

· Option 1 (MediaTek, Huawei/HiSilicon): If the high layer in TS 38.331 [2] signaling of smtc2 is present, T_SMTCperiod follows smtc2; Otherwise T_SMTCperiod follows smtc1.

· Recommendation: agreed

· Open issue#2.4: definition of overlap between CSI-RS for RLM-RS and SMTC 

· Option 1 (MediaTek): it means that CSI-RS based RLM-RS is within the window duration of SMTC

· Recommendation: further discussion 

Discussion:
Agreement:
1.3 Other remaining issues: Scheduling restrictions, and etc

· Open issue#3.1: update to scheduling restriction due to RLM in FR2

· Option 1 (NTT DOCOMO):

· The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on symbols carrying RLM-RS to be measured which is not QCLed with active TCI state for PDCCH/PDSCH for radio link monitoring.

· No scheduling restriction applies to symbols carrying RLM-RS to be measured which is QCLed with active TCI state for PDCCH/PDSCH for radio link monitoring.

· Option 2 (Nokia/NSB):

· Besides option 1, also consider implicit and explicit RLM-RS configuration, and whether RLM-RS is of same SCS as PDCCH/PDSCH.

· Recommendation: option 2

· Open issue#3.2: update to scheduling restriction due to RLM in FR1

· Option 1 (Samsung):

· When UE performing RLM with a different SCS than PDSCH/PDCCH on FR1, for UE which do not support simultaneousRxDataSSB-DiffNumerology, RAN4 change the scheduling availability requirement to aligned with intra-frequency measurement.

· Recommendation: not agreed

· Open issue#4.1: whether requirements for CSI-RS based RLM should be defined with D=1

· Option 1 (Intel): no

· Option 2 (Nokia/NSB): yes, 25 samples for OOS and 15 samples for IS

· Recommendation: further discussion 

· Open issue#4.2: whether and what scaling should be applied to L1 indication interval

· Option 1 (Nokia/NSB): same scaling factors applied for evaluation period 

· Option 2 (Intel): 1.5 when DRX≤320ms

· Recommendation: option 1

· Open issue#5.1: SSB based RLM and CSI-RS based RLM

· Option 1 (MediaTek): 

· Regardless of simultaneousRxDataSSB-DiffNumerology capability, to have unified CSI-RS based RLM behavior, CSI-RS based RLM-RS and SSB based RLM-RS are TDMed When CSI-RS based RLM-RS and SSB based RLM-RS have different subcarrier spacing.
· Recommendation: further discussion 

· Open issue#5.2: RLM and BM

· Option 1 (Nokia/NSB): 

· When same RS is used for RLM and BM, fixed time sharing of 1:1 is used. RAN4 should discuss the impact to L1-RSRP measurement for BM.

· Recommendation: further discussion 

· Open issue#6.1: which CORESET is used when CSI-RS is QCL-ed with multiple CORESETs

· Option 1 (MediaTek): 

· the CORESET with the lowest index and directly QCLed with the CSI-RS resource, if at least one CORESET is directly QCLed to the CSI-RS resource. Else, 

· the CORESET with the lowest index and indirectly QCLed with the CSI-RS resource

· Option2 (Nokia/NSB): 

· the CORESET with the lowest index and QCLed with the CSI-RS resource

· Recommendation: further discussion

· Open issue#6.2: which CORESET is used when CSI-RS is not QCL-ed with any CORESET

· Option 1 (MediaTek): 

· UE is not expected to perform RLM based on this CSI-RS based RLM-RS

· Option2 (Nokia/NSB): 

· the CORESET with the lowest index 

· Recommendation: further discussion

· Open issue#7.1: what is the second BLER pair for NR RLM

· Option 1 (Samsung): 1% for OOS and 0.1% for IS 

· Recommendation: further discussion (if it is feasible to define second BLER pair in Rel-15)

2 Interruption

Proposals from companies:

	Companies
	Proposals

	Ericsson
	R4-1808702 Interuption requirements for EN-DC in 36.133

	Ericsson
	R4-1808703 Interuption requirements in 38.133

	Ericsson
	R4-1808704 Further consideration on interruptions for SA and NSA NR
NR PSCell transitions from non-DRX to DRX when PCell is in non-DRX
Proposal 1: Interruption on PCell and the activated SCell in MCG if configured due to NR PSCell transitions from non-DRX to DRX when PCell is in non-DRX shall not exceed 5 subframes for intraband EN-DC.

Requirements applicability

Proposal 2: TBD relating to applicability of CA interruption requirements (number of SCells for addition/release/activation/removal) are deleted

Proposal 3: A CR to introduce general applicability (for all CA requirements) is introduced in 38.133 section 3.6.1

Deactivated SCell measurements

3 approaches are considered

Approach 1: Continue with the LTE approach, e.g. UE is allowed to [0.5%] missed ACK/NACK due to deactivated SCell measurement 
Approach 2: Allow interruptions only at some network configured subset of the SCC SMTC, where interruptions are allowed in a window before and after the SMTC. 

Approach 3: Specify that interruptions are allowed in some window before and after every SMTC. In this case, a missed ACK/NACK rate should also be specified.
Based on the analysis we propose:

Proposal 4: Approach 1 (network indicated SMTC) is specified for deactivated SCell measurements, or if approach 1 cannot be specified, approach 3 is used.

	Huawei, HiSilicon
	R4-1809067 CR on TS38.133 for interruption in EN-DC

	Nokia, Nokia Shanghai Bell
	R4-1809172
Interruptions due to measurements on deactivated NR Scells
Observation 1: If LTE-based interruption handling is adopted to NR, RAN4 needs to agree at least on possible signalling details, allowed missing ACK/NACK rate, and interruption duration (before and after every SMTC).

Proposal 1: For E-UTRA cells, interruption duration before and after each SMTC is 1 subframe for synchronous EN-DC and 2 subframes for asynchronous EN-DC.

Proposal 2: For NR cells, before and after the SMTC indicated for measurement, allowed interruption duration is the same as for interruptions due to SCell activation/deactivation in EN-DC and standalone NR.

Proposal 3: UE indicates to the network if it causes interruptions when performing measurements on deactivated NR SCells.

Proposal 4: Network signals the exact SMTCs where the UE shall measure on deactivated NR SCells, if network has received indication that UE causes interruptions during measurements on deactivated NR SCells. 

Proposal 5: Interruptions are allowed only before and after the indicated SMTCs.

Proposal 6: Send an LS to RAN2 to ask for signalling support for Proposal 2 and 3.

	Nokia, Nokia Shanghai Bell
	R4-1809173
LS to RAN2 on Network-indicated measurements on deactivated NR SCells

	Nokia, Nokia Shanghai Bell
	R4-1809174
DraftCR for 38.133 on Interruptions due to measurements on deactivated NR SCells

	Nokia, Nokia Shanghai Bell
	R4-1809175
DraftCR for 36.133 on Interruptions due to measurements on deactivated NR Scells


Open issues:
1) Interruption when NR PSCell transitions from non-DRX to DRX when PCell is in non-DRX
Possible agreement: Interruption on PCell and the activated SCell in MCG if configured due to NR PSCell transitions from non-DRX to DRX when PCell is in non-DRX shall not exceed 5 subframes for intraband EN-DC. (Ericsson)
2) Interruption due to measurement on deactivated SCell
Approach 1: Continue with the LTE approach, e.g. UE is allowed to [0.5%] missed ACK/NACK due to deactivated SCell measurement (intel)
Approach 2: Allow interruptions only at some network configured subset of the SCC SMTC, where interruptions are allowed in a window before and after the SMTC. (Nokia, Ericsson)
Approach 3: Specify that interruptions are allowed in some window before and after every SMTC. In this case, a missed ACK/NACK rate should also be specified. (Ericsson)
Discussion:
QC: in approach 2, UE may lose the flexibility in measurement
Nokia: we see the benefit at network.
Intel: we prefer option1 since UE has more flexibility in measurement.
Agreement:
Interruption on PCell and the activated SCell in MCG if configured due to NR PSCell transitions from non-DRX to DRX when PCell is in non-DRX shall not exceed 5 subframes for intraband EN-DC. 
3 PSCell addition/release/change and SCell (de)activation
Proposals from companies:

	Companies
	Proposals

	MediaTek inc.
	R4-1808918
Discussion on PSCell addition delay requirement
Observation 1: In current TS38.331, the SSB periodicity is provided in ServingCellConfigCommom, instead of SMTC periodicity. Furthermore, the SSB offset is missing.
Proposal 1: PSCell addition delay requirement is based on SSB periodicity instead of SMTC periodicity.
Observation 2: If the measured detectable SSB becomes undetectable, UE would need another new round of SMTC for the newly detectable SSB.
Proposal 2: In FR1, the NR PSCell is known if it has been meeting the following conditions:
· During the last 5 seconds before the reception of the NR PSCell configuration command:

· the UE has sent a valid measurement report for the NR PSCell being configured and

· the NR PSCell being configured remains detectable according to the cell identification conditions specified in section 9.3 of TS 38.133 [50],

· NR PSCell being configured and the SSB measured during the period equal to[ Tmeasure] also remains detectable during the NR PSCell configuration delay according to the cell identification conditions specified in section 9.3 of TS 38.133 [50].

Observation 3: For the known in FR1, the 5 ms margin is missing.
Proposal 3: Revise Tconfig_PSCell as TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + [5 ms], and remove all 5 ms in Tsearch.
Proposal 4: Remove “else Tsearch = [TBD* SMTC periodicity + 5] ms” for inter-frequency NR PSCell in FR2.
Proposal 5:
· In FR1, for unknown inter-frequency cell, Tsearch = 3*SMTC periodicity ms.

· In FR2, for unknown intra- frequency cell, Tsearch = N1*SMTC periodicity ms; for unknown inter- frequency cell,  Tsearch = N1*3*SMTC periodicity ms.

	Nokia, Nokia Shanghai Bell
	R4-1809207
Discussion on NR Scell activation
Proposal 1: SCell activation delay for known cell in FR2 could be same as in FR1

Proposal 2: SCell activation delay for unknown cell in FR2 could be [3ms + 4*N1* SMTC periodicity + 4*OFDM symbol]

Proposal 3: NR SCell known condition in FR2 could be:

-
During the period equal to max([5] measCycleSCell,  [5] DRX cycles) for FR2 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 section 9.2 and 9.3 by any UE Rx beam.

· SCell remains detectable by any Tx beam being used by the UE

-
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 section 9.2 and 9.3.

	MediaTek inc.
	R4-1808920
Discussion on SCell activation delay requirement
Observation 1: In current TS38.331, the SSB periodicity is provided in ServingCellConfigCommom, instead of SMTC periodicity. Furthermore, the SSB offset is missing.
Proposal 1: SCell activation delay requirement is based on SSB periodicity instead of SMTC periodicity
Observation 2: In FR2, UE is able to determine its RX beam for SCells through the first cell in that band.
Proposal 2: In FR2, when there is no P(S)Cell nor activated SCell in the band where the SCell being activated, the delay requirement should be scaled up by N1.
Proposal 3: If the SCell being activated is unknown and belongs to FR2, 

· Tactivation_time is [3ms+ N1*4*SMTC periodicity+4*OFDM symbol] when there is no P(S)Cell nor activated SCell in the band where the SCell being activated, 

· Otherwise, Tactivation_time  is [3ms+ 4*SMTC periodicity+4*OFDM symbol].

	CATT
	R4-1808688
Discussion on Scell activation requirements in FR2
Proposal 1: The side condition defined for FR1known SCell can be reused with FR2 known SCell.

Proposal 2: The side condition for SCell known can be updated as follows:
SCell is known if it has been meeting the following conditions:

-
During the period equal to max([5] measCycleSCell, [5] DRX cycles)ms before the reception of the SCell activation command:

· the UE has sent a valid measurement report for SSB measured of SCell being activated and

· the SSB measured remains detectable according to the cell identification conditions.

-
the SSB measured during the period equal to max([5] measCycleSCell, [5] DRX cycles) ms also remains detectable during the SCell activation delay according to the cell identification conditions.

Otherwise SCell is unknown.

Proposal 3: It is proposed not to differentiate known/unknown SCell when defining SCell activation delay requirement.

Proposal 4: The SCell activation delay Tactivation_time for FR2 is defined as [3ms+ N1*4* SMTC periodicity+4*OFDM symbol]

	Ercisson
	R4-1808930
SCell activation delay for FR2
Proposal 1: During activation of SCell in FR2, priority shall be given to maintaining connectivity to already activated cells on intra-band CCs. Hence the SCell-to-be-activated shall use the same UE Rx beam as used for the already activated cells.

Proposal 2: SCell activation delay core requirements for FR2 are split into two cases: Activation of SCell with and without other active cells on intra-band CCs. In the former case, requirements assume that no UE Rx beam sweeping is needed during the activation.

Proposal 3: For the SCell in FR2 activation case where there is at least one active cell on an intra-band CC, the activation delay requirements for FR1 can be reused.

	Nokia
	R4-1809209
Discussion on NR PScell activation
Proposal 1: Tsearch = 2*SMTC periodicity + 5 ms for unknown PSCell in FR1

Proposal 2: Tsearch = N1*2*SMTC periodicity + 5 ms for unknown PSCell in FR2

Proposal 3: T∆ = SMTC periodicity in FR2
Proposal 4: NR PSCell known condition in FR2 could be:

During the last 5 seconds before the reception of the NR PSCell configuration command:

-
the UE has sent a valid measurement report for the NR PSCell being configured and

-
the NR PSCell being configured remains detectable according to the cell identification conditions specified in section 9.3 of TS 38.133 [50] by any UE Rx beam,

· PSCell remains detectable by any Tx beam being used by the UE

-
NR PSCell being configured also remains detectable during the NR PSCell configuration delay according to the cell identification conditions specified in section 9.3 of TS 38.133 [50].

	Qualcomm
	R4-1809214
Scell addition in FR2
Proposal 1: For FR2, re-use the SCell activation timeline definition from FR1

Upon receiving SCG 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+ [THARQ + Tactivation_time + TCSI_Reporting] 

Proposal 2: For intra-band cells in FR2, the UE should be configured with the same TCI state in each cell. Else the UE behavior will be undefined. 

Proposal 3: The number of samples (SSB or TRS) needed for SCell activation in FR2 is given as follows

Scenario

Number of samples

Scell is in the same band as another active cell

0

Otherwise

TBD



	CATT
	R4-1808689
CR on Scell activation requirements in FR2

	Ercisson
	R4-1808931
DraftCR 38.133 SCell activation delay for FR2

	Nokia
	R4-1809208
CR on NR Scell activation

	CATT
	R4-1808690
CR to 36.133 on NR PSCell addition and release delay

	Huawei
	R4-1809066
CR on TS36.133 for NR PSCell addition delay

	Nokia
	R4-1809210
CR on NR PScell activation

	MediaTek inc.
	R4-1808919
CR on Known conditions for on PSCell addition


3.1 Open issues of PSCell addition:

· Use SMTC periodicity or SSB periodicity to define requirements
· Option 1: SMTC periodicity is used to define the requirements.
· Option 2: SSB periodicity is used to define the requirements. (MTK)
· Time line for NR PSCell addition

· Proposal (MediaTek): 
Revise Tconfig_PSCell as TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + [5ms], and remove all 5 ms in Tsearch
Discussion:

MTK: for a known target cell, Tsearch is 0, then there is no margin anymore. if we move the margin out of Tsearch, we will always have this margin, i.e. for T∆.
QC: the idea is fine. But 5ms is too long. 2~3ms could be more reasonable.

MTK: we are fine with 2~3ms.


QC: we suggest [2]ms.

CATT: we don’t see the need to move 5ms out of Tserarch. For a known cell Tsearch can be 5ms, rather than 0ms.
· Tsearch for unknown inter-frequency cell in FR1

· Option 1a (CATT): Tsearch = 3*SMTC periodicity 

· Option 1b (MediaTek): Tsearch = 3*SMTC periodicity.  
· Option 2 (Huawei): Tsearch = 3*SMTC periodicity 

· Option 3 (Nokia): Tsearch = 2*SMTC periodicity
Discussion:

MTK: in FR1 HO requirement we use 3SMTC, we propose to use the same value.

Nokia: PSCell has better condition than HO case. We shall use 2 SMTC.

MTK: in HO we have condition that the target cell is in good condition.

· Tsearch for unknown intra-frequency cell in FR2

· Option 1a (CATT): Tsearch = N1*SMTC periodicity 
· Option 1b (MediaTek): Tsearch = N1*SMTC periodicity 

· Option 2 (Huawei): Tsearch = 8*SMTC periodicity 

· Option 3 (Nokia): Tsearch = N1*SMTC periodicity 
Discussion:

Intel: the side condition is good. UE needs 1 sample per each Rx beam.

· Tsearch for unknown inter-frequency cell in FR2

· Option 1a (CATT): Tsearch = N1*3*SMTC periodicity 
· Option 1b (MediaTek): Tsearch = N1*3*SMTC periodicity

· Option 2 (Huawei): Tsearch = N1*4*SMTC periodicity 

· Option 3 (Nokia, QC): Tsearch = N1*2*SMTC periodicity 
Discussion

QC: the number shall be consistent with FR1.

· Time for fine time tracking in FR2: T∆
· Option 1 (Huawei, Nokia): T∆ = SMTC periodicity

· Option2 (Intel, MTK): T∆ = N1*SMTC periodicity
Discussion:
Intel: we also need to consider Rx beam sweeping for T∆
Agreement:
For PSCell addition delay:

Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + [2ms]
Remove 5ms in Tsearch
Same margin, i.e. [2]ms, is used in other RRM requirement, e.g. handover delay, SCell activation delay and etc.
Tsearch 3*[SMTC periodicity] for unknown inter-frequency cell in FR1
Tsearch = N1*[SMTC periodicity] for unknown intra-frequency cell in FR2
Tsearch for unknown inter-frequency cell in FR2 shall be the same as in handover requirements.
3.2 Open issues for SCell acitvation:

· Whether or not it is necessary to differentiate known/unknown side condition when defining SCell activation delay requirements in FR2?
· Option 1: yes, it is necessary.
· Option 2: no, it is not necessary.
Discussion:

CATT: we suggest to follow agreement in handover session.

QC, E///: it depends on if there is at least one active SCell in that band.

MTK: whether there is active SCell will only impact the scaling factor.


QC: not only on the scaling factor. The scenario is special, i.e. intra-band co-located, all the SCells are QCLed. UE doesn’t additional time for cell search, time tracking and etc.
· SCell activation delay Tactivation_time in FR2

· Option 1(CATT): [3ms+ N1*4* SMTC periodicity+2ms].
· Option 2a(MediaTek): 

· If the SCell being activated is unknown and belongs to FR2, [3ms+ N1*4*SMTC periodicity+2ms] when there is no P(S)Cell nor activated SCell in the band where the SCell being activated, otherwise, Tactivation_time is [3ms+ 4*SMTC periodicity+2ms].
· Option 2b(Ericsson): 

· If the SCell being activated is known and belongs to FR2, and there are no activated cells on intra-band CCs, Tactivation_time is [TBD]. 

· If the SCell being activated is known and belongs to FR2, and there is at least one activated cell on an intra-band CC, Tactivation_time is:

· [3ms + 1*SMTC periodicity + 4*OFDM symbol], if the SCell measurement cycle is equal to or smaller than [160ms].
· [3ms + 2*SMTC periodicity + 4*OFDM symbol], if the SCell measurement cycle is larger than [160ms].
· If the SCell being activated is unknown and belongs to FR2, and there are no activated cells on intra-band CCs, Tactivation_time is [TBD].

· If the SCell being activated is unknown and belongs to FR2, and there is at least one activated cell on an intra-band CC, Tactivation_time is:

· [3ms + 4*SMTC periodicity + 4*OFDM symbol] provided the SCell can be successfully detected on the first attempt.
· Option 2c (Qualcomm): 

	Scenario
	Number of samples

	Scell is in the same band as another active cell
	0

	Otherwise
	TBD


· Option 3(Nokia): 

· SCell known: the same as FR1
· SCell unknown: [3ms+ N1*4* SMTC periodicity+4*OFDM symbol].

· SCell known side condition for FR2

· Option 1(CATT): the same as FR1.
· Option 2(Nokia): extend the definition of known cell in FR1 by assuming that the known cell can be identified using the same Tx beam
Discussion:
Agreement:
For SCell activation delay requirement in intra-band CA in FR2, once there is at least one active serving cell on the FR2 band, no scaling factor for Rx beam sweeping is needed.
4 BWP switching
Proposals from companies:

	Companies
	Proposals

	Intel
	R4-1808724
On BWP switching delay
Proposal 1: If BWP switching delay does not coincide with any on-going inter-frequency/intra-frequency measurement, the total BWP switching delay is defined in Table 1 below, 

Table 1: BWP switching delay
SCS

Type 1 delay in Slot

Type 2 delay in Slot

Comment

15kHz

1

4

Scenario 1/2/3

1

3

Scenario 4

30kHz

2

8

Scenario 1/2/3

1

6

Scenario 4

60kHz

3

16

Scenario 1/2/3

2

12

Scenario 4

120kHz

6

32

Scenario 1/2/3

4

24

Scenario 4

The proposed delay in Table 1 is for the BWP switching on one single serving cell. If there are multiple BWP switches for multiple serving cells, the requirement for BWP switching delay is FFS.

Proposal 2:  BWP switching due to only baseband parameters change has the same delay as BWP switching in scenario 4 in which SCS changes only.

Proposal 3: No additional BWP switching delay is needed for UE channel estimation.

	Intel
	R4-1808725
On interruption due to BWP switching
Observation 1: The interruption duration due to BWP switching only include the time it takes UE to reconfigure RF/baseband parameters.

Proposal 1: Only the RF adjustment procedure will cause interruption, and the RF/baseband parameter preparation procedure will only cause delay but no interruption.

Proposal 2: BWP switching for scenarios 1, 2, 3 in the serving cell in on FR will only cause interruptions to other serving cells in the same FR; and it will not cause interruptions to other serving cells in the different FR. 

Proposal 3: BWP switching due to baseband parameters in BWP configuration in TS38.331 including SCS, CP length, or DCI format change, will not cause interruption to other serving cells.

Proposal 4: The interruption requirements for BWP switching on NR serving in EN-DC is proposed to re-use the same requirement as the interruption for SCell activation in EN-DC in TS 38.133 section 8.2.1.2.4. 

Specifically, when BWP switch occurs on the NR SCell in EN-DC, the UE is allowed to
· an interruption on E-UTRA PCell:

· of up to X2 slot, if the NR SCell with BWP switching is in FR1 and it is not in the same band as the E-UTRA PCell, or 

· of up to Y2 slot + SMTC duration if the NR SCell with BWP switching is in FR1 and it is in the same band as the E-UTRA PCell;

· an interruption on any other serving NR SCell:  

· of up to X2 slot, if the NR SCell with BWP switching is in the same FR but not in the same band as the NR SCell being interrupted, or 

· of up to Y2 slot + SMTC duration if the NR SCell with BWP switching is in the same band as the NR SCell being interrupted.

Table 1: Interruption length X2 and Y2 at Victim Serving Cell in EN-DC
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4

Proposal 5: The interruption requirements for BWP switching on NR serving in NR CA is proposed to re-use the same requirement as the interruption for SCell activation in NR CA in TS 38.133 section 8.2.2.2.2. 

Specifically, when BWP switch occurs on the NR SCell in NR CA, the UE is allowed to an interruption on the other NR serving cell

· of up to the duration shown in Table 2, if the NR serving cell with BWP switching is in the same FR but not in the same band as the NR serving cell being interrupted, or 

· of up to the duration shown in Table 3, if the NR serving cell with BWP switching is in the same band as the NR serving cell being interrupted.

Table 2: Interruption duration for BWP switching in inter-band CA
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4

Table 3: Interruption duration for BWP switching in intra-band CA
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	MediaTek
	R4-1808836
BWP switch delay
Observation 1: According to RAN1’s definition of transition time of BWP switch, UE has to finish DCI decoding,
Observation 2: Since RAN4 already agreed to specify BWP delay requirement in the unit of slot of serving cell, the definitions of “transition time of BWP switch” used in RAN1 and “BWP “switching delays” used in RAN4 are equivalent.
Observation 3: Type 1 delay requirement is not feasible.
Observation 4: UE may not keep the same DL decoding performance right after BWP switching because of the mismatch in CSI (CQI/PMI/RI/…) reporting.
Proposal 1: RAN4 to consider revise the Type-1 delay requirements for BWP switching.
Proposal 2: Given the BWP switching delay X us, the delay requirement in RAN4 spec is Y slots, where Y is calculated by 
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Proposal 3: For DCI-based active BWP switch, after UE receives BWP switching request at slot n on a serving cell, UE should be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the serving cell on which BWP switch occurs at slot n+Y
Proposal 4: For timer-based BWP switching, UE should be able to start BWP switch at slot n, which is the beginning of a subframe (FR1) or half-subframe (FR2) immediately after a BWP timer expires on a serving cell and be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the serving cell on which BWP switch occurs at slot n+Y.
Proposal 5: No additional BWP switching delay for UE channel estimation.

Proposal 6: Add a 5th scenario to the requirement of the BWP switching delay, which involves only baseband parameter changes. The values of delay is the same as scenario 1 for both Type A and Type B UE.
Proposal 7: Update the BWP configurations as follows: 

Scenario 1: The reconfiguration involves changing the center frequency and baseband parameters of the BWP without changing its BW. The reconfiguration may or may not involve changing the SCS.

Scenario 2: The reconfiguration involves changing the BW and baseband parameters of the BWP without changing its center frequency. The reconfiguration may or may not involve changing the SCS.

Scenario 3: The reconfiguration involves changing the BW, the center frequency and baseband parameters of the BWP. The reconfiguration may or may not involve changing the SCS.

Scenario 4: The reconfiguration involves changing only the SCS, where the center frequency, BW and baseband parameters of the BWP remain unchanged. 

Scenario 5: The reconfiguration involves changing only baseband parameters, where the center frequency, BW and SCS of the BWP remain unchanged.

	Huawei
	R4-1809068
Further discussion on BWP switching
Observation 1: 600us BWP switching delay is too stringent from UE perspective.
Proposal 1: delay for BWP switching involved only baseband parameters change shall be the same as the delay needed for BWP switching with SCS change only.
Proposal 2: for the cell on which UE is doing BWP switching, RAN4 is to define BWP switching delay requirement only. No need to define interruption requirement.

	Ercisson
	R4-1809132
Further Analysis of BWP Switching Delay Requirements
· Proposal 1: No additional BWP switching delay is required to the channel estimation in the UE.

· Proposal 2: BWP switching delay when only baseband parameters change shall correspond to the delay needed for the BWP switching with SCS change only.

	Nokia
	R4-1809179
RRM part of BWP switching
Proposal 1: BWP switching delay requirements are defined in a separate section in TS 38.133.

Observation 1: BWP switching requirements are needed for:

-
DCI-based BWP switching

-
Timer-based BWP switching

-
RRC-based BWP switching

Proposal 2: Additional channel estimation delay is not needed in addition to the BWP switching delay requirements. 

Proposal 3: RAN4 shall discuss whether there are any scheduling restrictions after BWP switch.

Proposal 4: For timer-based BWP switching delay, use the following values:
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Proposal 5: For DCI-based BWP switching delay, use the following values:
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Proposal 6: BWP switch where only BB parameters are changed falls under scenario 4.
Observation 2: BWP switching via RRC for PCell and PSCell follows handover procedure, which involves some data interruption.

Observation 3: The role of BWP switching during initial access is still unclear in RAN2.

Observation 4: RAN4 may need to provide some (new) requirements for initial access concerning BWP switching from initial BWP to first active BWP.

Propsoal 7: Wait for RAN2 agreements on RRC-based BWP switching before introducing RAN4 requirements.

Proposal 8: Interruptions to other cells are not allowed for Scenario 4.

Proposal 9: Interruptions are allowed for Scenario 1-3 for cells in the same FR.

Proposal 10: Interruption duration for SCell activation is reused for BWP switching scenarios 1-3 for other cells.

	Intel
	R4-1808726
CR on BWP switching delay

	MediaTek
	R4-1808838
CR on introduction of requirement for BWP switching delay in TS38.133

	Huawei
	R4-1809069
CR on TS38.133 for BWP switching delay

	Nokia
	R4-1809180
DraftCR on BWP switching delay requirements

	MediaTek
	R4-1808837
Interruption Due to BWP Switching
Proposal 1: If UE claimed the supporting of per-FR gap, interruption can be avoided for those serving cells in different FR to the BWP-switching cell.
Proposal 2: The time duration that UE needs to apply the new parameters for new BWP is 500us.
Proposal 3: Consider Table 1 when specifying the number of interrupted slots for victim serving cells.
Table 1. Number of interrupted slots

Number of interrupted slots

SCS of victim serving cell

Sync

Async
15KHz

1

2

30KHz

1

2

60KHz

3

120KHz

5

Proposal 4: BWP reconfiguration scenarios 4 will cause interruption to other serving cells in all FRs.
Proposal 5: There is no interruption to other serving cells if only baseband parameters are changed in the BWP switching. But interruption on the BWP-switching CC is expected.

	Ericsson
	R4-1809149
Further Analysis of Interruption Requirements due to BWP Switching
· Proposal # 1: The BWP switching on a serving cell due to change in center-frequency, RF BW or SCS may also cause interruption on other serving cells in EN-DC and CA. 

· Proposal # 2: Change in only baseband parameter(s) associated with BWP without changing LO, RF BW or SCS will not cause any interruption on any of the serving cells.
· Proposal # 3: UE capable of per-FR gap shall not cause interruption to serving cells in FR other than the one where the BWP switching occurs. 

· Proposal # 4: The interruption on LTE serving cell due to BWP reconfiguration in any of NR serving cell under EN-DC is defined as follows:
· When a downlink BWP and/or uplink BWP is reconfigured in NR PSCell or in any NR SCell, an interruption on the LTE PCell or any LTE activated SCell shall not exceed:

· 1 subframe provided that the Type 1 capable UE reconfigures the BWP,

· 2 subframes provided that the Type 2 capable UE reconfigures the BWP by changing at least the bandwidth or the center frequency of the BWP in synchronous EN-DC,

· 3 subframes provided that the Type 2 capable UE reconfigures the BWP by changing at least the bandwidth or the center frequency of the BWP in asynchronous EN-DC,

· 1 subframe provided that the Type 2 capable UE reconfigures the BWP by changing only the SCS of the BWP in synchronous EN-DC,

· 2 subframes provided that the Type 2 capable UE reconfigures the BWP by changing only the SCS of the BWP in asynchronous EN-DC.

· Proposal # 5: Interruption on NR serving cell when the UE is configured with only PSCell or with PSCell and one or more SCells and the aggressor NR serving cell and the victim NR serving cell are the same is defined as follows:
· When a downlink BWP and/or uplink BWP is reconfigured in PSCell or in any SCell then the interruption on the same serving cell whose BWP is reconfigured shall not exceed:

· K1 slots provided that the Type 1 capable UE reconfigures the BWP by changing at least the bandwidth or the center frequency of the BWP,

· K2 slots provided that the Type 1 capable UE reconfigures the BWP by changing only the SCS of the BWP,

· K3 slots provided that the Type 2 capable UE reconfigures the BWP by changing at least the bandwidth or the center frequency of the BWP,

· K4 slots provided that the Type 2 capable UE reconfigures the BWP by changing only the SCS of the BWP,

Table 4: Interruption length K1, K2, K3 and K4 of interruption on same serving cell whose BWP is reconfigured when the UE is configured with only PSCell or PSCell and one or more SCells
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· Proposal # 6: Interruption requirement in proposal # 4 also apply for the case when the UE configured with PSCell and one or more SCells in EN-DC, cause interruption on serving cell (s) other than the one where the BWP switching occurs.
· Proposal # 7: Interruption time due to interruption on NR serving cell when the UE is configured with only PCell or with PCell and one or more SCells and the aggressor NR serving cell and the victim NR serving cell are the same shall be as defined in table 4.
Proposal # 8: Interruption time due to interruption on NR serving cell when the UE is configured with PCell and one or more SCells and the aggressor NR serving cell and the victim NR serving cell are different shall be as defined in table 4 in slots.

	Qualcomm
	R4-1809265
Discussion on RRM related issues in BWP operation
Proposal 1: CSI feedback will need to be provided after a BWP switch.

Proposal 2: BWP switch between two BWP’s that only differ in baseband parameters falls under scenario 4 (option2 in WF)

Proposal 3: Interruption for active carriers during a BWP switch are  

For E-UTRA victim: 1 sub-frame for sync, 2 sub-frames for async. 

For NR victim

SCS (kHz)

Sync (slots)

Async (slots)

15

1

2

30

1

2

60

3

120

5



	Intel
	R4-1808727
CR on interruption due to BWP switching

	MediaTek
	R4-1808839
CR on introduction of interruption requirement for BWP switching in TS38.133

	Huawei
	R4-1809070
CR on TS38.133 for interruption due to BWP switching

	Ercisson
	R4-1809133
Interruption Requirements on NR Serving Cells due to BWP Switching

	MediaTek
	R4-1808840
CR on introduction of interruption requirement for BWP switching in TS36.133

	Huawei
	R4-1809071
CR on TS36.133 for interruption due to BWP switching

	Ericsson
	R4-1809134
Interruption Requirements on LTE Serving Cells due to BWP Switching


4.1 Open issues for BWP switching delay:
· Topic 1: Whether to allow extra delay for channel estimation after BWP switching

· Proposals:

· No: Intel R4-1808724, Huawei R4-1809068, MTK R4-1808836
· Tentative agreement: No extra delay for channel estimation after BWP switching

· Topic 2: Delay for BWP switching involving only Baseband parameter changes: 

· Proposals:

· Option1: Same as scenario 1: MTK R4-1808836 Qualcomm
· Option2: Same as scenario 4: Intel R4-1808724, Huawei R4-1809068, Ericsson R4-1809132, Nokia R4-1809179,
· Tentative agreement: Delay for BWP switching involving only Baseband parameter changes is the same as scenario 4. 

Discussion:
QC: it depends on what parameters are changing. Option 1 is more safe. For some parameters changing we can use scenario1.
Intel: please clarify what parameter can be changed in BWP switching.

MTK, QC: most of the RRC parameters.

· Topic 3: Whether to merge delay requirements for DCI-based and timer-based switching 

· Proposals: 

· Yes: MTK R4-1808836
· No: Nokia R4-1809179
· Tentative agreement: More discussions are needed

Discussion:
MTK: although for DCI-based there may be one additional slot. But it is not critical. We prefer to have simple requirement.

· Topic 4: Whether to revisit the agreed delay requirements 

· Proposals: 

· Yes: Intel R4-1808724, MTK R4-1808836, Huawei R4-1809068
Tentative agreement: More discussions are needed
MTK: we propose to revisit type 1 requirements. 

Intel: we have concern on the RF and BB parameters processing delay.

E///: if you cannot meet type1, you can declare type 2.

QC: high capable UE can meet 600us.
Intel: if type1 is achievable, we can consider introducing a new UE type.
E///: is this for some specific SCS or all the SCSs?

Intel: for all the SCS.

QC: we’re fine to revisit 600us, but we are not fine with any number larger than 2ms.

Intel: 2ms is not enough. We shall first check if type 1 is achievable. If so, we can keep it and introduce new type of UE. Or if we confirm type1 is not feasible, we can remove 600us and replace other value.

QC: BWP switching is supposed to be very quick. 4ms is unacceptable.

Intel: no one ever shows 4ms is unacceptable.

E///: from network perspective, the faster the better.

Intel: can we check with RAN2 if a new type can be introduced.
DCM: this is an optional feature. ASN.1 is going to be finalized. Since majority can support type 2. We suggest not to introduce longer delay.

Intel: ASN.1 is not frozen yet. Increasing type1 a little bit would not solve the problem.

DCM: to make this feature work. We prefer to a capability for majority and another one for better UE. Having a less capable UE may have impact on network performance.
Discussion:
Agreement:
No extra delay for channel estimation after BWP switching
RAN4 is to define two types of requirements for BWP switching delay involving only Baseband parameter changes, based on what parameters is changing.
Same delay requirements apply for DCI-based and timer-based switching.

4.2 Open issues for interruption due to BWP switching:
· Topic 1: For scenarios, 1, 2, and 3, whether interruption can be avoided for those serving cells in different FR to the BWP-switching cell, if UE claimed the supporting of per-FR gap

· Proposals: 

· Yes: Intel R4-1808725, MTK R4-1808837, Ericsson R4-1809149
· Tentative agreement: 

· UE capable of per-FR gap shall not cause interruption to serving cells in FR other than the one where the BWP switching occurs. 

· FFS if the same concept can be extended for the interruption due to SCell activation/SCell deactivaton/SCell/PSCell addition/SCell/PSCell removal/ SCell measurements.

· Topic 2: Whether BWP switching involving only SCS change will cause interruptions

· Proposals: 

· Yes: MTK R4-1808837, Ericsson R4-1809149
· No: Intel R4-1808725, Nokia R4-1809179
· Tentative agreement: More discussions are needed

Discussion:
MTK: SCS changing would somehow change UE internal timeline.
· Topic 3: Whether BWP switching involving only baseband parameter change will cause interruptions

· Proposals: 

· No: Intel R4-1808725, MTK R4-1808837, Ericsson R4-1809149\
· Tentative agreement: BWP switching involving only baseband parameter change will not cause interruptions

· Topic 4: Whether to specify interruption requirement for the CC on which BWP switching occurs

· Proposals: 

· Yes: Ericsson R4-1809149
· No: Huawei R4-1809068
· Tentative agreement: More discussions are needed

· Topic 5: Interruption durations 

· Proposals: 

· Reuse interruption requirements for SCell activation: Intel R4-1808725, MTK R4-1808837, Nokia R4-1809179, Qualcomm R4-1809265
· Derived from delay requirements: Ericsson R4-1809149
Tentative agreement: Reuse interruption requirements for SCell activation. FFS details, e.g., inter-band and intra-band case.
Agreement:

For scenario 1, 2 and 3, UE capable of per-FR gap shall not cause interruption to serving cells in FR other than the one where the BWP switching occurs. For UE doesn’t support per-FR gap, the interruption is allowed on all the other serving cells.
BWP switching involving only baseband parameter change will not cause interruptions.
Regarding interruption duration, we can reuse interruption requirements for SCell activation.
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