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RLM
1. Contributions from companies
	R4-1809880
	Discussion about evaluation time for CSI-RS based NR RLM
	Intel Corporation

	R4-1809881
	Discussion about NR RLM remaining issue
	Intel Corporation

	R4-1810236
	Discussion on scheduling availability for RLM
	LG Electronics Inc.

	R4-1810238
	CR for scheduling availability on FR2 for RLM
	LG Electronics Inc.

	R4-1810243
	Remaining issues on RLM
	MediaTek inc.

	R4-1810244
	CR on TS38.133 for RLM requirements
	MediaTek inc.

	R4-1810688
	Discussion on open issues on RLM and BFD requirements
	Huawei, HiSilicon

	R4-1810689
	CR on TS38.133 for RLM and BFD requirements
	Huawei, HiSilicon

	R4-1810712
	Correction on CSI-RS based RLM
	Huawei, HiSilicon

	R4-1810745
	Remaining issues on CSI-RS based RLM
	ZTE

	R4-1811122
	Remaining RLM requirements
	Nokia, Nokia Shanghai Bell

	R4-1811123
	CR on remaining RLM requirements
	Nokia, Nokia Shanghai Bell


2. Proposals from companies
	Intel
R4-1809880
	Observation 1: For CSI-RS RLM with D=1 of 96RB with extended evaluation time with 40 samples, the measurement performance is not good for ETU channel.
Proposal 1: For CSI-RS RLM with D=1, don’t define RLM evaluation time.
Proposal 2: For CSI-RS RLM with D=3, evaluation time of 10/20 samples are extended to 20/40 samples for INS and OOS respectively, or 10/20 samples are only applied to 96RB case.

	Intel
R4-18098801
	Proposal 1: Needs RAN1 or RAN2 to clarify whether maxNumberRxBeam can be used for CSI-RS RLM.
Proposal 2: N=N1 for Rx beam sweeping number for SSB RLM FR2.	
Proposal 3: The overlap between CSI-RS RLM and SMTC means that CSI-RS based RLM is within the SMTC window duration.	
Proposal 4: When the CSI-RS RLM outside MG are fully overlapping with SMTC in FR2, Psharing factor =3.

	LG
R4-1810236

	· Observation 1: For condition 1) and 2), the same Rx beam is applied for RLM-RS and PDCCH/PDSCH.
· Observation 2: For condition 3), it cannot guarantee that the same Rx beam is used for RLM-RS and PDCCH/PDSCH. 
Proposal : Scheduling availability for RLM in FR2 should be updated with 
If UE is not provided high layer parameter RadioLinkMonitoringRS and UE is provided by higher layer parameter TCI-state for PDCCH SSB/CSI-RS that has QCL-Type D, or if the SSB/CSI-RS configured for RLM is QCL-Type D with DM-RS for PDCCH
- There are no scheduling restrictions due to radio link monitoring performed with a same subcarrier spacing as PDSCH/PDCCH.

	MTK
R4-1810243
	Observation 1: If SSB for RLM and CSI-RS for RLM are FDMed, RAN 4 shall define occasion sharing among SSB(s) for RLM and CSI-RS(s) for RLM. RLM evaluation period scaling factor becomes extremely complicated and the specification loading on RLM evaluation shall be considered.
Observation 2: RLM behavior also becomes simultaneousRxDataSSB-DiffNumerology dependent if network only grantees that, only for UE which does not support simultaneousRxDataSSB-DiffNumerology, CSI-RS based RLM-RS and SSB based RLM-RS are TDMed.
Proposal 1: Regardless of simultaneousRxDataSSB-DiffNumerology capability, to have unified CSI-RS based RLM behavior and to reduce RAN4 specification loading, CSI-RS based RLM-RS and SSB based RLM-RS are TDMed.
Proposal 2: For FR2, the scaling factor for SSB-based RLM evaluation period shall consider the following scenarios:
· P=1, when RLM-RS is not overlapped with measurement gap and also not overlapped with SMTC occasion. 
· P=1/(1 – TSSB/MGRP), when RLM-RS is partially overlapped with measurement gap and RLM-RS is not overlapped with SMTC occasion (TSSB < MGRP)
Proposal 3: 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 4: The overlap between CSI-RS based RLM-RS and SMTC means that CSI-RS based RLM-RS is within the window duration of SMTC.
Proposal 5: Define requirements for CSI-RS for RLM with D = 3 only.

	Huawei
R4-1810688
	Proposal 1: For SSB based RLM/BFD, the scaling factor N used for L1 evaluation period in FR2 can be defined as 1 in all the cases.
Proposal 2: For CSI-RS based RLM/BFD, the scaling factor N used for L1 evaluation period in FR2 can be defined as:
-	N=1, 
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]if UE is not provided higher layer parameter RadioLinkMonitoringRS and UE is provided by higher layer parameter TCI-state for PDCCH CSI-RS that has QCL-TypeD, or
if the CSI-RS configured for RLM/BFD is QCL-Type D with DM-RS for PDCCH and the QCL association is known to UE; and
if the CSI-RS resource configured for RLM/BFD is QCL-Type D and TDMed to CSI-RS resources configured for L1-RSRP reporting or SSBs configured for L1-RSRP reporting, all CSI-RS resources configured for RLM/BFD are mutually TDMed, and the QCL association is known to UE; or
if the CSI-RS resource configured for RLM/BFD is QCL-Type D and TDMed to any SSB within SMTC window, and the QCL association is known to UE.
-	N=N1, otherwise.

	ZTE
R4-1810745
	Proposal 1: The CORESET with minimum PDCCH BLER is used when multiple CORESETs having QCL relationship with the configured CSI-RS.
Proposal 2: The CORESET with lowest CSRESETID in the active BWP is used when there isn’t any one CORESET having QCL relationship with the configured CSI-RS.
Proposal 3: Requirement is defined for the case where CSI-RS resource configured for RLM is transmitted with Density =1. 

	Nokia
R4-1811122
	1. Define similar restrictions as for CSI-RS measurements in section 9.5.1.2 for SSB for RLM and CSI-RS for RLM with different SCS.
N is defined by maxNumberRxBeam for the case with Rx beam sweeping.
For the reference CORESET for CSI-RS based RLM, in case a CSI-RS is QCL’ed with multiple CORESETs, the CORESET with lowest index among the QCL’ed CORESETs shall be used as the reference. 
For the reference CORESET for CSI-RS based RLM, in case a CSI-RS is not QCL’ed with any CORESET, the CORESET with lowest index among all CORESETs shall be used as the reference. 
Reuse the scheduling availability of UE during intra-frequency measurements as overlapping definition.
Evaluation period for CSI-RS based RLM with D=1 is defined as 25 samples for OOS and 15 samples for IS. 


3. Open issues
1) FFS if SSB for RLM and CSI-RS for RLM can be FDMed if they are with different subcarrier spacing.
Option 1: Define similar restrictions as for CSI-RS measurements in section 9.5.1.2 for SSB for RLM and CSI-RS for RLM with different SCS. (Nokia)
Option 2: CSI-RS based RLM-RS and SSB based RLM-RS are TDMed regardless of simultaneousRxDataSSB-DiffNumerology capability. (Mediatek)
Way forward: More discussion needed.

2) N=FFS for Rx beam sweeping
SSB-based RLM:
Option 1: N is defined by maxNumberRxBeam (Nokia) 
	Option 2: N = N1 (Intel)
	Option 3: N = 1 (Huawei)
	Way forward: More discussion needed.
QC: UE shall do all the SSB measurement
Intel: can we guarantee that the same beam number is used for RLM and RRM
Samsung: depends on the type D QCL info from RAN1 design, we have N=1 case with some assumption based on QCL information. 
Agreement: For the other case rather than the QCLed cases specified in the current TS38.133, N=8 for SSB based RLM.
 

CSI-RS-based RLM:
Option 1: N is defined by maxNumberRxBeam (Nokia), but clarification from RAN1/RAN2 needed whether maxNumberRxBeam can be used for CSI-RS RLM (Intel)
	Option 2: N = N1 (Huawei)
Way forward: More discussion needed.

Additional issues related to evaluation period:
N=1 criteria:
Huawei: Add condition for N=1: if the CSI-RS resource configured for RLM/BFD is QCL-Type D and TDMed to any SSB within SMTC window, and the QCL association is known to UE. 
Way forward: Discuss

Scenarios for SSB-based RLM evaluation period:
Mediatek: For FR2, the scaling factor for SSB-based RLM evaluation period shall consider the following scenarios:
· P=1, when RLM-RS is not overlapped with measurement gap and also not overlapped with SMTC occasion. 
· P=1/(1 – TSSB/MGRP), when RLM-RS is partially overlapped with measurement gap and RLM-RS is not overlapped with SMTC occasion (TSSB < MGRP)
Way forward: Discuss

3) FFS which CORESET is used as reference for CSI-RS RLM.
Which CORESET is used as reference when CSI-RS is QCL-ed with multiple CORESETs.
Option 1: Use the CORESET with lowest index among the QCL’ed CORESETs. (Nokia)
Option 2: Use the CORESET with minimum PDCCH BLER. (ZTE)
Option 3: If at least one CORESET is directly QCL’ed to the CSI-RS resource, use the CORESET with the lowest index, else use the CORESET with the lowest index and indirectly QCLed. (Mediatek) 
Way forward: More discussion needed.

If UE shall perform RLM and if so which CORESET is used as reference, when CSI-RS is not QCL-ed with any CORESET.
Option 1: UE shall perform RLM using the CORESET with lowest index among all CORESETs. (Nokia, ZTE)
	Option 2: UE is not expected to perform RLM. (Mediatek)
Way forward: More discussion needed.

4) FFS definition of overlap between CSI-RS for RLM-RS and SMTC.
Option1: Reuse the scheduling availability of UE during intra-frequency measurements as overlapping definition. (Nokia)
Option 2: The overlap between CSI-RS RLM and SMTC means that CSI-RS based RLM is within the SMTC window duration. (Intel, Mediatek)
Way forward: More discussion needed.

5) FFS if requirement will be defined for the case where CSI-RS resource configured for RLM is transmitted with Density =1.
Option1: Define requirements with Density=1. (Nokia, ZTE) 
Option 2: Do not define requirements with Density=1. (Mediatek, Intel)
Way forward: More discussion needed.

Additional issues related to Density and evaluation time:
Values for M_out and M_in for Density=3:
Intel: For CSI-RS RLM with D=3, evaluation time of 10/20 samples are extended to 20/40 samples for INS and OOS respectively, or 10/20 samples are only applied to 96RB case.
Way forward: Discuss

6) P_sharing_factor for CSI-RS based RLM
Option 1: P_sharing_factor = 3 for all remaining cases (Nokia, Huawei)
Option 2: P_sharing_factor = 3 when the CSI-RS RLM outside MG are fully overlapping with SMTC in FR2 (Intel)
Proposed agreement: P_sharing = 3 for all remaining cases

7) Scheduling availability
LGE: Scheduling availability for RLM in FR2 should be updated with 
If UE is not provided high layer parameter RadioLinkMonitoringRS and UE is provided by higher layer parameter TCI-state for PDCCH SSB/CSI-RS that has QCL-Type D, or if the SSB/CSI-RS configured for RLM is QCL-Type D with DM-RS for PDCCH
- There are no scheduling restrictions due to radio link monitoring performed with a same subcarrier spacing as PDSCH/PDCCH.
	Way forward: Discuss




Interruption
1. Contributions from companies
	R4-1809740
	CR on TS38.133 for interruption in EN-DC
	Ericsson

	R4-1809741
	Interuption requirements for EN-DC in 36.133
	Ericsson

	R4-1809742
	Discussion on per FR gap capable UE and interruption requirements
	Ericsson

	R4-1810013
	Misalignment Issue on SCell Activation Delay and Interruption requirements
	MediaTek inc.

	R4-1810660
	editorial CR on 38.133 for Interruptions
	Huawei, HiSilicon

	R4-1811254
	Interruptions for UL carrier addition/release via RRC 
	Qualcomm Incorporated


2. Proposals from companies
	Ericsson
	Proposal 1: Define the affected victim cells for interruptions as all active serving cells if the UE is not capable of per FR gap. Otherwise define the affected victim cells as other active serving cells in the same FR as the aggressor cell.


	MTK
	Observation 1: Based on the agreement in Interruption, it implies that at least one of PSCell SMTC occasions should be restricted in the same slot with the SMTC occasion of the intra-band SCell being activated.
Observation 2: The intra-band SCell’s activation delay should not only based on the SMTC periodicity of SCell being activated but also based on the SMTC periodicity of the PSCell.
Observation 3: If network cannot guarantee the Tx beam sweeping should follow the same direction at the same time for different PSCell and SCell(s) being activated, the UE’s AGC re-tuning will still face big problem in intra-band even when the SSB occasions of PSCell is well collided with the SSB occasions of SCell.
Proposal 1: The cell specific reference signals from PSCell should be within the same slot as those of the SCell being activated in intra-band. Otherwise, there is no requirement for SCell activation delay.
Proposal 2: The SCell activation delay requirement should differ intra-band and inter-band cases.
Proposal 3: The intra-band SCell activation delay for AGC re-tuning should be based on the max value of PSCell and SCell SMTC periodicity.
Proposal 4: The network should guarantee the Tx beam sweeping follows the same direction for PSCell and SCell(s) being activated for intra-band at a time.
Proposal 5: For inter-band SCell activation, the allowed interruption duration is X2 slot. The time location of PSCell interruption should not occur before slot n+[THARQ] and not occur after slot n+[THARQ +X2 slot].
Proposal 6: For intra-band SCell activation, the time location of PSCell interruption should also consider the uncertainty of SMTC periodicity except the interruption time. The time location of PSCell interruption should not occur before slot n+[THARQ] and not occur after slot n+[THARQ+ TSMTC periodicity + Y2 slot + TSMTC duration].


	Qualcomm
	Proposal 1: Change the interruption values for UL carrier addition/release via RRC to re-use the same values as that for inter-band cell addition/release.



3. Open issues
1) Whether to allow “per-FR interruption”, i.e. interruption due to CA and EN-DC operation is only allowed to the active cells in the same FR as the aggressor cell for UE supporting per-FR gap.
a. Yes (Ercisson)
b. No

2) Whether the network should guarantee the Tx beam sweeping follows the same direction for PSCell and SCell(s) being activated for intra-band at a time.
a. Yes (MTK)
b. No

3) Time location allowed for interruption in PSCell


Figure: The allowed time location for interruption when inter-band SCell activation
Proposal from MTK: For inter-band SCell activation, the allowed interruption duration is X2 slot. The time location of PSCell interruption should not occur before slot n+[THARQ] and not occur after slot n+[THARQ +X2 slot].


Figure: The allowed time location for interruption when intra-band SCell activation
Proposal from MTK: For intra-band SCell activation, the time location of PSCell interruption should also consider the uncertainty of SMTC periodicity except the interruption time. The time location of PSCell interruption should not occur before slot n+[THARQ] and not occur after slot n+[THARQ+ TSMTC periodicity + Y2 slot + TSMTC duration].

4) Interruptions for UL carrier addition/release via RRC
Proposal from Qualcomm: Change the interruption values for UL carrier addition/release via RRC to re-use the same values as that for inter-band cell addition/release.


PSCell/SCell addition/activation
1. Contributions from companies
	R4-1809807
	On remaining issues PSCell addition requirements
	Intel Corporation

	R4-1809808
	CR on NR PSCell addition requirements in TS36.133
	Intel Corporation

	R4-1809894
	Further discussion on Scell activation requirements in FR2
	CATT

	R4-1809895
	CR on Scell activation requirements in FR2
	CATT

	R4-1809896
	CR to 36.133 on NR PSCell addition and release delay
	CATT

	R4-1810014
	CR on TS38.133 for SCell activation and deactivation delay
	MediaTek inc.

	R4-1810251
	Discussion on PSCell addition delay requirement
	MediaTek inc.

	R4-1810252
	CR on TS36.133 for NR PSCell addition delay
	MediaTek inc.

	R4-1810253
	Discussion on SCell activation delay requirement
	MediaTek inc.

	R4-1810609
	On SCell activation for SCell in FR2
	Ericsson

	R4-1810710
	CR on TS38.133 for Scell activation delay
	Huawei, HiSilicon

	R4-1811028
	Discussion on NR Scell activation
	Nokia, Nokia Shanghai Bell

	R4-1811029
	CR on NR Scell activation
	Nokia, Nokia Shanghai Bell

	R4-1811030
	CR for 38.133 PSCell addition and release delay
	Nokia, Nokia Shanghai Bell

	R4-1811031
	Discussion on NR PScell addition
	Nokia, Nokia Shanghai Bell

	R4-1811032
	CR on NR PScell addition
	Nokia, Nokia Shanghai Bell

	R4-1811212
	Activation timeline for intra-band SCell in FR2
	Qualcomm Incorporated


2. Proposals from companies
	Intel
R4-1809807
	Proposal 1: Tprocessing  in NR PSCell addition requirements [1]can be 40ms for all cases.
Proposal 2: The time for fine time tracking and acquiring full timing information of the target cell in FR2 HO, can be defined as:
T∆ = [8]* SMTC periodicity

	CATT
R4-1809894
	Proposal 1: It is not necessary to differentiate known/unknown for FR2 target SCell being activated if there is at least one active serving cell on the same FR2 band.
Proposal 2: If the SCell being activated belongs to FR2, and there is at least one active serving cell on that FR2 band, then Tactivation_time is:
-	[3ms+ 1*SMTC periodicity+2ms], if the SCell measurement cycle is equal to or smaller than [160ms].
-	[3ms+2*SMTC periodicity+2ms], if the SCell measurement cycle is larger than [160ms].
Proposal 3: If the SCell being activated belongs to FR2, and there is no active serving cell on that FR2 band, then, Tactivation_time is [3ms+ N1*4*SMTC periodicity +2ms].

	MTK
R4-1810251
	Observation 1: If the measured detectable SSB becomes undetectable, UE would need additional time for a newly detectable SSB.
Proposal 1: In FR1, the NR PSCell is known if the following conditions are met:
- 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 and one of the SSB measured during the period equal to [Tmeasure] remain detectable according to the cell identification conditions specified in section 9.3 of TS 38.133 [50].
-	NR PSCell being configured and one of the SSB measured during the period equal to [Tmeasure] also remain detectable during the NR PSCell configuration delay according to the cell identification conditions specified in section 9.3 of TS 38.133 [50].
- where [Tmeasure] is specified the section 8.1.2.4.21.
Proposal 2: T∆ = SMTC periodicity ms if the PSCell is in FR2.
Proposal 3: Replace “SMTC periodicity” with “SSB periodicity”. If SSB periodicity and offset are not provided but the SMTC configuration is provided, the SMTC periodicity should be used in the requirement. If neither SMTC periodicity nor SSB periodicity is provided, UE assumes the 5 ms periodicity or no UE behavior is specified.

	MTK
R4-1810253
	Proposal 1: If the SCell being activated belongs to FR2, and there is no active serving cell on that FR2 band, then, Tactivation_time is [3ms+ N1*2*TSSB,max + (N1+1)*TSSB + 2ms]. Where, 
· TSSB,max equals TSSB if the SCell being activated is not in the same band with any active serving cell, or it equals the max among TSSB and SMTC periodicities of all active serving cell in the same band with the SCell being activated.
· TSSB is the SMTC periodicity of SCell being activated.
Observation 1: If Tx beam direction of the activating SCell is the same as that of the active serving cell(s) at a time for intra-band contiguous CA, no additional RS sample is required for AGC.
Observation 2: Current maximum receive timing difference (MRTD) requirement for intra-band non-contiguous NR carrier aggregation in FR2 is 3 us.
Proposal 2: If the SCell being activated belongs to FR2, and there is at least one active serving cell on that FR2 band, then 
Tactivation_time is [3ms+ 2*TSSB,max + 2*TSSB + 2ms].

	Ericsson
R4-1810609
	Proposal 1: For activation of known SCell, with already activated serving cells in the same FR2 band, Tactivation_time is 1 SMTC period + X, where 3ms ≤ X ≤ 5ms.
Proposal 2: Introduce differentiated requirements based on whether the SCell-to-be-activated is known or unknown to the UE. If the latter, one or few more SMTC periods activation delay can be considered for handling gain and timing uncertainties.

	Nokia
R4-1811028
	1. SCell activation delay for intra-band cells in FR2 could be [3ms]
1. SCell activation delay for known cell in FR2 and with no active cell in that FR2 band could be same as in FR1.
-	[3ms + 1*SMTC periodicity + 2ms], if the SCell measurement cycle is equal to or smaller than [160ms].
-	[3ms + 2*SMTC periodicity + 2ms], if the SCell measurement cycle is larger than [160ms].
1. SCell activation delay for unknown cell in FR2 and with no active cell in that FR2 band could be [3ms + 4*N1* SMTC periodicity + 2ms]
1. NR SCell known condition in FR2 could be the same as FR1.

	Nokia
R4-1811031
	1. T∆ = SMTC periodicity in FR2
NR PSCell known condition in FR2 could be the same as FR1


3. Open issues
3.1 PSCell addition
· Use SMTC periodicity or SSB periodicity to define requirements
· Option 1 (MediaTek): Replace “SMTC periodicity” with “SSB periodicity”. If SSB periodicity and offset are not provided but the SMTC configuration is provided, the SMTC periodicity should be used in the requirement.
· Option 2: SMTC periodicity is used to define the requirements.
· Known condition for NR PSCell in FR1
· Proposal (MediaTek): one of measured SSB remains detectable.
· SW processing time:Tprocessing 
· Option 1(Intel): Tprocessing = 40ms for all cases
· Option 2 (CATT): Tprocessing = 20ms in FR1 and Tprocessing = 40ms in FR2.  
· Option 3: Tprocessing = 20ms if PSCell is in FR1 or in FR2 and UE provides the measurement report within the last [TBD] ms for the PSCell before the PSCell is added. Otherwise Tprocessing = 40ms.
· Scaling factor for FR2 delay requirements: N1
· Option 1(CATT):N1 = 4
· Option 2(Intel): N1 = 8
· Time for fine time tracking in FR2: T∆
· Option 1(CATT, MediaTek, Nokia): T∆ = SMTC periodicity
· Option 2(Intel): T∆ = [8]*SMTC periodicity
· Tentative agreement: T∆ = SMTC periodicity

Discussion:


Agreement:


3.2 SCell activation
· Whether it is necessary to differentiate known/unknown SCell for the case of “SCell being activated belongs to FR2, and there is at least one active serving cell on that FR2 band”?
· Option 1(Ericsson): yes, it is necessary.
· Option 2(CATT): no, it is not necessary.
· SCell activation delay Tactivation_time in FR2, if the SCell being activated belongs to FR2, and there is at least one active serving cell on that FR2 band
· Option 1(CATT):
-	Tactivation_time = [3ms+ 1*SMTC periodicity+2ms], if the SCell measurement cycle is equal to or smaller than [160ms].
-	Tactivation_time = [3ms+2*SMTC periodicity+2ms], if the SCell measurement cycle is larger than [160ms].
· Option 2(MediaTek): Tactivation_time = [3ms+ 2*TSSB,max + 2*TSSB +2ms]
· Option 3(Huawei): Tactivation_time = [3ms+ 4*SMTC periodicity+2ms]
· Option 4(Nokia, Qualcomm): Tactivation_time = 3ms
· Option 5(Ericsson): 
If the SCell being activated is known, Tactivation_time is: 1 SMTC period + X, where 3ms ≤ X ≤ 5ms.
If the SCell being activated is unknown, one or few more SMTC periods activation delay can be considered for handling gain and timing uncertainties.
· SCell activation delay Tactivation_time in FR2, if the SCell being activated belongs to FR2, and there is no active serving cell on that FR2 band
· Option 1(CATT, Huawei): Tactivation_time = [3ms+ N1*4*SMTC periodicity +2ms]
· Option 2(MediaTek): Tactivation_time = [3ms+ N1* 2* TSSB,max + (N1+1)* TSSB + 2ms]
· Option 3(Nokia): 
If the SCell being activated is known, Tactivation_time is:
-	[3ms+ 1*N1*SMTC periodicity+2ms], if the SCell measurement cycle is equal to or smaller than [160ms],
-	[3ms+2*N1*SMTC periodicity+2ms], if the SCell measurement cycle is larger than [160ms],
If the SCell being activated is unknown, Tactivation_time is:[3ms+ 4*N1*SMTC periodicity+2ms] provided the SCell can be successfully detected on the first attempt.
· SCell known side condition for FR2
· [bookmark: _Hlk514058418]Proposal(Nokia): NR SCell known condition in FR2 could be the same as FR1.


BWP switching
1. Contributions from companies
	R4-1809875
	Further discussion on BWP switching Delay
	Intel Corporation

	R4-1809876
	Further discussion on interruption due to BWP switching
	Intel Corporation

	R4-1809877
	CR on interruption due to BWP switching
	Intel Corporation

	R4-1809878
	LS on Type 3 delay for BWP switching
	Intel Corporation

	R4-1809932
	Discussion on BWP Switching Delay
	Samsung

	R4-1810021
	BWP Switching Delay
	MediaTek inc.

	R4-1810022
	Interruption Due to BWP Switching
	MediaTek inc.

	R4-1810023
	CR on updating requirement for BWP switching delay in TS38.133
	MediaTek inc.

	R4-1810024
	CR on updating interruption requirement for BWP switching in TS38.133
	MediaTek inc.

	R4-1810025
	CR on updating interruption requirement for BWP switching in TS36.133
	MediaTek inc.

	R4-1810349
	Discussion on BWP switching
	OPPO

	R4-1810425
	Draft CR on active BWP switch delay in TS38.133
	OPPO

	R4-1810646
	CR on TS38.133 for BWP switching delay
	Huawei, HiSilicon

	R4-1810647
	CR on TS36.133 for interruption due to BWP switching on LTE Pcell
	Huawei, HiSilicon

	R4-1810648
	CR on TS38.133 for interruption due to BWP switching in EN-DC
	Huawei, HiSilicon

	R4-1810649
	CR on TS38.133 for interruption due to BWP switching in NR CA
	Huawei, HiSilicon

	R4-1810664
	Further discussion on BWP switching delay
	Huawei, HiSilicon

	R4-1810773
	BWP Switching Delay Capabilities
	Ericsson

	R4-1810774
	Remaining issues on Interruption due to BWP switching
	Ericsson

	R4-1810775
	Interruption Requirements on NR Serving Cells in CA due to BWP Switching
	Ericsson

	R4-1810776
	Interruption Requirements on LTE Serving Cells due to BWP Switching
	Ericsson

	R4-1811124
	BWP switching delay and interruptions
	Nokia, Nokia Shanghai Bell

	R4-1811125
	BWP switching delay for DCI-based BWP switch
	Nokia, Nokia Shanghai Bell

	R4-1811258
	BWP switching time for baseband parameter change 
	Qualcomm Incorporated



2. Proposals from companies
	Intel
R4-1809875
	Proposal 1: Depending on UE capability, UE shall finish BWP switch within the time duration defined in Table 1 below, 
Table 1: BWP switching delay
	SCS
	Type 1 delay in µs
	Type 1 delay in Slot
	Type 2 delay in µs
	Type 2 delay in Slot
	Type 3 delay in µs
	Type 3 delay in Slot
	Comment

	15kHz
	600
	1
	2000
	2
	3000
	3
	Scenario 1/2/3

	
	400
	1
	950
	1
	2000
	2
	Scenario 4

	30kHz
	600
	2
	2000
	4
	3000
	6
	Scenario 1/2/3

	
	400
	1
	950
	2
	2000
	4
	Scenario 4

	60kHz
	600
	3
	2000
	8
	3000
	12
	Scenario 1/2/3

	
	400
	2
	950
	4
	1500
	8
	Scenario 4

	120kHz
	600
	6
	2000
	16
	3000
	24
	Scenario 1/2/3

	
	400
	4
	950
	8
	1500
	16
	Scenario 4




	Intel
R4-1809876
	Proposal 1: In EN-DC, BWP switching in NR PSCell or in any NR SCell may cause an interruption on E-UTRA PCell. The interruption on E-UTRA PCell shall not exceed 1 subframe + Δ in intra-band synchronous EN-DC
· if UE is capable of per UE measurement gap;
· if UE is capable of per RF measurement gap and the NR PCell or NR SCell on which the BWP switching occurs belong to FR1.
Note: Δ is the time for AGC adjustment and it is FFS.

Proposal 2: When BWP switch occurs on the NR PSCell or NR SCell in EN-DC and UE is capable of per UE measurement gap, the UE is allowed to an interruption on any other serving NR serving cell:  
-	of up to X2 slot, if the NR serving cell on which BWP switching occurs is not in the same band as the NR serving cell being interrupted, or 
-	of up to Y2 slot + Δ if the NR serving cell on which BWP switching occurs is in the same band as the NR serving cell being interrupted;
When BWP switch occurs on the NR PSCell or NR SCell in EN-DC and UE is capable of per FR measurement gap, the UE is allowed to an interruption on any other serving NR serving cell:  
-	of up to X2 slot, if the NR serving cell on which BWP switching occurs is in the same frequency range but not in the same band as the NR serving cell being interrupted, or 
-	of up to Y2 slot + Δ if the NR serving cell on which BWP switching occurs is in the same band as the NR serving cell being interrupted
Note:  Δ is the time for AGC adjustment and it is FFS.
The values of X2 and Y2 are defined in Table 1. 
Table 1: Interruption length X2 and Y2 at BWP switching
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	NR Slot length (ms)
	Interruption length X2 slot
	Interruption length Y2 slot

	0
	1
	1
	1

	1
	0.5
	1
	1

	2
	0.25
	3
	2

	3
	0.125
	5
	4



Proposal 3: When BWP switch occurs on the NR PCell or NR SCell in NR CA and UE is capable of per UE measurement gap, 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 cell on which BWP switching occurs is 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 cell on which BWP switching occurs is in the same band as the NR serving cell being interrupted;
When BWP switch occurs on the NR PCell or NR SCell in NR CA and UE is capable of per FR measurement gap, 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 cell on which BWP switching occurs is in the same frequency range 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 cell on which BWP switching occurs is in the same band as the NR serving cell being interrupted;
Table 2: Interruption duration for BWP switching for inter-band CA
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	NR Slot length (ms)
	Interruption length


	0
	1
	1

	1
	0.5
	1

	2
	0.25
	3

	3
	0.125
	5



Table 3: Interruption duration for BWP switching for intra-band CA
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	NR Slot length (ms)
	Interruption length


	0
	1
	1 + Δ

	1
	0.5
	2 + Δ

	2
	0.25
	4 + Δ

	3
	0.125
	8 + Δ


Note:  Δ is the time for AGC adjustment and it is FFS.

	Samsung
R4-1809932
	Proposal 1: RAN4 should relax Type-1 delay requirement for BWP switching.

Observation 1: Too many factors have uncertain impact on delay requirement, therefore flexibility is necessary for BWP switching delay requirement.

Proposal 2: Type-3 delay requirement for BWP switching should be introduced for more flexibility, which is longer than that of Type-2 .

	MTK
R4-1810021
	Observation 1: The final delay requirement to be captured in TS38.133 needs to consider the additional margin for OFDM symbols that carrying BWP switching command and the alignment to the beginning of the slot boundary for new BWP.
Observation 2: Both Type 1 and Type 2 delay need to be modified to accommodate at least the 2 additional margin.
Proposal 1: Suggest to capture BWP switching delay in TS38.133 as below table.
	BWP switching delay for scenarios 1, 2 and 3
	BWP switching delay for scenario 4
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	NR Slot length (ms)
	BWP switch delay Y (slots)
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	NR Slot length (ms)
	BWP switch delay Y (slots)

	
	
	Type 1
	Type 2
	
	
	Type 1
	Type 2

	0
	1
	3
	2
	0
	1
	2
	2

	1
	0.5
	6
	4
	1
	0.5
	4
	3

	2
	0.25
	12
	8
	2
	0.25
	8
	6

	3
	0.125
	24
	16
	3
	0.125
	16
	12



Proposal 2: The delay of BWP switching involving only baseband parameter changes follows the delay of scenario 1 for both Type A and Type B UE.

	MTK
R4-1810022
	
Observation 1: UE can pre-adjust its AGC setting to an expected level during BWP switching, because the serving cell is not changing and UE knows exactly the numbers of PRBs in the previous BWP and in new BWP. Additional STMC duration for AGC is not needed.
Observation 2: BWP switching can be trigger anytime, regardless of the SSB timing offset and duration
Proposal 1: BWP reconfiguration scenarios 4 will cause interruption to other serving cells in all FRs.
Proposal 2: Same interruption requirement is applied to both inter-band and intra-band cases.
Proposal 3: Consider the following table in the interruption requirement due to BWP switching.
	NR Slot length (ms)
	Sync
	Async

	1
	1 slot
	2 slots

	0.5
	1 slot
	2 slots

	0.25
	3 slots 

	0.125
	5 slots




	OPPO
R4-1810349
	Observation 1: Delays for BWP switching involving only baseband parameter changes need to be discussed case by case. And SCS, CP length, DCI format change, COSET, uplink SCS, beam failure parameters, and subset of them, should be taken into consideration, if list of parameters will be defined. 
Observation 2: Whether BWP switching involving only baseband parameter or SCS change will cause interruptions need to reach a conclusion in RAN4 #88 meeting.

Proposal 1: RAN4 needs to define some new requirements for RRC-based BWP switch (where RRC (re)-configuration is included in the Msg4) from initial or configured BWP to first active BWP.

	Huawei
R4-1810664
	Proposal 1：Keep type 1 and type 2 BWP switching delay unchanged.
Proposal 2：No BWP switching delay longer than 2ms is introduced.
Proposal 3：BWP switching delay for scenario 4 is reused for the scenario involving only BB parameter change.

	Ericsson
R4-1810773
	· Proposal # 1: Adopt Option 2 (Revise Type 1 delay and keep Type 2 unchanged) in the WF [1].
· Proposal # 2: The UE capable of modified Type 1 BWP switching delay will cause delay or interruption only when the BWP switching involves changes in bandwidth, center frequency or SCS.

	Ericsson
R4-18107734
	· Proposal # 1: The interruption on LTE PCell or on any activated LTE SCell(s) due to BWP switching in any NR serving cell in EN-DC shall be:
-	[Y1+1] subframes in intra-band synchronous EN-DC and
-	[Y1+2] subframes in intra-band asynchronous EN-DC.
Where Y1= SMTC duration of the PSCell.
· Proposal # 2: The interruption on PCell or on any activated SCell(s) due to BWP switching in any other serving cell in CA shall be according to table 1 for inter-band CA and table 2 for intra-band CA, where:
Table 1: Interruption duration due to active BWP switching for inter-band CA
	
	NR Slot length (ms)
	Interruption length

	0
	1
	1

	1
	0.5
	1

	2
	0.25
	2

	3
	0.125
	4


Table 2: Interruption duration due to active BWP switching for intra-band CA
	
	NR Slot length (ms)
	Interruption length

	0
	1
	1 + SMTC duration

	1
	0.5
	2 + SMTC duration

	2
	0.25
	4 + SMTC duration

	3
	0.125
	8 + SMTC duration




	Nokia
R4-1811124
	DCI- and timer-based BWP switching:
1. If Type 1 delay can be met by any UE, the delay should be kept as agreed earlier.
1. If BWP switching delay is long, the network may not use the feature very often.
Keep Type 1 and Type 2 UE BWP switching delays as agreed earlier.
For DCI and timer based BWP switching delay requirement, use the following values:
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	NR Slot length (ms)
	Type 1 UE, Scenario 1, 2, 3
	Type 1 UE, Scenario 4
	Type 2 UE, Scenario 1, 2, 3
	Type 2 UE, Scenario 4

	
	
	Delay [slots]
	Delay [slots]
	Delay [slots]
	Delay [slots]

	0
	1
	1
	1
	3
	2

	1
	0.5
	2
	2
	5
	3

	2
	0.25
	3
	2
	9
	5

	3
	0.125
	6
	4
	17
	8



Interruptions:
Interruption duration for SCell activation is reused for BWP switching.
Interruptions are not allowed when BWP switching includes change in only BB parameters without changing BW or center frequency, which needs to be clarified in interruption requirements.

RRC-based BWP switching:
1. BWP switching via RRC for PCell and PSCell follows handover procedure, which involves some data interruption.
The role of BWP switching during initial access is still unclear in RAN2.
Observation 5: RAN4 may need to provide some (new) requirements for initial access concerning BWP switching from initial BWP to first active BWP.
It may be possible to entirely include the BWP switching in the RRC processing delays.
RAN4 will define requirements also for RRC-based BWP switching taking into consideration ongoing discussions in RAN2.


3. Open issues
3.1 BWP switching delay
i. Topic 1: Definition of delay 
1. Proposals:
a. Option 1 -  Without considering OFDM symbols carrying DCI with BWP switch request: Intel (R4-1809875) 


b. Option 2 -  With considering OFDM symbols carrying DCI with BWP switch request: MediaTek (R4-1810021)
[image: ]

2. Tentative agreement:  More discussions are needed.
MTK: in the previous LS we agree on option 2, but we could use a new approach here
Intel: either one is fine
QC: we need to define the requirement in terms of slot then we are fine with option 2. How many ODFM symbols for DCI?
MTK: worst case is 3.
Agreement: Option 2 is agreed provided that PDCCH carrying DCI is 3 OFDM symbols.

ii. Topic 2: Revisit delay values
	Option 
	Type 1
	Type 2
	Type 3
	company

	1
	unchanged
	unchanged
	N.A
	Huawei (R4-1810664), Nokia (R4-1811124)

	2
	Relax
	unchanged
	N.A
	MediaTek (R4-1810021), Ericsson (R4-1810773)

	3
	unchanged
	unchanged
	Add
	Intel (R4-1809875)

	4
	Relax
	unchanged
	Add
	Samsung (R4-1809932)


1. Proposals:
2. Tentative agreement: 
MTK: let us focus one the time for UE processing in this discussion and then we can map it to the slot number
Ericsson: need to check type 1 is feasible or not first
Huawei: we need type 1, don’t need to change type 1
QC: we need to consider the PDCCH symbols
MTK: but it depends on the SCS which decide the length of OFDM symbol
QC: bigger SCS faster processing
Intel: not sure if SCS is bigger the processing will be faster, agree with Ericsson
QC: as you know the candidate BWPs you can have pre-knowledge of the adjustment
Intel: depends on how many BWPs you configured, it depends on different UE implementations
MTK: if there are two serving cells, then one cell BWP change will impact the other cell
Huawei: prefer to unchanged type 1
Samsung: need to consider ASN.1 timeline
Ericsson: either revise type 1 or add new type, but not doing both
Intel: Ok to keep type 1
DCM: type3 need new capability signaling
Intel: add bit not new signaling
OPPO: with larger BW of UE, the BWP switching delay of type1/2/3 will be smaller?
Intel: with change the BW or center freq, UE need some time to do recalculation
OPPO: why 3ms for type 3?
Intel: 500us for RF retuning, approximately 2ms for recalculation
OPPO: UE working on whole CBW will be time saving
Intel: that’s one implementation from UE
QC: NW anyway need to reserve longer time, but UE could conduct the BWP switching by specific implementation
ZTE/Ericsson: type 2 is already very long from network perspective
Intel: this is UE capability, we need to allow UE to have longer switching delay for power saving, no new singling IE is needed
Samsung: if UE has type 1 capability, it can give information to network for short delay, it’s NW flexibility to choose to switch BWP for which type of UEs
QC: this is optional feature
Intel: longer delay doesn’t mean UE cannot do BWP switching
Intel: what’s QC concern for type 3.
QC: concern from system perspective
Ericsson: long delay would be a risk to network
OPPO: alt1. Three types, alt2. Two types, either type 1 or  type 2 is longer



a. Type 2 requirement unchanged. 
b. More discussions are needed on revising Type 1 or adding Type 3
Intel: Which vendor could achieve type 1?
Huawei: we can achieve this type 1 delay.
 
Option 1 (type1 and type2 unchanged, no type 3 introduced): Ericsson, Nokia, DCM, Huawei, ZTE, QC
Option 2 (replace type 1 by type 3 but not change type2): MTK; Intel, Samsung
Option 3 (type 1 and type 2 unchanged, type 3 will be introduced):Intel, Samsung

Agreement: Type 2 BWP switching delay is unchanged


iii. Topic 3: Delay for BWP switching involving only baseband parameters 
1. Proposals:
a. Option 1 - Follow scenario 1: MediaTek (R4-1810021)
b. Option 2 - Follow scenario 4: Huawei (R4-1810664)
c. Option 3 - Timing parameters (K0/K1/K2) follow scenario 4. Others follow scenario 1: Qualcomm (R4-1811258)
2. Tentative agreement: More discussions are needed.
QC: can we have one single delay
MTK: SCS change always come together with other parameter change
Intel: how to reflect delay in spec? type2 delay in scenario 4 is 50% shorter than scenario 1/2/3

Agreement: Delay for BWP switching of scenario 4 and others shall follow the delay of scenario 1/2/3. Interruptions requirement for scenario1/2/3/4 and BB parameter change case is FFS.


iv. Topic 4: RRC-based BWP switching 
1. Proposals:
a. Option 1 - Define requirements for RRC-based BWP switch: OPPO (R4-1810349) 
b. Option 2 - Define requirements for RRC-based BWP switch taking into consideration ongoing discussions in RAN2: Nokia (R4-1811124)

Agreement: Wait for RAN2 decision on whether different RRC delays are defined for RRC processing time with and without BWP switching

3.2 Interruption due to BWP switching
v. Topic 1: Whether additional interruption time is needed for AGC tuning intra-band case
1. Proposals:
a. Option 1 - Yes with duration TBD: Intel (R4-1809876)
b. Option 2 - Yes with SMTC duration: Ericsson (R4-1810774)
c. Option 3 - No: MediaTek (R4-1810022)

QC/MTK: already received signal from serving cell, PSD shall be similar among the BWPs
Ericsson: do you need additional time before report valid CQI
MTK: don’t need
Intel: 100MHz CBW, BWP is on one edge and then switch to the other edge, we need AGC settling
MTK: AGC refinement on new BWP but reuse the rough one from the old BWP
Intel: if the AGC is not settling accurately, you may not able to get anything from NW
Ericsson: how much time NW need to wait for scheduling
Intel: does MTK have any data to justify?
MTK: not 100% guaranteed, AGC may not be perfect, UE shall have idea to handle this
Intel: the UE behavior is not deterministic from your explanation; if we omit this, the time delay is an uncertainty
QC: Use CQI reporting by receiving PDCCH to indicate UE AGC settling is completed 
Ericsson: you still need to make sure you can decode PDCCH
Intel: PDCCH cannot be decode successfully
Ericsson: one slot for AGC settling margin?
Intel: minimum requirement need to take into account the risk and go with a conservative way.
      MTK: AGC settling is outside BWP switching delay
Intel: this is interruption requirement discussion 

2. Tentative agreement:  More discussions are needed

vi. Topic 2:  interruption requirement for NR activated serving cells of inter-band NR–CA (for both EN-DC and SA)
1. Note: only synchronous case
2. Proposals:
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	NR Slot length (ms)
	Interruption length (slot)

	
	
	Option 1
Intel (R4-1809876)
MediaTek (R4-1810022)
	Option 2
Ericsson (R4-1810774)

	0
	1
	1
	1

	1
	0.5
	1
	1

	2
	0.25
	3
	2

	3
	0.125
	5
	4


Agreement: 
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	NR Slot length (ms)
	Interruption length (slot)

	0
	1
	1

	1
	0.5
	1

	2
	0.25
	3

	3
	0.125
	5



vii. Topic 3:  Whether BWP switching involving only SCS changing is allowed to cause interruption
1. Proposals:
a. Option 1 - Yes: MediaTek (R4-1810022)

Huawei: Interruption is on PCell or on other Scells?
MTK: on all serving CCs, because resource sharing will impact all the CCs
Ericsson: in the agreed CR, SCS change is no interruption

2. Tentative agreement: More discussions are needed
Agreement: BWP switching involving only SCS changing is allowed to cause interruption to all the serving CCs

3.3 Minimum BWP bandwidth

viii. Topic 1: Limitation to minimum BWP bandwidth
1. Proposal from Huawei (R4-1810665)
a. Option 1 - When defining the minimum bandwidth for BWP, following aspects should be considered: Minimum bandwidth of BWP should be enough to contain the bandwidth of SSB or the minimum configurable bandwidth of CSI-RS RLM/BFD/L1-RSRP

2. Tentative agreement:  More discussions are needed
MTK: we support, but where to capture this?
QC:will it be an enforcement that no requirement when min BWP is smaller SSB
Ericsson: is it limitation to RAN4 or RAN2? It seems as a RAN2 issue about BWP size configuration
Intel: there is case SSB can be outside BWP

No action is needed for this topic at this stage.
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