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1 RLM
1.1 SSB based RLM
1.1.1 RS beam sweeping for FR2 RLM

Proposals from companies:

	Companies
	Proposals

	R4-1806458, MediaTek (Wuhan) Inc.
	Observation 1: The set of RX beams used for RRM may be different from the set of RX beams used for RLM.  UE needs opportunity to refine the RX beams for data reception, and the evaluation period of RLM should be extended.
Observation 2: The evaluation period of SSB based RLM will be extended, if the RX beam determination is relying on the SSB based BM.
Observation 3: There is no explicit QCL parameter in the current RRC IE for RLM-RS. However, UE can know the QCL information inexplicitly via TCI state.
Observation 4: For SSB based RLM, the evaluation period can be not extended only if 

· All SSBs configured for RLM are spatially QCLed and TDMed to CSI-RS resources configured for BM, and the QCL association is known to UE.

Proposal 1: For SSB based RLM, the following condition should be met: 

· All SSBs configured for RLM are spatially QCLed and TDMed to CSI-RS resources configured for BM, and the QCL association is known to UE. 

Otherwise, a relaxing factor should be introduced for evaluation period. 

Observation 5: For CSI-RS based RLM, the evaluation period can be not extended only if 

· All CSI-RS resources configured for RLM are QCLed and TDMed with the CSI-RS resources configured for BM or SSBs configured or SSBs, and the QCL association is known to UE. 

Proposal 2: For CSI-RS based RLM, the following condition should be met:

· All CSI-RS resources configured for RLM are QCLed and TDMed with the CSI-RS resources configured for BM or SSBs configured or SSBs, and the QCL association is known to UE. 

Otherwise, a relaxing factor should be introduced for evaluation period. 

	R4-1806837, LG Electronics Inc.
	· Proposal: RAN4 should consider following condition for RLM RS configuration:

· All RLM RSs should be part of RSs for other purposes, or QCL-ed with these RSs.

Additionally, RAN4 needs to consider the same approach for beam failure recovery.


Open issues:
· In what condition RLM in FR2 does not need to be based on Rx beam sweeping

· Option 1 (MediaTek):

· For SSB based RLM: All SSBs configured for RLM are spatially QCLed and TDMed to CSI-RS resources configured for BM, and the QCL association is known to UE. 

· For CSI-RS based RLM: All CSI-RS resources configured for RLM are QCLed and TDMed with the CSI-RS resources configured for BM or SSBs configured or SSBs, and the QCL association is known to UE. 

· Option 2 (Nokia/NSB, LGE): 

· RLM-RS has been measured for other purposes or is QCL-ed with some other RS that has been measured by UE for other purposes.

· Tentative agreement: Option 1

· Open issue#1.2: whether RLM requirements based on Rx beam sweeping is needed or not

· Option 1 (Intel): yes

· Option 2: no, but capture in spec that if the condition in issue#1.1 is not met, a longer evaluation period is expected

Discussion:

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

Proposals from companies:

	Companies
	Proposals

	R4-1807286, Huawei, HiSilicon
	Proposal 1: When all the RLM-SSB occasions outside measurement gaps are overlapped with intra-frequency SMTC windows, the measurement opportunities outside measurement gaps are equally split between RLM and intra-frequency measurements.

Proposal 2: The scaling factor P for RLM requirements in FR2 are suggested to be defined as Table 3.

Table 3: Scaling factor (P) for RLM requirements in FR2

Condition

RLM-SSB outside MG and SMTC

RLM-SSB and Measurement Gap

SMTC and Measurement Gap

Scaling factor P for RLM

1

Non-overlapped or Partially overlapped

Non-overlapped

Non-overlapped
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Note 1: TSSB denotes the RLM-SSB periodicity and TSMTC is the configured SMTC periodicity for intra-frequency layer.

Note 2: it is assumed that RLM-SSB occasions will always be overlapped with intra-frequency SMTC windows.



	R4-1806556, Ericsson
	LS on sharing parameter for SSB-based RLM for FR2 for full collision between intra-frequency SMTC and RLM-RS SSB resources

	R4-1806466, MediaTek (Wuhan) Inc.
	Proposal 1: Adopt Table 1 for FR2 evaluation period
Configuration for RLM-RS and MG

Configuration for RLM-RS and SMTC

Configuration for SMTC and Gap

Scaling factor P

Valid

CASE

not overlapped 
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Note: RLM requirement is not defined
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Note: RLM measurement based on non Rx beam sweeping on certain conditions which are FFS. If there is no guarantee that UE can aware which Rx beam is the suitable for RLM, additional delay is expected in RLM evaluation period.

Note: If the combination of configuration of RLM, measurement gap and SMTC is an invalid case, RLM requirement is not defined.

Proposal 2: Using 8CCE and 4 dB power boosting on PDCCH data and DMRS REs for hypothetical PDCCH OOS parameters.

	R4-1806303, Intel Corporation
	Proposal 1: 8*TEvaluate_out_SSB and 8*TEvaluate_in_SSB is expected in RLM evaluation period delay when UE doesn’t know which Rx beam is the suitable for RLM.

Proposal 2: When RLM-RS and intra-frequency SMTC are fully aligned, RLM can be performed in available RLM-RS resources within SMTC by measurement sharing, where X is sharing ratio which decides the measurement resource allocation between RLM and intra-frequency SMTC.

Proposal 3: RAN2 needs to define related measurement sharing ratio signaling,.

Proposal 4: P is 1/X, when in the monitored cell there are no measurement gaps overlapping with any occasion of the SSB, and all SSB occasions are overlapping with intra-frequency SMTC; and 

Proposal 5: P is 1/(X*(1- TSSB/ MGRP)), when in the monitored cell there are measurement gaps overlapping with some but not all occasions of the SMTC, and all SSB occasions are overlapping with intra-frequency SMTC; and

Proposal 6: P is 1, when in the monitored cell there are no measurement gaps overlapping with any occasion of the SMTC, and there are SSB occasions neither overlapping with SMTC nor with measurement gaps; and 

Proposal 7: P is 1/(X*(1- TSSB/ MGRP)), when in the monitored cell there are no measurement gaps overlapping with any occasion of the SMTC, and all SSB occasions are overlapping with occasions of either SMTC or measurement gaps.

Proposal 8: Define D=3 as the baseline for CSI-RS based RLM test configuration.

Proposal 9: For D=3, choose N=10 for SNR estimation in high SNR region, the evaluation time will be 10*CSI-RS Periodicity.

Proposal 10: For D=3, choose N=20 for SNR estimation in low SNR region, the evaluation time will be 20* CSI-RS Periodicity.


Open issues:
· collision among RLM-RS, MG and intra-frequency SMTC

· time sharing factor for the case of full overlapped RLM-RS and intra-frequency SMTC outside MGs

· Option 1 (Nokia/NSB, Huawei): fixed as 1:1 (RLM:RRM)

· Option 2 (DOCOMO, QC): fixed as 1:2 (RLM:RRM)

· Option 3 (Intel, Ericsson): configurable by network 

· Tentative agreement: option 1

· case categorization and how to capture it into spec

· Option 1 (MediaTek, Huawei): 6 cases as in R4-1807286 and R4-1806466
· Option 2 (Intel): Proposal#4-7 in R4-1806303
· Option 3 (Nokia/NSB): capture the principle in the spec without case categorization 

· Tentative agreement: option 1, but need to think more on CSI-RS based RLM

Discussion:

Agreement:
1.1.3 Parameters for requirements
Proposals from companies:

	Companies
	Proposals

	R4-1806645, Nokia, Nokia Shanghai Bell
	Proposal 1: Confirm the PDCCH parameters in latest 38.133 with power boosting for OOS set at 3dB.

Proposal 2: RLM requirements in FR2 are based on non-sweeping if the RLM-RS has been measured for other purposes or is QCL-ed with some other RS that has been measured by UE for other purposes.

Proposal 3: RAN4 should wait for RAN1 conclusion on whether RLM in FR2 would cause data interruption.

Proposal 4: 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 5: Same scaling factors introduced for evaluation period should apply to L1 indication interval.

Proposal 6: Confirm the maximum number of RLM-RS resources as currently captured in Table 8.1.1-2.

Proposal 7: The same table for PDCCH parameters applies regardless of the RLM-RS SCS.

Discussion:

	R4-1806305, Intel
	Proposal 1: L1 indication period should be scaled by 1.5 when DRX≤320ms.


Open issues: 
· requirements for L1 indication interval

· 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

· Option 3: not scaled 

· Tentative agreement: option 1

· DCI format, power boosting and AL for PDCCH

· confirm the DCI format, power boosting and AL for PDCCH

· Option 1 (Nokia/NSB): 3dB power boosting for OOS

· Option 2 (MediaTek): 4dB power boost for OOS

· Tentative agreement: 

· Number of RLM-RS UE should be able to monitor

· can the numbers in bracket (8 RLM-RS in FR2) be confirmed

· Option 1 (Nokia/NSB): yes

· Option 2: no

· Tentative agreement: option 1

· PDCCH parameter and SCS of RLM-RS

· need for different PDCCH parameters depending on the SCS of the RLM-RS

· Option 1 (Nokia/NSB): no, same PDCCH parameters used regardless of SCS of RLM-RS

· Option 2: yes, some PDCCH parameters may be depending on SCS of RLM-RS

· Tentative agreement: option 1

Discussion:

Agreement:
1.1.4 DRX scaling
Proposals from companies:

	Companies
	Proposals

	R4-1806554
Ericsson
	· Observation 1: Since the periodicities are the same for RLM SSB and SMTC, it is not possible to always prioritize RLM or always prioritize intra-frequency measurements because the second type of measurements would never be performed. Hence, only sharing is relevant for this scenario.

· Observation 2: It is difficult to define a fixed sharing parameter which suits all RLM and intra-frequency configurations.

· Proposal 1: Introduce a configurable sharing parameter between RLM and intra-frequency measurements when RLM SSB and SMTC fully overlap.

· Proposal 2: The measurement schemes corresponding to different sharing parameter values are defined in TS 38.133 (e.g., 4 schemes with IDs 00, 01, 10, and 11 for 25%, 50%, etc.).

· Proposal 3: A clarification is added that the introduced scaling is only applicable when the measured SSB and DRX ON duration are misaligned, otherwise the scaling shall not apply.


Open issues:
· applicability of DRX scaling 

· should the application of DRX scaling factor 1.5 be conditioned on misalignment 

· Option 1 (Ericsson): yes, DRX scaling does not apply when DRX ON-duration and RLM-RS are aligned.

· Option 2: no, as agreed for RRM

· Tentative agreement: option 2

Discussion:

Agreement:
1.2 CSI-RS based RLM
Proposals from companies:

	Companies
	Proposals

	R4-1806647, Nokia
	Proposal 1: Evaluation period requirements for CSI-RS based RLM are defined based on 5 samples at Qin and 10 samples at Qout for the below conditions
-
PRB = 24, D = 3

-
PRB = 96, D = 1

Proposal 2: The hypothetical PDCCH parameters for CSI-RS based RLM are derived based on first CORESET in the active BWP.

	R4-1806323, Intel
	Proposal #1: The hypothetical PDCCH transmission parameters shall be based on CORESET that has QCL relationship with CSI-RS

	R4-1806468, MediaTek (Wuhan) Inc.
	Observation 1: For CSI-RS base RLM RS with D = 1 and small bandwidth, i.e. PRB = 24, it cannot provide reliable SINR estimation result.
Observation 2: Wideband CSI-RS with 96 PRBs and D = 1 is not robust against long delay spread channels, i.e. ETU channel.
Proposal 1: To reduce the RAN4 standardization work loading on CSI-RS based RLM, defining and then focusing on requirements for single typical CSI-RS configuration with D = 3 is preferred.
Proposal 2: The number of CSI-RS REs per sample shall be considered when designing the evaluation period for CSI-RS based RLM, especially when the number of REs per sample is less than 127, e.g. [20] samples for OOS and [10] samples for INS when CSI frequency domain density is 3 and bandwidth is 24 PRBs.
Proposal 3: RAN4 shall further study the mismatch between ideal TX SINR and ideal RX SINR.

	R4-1807288, Huawei, HiSilicon
	Proposal 1: For hypothetical PDCCH transmission parameters, the following requirements for SSB-based RLM can be used for CSI-RS based RLM.

· DCI format: 1-0 for both out-of-sync and in-sync

· Aggregation level: 8CCEs for out-of-sync, 4CCEs for in-sync

· Power boosting: [3 or 4]dB for out-of-sync, 0dB for in-sync

Proposal 2: When DRX is not used, the requirements on L1 evaluation periods for CSI-RS based RLM are suggested as max(200ms, 20*CSI-RS period) for out-of-sync and max(100ms, 10*CSI-RS period) for in-sync.

Proposal 3: When DRX cycle is no longer than 320ms, the requirements on L1 evaluation periods for CSI-RS based RLM are suggested as max(200ms, 30*max(CSI-RS period, DRX cycle)) for out-of-sync and max(100ms, 15*max(CSI-RS period, DRX cycle)) for in-sync.

Proposal 4: When DRX cycle is longer than 320ms, the requirements on L1 evaluation periods for CSI-RS based RLM are suggested as max(200ms, 20*max(CSI-RS period, DRX cycle)) for out-of-sync and max(100ms, 10*max(CSI-RS period, DRX cycle)) for in-sync.


Open issues:
· Requirements on evaluation period 

· Open issue#1.1: side condition in terms of BW and density (D parameter) for CSI-RS

· Option 1 (Intel, MediaTek): D=3

· Option 2 (Nokia/NSB): (D=3, BW=24) or (D=1, BW=96)

· Open issue#1.2: number of samples for OOS and IS evaluation 

· Option 1 (Intel, MediaTek, Huawei): 20 and 10

· Option 2 (Nokia/NSB): 10 and 5

· Reference CORESET for PDCCH parameters

· Open issue#2.1: which CORESET is used as the reference for PDCCH parameters for CSI-RS based RLM

· Option 1 (Intel): CORESET that has QCL relationship with CSI-RS

· Option2 (Nokia): first CORESET for the BWP

Discussion:

Agreements:
2 Interruption

Proposals from companies:

	Companies
	Proposals

	R4-1806241, Ericsson
	Observation 1: For intraband addition/activation the AGC adjustment can only involve fine tuning, as there cannot be large power imbalance between the added/activated cell and the already active cell(s) which use the same RF chain.

Proposal 1 :Interruptions for intra band addition/activation are assumed to be based on a single SMTC duration for AGC setting.

Proposal 2 : An additional margin for RF reconfiguration as shown in table 1 is added to the SMTC duration for intraband activation/deactivation
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NR Slot length (ms)

Interruption additional margin (slot)

0

1

1

1

0.5

1

2

0.25

2

3

0.125

4

Table 1 : RF reconfiguration margin

Observation 2: No async requirements are needed for the intraband case

Proposal 3: Only the additional margin for RF reconfiguration is needed for removal/deactivation, the correct AGC setting is known in advance

Deactivated SCell measurements

Proposal 4: For deactivated SCell measurements interruptions are allowed with up to 0.5% probability of missed ACK/NACK when the configured measCycleSCell [2] is 640 ms or longer

Proposal 5: Interruptions allowed under proposal 4 shall occur within a time window of X1 ms before the start of the deactivated SCell SMTC, and X2 ms after the end of the deactivated SCell SMTC.

	R4-1807343, Huawei
	Proposal 1: total interruption time for intra-band SCell addition in EN-DC should be max{[X1] slot + SMTC duration, 5ms}, provided SMTC is configured.
Proposal 2: total interruption time for intra-band SCell activation in EN-DC should be max{[X2] slot + SMTC duration, 5ms}, provided SMTC is configured.
Observation 1: if SMTC is not configured, the interruption time can be up to 160ms for intra-band CA addition/activation.

	R4-1807916, QC
	Proposal 1: The network needs to ensure that reference signals are available simultaneously on the all intra-band carriers being added/released for the UE to be able to set its AGC/LNA state.  

Proposal 2: For RRC reconfiguration, when adding/releasing a carrier, the following interruptions would be needed for E-UTRA victim

Cell being added/released

Interruption Duration (in sub-frames)

Sync

Async

LTE

5 

6

NR(Note1)
5

6

Note1: These interruptions assume that UE has some signal from NR cell (e.g.: aperiodic TRS) to be able to set AGC in the intra-band scenario.

Proposal 3: For RRC reconfiguration, when adding/releasing a carrier, the following interruptions would be needed for NR victim when LTE intra-band cell gets added/released

NR SCS

Interruption (in slots) 

Sync

Async

15

5

6

30

10

11

60

20

21

120

40

41

Proposal 4: For RRC reconfiguration, when adding/releasing a carrier, the following interruptions would be needed for NR victim when NR cell gets added

NR SCS

Interruption (in slots)

Sync

Async

15

2

3

30

4

5

60

8

9

120

16

17



	R4-1807760, Nokia
	Proposal 1: UE indicates to the network if it needs interruptions to perform measurements on deactivated NR SCells.

Proposal 2: Based on network indication, the UE will know exactly which SMTCs to measure in a deactivated SCell.

Proposal 3: It is up to RAN2 to decide when and how the indication as in Proposal 2 is done.

Proposal 4: 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.

	R4-1807759, Nokia
	Proposal 1: When E-UTRA cell is the victim, allowed interruption duration on the E-UTRAN cell is 5 ms for intra-band synchronous EN-DC, and 6 ms for intra-band asynchronous EN-DC.

Proposal 2: In EN-DC, when NR cell is the victim, intra-band interruption duration on the NR cell should be the same when an NR cell is the aggressor and when an E-UTRA cell is the aggressor.

	R4-1806262, Intel
	Observation 1: As a result, AGC settling time based on SSB for inter-band cases can be [2]*SMTC_period.

Observation 2: For intra-band PSCell addition and SCell activation interruptions the part of AGC settling based on SSB can be counted only.
Proposal 1: the total interruption length for intra-band Scell addition/release cases can be specified as:
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NR Slot length (ms)

intra-band interruption length (Y1) 

Sync

Async

0

1

[2*SMTC_period]

[2*SMTC_period]

1

0.5

[2*SMTC_period]

[2*SMTC_period]

2

0.25

 [ 2*SMTC_period]

3

0.125

 [2*SMTC_period]

Proposal 2: The total interruption length for Scell activation/deactivation cases can be specified as:
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NR Slot length (ms)

intra-band interruption length (Y2) 

Sync

Async

0

1

[2*SMTC_period]

[2*SMTC_period]

1

0.5

[2*SMTC_period]

[2*SMTC_period]

2

0.25

 [ 2*SMTC_period]

3

0.125

 [2*SMTC_period]

Observation 3: Alternatively, if AGC based on TRS the AGC settling time shall be study firstly.

Proposal 3: The total interruption duration for measurements on SCC with deactivated E-UTRA SCell in MCG can be same as these when SCell activation/deactivation


Open issues:
· Interruption due to deactivated SCell measurement.

· Whether to support network indicated SMTC for deactivated SCell measurement:
· Option 1: yes (Nokia, Ericsson)

· Option 2: no
· Requirements:

· Option 1: interruption only allowed before and after indicated SMTC window.

· Option 2: PSCell and SCell interruptions due to measurements on E-UTRA SCC when the E-UTRA SCell is deactivated are allowed with up to 0.5% probability of missed ACK/NACK when the configured measCycleSCell [2] is 640 ms or longer.
· Interruption due to measurement on E-UTRA SCC shall not exceed:

Table 8.2.1.2.5-1 Interruption length X3, Y3 at E-UTRA SCell deactivation
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	NR Slot length (ms)
	Interruption length X3 slot

Inter-band
	Interruption length Y3 slot

Intra-band

	
	
	Sync
	Async
	Sync

	0
	1
	[1]
	[2]
	[5]

	1
	0.5
	[1]
	[2]
	[10]

	2
	0.25
	[3]
	[20]

	3
	0.125
	[5]
	[40]


· Interruption due to measurement on NR SCC shall not exceed:

Table 8.2.1.2.5-1 Interruption length X4, Y4 at SCell deactivation

	
	NR Slot length (ms)
	Interruption length X4 slot

Inter-band
	Interruption length Y4 slot

Intra-band

	
	
	Sync
	Async
	Sync

	0
	1
	1
	2
	[1+K]

	1
	0.5
	1
	2
	[1+2K]

	2
	0.25
	3
	[2+4K]

	3
	0.125
	5
	[image: image40.wmf]m

 [4+8K]

	Note 1: K is the duration of the SMTC of the Scell being added in milliseconds


· The interruptions due to measurements on SCC when the SCell is deactivated shall not occur except in a time window which begins [TBD]ms before the start of each SMTC occasion of the deactivated SCell, and ends [TBD]ms after the end of each SMTC occasion of the deactivated SCell.
Discussion:

Nokia: we can have UEs with different capability, i.e. whether it needs interruption or not.
Intel: is it a per UE capability or per band combination capability? Can we reuse per FR-gap capability?
Ericsson: we can have a simple per UE capability for NR. It is difficult to reuse per FR-gap capability.
DCM: we are fine to define new capability. Maybe we can have per FR capability.
Nokia/Ericsson: there is no need to define ACK/NACK missing rate in interruption core requirement if the measurement can be controlled by network.

Intel: if there is gap configured, UE can measure deactivated SCell within the gap. What is the UE behaviour if the indicated SMTC is collided with gap? What is the potential impact on other requirement?
Intel: it seems RAN2 decided that gap will always be configured.

Nokia: there could be the case that gap is not needed.
ZTE: how dose network indicate this? It is not clear how long the interruption would be. If the SCell being measured has different SCS than serving, do we allow interruption?
Nokia: RAN2 can decide how to indicate this. For interruption length we can reuse what we have in SCell activation/deactivation. 
Intel: in option2, network just needs to indicate the SMTC configuration. UE can decide when to do the measurement.
Option 1: (Nokia, Ericsson)
Define new per FR UE capability to indicate whether the UE needs interruption during measurement on deactivated SCell(s).
Network shall indicate the interruption needed UE on which SMTC window timing UE can perform measurement on deactivated SCell(s). Interruption due to measurement on deactivated SCell is only allowed immediately before and after the indicated SMTC.
Option 2:

No indication is needed. Interruption due to measurement on deactivated SCell is only allowed immediately before and after the SMTC. RAN4 shall define missing ACK/NACK rate for measurement on deactivated SCell(s).
Agreement:
3 PSCell addition
Proposals from companies:

	Companies
	Proposals

	R4-1807787, QC
	Proposal 1: The time needed by UE for MAC-CE message decode and application is 3ms for both FR1 and FR2.  

Proposal 2: The UE can take interruptions on active carriers between the time it provides HARQ feedback to network and before the UE is ready to receive on the to be activated SCell. 

Proposal 3: RF warmup time for UE after application of MAC-CE command can be up to 0.5 ms. 

Proposal 4: The number of samples (SSB or TRS) needed for SCell activation is given as follows

Scenario

Number of samples

Notes

Known cell (measured within 160 ms)

1

Known cell (measured longer than 160ms)

2

Unknown cell

3

The first sample needs to SSB

Proposal 5: The UE would need 1 slot CSI-RS to report back CQI. The time to report back CQI is being discussed in RAN1

	R4-1807402, Ericsson
	Observation 1: A long SCell activation time has negative impact on both system throughput and end-user throughput, and the impact goes beyond RAN and CN.

Observation 2: Due to sparser availability of synchronization signals and reference signals in NR, longer SCell activation time is anticipated in NR than in LTE.

Observation 3: The gNB can alleviate a too long SCell activation time by bypassing the configured-deactivated SCell state and instead immediately activate the SCell upon configuration, whereby the UE is ready for scheduling in the SCell when needed. The drawback is that it may increase the UE power consumption.

Observation 4: UEs need to be designed with enough dynamic range to cope with SMTC periods of up to 160ms (the longest SMTC period), to prevent being in a constant state of gain setting.

Observation 5: The shortest SCell measurement cycle corresponds to the longest SMTC period: 160ms. A UE that has been measuring a configured-deactivated SCell according to a 160ms SCell measurement cycle does not need additional time for gain setting when a SCell activation command is received.

Based on the observations, the following proposal is made:

Proposal 1: The activation time requirement for activation of known SCell shall not contain dedicated time (SMTC periods) for gain setting when the gNB has configured the UE to measure the SCell with a SCell measurement cycle of 160ms. For this case, N1 = 0 shall be used.

	R4-1806459, MTK
	Proposal 1: The activation time, excluding AGC setting and PSS/SSS/SBI acquiring, is 3 ms, regardless known or unknown cell.
Proposal 2: The number of samples for NR SCell activation time requirements based on SSBs in FR1 is given as follows:
Condition

AGC settling

PSS/SSS and SSB index acquiring

known cells that MIB reading is not needed

N1=1 

X1=2 

known cells that MIB reading is needed
X2=2 

unknown cells

N2=3 

X3=3 

Proposal 3: The overall SSB based activation delay requirement (Tactivation_time) in FR1 is given as follows:
· If the SCell is known and belongs to FR1, Tactivation_time is 3 ms + 3*SMTC periodicity. 

· If the SCell is known with MIB reading and belongs to FR1, Tactivation_time is 3 ms + [3 or 4]*SMTC periodicity. 

· If the SCell is unknown and belongs to FR1, Tactivation_time is 3 ms + 6*SMTC periodicity provided the SCell can be successfully detected on the first attempt. 

Observation 1: If additional reference signals are configured by network, e.g. periodic TRS, the time for AGC settling and synchronization can be potentially shortened by utilizing both SSB and the TRS. But cell search and MIB reading are still relying on SSBs.
Observation 2: If same beam direction applied to multiple SSBs within a SMTC, the delay of SCell activation can be shortened.
Proposal 4: RAN4 should consider separate delay requirement for SCell activation, when additional reference signals are configured by network or when same beam direction applied to multiple SSBs within a SMTC. 

	R4-1806706, CATT
	Proposal 1:  In SSB based SCell activation requirements, SCell in FR1 can be considered as known without MIB reading by considering the following conditions: 

· During the period equal to max([5] measCycleSCell,  [5] DRX cycles) for FR1 before the reception of the SCell activation command: 

· the UE has sent a valid measurement report, and 

· the SCell being activated is indicated as a synchronous cell, and

· the SSB measured remains detectable according to the cell identification conditions specified in section [TBD], 

· 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 [TBD].

And the SCell in FR1 can be considered as known with MIB reading by considering the following conditions:

· During the period equal to max([5] measCycleSCell,  [5] DRX cycles) for FR1 before the reception of the SCell activation command: 

· the UE has sent a valid measurement report, 

· the SSB measured remains detectable according to the cell identification conditions specified in section [TBD], 

· 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 [TBD].

Otherwise, the SCell in FR1 can be considered as unknown.

Proposal 2: The HARQ feedback delay is defined as k1, which shall refer to TS38.331.

Proposal 3: The interruption delay due to RF tuning/retuning for SCell activation/deactivation can be 0.5ms.

Proposal 4: The interruption delay due to RF tuning/retuning and AGC adjustment for SCell activation/deactivation can be 0.5ms + 1 SMTC periodicity.

Proposal 5: the SCell activation delay can be

For known SCell without MIB reading: Tactivation_delay = THARQ + TInterruption + TCQI_reporting = k1+0.5ms+3*SMTC periodicity

For known SCell with MIB reading: Tactivation_delay = THARQ + TInterruption + TCQI_reporting = k1+0.5ms+5*SMTC periodicity

For unknown SCell: Tactivation_delay = THARQ + TInterruption + TCQI_reporting = k1+0.5ms+6*SMTC periodicity

	R4-1807341, HW
	Proposal 1: RAN4 needs to clarify under what condition UE can be assumed to have already decoded MIB of the target SCell.
Proposal 2: 500us is needed for MAC CE message decode.
Proposal 3: 1ms for RF warm up excluding AGC settling.
Proposal 4: for AGC settling, N1 = 0 and N2 = 3*SSB periodicity.

	R4-1807862, Ericsson
	Proposal 1: The importance of early reporting of the first non-zero CQI (potentially with a slight inaccuracy) shall be taken into account in the SCell activation time specification work.

	R4-1807892, 
	Proposal 1: SCell activation delay for known cell could be 1 SSB

Proposal 2: SCell activation delay for known cell with MIB reading could be 2 SSBs

Proposal 3: SCell activation delay for unknown cell could be [5 or 6] SSBs for FR1 and [5 or 6] * N1 SSBs for FR2


Open issues:
· NR PSCell configuration timeline

· Proposal (Qualcomm): The configuration time for PSCell addition should not include time for CQI reporting. The configuration time should be 

Tconfig_PSCell = TRRC_delay + Tprocessing + Tloops + Tsearch + TPSCell_ DU + TMIB
Where TRRC_delay: is the RRC procedure delay

· Tprocessing: is the SW processing time needed by UE, including RF warm up period. Tprocessing = 20ms for all cases except for the unknown PSCell in FR2.
· Tsearch: is the time for PSS/SSS detection, which is [TBD] for known cell. And [TBD] ms for unknown cell provided that the signal quality is sufficient for successful cell detection on the first attempt.
· Tloops: time for AGC and loops for time refinement. Tloops agreed in handover discussion can be reused here.
· TMIB: time for PBCH decoding. TMIB agreed in handover discussion can be reused here.
· TPSCell_DU: delay uncertainty in acquiring the first available PRACH occasion in the PSCell

· Tentative agreement:

· The configuration time for PSCell addition should be: 

· Tconfig_PSCell = TRRC_delay + Tprocessing + Tloops + Tsearch + TPSCell_ DU

· NR PSCell activation delay Tactivation_time
· The target NR PSCell belongs to FR1:

· Option 1 (CATT): 

Tactivation_time is:
[0.5ms + 3*SMTC periodicity], if the NR PSCell is known without MIB reading

[0.5ms + 5*SMTC periodicity], if the NR PSCell is known with MIB reading

[0.5ms + 6*SMTC periodicity], if the NR PSCell is unknown provided the SCell can be successfully detected on the first attempt

· Option 2 (Huawei, HiSilicon): 

Tactivation_time is:
[1.5ms + 4*SMTC periodicity], if the PSCell is known, or

1.5ms + 8*SMTC periodicity], if the PSCell is unknown provided the SCell can be successfully detected on the first attempt

· The target NR PSCell belongs to FR2: FFS

· Tentative agreement:

	Condition
	PSS/SSS and SSB index acquiring in FR1
	PSS/SSS and SSB index acquiring in FR2

	known cells that MIB reading is not needed
	[3] 
	 [3*N], N can be [8]

	known cells that MIB reading is needed
	 [5] 
	 [4*N], N can be [8]

	unknown cells
	 [8] 
	 [8*N], N can be [8]


Discussion:

Agreement:
· NR PSCell configuration timeline

· The configuration time for PSCell addition should not include time for CQI reporting. The configuration time should be 

Tconfig_PSCell = TRRC_delay + Tprocessing + Tloops + Tsearch + TPSCell_ DU + TMIB
Where TRRC_delay: is the RRC procedure delay
· Tprocessing: is the SW processing time needed by UE, including RF warm up period. Tprocessing = 20ms for all cases except for the unknown PSCell in FR2.

· Tsearch: is the time for AGC settling and PSS/SSS detection, which is [TBD] for known cell. And [TBD] ms for unknown cell provided that the signal quality is sufficient for successful cell detection on the first attempt.

· Tloops: time for time refinement. Tloops agreed in handover discussion can be reused here.

· TMIB: time for PBCH decoding. TMIB agreed in handover discussion can be reused here.

· TPSCell_DU: delay uncertainty in acquiring the first available PRACH occasion in the PSCell

For PSCell in FR1, MIB reading is assumed always needed in PSCell addition procedure.
4 SCell activation
Proposals from companies:

	Companies
	Proposals

	R4-1806266, Intel
	Proposal 1:  Tactivation_time which is consisted of 

· MAC

· RF warm up excluding AGC settling: TBD and independent of SCS

· AGC settling

· PSS/SSS and SSB index acquiring: 

 can be specified as:

Tactivation_time  = Tmac_processing +Trf1 +Tssb +Tagc
SCell unknown

SCell known with MIB reading

SCell known

FR1 

[(K1+0.5ms)+

 0.5ms + 

[5]*SMTC_period+

[2]*SMTC_period

[(K1+0.5ms)+

 0.5ms + 

[4]*SMTC_period+

[2]*SMTC_period

[(K1+0.5ms)+

 0.5ms + 

[2]*SMTC_period+

[2]*SMTC_period
FR2 

[(K1+0.5ms)+

 0.5ms + 

[5*N]*SMTC_period+

[2*N]*SMTC_period
[(K1+0.5ms)+

 0.5ms + 

[4*N]*SMTC_period+

[2*N]*SMTC_period

[(K1+0.5ms)+

 0.5ms + 

[2*N]*SMTC_period+

[2*N]*SMTC_period
It is noted that N can be less than the maximum RX beams numbers, e.g. N=[8].

	R4-1807817, QC
	Proposal 1: The configuration time for PSCell addition should not include time for CQI reporting. The configuration time should be 

Tconfig_PSCell = TRRC_delay + Tprocessing + Tloops + Tsearch + TPSCell_ DU
 Where TRRC_delay: is the RRC procedure delay

Tprocessing: is the SW processing time needed by UE.

Tsearch: is the time for PSS/SSS detection, which is 0 for known cell. And [TBD] ms for unknown cell provided that the signal quality is sufficient for successful cell detection on the first attempt  

Tloops: time, for AGC and loops for time refinement

TPSCell_DU:  delay uncertainty in acquiring the first available PRACH occasion in the PSCell

Proposal 2: Tprocessing can be up to 20ms for an FR1 PSCell and a known FR2 PSCell. Tprocessing can be up to 40ms for an unknown FR2 PSCell

Proposal 3: In the case of unknown cell, Tsearch can be up to 1 SMTC for FR1 and N SMTC for FR2. Tsearch is 0ms for the case of known cell.  

Proposal 4: The time for AGC and loop refinement can be up to 1 SMTC duration. 


Open issues:
· NR SCell known and unknown side condition
· Proposal (CATT):
· In SSB based SCell activation requirements, SCell in FR1 can be considered as known without MIB reading by considering the following conditions: 

· During the period equal to max([5] measCycleSCell,  [5] DRX cycles) for FR1 before the reception of the SCell activation command: 

· the UE has sent a valid measurement report, and 

· the SCell being activated is indicated as a synchronous cell, and
· the SSB measured remains detectable according to the cell identification conditions specified in section [TBD], 

· 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 [TBD].

And the SCell in FR1 can be considered as known with MIB reading by considering the following conditions:

· During the period equal to max([5] measCycleSCell,  [5] DRX cycles) for FR1 before the reception of the SCell activation command: 

· the UE has sent a valid measurement report, 

· the SSB measured remains detectable according to the cell identification conditions specified in section [TBD], 

· 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 [TBD].

Otherwise, the SCell in FR1 can be considered as unknown.
· Proposal (Huawei): RAN4 needs to clarify under what condition UE can be assumed to have already decoded MIB of the target SCell
Discussion:

Nokia: we want to remove MIB reading from definition of known cell.

CATT: if UE doesn’t read MIB, How does UE know when to do the RACH?
QC: in FR1 how does network whether UE has read the MIB or not?
Nokia: network cannot know.

QC: since network cannot know this in FR1, we should only define one set of requirement, i.e. assuming UE always need to read the MIB.
QC: can we have the same definition for HO, SCell activation and etc.

CATT: we have different requirement for different sections.
Agreement:
MIB reading is not necessary for SCell activation
· MAC CE decoding time
· Option 1 (Intel, Huawei): MAC CE decoding time can be 0.5ms
· Option 2 (MediaTek, Qualcomm, Intel): The time needed by UE for MAC-CE message decode and application (SW program both baseband and RF) is 3ms.
· Tentative agreement:
· MAC CE decoding time is 0.5ms
· RF warming up
· Option 1 (Intel,CATT): RF warming up for SCell activation/deactivation can be 0.5ms
· Option 2 (Huawei): 1ms for RF warm up excluding AGC settling
· Option 3 (MediaTek, Qualcomm): The time needed by UE for MAC-CE message decode and application (SW program both baseband and RF) is 3ms.
· 
Tentative agreement:
· RF warming up for SCell activation/deactivation is 0.5ms
· AGC settling
· Option 1 (Intel):
N1 = 2.
· Option 2a (MediaTek): For known SCell, AGC settling is 1*SMTC period, for unknown SCell, AGC settling is 3*SMTC period
· Option 2b (Huawei):
for AGC settling, N1 = 0 and N2 = 3*SSB periodicity
· Option 3 (CATT):
The delay for AGC/AFC can be defined as [1]*SMTC period.
· Option 4 (Ericsson): The activation time requirement for activation of known SCell shall not contain dedicated time (SMTC periods) for gain setting when the gNB has configured the UE to measure the SCell with a SCell measurement cycle of 160ms. For this case, N1 = 0 shall be used.
· Option 5 (Nokia): for AGC settling, N1 = 0 and N2 = 1*SSB periodicity.
· Option 6 (QC): for known cell, AGC settling time can be 0 if the SCell measurement cycle is equal to or smaller than [160ms]. Otherwise additional time is needed.
· 
Tentative agreement:
· For known SCell, AGC settling is 1*SMTC period, for unknown SCell, AGC settling is 3*SMTC period
· PSS/SSS detection and SSB index acquisition
· Option 1a (Intel): 
	Condition
	PSS/SSS and SSB index acquiring in FR1
	PSS/SSS and SSB index acquiring in FR2

	known cells that MIB reading is not needed
	X1= [2] 
	X1= [2*N], N can be [8]

	known cells that MIB reading is needed
	X2= [4] 
	X2= [4*N], N can be [8]

	unknown cells
	X3= [5] 
	X3= [5*N], N can be [8]


· Option 1b (CATT):
	Condition
	PSS/SSS and SSB index acquiring

	known cells that MIB reading is not needed
	X1=2 

	known cells that MIB reading is needed
	X2=4 

	unknown cells
	X3=5 


· Option 2 (MediaTek):
	Condition
	PSS/SSS and SSB index acquiring

	known cells that MIB reading is not needed
	X1=2 

	known cells that MIB reading is needed
	X2=2 

	unknown cells
	X3=3 


· Option 3 (Huawei):
	Condition
	PSS/SSS and SSB index acquiring

	known cells 
	X1=4 

	unknown cells
	X3=5 


· Option 4 (Qualcomm):
The number of samples (SSB or TRS) needed for SCell activation is given as follows

	Scenario
	Number of samples
	Notes

	Known cell (measured within 160 ms)
	1
	

	Known cell (measured longer than 160ms)
	2
	

	Unknown cell
	3
	The first sample needs to SSB


· Option 5 (Nokia):
	Condition
	Total activation delay time

	known cells that MIB reading is not needed
	X1=1 

	known cells that MIB reading is needed
	X2=2 

	unknown cells
	X3=[5 or 6] for FR1 and [5 or 6] * N1 for FR2


· 
Tentative agreement:
	Condition
	PSS/SSS and SSB index acquiring in FR1
	PSS/SSS and SSB index acquiring in FR2

	known cells that MIB reading is not needed
	X1= [2] 
	X1= [2*N], N can be [8]

	known cells that MIB reading is needed
	X2= [4] 
	X2= [4*N], N can be [8]

	unknown cells
	X3= [5] 
	X3= [5*N], N can be [8]


· Additional reference signals e.g. TRS 
· Proposal (MediaTek): RAN4 should consider separate delay requirement for SCell activation, when additional reference signals are configured by network or when same beam direction applied to multiple SSBs within a SMTC.

· 
Tentative agreement:
· SCell activation and deactivation delay requirements are defined based on SSB in Rel-15
· CQI reporting 
· Proposal (Qualcomm): The UE would need 1 slot CSI-RS to report back CQI. The time to report back CQI is being discussed in RAN1
· Proposal (Ericsson): The importance of early reporting of the first non-zero CQI (potentially with a slight inaccuracy) shall be taken into account in the SCell activation time specification work.
Discussion:

· For cell search
	Condition
	FR1 (numbers of SMTC)
	PSS/SSS and SSB index acquiring in FR2

	known cells 
	[0]
	[TBD]

	unknown cells
	[1] + 1*SMTC duration
	[TBD]

	· For fine time tracking
Condition
	FR1
	FR2

	known cells 
	X1= [1]
	X1= [2*N], N can be [8]

	unknown cells
	X3= [5]
	X3= [5*N], N can be [8]


Agreement:
In SCell activatin procedure, the time needed by UE for MAC-CE message decode and application (SW program both baseband and RF) is 3ms.
When activating a known Scell, AGC settling time can be 0 if the SCell measurement cycle is equal to or smaller than [160ms]. Otherwise additional time is needed.
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