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Introduction
In last RAN2 meeting (RAN2#116), RAN2 sent an LS to RAN4 in R2-2111590 related to a RAN2 discussion the sample rate X(ms) associated to the L3 filter configuration. The LS states that RAN2’s common understanding on the sample rate X is that the UE and gNB have the same understanding on it.

Discussion
When looking at the measurement model defined in 38.300:


where (those points relevant to this discussion):
-	A: measurements (beam specific samples) internal to the physical layer.
-	Layer 1 filtering: internal layer 1 filtering of the inputs measured at point A. Exact filtering is implementation dependent. How the measurements are actually executed in the physical layer by an implementation (inputs A and Layer 1 filtering) in not constrained by the standard.
-	A1: measurements (i.e. beam specific measurements) reported by layer 1 to layer 3 after layer 1 filtering.
Hence, the ‘A’ input is the actual physical UE measurements performed by the UE according to the measurement configuration. This means measurements on configured carriers for cell detection and measurements on detected cells on the configured carriers.
For NR the UE will at least perform SSB based measurements and UE shall perform SSB based measurements per SSB Index. Hence, SS-RSRP shall be measured only among the reference signals corresponding to SS/PBCH blocks with the same SS/PBCH block index and the same physical-layer cell identity.
UE then perform UE implementation specific Layer 1 filtering. The UE specific filtering is done such that output from the Layer 1 filtering fulfils the defined UE measurement accuracy requirements. Hence, after the Layer 1 filtering the measurement result at A1 shall be fulfilling the UE minimum accuracy requirements. The outcome of the Layer 1 filter (at point A1) is the result sent to Layer 3.
The input to the Layer filter is the output from the Layer 1 filtering, A1.
RAN4 does not define exactly how the UE shall perform the physical layer measurements. RAN4 does not either define the detailed Layer 1 filtering. RAN4 has defined the maximum measurement delay requirements under worst case conditions based on a number of assumed samples. However, under different channel conditions than assumed when developing the minimum requirements – or possibly due to other factors such as receiver performance – the UE may need less physical measurement samples in order to ensure the required measurement accuracy after Layer 1 filtering.
In addition to the UE measurement accuracy requirements, there is also a need for the UE to perform enough measurement samples in order to account the impact from noise/interference and varying channel conditions in the field like e.g. fading. To account for this, it is necessary for the UE to rely on more than one sample per measurement period. Exactly how many samples would be needed would depend on the different UE implementation as it likely depends on e.g. the detailed UE HW and L1 algorithms, adoption due to high/low SINR etc.

RAN2 LS question to RAN4
RAN2 ask RAN4:
[bookmark: _Hlk92658578]Question to RAN4: Which parameters influence the value of the sample rate X (i.e. L1 measurement period)? Could RAN4 further indicate if these parameters are changeable by the L1/L2 operation (e.g. BWP switching or SCell activation/deactivation)?
RAN2 has defined following (as also listed in the LS):
adapt the filter such that the time characteristics of the filter are preserved at different input rates, observing that the filterCoefficient k assumes a sample rate equal to X ms; The value of X is equivalent to one intra-frequency L1 measurement period as defined in TS 38.133 [14] assuming non-DRX operation, and depends on frequency range.
RAN4 has defined the intra-frequency measurement period in table2 9.2.5.2-1 (FR1) and 9.2.5.2-2 (FR2) – for active serving cells:
Table 9.2.5.2-1: Measurement period for intra-frequency measurements without gaps(FR1)
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(200ms, ceil( 5 x Kp) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(200ms, ceil(1.5x 5 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil( 5 x Kp ) x DRX cycle x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified



Table 9.2.5.2-2: Measurement period for intra-frequency measurements without gaps(FR2)
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(400ms, ceil(Mmeas_period_w/o_gaps x Kp x Klayer1_measurement) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(400ms, ceil(1.5x Mmeas_period_w/o_gaps x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra 

	DRX cycle>320ms
	ceil(Mmeas_period_w/o_gaps xKp x Klayer1_measurement ) x DRX cycle x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified



As to the first part of the question ‘Which parameters influence the value of the sample rate X (i.e. L1 measurement period)’ we see the measurement period depend on a number of parameters:
· Kp: 
· When intra-frequency SMTC is fully non overlapping with measurement gaps or intra-frequency SMTC is fully overlapping with MGs, Kp=1
· When intra-frequency SMTC is partially overlapping with measurement gaps, Kp = 1/(1- (SMTC period /MGRP)), where SMTC period < MGRP (note smtc2)
· SMTC: If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified.
· DRX: Applied DRX cycle
· CSSFintra:
· it is a carrier specific scaling factor and is determined according to CSSFoutside_gap,i in clause 9.1.5.1 for measurement conducted outside measurement gaps, i.e. when intra-frequency SMTC is fully non overlapping or partially overlapping with measurement gaps,  or 
· according to CSSFwithin_gap,i in clause 9.1.5.2 for measurement conducted within measurement gaps, i.e. when intra-frequency SMTC is fully overlapping with measurement gaps.
· Mmeas_period_w/o_gaps: For a UE supporting power class 1, Mmeas_period_w/o_gaps =40. For a UE supporting FR2 power class 2, Mmeas_period_w/o_gaps =24. For a UE supporting power class 3, Mmeas_period_w/o_gaps =24. For a UE supporting power class 4, Mmeas_period_w/o_gaps =24.
· Klayer1_measurement: 
· Klayer1_measurement=1,
· if all of the reference signals configured for RLM, BFD, CBD or L1-RSRP for beam reporting on any FR2 serving frequency in the same band outside measurement gap are not fully overlapped by intra-frequency SMTC occasions, or 
· if all of the reference signal configured for RLM, BFD, CBD or L1-RSRP for beam reporting on any FR2 serving frequency in the same band outside measurement gap and fully-overlapped by intra-frequency SMTC occasions are not overlapped with any of the SSB symbols and the RSSI symbols, and 1 symbol before each consecutive SSB symbols and the RSSI symbols, and 1 symbol after each consecutive SSB symbols and the RSSI symbols, given that SSB-ToMeasure and SS-RSSI-Measurement are configured, where SSB symbols are indicated by the union set of SSB-ToMeasure from all the configured measurement objects on the same serving carrier which can be merged. and RSSI symbols are indicated by SS-RSSI-Measurement;
· Klayer1_measurement=1.5, otherwise
· measCycleSCell: The parameter is used only when an SCell is configured on the frequency indicated by the measObjectNR and is in deactivated state, see TS 38.133 [14]. gNB configures the parameter whenever an SCell is configured on the frequency indicated by the measObjectNR, but the field may also be signalled when an SCell is not configured. Value sf160 corresponds to 160 sub-frames, value sf256 corresponds to 256 sub-frames and so on (RAN2 definition and used for deactivated SCell only).

In addition to above parameters and the UE measurement accuracy requirements, there is also a need for the UE to perform sufficient measurement samples in order to account the impact from noise/interference and varying channel conditions in the field like e.g. fading. 
To account for this, it is necessary for the UE to rely on more than one sample per measurement period. Exactly how many samples that would be needed by the UE, would depend on the different UE implementations and it likely depends on several aspects e.g. the detailed UE HW and L1 algorithms, adoption due to high/low SINR etc.

For the second part of the question ‘Could RAN4 further indicate if these parameters are changeable by the L1/L2 operation (e.g. BWP switching or SCell activation/deactivation)’ we can conclude from above that the parameters impacting the measurement period are to some extend configurable by network. Parameters like SMTC, SSB, DRX, RLM RS, BFD RS, CBD RS, L1-RSRP RS and measurement gap configuration.
However, these parameters are semi static and configured using RRC configuration. They should not change based on BWP switching unless the BWP change trigger a change to/from gap assisted intra-frequency measurements. However, in this situation the network would need to configure/de-configure a suitable gap pattern (if the UE does not support pre-configured measurement gaps). 
For any scenario, where the UE sampling rate may change based on the UE implementation, the UE has to change the actual filtering such that the L3 filtering time length and output remain unchanged and thus any change of sampling rate in the UE implementation is transparent to the network. Meaning UE use the network configured Layer 3 filtering all the time.
SCell activation/deactivation would impact the measurement period of the serving deactivated cells due to change of the assumed measurement rate.

Reply LS TP to RAN2
Based on the questions and discussion we suggest replying following to RAN2:
RAN4 would like to thank RAN2 for LS to RAN4 on L3 filter configuration [R2-2111472]. RAN4 has discussed the questions listed and would like to inform RAN2 the following:
Concerning the first part of the question ‘Which parameters influence the value of the sample rate X (i.e. L1 measurement period)’ the measurement period defined in RAN4 depend on a number of parameters:
· Kp: 
· When intra-frequency SMTC is fully non overlapping with measurement gaps or intra-frequency SMTC is fully overlapping with MGs, Kp=1
· When intra-frequency SMTC is partially overlapping with measurement gaps, Kp = 1/(1- (SMTC period /MGRP)), where SMTC period < MGRP (note smtc2)
· SMTC: If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified.
· DRX: Applied DRX cycle
· CSSFintra:
· it is a carrier specific scaling factor and is determined according to CSSFoutside_gap,i in clause 9.1.5.1 for measurement conducted outside measurement gaps, i.e. when intra-frequency SMTC is fully non overlapping or partially overlapping with measurement gaps,  or 
· according to CSSFwithin_gap,i in clause 9.1.5.2 for measurement conducted within measurement gaps, i.e. when intra-frequency SMTC is fully overlapping with measurement gaps.
· Mmeas_period_w/o_gaps: For a UE supporting power class 1, Mmeas_period_w/o_gaps =40. For a UE supporting FR2 power class 2, Mmeas_period_w/o_gaps =24. For a UE supporting power class 3, Mmeas_period_w/o_gaps =24. For a UE supporting power class 4, Mmeas_period_w/o_gaps =24.
· Klayer1_measurement: 
· Klayer1_measurement=1,
· if all of the reference signals configured for RLM, BFD, CBD or L1-RSRP for beam reporting on any FR2 serving frequency in the same band outside measurement gap are not fully overlapped by intra-frequency SMTC occasions, or 
· if all of the reference signal configured for RLM, BFD, CBD or L1-RSRP for beam reporting on any FR2 serving frequency in the same band outside measurement gap and fully-overlapped by intra-frequency SMTC occasions are not overlapped with any of the SSB symbols and the RSSI symbols, and 1 symbol before each consecutive SSB symbols and the RSSI symbols, and 1 symbol after each consecutive SSB symbols and the RSSI symbols, given that SSB-ToMeasure and SS-RSSI-Measurement are configured, where SSB symbols are indicated by the union set of SSB-ToMeasure from all the configured measurement objects on the same serving carrier which can be merged. and RSSI symbols are indicated by SS-RSSI-Measurement;
· Klayer1_measurement=1.5, otherwise
· measCycleSCell: The parameter is used only when an SCell is configured on the frequency indicated by the measObjectNR and is in deactivated state, see TS 38.133 [14]. gNB configures the parameter whenever an SCell is configured on the frequency indicated by the measObjectNR, but the field may also be signalled when an SCell is not configured. Value sf160 corresponds to 160 sub-frames, value sf256 corresponds to 256 sub-frames and so on (RAN2 definition and used for deactivated SCell only).
In addition to above parameters and the UE measurement accuracy requirements, there is also a need for the UE to perform sufficient measurement samples in order to account the impact from noise/interference and varying channel conditions in the field like e.g. fading. 
To account for this, it is necessary for the UE to rely on more than one sample per measurement period. Exactly how many samples that would be needed by the UE, would depend on the different UE implementations and it likely depends on several aspects e.g. the detailed UE HW and L1 algorithms, adoption due to high/low SINR etc.

For the second part of the question ‘Could RAN4 further indicate if these parameters are changeable by the L1/L2 operation (e.g. BWP switching or SCell activation/deactivation)’ RAN4 conclude that the parameters impacting the measurement period are to some extend configurable by network.
These parameters are semi static and configured using RRC configuration. They would not change based on BWP switching unless the BWP change trigger a change to/from gap assisted intra-frequency measurements. However, in this situation the network would need to configure/de-configure a suitable gap pattern (if the UE does not support pre-configured measurement gaps).
However, these parameters are semi static and configured using RRC configuration. They should not change based on BWP switching unless the BWP change trigger a change to/from gap assisted intra-frequency measurements. However, in this situation the network would need to configure/de-configure a suitable gap pattern (if the UE does not support pre-configured measurement gaps). 
For any scenario, where the UE sampling rate may change based on the UE implementation, the UE has to change the actual filtering such that the L3 filtering time length and output remain unchanged and thus any change of sampling rate in the UE implementation is transparent to the network. Meaning UE use the network configured Layer 3 filtering all the time.
SCell activation/deactivation would only impact the measurement period of the serving deactivated cell being activated/deactivated due to change of the assumed measurement rate (DRX vs measCycleScell).

Conclusion
Considering the discussion, we do not see any need for change in the current behaviour and specifications. Hence, RAN2 and RAN4 specifications are aligned. 
We propose to reply to RAN2 LS and the related questions as listed in section 2.2.
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