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Introduction
In RAN4#101-e meeting, RAN4 continued discussing requirements for pre-configured measurement gaps. Progress was captured in a WF [1]. In this paper, we discuss the following topics:
· Activation/deactivation
· RRM requirements
[bookmark: _Ref85267976]Activation/deactivation
In RAN4#101-e, RAN4 reached the agreements below regarding activation/deactivation of pre-configured MG [1]:
How pre-configured MGs can be activated/deactivated 
NW can control activation/deactivation of pre-configured MG for the specific BWP via RRC message ONLY. No additional activation/deactivation mechanism other than RRC-based BWP indication and UE autonomous rule will be introduced in Rel-17. 
Conditions for pre-MG activation/deactivation
· Additional activation/deactivation conditions are not considered in application to network-controlled pre-MG activation/deactivation.
· Specific conditions can be further handled as a part of discussion on rules of UE autonomous activation/deactivation
How to indicate the initial status (activation/deactivation) of Pre-MG at or during configuration  
· Besides the per BWP indication, no additional explicit signalling is needed to indicate the initial pre-MG activation/deactivation status at or during pre-MG being configured.  
· FFS on initial status (activation/deactivation) of Pre-MG is determined based on the same rules used for autonomous activation/deactivation of Pre-MG.
Applicability of different activation/deactivation mechanisms 
· Define separate UE capabilities for different pre-MG activation/deactivation mechanisms




From the above agreements, it is understood that, in the context of this WI, RAN4 will introduce only two mechanisms to control the activation/deactivation of pre-configured MG:
a. via RRC-based network control, and
b. via autonomous rules.
Separate UE capabilities will be introduced to indicate support for each activation/deactivation mechanism. In our view, RRC-based control should be supported by UEs indicating support for the pre-configured MG feature. An additional UE capability should be introduced to indicate support for activation/deactivation based on autonomous rules.
Proposal 1a: UEs that support the Rel-17 pre-configured MG feature should support RRC-based activation/deactivation by default.
Proposal 1b: UE support of pre-configured MG activation/deactivation based on autonomous rules should be indicated using a separate UE capability.
It should be clear to the UE and the network which mechanism should be applied to determine the activation/deactivation status of a given pre-configured MG, at all times. Note that UEs that support activation/deactivation of pre-configured MG based on autonomous rules would not strictly need the network to indicate initial activation/deactivation status via RRC signalling. i.e. those UEs can determine the initial activation state using the same rules. Therefore, the network should provide activation/deactivation status via RRC only when it wants to override the autonomous rules or if the UE does not support autonomous rules. Then it would be clear which mechanism should be applied. 
Observation 1: UEs that support activation/deactivation of pre-configured MG based on autonomous rules do not need the network to indicate the initial activation/deactivation status via RRC signalling.
Proposal 2: If the network provides the activation/deactivation status via RRC signalling, the UE will not use autonomous rules to determine the activation/deactivation status of the pre-configured MG. It will follow the per-BWP status indicated by the network.
Regarding the autonomous rules for activation/deactivation of pre-configured MGs, RAN4 has reached an initial agreement, shown below, containing several items for further study [1]. The only type of triggering event agreed so far is BWP switching. A working version of the applicability of the autonomous rules to different types of measurements is included in the agreement.
Based on the applicability statement in the agreement, a pre-configured MG will exhibit dynamic activation/deactivation behavior dependent on the active BWP in scenarios where only SSB-based measurements are configured by the network. i.e. if any other type of measurement performed within MG is configured, including NR positioning measurements and CSI-RS inter-frequency measurements, then the pre-configured MG should remain active regardless of the active BWP. To achieve this behavior, the network could simply update the activation/deactivation status of the pre-configured MG via RRC at the same time it configures the measurements that need legacy MG behavior.
Observation 2: The network could update the activation/deactivation status of the pre-configured MG via RRC at the same time it configures measurements that require legacy MG behavior (e.g. CSI-RS L3 measurements), so that the pre-configured MG is active for all the DL BWP.
Rules of for UE autonomous Pre-MG activation/deactivation 
Rules of for UE autonomous Pre-MG activation/deactivation shall be: 
· The trigger events that may change the activation status of pre-MG configured to UE include:
· BWP switching, 
· adding/removing any measurement object(s): FFS
· adding/releasing/changing SCell(s): FFS
· activating/de-activating any Scell(s):FFS
· LPP positioning request: FFS
· And the general applicability rules for measurement gap for SSB, CSI-RS L3, Rel16 PRS in TS38.133
· If MG is not required by any of the configured measurements, the MG is deactivated e.g. when.
· the UE is configured with only SSB measurements, and all the measured SSBs are fully within the BW of the active BWP.
· If MG is required by one or more of the configured measurements, the MG is activated e.g. when:
· the UE is configured with at least CSI-RS measurements or,
· the UE is configured with at least PRS measurements or ,
· the UE is configured with only SSB measurements, and one of the measured SSBs is not fully within the BW of the active BWPs or.
· the UE is configured with at least inter-RAT measurements.
Notes: Exact way to capture the rules for UE autonomous Pre-MG activation/deactivation can be discussed based on the CR.

Scenarios including NR positioning measurements may need additional interaction between the UE and the network because those measurements are configured by the LMF (outside the RAN) via LPP signaling, as opposed to via RRC signaling. In those cases, the UE should initiate the LocationMeasurementIndication procedure [2] to notify the serving gNB that it will start performing positioning measurements that need a MG. To clarify, the UE should only take this action if there is a pre-configured MG that would not be active for all the configured DL BWP (based on RRC signaling or the autonomous rules). Once the gNB is notified, it can either
a. update the activation/deactivation status of the pre-configured MG via RRC, or
b. configure a legacy MG.
If the gNB does not take either action, then the UE may not be able to perform the measurements (measurement requirements would not apply).
Proposal 3: When the UE needs to start performing NR positioning measurements that require a MG and there is a pre-configured MG that would not be active for all configured DL BWP, based on either RRC signaling or the autonomous rules, the UE would initiate the LocationMeasurementIndication procedure to notify the serving gNB that it needs a measurement gap with legacy behavior (always on).
Regarding the condition for gap activation/deactivation based on configured SSB-based measurement objects, the current agreement says that the pre-configured MG is deactivated when “all the measured SSBs are fully within the BW of the active BWP.” For an inter-frequency measurement within active BWP, we understand that the gap can be deactivated if the UE supports interFrequencyMeas-NoGap-r16 for the corresponding FR.
Proposal 4: When autonomous rules are applied to determine the activation/deactivation status of a pre-configured MG, the gap can be deactivated for an inter-frequency measurement contained within the active DL BWP if the UE supports interFrequencyMeas-NoGap-r16 for the corresponding FR.
Let us now address the types of events that may trigger changes in the activation/deactivation status of the pre-configured MG. First, based on the applicability statement in the agreement, the measurement configuration plays a key role in determining the activation/deactivation status. Therefore, we conclude that addition/removal of measurement objects is a valid triggering event.
Proposal 5: The addition/removal of measurement objects is a triggering event that may change the activation/deactivation status of a pre-configured MG when the autonomous rules are applied.
As explained above, LPP positioning requests may imply changes to the activation/deactivation of a pre-configured MG. However, LPP positioning requests cannot be used directly as triggering events because they are transparent to the RAN (gNB). The current means of notifying the gNB of positioning requests is via the the LocationMeasurementIndication procedure [2]. Therefore, LocationMeasurementIndication should be used as a triggering event, as captured in our Proposal 3.
Proposal 6: LPP positioning requests cannot be used directly as triggering events for changing the activation/deactivation of a pre-configured MG because they are transparent to the RAN (gNB). Instead, the LocationMeasurementIndication procedure should be used as a triggering event (see Proposal 3).
Changes in SCell configuration could also be triggering events but this depends on how and whether RAN4 decides to support pre-configured MG when the UE is configured in CA. As captured in the agreements below [1], so far RAN4 has focused on the single carrier case, and it will evaluate solutions to support pre-configured MG in CA mode with activation/deactivation based on BWP switching on a single CC. It is not clear whether the constraint of “activation/deactivation based on BWP switching on a single CC” applies to both the RRC-based network control and the autonomous rules. It is not clear either which “single CC” would be selected (and how) when the UE is configured in CA mode.
Using of pre-configured MG for CA 
· In this meeting, RAN4 continue focus on the single carrier case and evaluate the additional working efforts to support the CA case with pre-configured MG activation/deactivation based on BWP switching on a single CC
· The companies are encouraged to bring the analysis and concrete solutions of pre-MG under CA case with activation/deactivation based on BWP switching on a single CC in R4#101e-b.
· By the end of R4#102e (Feb, 2022), if  the problems on pre-MG under CA case with activation/deactivation based on BWP switching on a single CC can’t be resolved in RAN4, by default they will be deferred to further release.
How can the activation/deactivation status of pre-configured MGs be indicated in case of CA
· FFS on the following principles: 
· When configured with per-UE gap, UE should assume the gap is ON as long as the pre-MG status of active DL BWP in one of the CCs is ON, and assume the gap is OFF only if the pre-MG status of active DL BWP in all CCs are OFF. 
· When configured with per-FR gap, UE should assume the gap is ON as long as the pre-MG status of active DL BWP in one of the CCs in the same FR is ON, and assume the gap is OFF only if the pre-MG status of active DL active DL BWP in all CCs in the same FR are OFF. 
FFS   on the pre-MG activation/deactivation status indication in case of pre-MG activation / deactivation triggered by RRC signalling in case of CA


In our view, the constraint of “activation/deactivation based on BWP switching on a single CC” could be attractive for RRC-based network control since it would require less signaling. It would make sense from a capability perspective, since all UEs supporting pre-configured MG would be expected to support activation/deactivation via RRC-based network control. In that sense, pre-configured MG with RRC-based network control would be a baseline capability biased towards supporting the single carrier mode.
On the other hand, more capable UEs that support activation/deactivation of pre-configured MG via autonomous rules would be able to exploit additional benefits with pre-configured MG in CA mode if the rules take into account all the DL BWPs configured on PCell and SCells. In that case, SCell activation/ deactivation/release/change would also be considered triggering events given that the criterion of being “contained within the BW of the active DL BWP” would depend on the active BWPs of both PCell and SCells. SCell addition by itself would not be a triggering event, unless the cell is activated, since there is no active BWP for a deactivated SCell.
Proposal 7: When using pre-configured MG activation/deactivation via RRC-based network control, the gap activation/deactivation status depends only on the active DL BWP of the PCell, regardless of whether the UE is in single carrier mode or CA mode.
Proposal 8: When using pre-configured MG activation/deactivation via autonomous rules (subject to additional UE capability), the gap activation/deactivation status depends on the active DL BWP of the PCell and the active SCells when the UE is configured in CA mode. SCell activation, deactivation, release and change would be considered triggering events that may change the gap activation/deactivation status.
RRM requirements
In this section we will discuss new RRM requirements for measurements performed with pre-configured MG.
First, we will discuss the activation/deactivation requirement for pre-configured MG. When a change in activation status is triggered by a BWP switch, RAN4 has agreed to allow additional delay for the activation or deactivation of a pre-configured MG relative to the applicable BWP switch delay [3]. The WF from RAN4#101-e defined the starting point for the activation/deactivation delay of the pre-configured gap when triggered by BWP switch and captured some options for the additional delay [1].
Start point of Activation/Deactivation Delay 
· The pre-MG activation/deactivation delay starts from the time when received BWP switch request if the pre-MG activation/deactivation is triggered by BWP switching. 
· FFS when the pre-MG activation/deactivation takes effect on measurement after the activation/deactivation delay.
The additional transition time for Activation/Deactivation Delay 
Can be FFS and decided in the next meeting:
· Option 1: 5ms 
· Option 2 :T=10ms – BWP switch delay

Regarding the starting/reference point for a change in the status of a pre-configured MG that is triggered by a BWP switch, we understand that it should be the same as the starting/reference point for the BWP switch delay requirement, as defined in TS 38.133, clause 8.6. We believe that was the intention of the above agreement from RAN4#101-e.
Regarding the additional transition time for the pre-configured gap, option 1 above proposes to add a fixed margin of 5ms on top of the BWP switch delay, whereas option 2 sets a total delay budget of 10 ms for the activation/deactivation of the pre-configured MG from the starting point of the BWP switch. Since the BWP switch delay requirement depends on multiple factors including UE capabilities, number of simultaneous BWP switches, SCS of the involved BWPs, etc. we favor adding a fixed margin, as in option 1, to account for the activation/deactivation delay of the pre-configured MG.
Proposal 9a: Clarification of a prior agreement from RAN4#101-e: The starting/reference point for the activation/deactivation delay of a pre-configured MG that is triggered by a BWP switch is the same as the starting/reference point for the BWP switch delay.
Proposal 9b: The additional delay for activation/deactivation of a pre-configured MG that is triggered by BWP switch shall be T = 5 ms.
RAN4 is discussing whether to include other triggering events as part of the autonomous rules for activation/deactivation of pre-configured MG. If RAN4 agrees on additional triggering events, corresponding additional transition times for activation/deactivation of a pre-configured MG triggered by each new event should be discussed.
Proposal 10: If additional triggering events are defined as part of the autonomous rules, RAN4 will discuss additional transition times for activation/deactivation of a pre-configured MG triggered by each new type of event.
Next, we discuss measurement period requirements for pre-configured MG. Related agreements and open issues from RAN4#101-e are shown below [1]. 
The applicable scenario of the measurement period with pre-MG measurements 
· The measurement period requirements for pre-MG based measurement can be defined for the scenarios below.
· Case 3: requirements for the measurement with both activated and deactivated pre-MGs
· The measurement period requirements for pre-MG based measurements can be leveraged from the current requirements for gap/gapless measurement defined in TS38.133
The start point of measurement report period 
· FFS the start option of measurement report period
· FFS whether UE shall continue the ongoing measurement when pre-MG status changed
The components included in measurement report period
Can be FFS on in the next meeting:
· Intra-frequency measurement requirement in 38.133 per sample 
· Inter-frequency measurement requirement in 38.133 per sample 
· Transition time between the activated pre-MG and deactivated MG
· BWP switching
· Others

As shown above, it was agreed that measurements for pre-configured MG can leverage the existing requirements for measurements within gaps and outside gaps defined in TS 38.133. The agreement should apply to SSB-based measurements, CSI-RS L3 measurements, NR positioning measurements and L1 RSRP measurements. For measurements that can be performed only within gaps, measurement requirements would apply only when the pre-configured MG is active. No requirements would apply otherwise.
For measurements that can be performed with and without gaps, i.e. both when the pre-configured MG is active or inactive depending on the active BWP, the measurement period requirement may become too complex if we try to address cases where the activation status of the pre-configured MG changes while the measurements are being performed. In those cases, the UE would not be expected to perform measurements during the BWP transitions and the measurement period may need to be extended. The amount of the extension would depend on the number of BWP transitions. In addition, the measurement period requirements with and without gaps may be different and that also would need to be taken into account.
Our preference would be to not specify measurement period requirements when there are changes in the activation/deactivation status of the pre-configured MG during the measurement period. Note that the issues identified above with BWP transitions also apply to measurements with legacy gaps but they are not addressed by current measurement requirements.
Proposal 11: For measurements that can only be performed within MG, e.g. NR positioning measurements and CSI-RS inter-frequency measurements, requirements would not apply if the pre-configured gap is deactivated during the measurement period.
Proposal 12: RAN4 does not specify measurement period requirements for scenarios in which there are changes in the activation/deactivation status of the pre-configured MG during the measurement period.
Conclusions
Proposal 1a: UEs that support the Rel-17 pre-configured MG feature should support RRC-based activation/deactivation by default.
Proposal 1b: UE support of pre-configured MG activation/deactivation based on autonomous rules should be indicated using a separate UE capability.
Observation 1: UEs that support activation/deactivation of pre-configured MG based on autonomous rules do not need the network to indicate the initial activation/deactivation status via RRC signalling.
Proposal 2: If the network provides the activation/deactivation status via RRC signalling, the UE will not use autonomous rules to determine the activation/deactivation status of the pre-configured MG. It will follow the per-BWP status indicated by the network.
Observation 2: The network could update the activation/deactivation status of the pre-configured MG via RRC at the same time it configures measurements that require legacy MG behavior (e.g. CSI-RS L3 measurements), so that the pre-configured MG is active for all the DL BWP.
Proposal 3: When the UE needs to start performing NR positioning measurements that require a MG and there is a pre-configured MG that would not be active for all configured DL BWP, based on either RRC signaling or the autonomous rules, the UE would initiate the LocationMeasurementIndication procedure to notify the serving gNB that it needs a measurement gap with legacy behavior (always on).
Proposal 4: When autonomous rules are applied to determine the activation/deactivation status of a pre-configured MG, the gap can be deactivated for an inter-frequency measurement contained within the active DL BWP if the UE supports interFrequencyMeas-NoGap-r16 for the corresponding FR.
Proposal 5: The addition/removal of measurement objects is a triggering event that may change the activation/deactivation status of a pre-configured MG when the autonomous rules are applied.
Proposal 6: LPP positioning requests cannot be used directly as triggering events for changing the activation/deactivation of a pre-configured MG because they are transparent to the RAN (gNB). Instead, the LocationMeasurementIndication procedure should be used as a triggering event (see Proposal 3).
Proposal 7: When using pre-configured MG activation/deactivation via RRC-based network control, the gap activation/deactivation status depends only on the active DL BWP of the PCell, regardless of whether the UE is in single carrier mode or CA mode.
Proposal 8: When using pre-configured MG activation/deactivation via autonomous rules (subject to additional UE capability), the gap activation/deactivation status depends on the active DL BWP of the PCell and the active SCells when the UE is configured in CA mode. SCell activation, deactivation, release and change would be considered triggering events that may change the gap activation/deactivation status.
Proposal 9a: Clarification of a prior agreement from RAN4#101-e: The starting/reference point for the activation/deactivation delay of a pre-configured MG that is triggered by a BWP switch is the same as the starting/reference point for the BWP switch delay.
Proposal 9b: The additional delay for activation/deactivation of a pre-configured MG that is triggered by BWP switch shall be T = 5 ms.
Proposal 10: If additional triggering events are defined as part of the autonomous rules, RAN4 will discuss additional transition times for activation/deactivation of a pre-configured MG triggered by each new type of event.
Proposal 11: For measurements that can only be performed within MG, e.g. NR positioning measurements and CSI-RS inter-frequency measurements, requirements would not apply if the pre-configured gap is deactivated during the measurement period.
Proposal 12: RAN4 does not specify measurement period requirements for scenarios in which there are changes in the activation/deactivation status of the pre-configured MG during the measurement period.
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