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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the last RAN4 meeting a WF capturing agreements and open issues related to pre-configured measurement gap pattern (Pre-MG) was approved [1]. Furthermore, RAN4 also sent initial LS to RAN2 for specifying signaling solution related to Pre-MG [2]. There are still few open issues for RAN2. 
In this contribution we further analyze the open issues related to the pre-configured measurement gap pattern (Pre-MG) identified in the WF in the last meeting [1].
2. Measurement scenarios for Pre-MG 
The following was agreed regarding measurement scenarios for Pre-MG [1]:
Whether can the pre-MG be used for PRS measurement?
· It is feasible to config Pre-MG for PRS measurements. 
· The exact configuration of Pre-MG used for PRS measurement can be FFS 
· FFS on whether UE assumes the Pre-MG is always activated 
· FFS if UE should always indicate serving cell about the PRS measurement when it is configured with pre-MG.
· It is up to NW to configure either Pre-MG which shall be always activated or legacy MG for PRS measurement
Whether can the pre-MG be used for CSI-RS L3 measurement?
· It is feasible to configure a Pre-MG for CSI-RS L3 inter-frequency measurement. 
· The exact configuration of Pre-MG used for CSI-RS L3 inter-frequency measurement can be FFS 
· FFS on whether UE assumes the Pre-MG is always activated 
· It is up to NW to configure either Pre-MG which shall be always activated or legacy MG for CSI-RS L3 inter-frequency
Based on the above agreements the Pre-MG can be used for PRS measurements and for CSI-RS L3 inter-frequency measurements. 
When the UE is configured with PRS measurements or with CSI-RS L3 inter-frequency measurements then the Pre-MG needs to remain activated until the PRS or with CSI-RS L3 inter-frequency measurements remained configured. 
A UE when configured with PRS measurements requests the gNB to configure gaps if not configured with gaps or if the gaps are sufficient as shown below from section 5.3.6 in TS 38.331:


Figure 1: Location measurement indication (TS 38.331)
The purpose of this procedure is to indicate to the network that the UE is going to start/stop location related measurements towards E-UTRA or NR (eutra-RSTD, nr-RSTD, nr-UE-RxTxTimeDiff, nr-PRS-RSRP) which require measurement gaps or start/stop detection of subframe and slot timing towards E-UTRA (eutra-FineTimingDetection) which requires measurement gaps. 
……
The UE shall:
1>	if and only if upper layers indicate to start performing location measurements towards E-UTRA or NR or start subframe and slot timing detection towards E-UTRA, and the UE requires measurement gaps for these operations while measurement gaps are either not configured or not sufficient:
2>	initiate the procedure to indicate start;
The Pre-MG are not sufficient for PRS measurements as they (gaps) can be deactivated. Therefore, upon receiving the UE request the network can either transform the current Pre-MG to legacy MG pattern (MGP) by sending 1-bit indicator to the UE or deconfigure Pre-MG and configure another legacy MG. Another option is that the transformation of the Pre-MG to legacy MG pattern or vice versa is based on implicit rule. This means that both UE and gNB assumes that the Pre-MG is transformed to a legacy MGP with same parameters (MGL, MGRP etc) upon UE sending the location measurement indication to the gNB.
Similar transformation principle can be applicable when the UE is configured with CSI-RS L3 inter-frequency measurements. For example, both UE and gNB assumes that the Pre-MG is transformed to a legacy MGP with same parameters (MGL, MGRP etc) upon configuring the UE with UE with CSI-RS L3 inter-frequency measurements. 
· Observation # 1: Pre-MG should be activated when PRS measurements or with CSI-RS L3 inter-frequency measurements are configured and remain activated until any of these measurements remained configured.
· Observation # 2: The UE when configured with PRS measurements sends the location measurement indication to the gNB if not configured with gaps or if gaps are insufficient.
· Proposal # 1: Pre-MG should be activated when PRS measurements are configured and should remain activated until the PRS measurements remained configured.
· Proposal # 2: Support mechanism to transform Pre-MG to legacy MGP when PRS measurements are configured or legacy MGP to Pre-MG when PRS measurements are deconfigured. Transformation between Pre-MG and legacy MGP is based on:
· Option 1: Explicit signaling from gNB to the UE e.g. 1-bit. 
· Option 2: Implicit rule: Both UE and gNB assumes:
· Pre-MG is transformed to legacy MGP when PRS measurements are configured
· Legacy MG is transformed to Pre-MG when PRS measurements are deconfigured
· Proposal # 3: Pre-MG should be activated when CSI-RS L3 inter-frequency measurements are configured and should remain activated until the CSI-RS L3 inter-frequency measurements remained configured.
· Proposal # 4: Support mechanism to transform from Pre-MG to legacy MGP when CSI-RS L3 inter-frequency measurements are configured or from legacy MGP to Pre-MG when CSI-RS L3 inter-frequency measurements are deconfigured. Transformation between Pre-MG and legacy MGP is based on:
· Option 1: Explicit signaling from gNB to the UE e.g. 1-bit. 
· Option 2: Implicit rule: Both UE and gNB assumes:
· Pre-MG is transformed to legacy MGP when CSI-RS L3 inter-frequency measurements are configured
· Legacy MG is transformed to Pre-MG when CSI-RS L3 inter-frequency measurements are deconfigured
3. Relation between Pre-MG and Legacy MGP
The following was agreed on open issues regarding the relation between the Pre-MG and legacy MGP [1]:
· Without considering concurrent MG and on top of the RRC parameter(s) used to differentiate Pre-MG with the legacy MG,
·  FFS whether additional mechanism is needed to switch the configured pre-MG to serve as the same functionaries as the legacy MG (MG is always on). 
It has been agreed that any of the existing MGPs can be configured as Pre-MGP [2]:
•	All existing MG patterns #0~25 in Rel-16 are applicable for the pre-configured MG
This means a legacy MGP (e.g. gap ID # 0) when configured as Pre-MG will use the same MGL and MGRP as defined for that legacy MGP (e.g. gap ID # 0). As described in section 2 that PRS and CSI-RS L3 inter-frequency measurements always need gaps. Furthermore, inter-frequency and inter-RAT measurements also need gaps. Therefore, network should have a simple mechanism to indicate the UE to transform the currently configured Pre-MG into legacy MGP with same MGL/MGRP or to transform the currently configured legacy MGP into Pre-MG with same MGL/MGRP. 
· Observation # 3: Any legacy MGP can be configured as Pre-MG using the same parameters e.g. MGL, MGRP.
· Proposal # 5: Support mechanism in the gNB to transform currently configured Pre-MG into legacy MGP or currently configured legacy MGP into Pre-MG with the same parameters e.g. MGL, MGRP. Transformation based on: 
· Option 1: Explicit signaling from gNB to the UE e.g. 1-bit. 
· Option 2: Implicit rule: Both UE and gNB assumes:
· Pre-MG is transformed to legacy MGP when any measurements, which always need gaps, are configured
· Legacy MG is transformed to Pre-MG when any measurements, which always need gaps, are deconfigured
4. [bookmark: _Hlk68181915]Pre-MGP status upon and after RRC configuration
The following was agreed about the status of Pre-MG after the configuration [1]:
· Status of pre-configured MG is not fixed after RRC configuration
· FFS: how UE determines the status (active/deactive)
In our view the UE and gNB can determined the status of the Pre-MG after the RRC configuration based on implicit rules. The implicit rule is based on the frequency location of the measured SSB with respect to the BW of the active BWP. The implicit rules are further discussed in the next section. 
· Proposal # 6: UE and gNB can determined the status (activation/deactivation) of the Pre-MG after the RRC configuration based on implicit rules.
5. Pre-MGP activation/deactivation procedure
The following was agreed on open issues regarding how the Pre-MG can be activated or deactivated [1].
· NW can control activation/deactivation of pre-configured MG 
· RRC based activation/deactivation method is supported
· Network can indicate activation/deactivation status per BWP
· Details of signalling are FFS
· FFS if MAC CE based activation/deactivation method is supported
· Companies are encouraged bring inputs on the conditions when NW based activation/deactivation and explicit rules for activation/deactivation are used.  
· The explicit rules for pre-configured MG autonomous activation/deactivation shall be defined for the case when signalling is not provided
· The general principle to define Pre-MG autotmous activation/deactivation criteria can be:
· If MG is not required by any of the configured measurements, the MG is deactivated.
· If MG is required by one or more of the configured measurements, the MG is activated
· FFS the detailed criteria for pre-MG autonomous activation/deactivation
· FFS if additional conditions beside BWP switching for pre-configured MG activation/deactivation shall be considered 
· Option 1: pre-configured MG activation/deactivation can be triggered by  finishing the following network commands and procedures: BWP switching, adding/removing any measurement object(s), adding/releasing/changing a PSCell, activating/de-activating any SCell(s).
· Option 2: pre-configured MG activation/deactivation is triggered ONLY by the DCI/Timer based BWP switch in accordance with the WID objective # 1.
· Other options not precluded
· The pre-configured MG activation/deactivation is triggered by the DCI/Timer based BWP switch 
· FFS if additional conditions for pre-configured MG activation/deactivation shall be considered 
· NW can control activation/deactivation of pre-configured MG 
· RRC based activation/deactivation method is supported
· Network can indicate activation/deactivation status per BWP
· Details of signalling are FFS
· FFS if MAC CE based activation/deactivation method is supported
· 
· Additional explicit rules for pre-configured MG autonomous activation/deactivation shall be defined for the case when signalling is not provided
· UE capability on the support of NW-controlled and autonomous pre-configured MG activation/deactivation mechanisms can be further discussed
· Companies are encouraged bring inputs on the conditions when NW based activation/deactivation and explicit rules for activation/deactivation are used
One main issue is that type of signaling to change the status of the Pre-MG when the status is controlled by the network. RAN4 agreed on the RRC based solution and MAC-CE based solution is FFS. In our opinion the RRC based solution is sufficient. There is no particular benefit of also using MAC-CE based activation and deactivation of the Pre-MG as this will be increase unnecessarly signaling and complexity. 
The implicit rules to change the status of the Pre-MG can be defined as follows. Firstly, the triggering condition should be based on only the DCI/Timer based BWP switch in accordance with the WID in RP-211591:
(1) Pre-configured MG pattern(s) (fast MG configuration) [RAN4, RAN2] 
· RRM requirements for pre-configured MG pattern(s) [RAN4]
· Study requirements of the mechanisms of activation/deactivation of MG following a DCI or timer based BWP switch, e.g., per BWP MG configuration
· Specification of rules and UE behaviour for activation/deactivation of a MG following a DCI or timer based BWP switch
· Define measurement period requirements with pre-configured MG pattern(s) in the presence of one or more BWP switch per measurement period
· Specification of applicability of pre-configured MG pattern(s) [RAN4]
· Procedures and signaling for pre-configured MG pattern(s) [RAN2]
· Specification of protocol impacts of the mechanisms of activation/deactivation of MG following a DCI or timer based BWP switch, e.g., per BWP MG configuration based on RAN4 input

The DCI or timer based active BWP switching can trigger activation/deactivation of Pre-MG. The Pre-MG status can be determined by the UE and gNB implicitly as follows: 
o	Pre-MG shall be considered activated if the SSB configured for measurement is within the new active BWP, or 
o	Pre-MG shall be considered deactivated if the SSB configured for measurement is not within the new active BWP.
· Observation # 4: According to the WI objectives the activation and deactivation of the Pre-MG is triggered by DCI/Timer based active BWP switch.
· Proposal # 7: Do not introduce MAC-CE based activation and deactivation of the Pre-MG.
· Proposal # 8: Autonomous/implicit activation and deactivation of the Pre-MG is triggered by DCI/Timer based active BWP switching.
· Proposal # 9: Autonomous/implicit rules for activation and deactivation of the Pre-MG are as follows:
· Pre-MG shall be considered activated by UE and gNB if the SSB configured for measurement is within the new active BWP, or
· Pre-MG shall be considered deactivated by UE and gNB if the SSB configured for measurement is not within the new active BWP.
6. RRM requirements with Pre-MGP 
The following was agreed regarding RRM requirements when the measurement is performed with Pre-MG [1]:
Activation/Deactivation Delay
Additional transition time (T = TBD) on top of the BWP switching delay shall be included in the pre-configured MG activation/deactivation time.
Measurement period 
  FFS in the future meetings for the general principle to define the measurement period e.g.: 
· Applicability 
· Main components which shall be included in the measurement report period 
· Others
In summary following are the main open issues related to the RRM measurements for measurements using Pre-MG:
· Activation/deactivation delay
· Measurement period for the measurements with Pre-MG
The above issues are discussed in the following sections:
6.1 Pre-MG activation/deactivation delay
The purpose of the activation/deactivation delay (T) (on top of active BWP switching delay) is to enable both UE and gNB for switching between gap-based measurement (activated state) and gapless measurement (deactivated state):
· the UE to adapt to the new measurement procedure after the active BWP switching e.g. since measurement sampling may be different in the two procedures and
· the gNB to adapt to scheduling after the active BWP switching e.g. complete on going scheduling in gaps or start scheduling in gaps.
In our view a reasonable activation/deactivation delay will be around 10 ms i.e. T=10 ms. 
· Observation # 5: Activation/deactivation delay for switching between gap-based measurement (activated state) and gapless measurement (deactivated state) should be reasonable to allow the UE to adapt to the new measurement procedure after the active BWP switching e.g. since measurement sampling may be different in the two procedures
· Observation # 6: Activation/deactivation delay for switching between gap-based measurement (activated state) and gapless measurement (deactivated state) should be reasonable to allow the gNB to adapt to scheduling after the active BWP switching e.g. complete on going scheduling in gaps or start scheduling in gaps.
· Proposal # 10: The Activation/deactivation delay (T) (excluding active BWP switching delay) is 10 ms. to account for the change in the Pre-MG status (activated/deactivated) is specifiied.
6.2 Measurement period requirements
The measurement period for the measurement performed with Pre-MG depends on several factors like activation/deactivation delay (i.e. transition time) during the measurement period. Several of these issues are FFS.
The existing requirements for transition defined in section 9.1.6, TS 38.133 are based on regular/existing measurement gaps. The delay in section 9.1.6 does not account for any time to configure the measurement gaps e.g. when switching from gapless to gap-based measurement. Therefore, these requirements apply when the UE is already configured with gaps for certain measurement but after the BWP switching the UE starts using the same gaps also for measurement which was being performed without gaps before the BWP switching. In the legacy case the UE does not need to activate the gap.
Therefore, new measurement period requirements are needed for measurements with Pre-MG. The measurement period should take into account the changes in the Pre-MG status between activation and deactivation. The measurement period of the measurement done without measurent gaps (i.e. when SSB is not fully within active BWP) needs to account for at least the transition time needed for switching between the Pre-MG between activation and deactivation including the BWP switching delay and the number of transitions during the measurement period.  Since the UE will continue the measurement after the active BWP switching, therefore the total measurement period (Tmeasure, total) can be expressed in terms of basic measurement period (Tmeasure, basic) and aggregated time consumed due to transitions as follows:
Tmeasure, total = Tmeasure, basic+ N*(T + TBWP switch)                                              (1)
Where:
· N = It is the number of times the UE changes the status of Pre-MG between activation and deactivation due to active BWP switching during the measurement period
· TBWP switch is the BWP switching delay
· T is the activation/deactivation delay
In our view Tmeasure, basic can be expressed as follows:
Tmeasure, basic = MAX(Tmeasure,BWP, Tmeasure,MG)                                                              (2)
Where:
· Tmeasure,BWP= It is the measurement period when the measurement is fully performed without measurement gap i.e. within active BWP.
· Tmeasure,MG= It is the measurement period when the measurement is fully performed with measurement gap.
· Observation # 7: The delay requirements in section 9.1.6, TS 38.133 for transitions from measurements performed outside gaps to measurements performed within gaps or vice versa does not account for any time to configure the measurement gaps e.g. when switching from gapless to gap-based measurement. 
· Observation # 8: The requirements in section 9.1.6, TS 38.133 apply when the UE is already configured with gaps for certain measurement but after the BWP switching the UE starts using the same gaps also for measurement which was being performed without gaps before the BWP switching. 
· Proposal # 11: The total measurement period (Tmeasure, total) to account for transition time (T) between activation and deactivation of the Pre-MG during the measurement needs to be specified.
· Proposal # 12: Total measurement period (Tmeasure, total) can be expressed in terms of basic measurement period (Tmeasure, basic) and aggregated time consumed due to total number of transitions (N*(T + TBWP switch)) between gapless measurement procedure and gap-based measurement procedure during the ongoing measurement:
· Tmeasure, total = Tmeasure, basic+ N* (T + TBWP switch); where
· N=total number of transitions in the measurement period
· Proposal # 13: In proposal 12, Tmeasure, basic can be expressed as: Tmeasure, basic = MAX(Tmeasure,BWP, Tmeasure,MG); where:
· Tmeasure,BWP=It is measurement period when the measurement is fully performed without measurement gap
· Tmeasure,MG =It is measurement period when the measurement is fully performed with measurement gap.
7. Summary and Proposals
[bookmark: _Hlk23953093]In this paper we have provided further analyze various aspects of the pre-configured measurement gap pattern (Pre-MG) for different scenarios and open issues outlined in the WF [1]. Based on the analysis the following are the main observation and proposal: 
Measurement scenarios for Pre-MG:
· Observation # 1: Pre-MG should be activated when PRS measurements or with CSI-RS L3 inter-frequency measurements are configured and remain activated until any of these measurements remained configured.
· Observation # 2: The UE when configured with PRS measurements sends the location measurement indication to the gNB if not configured with gaps or if gaps are insufficient.
· Proposal # 1: Pre-MG should be activated when PRS measurements are configured and should remain activated until the PRS measurements remained configured.
· Proposal # 2: Support mechanism to transform Pre-MG to legacy MGP when PRS measurements are configured or legacy MGP to Pre-MG when PRS measurements are deconfigured. Transformation between Pre-MG and legacy MGP is based on:
· Option 1: Explicit signaling from gNB to the UE e.g. 1-bit. 
· Option 2: Implicit rule: Both UE and gNB assumes:
· Pre-MG is transformed to legacy MGP when PRS measurements are configured
· Legacy MG is transformed to Pre-MG when PRS measurements are deconfigured
· Proposal # 3: Pre-MG should be activated when CSI-RS L3 inter-frequency measurements are configured and should remain activated until the CSI-RS L3 inter-frequency measurements remained configured.
· Proposal # 4: Support mechanism to transform from Pre-MG to legacy MGP when CSI-RS L3 inter-frequency measurements are configured or from legacy MGP to Pre-MG when CSI-RS L3 inter-frequency measurements are deconfigured. Transformation between Pre-MG and legacy MGP is based on:
· Option 1: Explicit signaling from gNB to the UE e.g. 1-bit. 
· Option 2: Implicit rule: Both UE and gNB assumes:
· Pre-MG is transformed to legacy MGP when CSI-RS L3 inter-frequency measurements are configured
· Legacy MG is transformed to Pre-MG when CSI-RS L3 inter-frequency measurements are deconfigured
Relation between Pre-MG and Legacy MGP:
· Observation # 3: Any legacy MGP can be configured as Pre-MG using the same parameters e.g. MGL, MGRP.
· Proposal # 5: Support mechanism in the gNB to transform currently configured Pre-MG into legacy MGP or currently configured legacy MGP into Pre-MG with the same parameters e.g. MGL, MGRP. Transformation based on: 
· Option 1: Explicit signaling from gNB to the UE e.g. 1-bit. 
· Option 2: Implicit rule: Both UE and gNB assumes:
· Pre-MG is transformed to legacy MGP when any measurements, which always need gaps, are configured
· Legacy MG is transformed to Pre-MG when any measurements, which always need gaps, are deconfigured
Pre-MG status upon and after RRC configuration:
· Proposal # 6: UE and gNB can determined the status (activation/deactivation) of the Pre-MG after the RRC configuration based on implicit rules.
Pre-MG activation/deactivation procedure:
· Observation # 4: According to the WI objectives the activation and deactivation of the Pre-MG is triggered by DCI/Timer based active BWP switch.
· Proposal # 7: Do not introduce MAC-CE based activation and deactivation of the Pre-MG.
· Proposal # 8: Autonomous/implicit activation and deactivation of the Pre-MG is triggered by DCI/Timer based active BWP switching.
· Proposal # 9: Autonomous/implicit rules for activation and deactivation of the Pre-MG are as follows:
· Pre-MG shall be considered activated by UE and gNB if the SSB configured for measurement is within the new active BWP, or
· Pre-MG shall be considered deactivated by UE and gNB if the SSB configured for measurement is not within the new active BWP.
RRM requirements: transition time due to Pre-MG status (activation/deactivation) change:
· Observation # 5: Activation/deactivation delay for switching between gap-based measurement (activated state) and gapless measurement (deactivated state) should be reasonable to allow the UE to adapt to the new measurement procedure after the active BWP switching e.g. since measurement sampling may be different in the two procedures
· Observation # 6: Activation/deactivation delay for switching between gap-based measurement (activated state) and gapless measurement (deactivated state) should be reasonable to allow the gNB to adapt to scheduling after the active BWP switching e.g. complete on going scheduling in gaps or start scheduling in gaps.
· Proposal # 10: The Activation/deactivation delay (T) (excluding active BWP switching delay) is 10 ms. to account for the change in the Pre-MG status (activated/deactivated) is specifiied.
RRM requirements: measurement period:
· Observation # 7: The delay requirements in section 9.1.6, TS 38.133 for transitions from measurements performed outside gaps to measurements performed within gaps or vice versa does not account for any time to configure the measurement gaps e.g. when switching from gapless to gap-based measurement. 
· Observation # 8: The requirements in section 9.1.6, TS 38.133 apply when the UE is already configured with gaps for certain measurement but after the BWP switching the UE starts using the same gaps also for measurement which was being performed without gaps before the BWP switching. 
· Proposal # 11: The total measurement period (Tmeasure, total) to account for transition time (T) between activation and deactivation of the Pre-MG during the measurement needs to be specified.
· Proposal # 12: Total measurement period (Tmeasure, total) can be expressed in terms of basic measurement period (Tmeasure, basic) and aggregated time consumed due to total number of transitions (N*(T + TBWP switch)) between gapless measurement procedure and gap-based measurement procedure during the ongoing measurement:
· Tmeasure, total = Tmeasure, basic+ N**(T + TBWP switch); where
· N=total number of transitions in the measurement period
· Proposal # 13: In proposal 12, Tmeasure, basic can be expressed as: Tmeasure, basic = MAX(Tmeasure,BWP, Tmeasure,MG); where:
· Tmeasure,BWP=It is measurement period when the measurement is fully performed without measurement gap
· Tmeasure,MG =It is measurement period when the measurement is fully performed with measurement gap.
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