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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The Rel-17 WI on measurement gap enhancement was approved at RAN#89e and updated at RAN#90e [1]. One of the three main objectives of this WI is as follows: 
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 WID contains also following additional notes:
· The joint requirements for objectives (1), (2) and (3) can be discussed in the WI stage after stabilizing individual requirements.
· The work on all objectives should consider UEs in RRC CONNECTED mode only. 
· The work includes EN-DC, NE-DC, NR-NR DC and standalone operations and includes both per-FR MG capable UE and per-UE MG capable UE.
In this contribution we provide an overview of measurement requirements and related issues when the UE is configured with pre-configured measurement gap pattern (MGP).
2. Scenarios for measurement within active BWP 
2.1 Exisitng measurement requirements
In Rel-15 the UE can perform intra-frequency SSB based measurement without measurement gaps if:
-	the UE indicates ‘no-gap’ via intraFreq-needForGap for intra-frequency measurement, or
-	the SSB is completely contained in the active BWP of the UE, or
-	the active downlink BWP is initial BWP.
In the last 2 cases, the SSB on which intra-frequency measurements are done need to be within the active BWP of the UE. Therefore, in these cases the UE measures within the active BWP of the UE.
In Rel-16 the UE can also perform inter-frequency SSB based measurements without measurement gaps if: 
-	the UE supports interFrequencyMeas-Nogap-r16, and
-	interFrequencyConfig-NoGap-r16 is indicated, and 
-	the SSB is completely contained in the active BWP of the UE.
Therefore, to measure without gaps the SSB on which inter-frequency measurements are done need to be within the active BWP of the UE. This is realized by the UE performing the inter-frequency measurements within the active BWP of the UE.
2.2 Impact of BWP switching on measurement requirements
The current requirements for the measurements performed within the active BWP (i.e. without measurement gaps) are applicable provided that the measured SSB completely remains within the active BWP over the measurement period e.g. L1 measurement period for SS-RSRP/SS-RSRQ/SS-SINR, PSS/SSS detection period for PCI detection, period for SSB index reporting etc. 
However, the new BWP (BWP2) after the active BWP switching from current BWP (BWP1) to BWP2 during the ongoing measurement may may not fully contain the measured SSB. This scenario is shown in figure 1: SSB does not fully remain within the BW of BWP2 after the active BWP switching. In this case the UE cannot continue measurement without gaps unless gaps are configured. Even if the UE is configured with gaps or if there are ongoing gaps (e.g. for inter-frequency/inter-RAT measurements), there are no requirements on the UE to continue and complete the ongoing measurement with gaps (if already configured provided).
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Figure 1: New active BWP (BWP2) after active BWP switching does not fully contain the measurement SSB
The status of the existing measurement requirements for measurement without gaps can be summarized as follows:
· Observation # 1: If an active BWP switch occurs during a measurement being performed without gaps (i.e. within active BWP) and if the new active BWP after the active BWP switching does not fully contain the measured SSB then the UE does not continue the ongoing measurement.
· Observation # 2: If an active BWP switch occurs during a measurement being performed without gaps (i.e. within active BWP) and the new active BWP after the active BWP switching does not fully contain the measured SSB then the UE is not required to continue the measurement even if gaps are provided or available.
The above observations are certainly main limitations in the current standard. 
3. Measurements using pre-configured measurement gaps 
3.1 Measurement scenarios
Figure 2 and figure 3 illustrates scenarios #1 and #2 respectively where the UE is pre-configured with measurement gap pattern (MGP). 

In scenario # 1 in figure 2, the UE is initially measuring without gaps since the SSB on which the measurement is being performed is fully contained within the active BWP (BWP1). But after the active BWP switching the UE cannot complete the ongoing measurement without gaps since the new active BWP (BWP2) does not fully contain the SSB. However, thanks to the pre-configured MGP, the UE can continue and complete the ongoing measurement using the pre-configured MGP.
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Figure 2: Scenario #1: UE continues measurement in gaps when new active BWP (after active BWP switching) does not fully contain the measurement SSB

In scenario # 2 in figure 3, the UE is initially measuring with gaps since the SSB on which the measurement is being performed is not fully contained within the active BWP (BWP3). After the active BWP switching the UE can also continue using the gaps. But since the new active BWP (BWP4) fully contains the SSB, therefore the UE can also continue and complete the ongoing measurement without gaps. The advantage is that the gNB can schedule the UE also in the gaps when gaps are not used i.e. when UE is measuring in active BWP. The pre-configured MGP can be retained (i.e. not deconfigured) in case the UE needs to switch back to the gap-assisted measurement mode. 
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Figure 3: Scenario #2: UE continues measurement without gaps when new active BWP (after active BWP switching) fully contains the measurement SSB
We support the following scenarios for using pre-configured gaps:
· Proposal # 1: If an active BWP switch occurs while UE is performing a measurement without gaps active and the new active BWP after the active BWP switching does not fully contain the measured SSB then the UE shall continue the ongoing measurement using pre-configured measurement gaps (i.e. if gaps are already available).
· Proposal # 2: If an active BWP switch occurs while UE is performing a measurement with gaps (i.e. outside active BWP) and the new active BWP after the active BWP switching fully contains the measured SSB then the UE shall continue the measurement without measurement gaps.
3.2 Impact on measurement requirements with pre-configured gaps
Transition time for transition between gapless and gap based measurements:
In both scenarios # 1 and # 2 (figures 2 and 3 respectively) the measurement is partially done without measurement gaps (in active BWP) and with measurement gaps. In both scenarios there will be transition time (T) for the UE to switch between gap-assisted measurement procedure and gapless measurement procedure. The transition time (T) will consist of at least the active BWP switching delay (t) and additional time or margin to account for UE and gNB implementation aspects. The UE may need some margin to adapt to new measurement procedure since measurement sampling may be different in the two procedures. Similarly, the gNB also needs some time to adapt scheduling e.g. stop scheduling the UE during gaps when UE start susing the pre-configured. The transition time should be well defined in the standard to ensure both UE and gNB are fully aware when the pre-configured gaps are used for measurements or not. 
For simplicity the transition time can be the same in the two scenarios. However, scenario #1 is more severe since the UE cannot continue the measurements without gaps after the BWP switching. Therefore, in our view RAN4 should investigate them separately:
In scenario # 1, the transition time (T1) for switching from gapless measurement procedure to gap based measurement procedure can be expressed as follows:
T1 = t + Tmargin1                                                                                                                  (1)
Tmargin1 = MAX(Tmargin1,UE, Tmargin1,BS)                                                          (2)
Where: 
· t = Active BWP switching delay triggering the UE to continue the ongoing measurement in pre-configured gaps.
· Tmargin1 = It is the time to switch from gapless measurement procedure to gap based measurement procedure excluding t.
· Tmargin1,UE = It is the minimum time required by the UE to switch from gapless measurement procedure to gap based measurement procedure excluding t.
· Tmargin1,gNB = It is the minimum time required by the serving gNB to adapt the scheduling (e.g. stop scheduling in unused pre-configured gaps) when the UE switches from gapless measurement procedure to gap based measurement procedure excluding t.
In scenario # 2, the transition time (T2) for switching from gap-based measurement procedure to gapless measurement procedure can be expressed as follows:
T2 = t + Tmargin2                                                                                                          (3)
Tmargin2 = MAX(Tmargin2,UE, Tmargin2,BS)                                                     (4)
Where: 
· t = Active BWP switching delay triggering the UE to continue the ongoing measurement in pre-configured without gaps.
· Tmargin2 = It is the time to switch from gap-based measurement procedure to gapless measurement procedure excluding t.
· Tmargin2,UE = It is the minimum time required by the UE to switch from gap-based measurement procedure to gapless measurement procedure excluding t.
· Tmargin2,gNB = It is the minimum time required by the serving gNB to adapt the scheduling (e.g. stop scheduling in unused pre-configured gaps) excluding t when the UE switches from gap-based measurement procedure to gapless measurement procedure.
· Observation # 3: The UE needs some transition time (T) to continue the ongoing measurement when active BWP switching requires the UE to switch between gap-based measurement procedure and gapless measurement procedure.
· Proposal # 3: The transition time (T1), to continue the ongoing measurement when active BWP switching requires the UE to switch from gapless measurement procedure to gap based measurement procedure, consists of active BWP switching delay (t) and the maximum of the margin needed by the UE (Tmargin1, UE) and the margin needed by gNB (Tmargin1, gNB); where Tmargin1, UE and Tmargin1, gNB are FFS.
· Proposal # 4: The transition time (T2), to continue the ongoing measurement when active BWP switching requires the UE to switch from gap-based measurement procedure to gapless measurement procedure, consists of active BWP switching delay (t) and the maximum of the margin needed by the UE (Tmargin2, UE) and the margin needed by gNB (Tmargin2, gNB); where Tmargin2, UE) and Tmargin2, gNB are FFS.
Frequency and number of transitions allowed during measurement period:
There can be multiple active BWP switching actions during the measurement period. In order to continue the ongoing measurement, each active BWP switch may require the UE to switch from gapless to gap based measurement procedure or vice versa. However, too frequent switching between gapless measurement procedure and gap based measurement procedure may lead to measurement instability and may also not give gNB enough opportunity to adapt scheduling. 
Therefore, too frequent transition needs to be avoided. For switching from gapless measurement procedure to gap based measurement procedure (i.e. in scenario # 1), the UE needs to switch to the latter immediately after the transition time since the UE cannot continue the ongoing measurement without gaps after the active BWP switching. However, for switching from gap-based measurement procedure to gapless measurement procedure (i.e. in scenario # 2), the UE has more flexibility and it can therefore continue the ongoing measurement using gaps after the active BWP switching.
· Observation # 4: Too frequently switching between gapless measurement procedure and gap-based measurement procedure may lead to measurement instability and may also not give gNB enough opportunity to adapt scheduling.
· Proposal # 5: RAN4 is to investigate the maximum number of transitions (N1,max) allowed for switching from gapless measurement procedure to gap-based measurement procedure during the ongoing measurement. 
· Proposal # 6: RAN4 is to investigate the maximum number of transitions (N2,max) allowed for switching from gap-based measurement procedure to gapless measurement procedure during the ongoing measurement. 
· Proposal # 7: If an active BWP switch occurs while UE is performing a measurement with gaps for the last at least X subframes and the new active BWP after the active BWP switching fully contains the measured SSB only then the UE shall continue the ongoing measurement without measurement gaps; otherwise the UE shall continue the ongong measurement using pre-configured gaps.
Measurement period for measurement partially performed with and without gaps:
The measurement period of the measurement done without measurement gaps (i.e. within active BWP) and with measurent gaps (i.e. when SSB is not fully within active BWP) needs to account for at least the transition time (T) needed for switching between the gapless and gap-based measurement procedures 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+ N1*T1 + N2*T2                                               (5)
Where:
· N1 = It is the number of times the UE switches from gapless to gap based measurement procedures due to active BWP switching during the measurement period; N1 ≤ N1,max
· N2 = It is the number of times the UE switches from gap-based to gapless measurement procedures due to active BWP switching during the measurement period; N2 ≤ N2,max

In our view Tmeasure, basic can be expressed as follows:
Tmeasure, basic = MAX(TBWP, TG)                                                              (6)
Where:
· TBWP= It is the measurement period when the measurement is fully performed without measurement gap i.e. within active BWP.
· TG= It is the measurement period when the measurement is fully performed with measurement gap.
· Observation # 5: The total measurement period for measurement partially performed with and without gaps needs will be impacted due to transition period and the number of transitions during the measurement period. 
· Proposal # 8: 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 between gapless measurement procedure and gap-based measurement procedure during the ongoing measurement.
· Proposal # 9: In proposal 8, Tmeasure, basic can be expressed as: Tmeasure, basic = MAX(TBWP, TG); where:
· TBWP= It is the measurement period when the measurement is fully performed without measurement gap
· TG= It is the measurement period when the measurement is fully performed with measurement gap.
Scheduling restriction during pre-configured gaps when they are not used:
When gaps are configured the UE is not expected to be scheduled even if the UE is not doing the measurement. The reason is that the network does not know about UE measurement sampling which is up to UE implementation. ¨
When pre-configured gaps are configured but the SSB is within the active BWP then the UE will measure without gaps as explained earlier. Network is aware when the SSB is within the active BWP. If the UE is not configured with any other measurement (e.g. inter-RAT) which requires gaps and the UE is measuring without pre-configured gaps then there should be no scheduling restriction during the gaps.
· Proposal # 10: If the UE is measuring without pre-configured gaps and no other frequency layer which needs gaps is configured then the UE can be scheduled during the pre-configured gaps while meeting existing scheduling restriction requirements defined in TS 38.133.
2. Summary and Proposals
[bookmark: _Hlk23953093]In this paper we have provided initial analysis of using pre-configured measurement gaps for different scenarios. Based on the analysis following are the main observation and proposal: 
Current status of measurement requirements for measurement without gaps:
· Observation # 1: If an active BWP switch occurs during a measurement being performed without gaps (i.e. within active BWP) and if the new active BWP after the active BWP switching does not fully contain the measured SSB then the UE does not continue the ongoing measurement.
· Observation # 2: If an active BWP switch occurs during a measurement being performed without gaps (i.e. within active BWP) and the new active BWP after the active BWP switching does not fully contain the measured SSB then the UE is not required to continue the measurement even if gaps are provided or available.
Scenarios for using pre-configured measurement gaps: 
· Proposal # 1: If an active BWP switch occurs while UE is performing a measurement without gaps active and the new active BWP after the active BWP switching does not fully contain the measured SSB then the UE shall continue the ongoing measurement using pre-configured measurement gaps (i.e. if gaps are already available).
· Proposal # 2: If an active BWP switch occurs while UE is performing a measurement with gaps (i.e. outside active BWP) and the new active BWP after the active BWP switching fully contains the measured SSB then the UE shall continue the measurement without measurement gaps.
Transition time for switching between gapless and pre-configured gap-based measurement procedure:
· Observation # 3: The UE needs some transition time (T) to continue the ongoing measurement when active BWP switching requires the UE to switch between gap-based measurement procedure and gapless measurement procedure.
· Proposal # 3: The transition time (T1), to continue the ongoing measurement when active BWP switching requires the UE to switch from gapless measurement procedure to gap based measurement procedure, consists of active BWP switching delay (t) and the maximum of the margin needed by the UE (Tmargin1, UE) and the margin needed by gNB (Tmargin1, gNB); where Tmargin1, UE and Tmargin1, gNB are FFS.
· Proposal # 4: The transition time (T2), to continue the ongoing measurement when active BWP switching requires the UE to switch from gap-based measurement procedure to gapless measurement procedure, consists of active BWP switching delay (t) and the maximum of the margin needed by the UE (Tmargin2, UE) and the margin needed by gNB (Tmargin2, gNB); where Tmargin2, UE) and Tmargin2, gNB are FFS.
Frequency and number of transitions allowed during measurement period:
· Observation # 4: Too frequently switching between gapless measurement procedure and gap-based measurement procedure may lead to measurement instability and may also not give gNB enough opportunity to adapt scheduling.
· Proposal # 5: RAN4 is to investigate the maximum number of transitions (N1,max) allowed for switching from gapless measurement procedure to gap-based measurement procedure during the ongoing measurement. 
· Proposal # 6: RAN4 is to investigate the maximum number of transitions (N2,max) allowed for switching from gap-based measurement procedure to gapless measurement procedure during the ongoing measurement. 
· Proposal # 7: If an active BWP switch occurs while UE is performing a measurement with gaps for the last at least X subframes and the new active BWP after the active BWP switching fully contains the measured SSB only then the UE shall continue the ongoing measurement without measurement gaps; otherwise the UE shall continue the ongong measurement using pre-configured gaps.
Measurement period for measurement partially performed with and without gaps:
· Observation # 5: The total measurement period for measurement partially performed with and without gaps needs will be impacted due to transition period and the number of transitions during the measurement period. 
· Proposal # 8: 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 between gapless measurement procedure and gap-based measurement procedure during the ongoing measurement.
· Proposal # 9: In proposal 8, Tmeasure, basic can be expressed as: Tmeasure, basic = MAX(TBWP, TG); where:
· TBWP= It is the measurement period when the measurement is fully performed without measurement gap
· TG= It is the measurement period when the measurement is fully performed with measurement gap.
Scheduling restriction during pre-configured gaps when they are not used:
· Proposal # 10: If the UE is measuring without pre-configured gaps and no other frequency layer which needs gaps is configured then the UE can be scheduled during the pre-configured gaps while meeting existing scheduling restriction requirements defined in TS 38.133.
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