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1. Introduction
In Rel-15/16 NR system, two types of measurement gaps have been specified: per-UE and per-FR gaps. The corresponding gap patterns and applicability are also defined in TS 38.133 for both NSA and SA scenarios. However, due to the timeline of Rel-15/16 standardization, some of the restriction conditions were assumed for the measurement gap design, which will also directly or indirectly cause limitations to network and UE implementation. In order to optimize the efficiency of RRM functionalities on both network and UE sides, it’s desirable and worthwhile to enhance the current measurement gap design in Rel-17 standards.
In this contribution, we provide the justification of the proposed new WI of NR measurement gap enhancement and the corresponding new WI scopes are also provided.
2. Justification of MG enhancement
2.1. MG configuration to cover multiple flexible SMTCs
In Rel-15/16 NR system, SMTC configuration can support {5, 10, 20, 40, 80, 160}ms periodicities and {1, 2, 3, 4, 5}ms durations, and meanwhile the corresponding offset of each SMTC configuration is associated with the periodicity. Since RAN2 removed the carrier frequency from the MO, now SMTC can be individually configured on a per-MO basis instead of on a per-frequency basis. However, in Rel-15/16 only single MG pattern can be configured within one measurement period for single UE (if UE supports per-UE MG only) or single FR (if UE supports per-FR MG). Consequentially, as shown in figure 1, apparently the single gap pattern cannot cover multiple SMTC windows for different MOs in case the time difference between two SMTCs is not divisible by MGRP.
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Figure 1. Example for multiple SMTC configurations
Thus, if multiple MOs are configured with different SMTC offsets, it is very likely that those MOs cannot be conducted by UE in a single measurement period since one single gap pattern can be configured in this measurement period. To network, this will limit network flexibility of configuring multiple MOs since network cannot have multiple gap patterns to cover them, and consequentially it will force network either to align the SSBs at gNB sides to make sure a single gap pattern can cover SMTC windows on different SSB frequencies or to configure the MOs in serial order (which would delay some candidate neighbor cells measurement reporting). To UE, this will limit the UE to conduct the measurements for multiple MOs in serial order if SMTCs on those MOs cannot covered by single MG pattern.
In order to address the current drawbacks of the MG design, based on corresponding UE capability, we propose to enhance Rel-17 UE to support multiple MGs patterns within a single measurement period; and accordingly, network can also be flexible to configure one or multiple MGs to cover all the SSBs/SMTCs to improve the mobility performance. On the other hand, measurement gap density in measurement period is another aspect to be considered, since too dense MGs would result in huge data interruptions. Therefore, the mechanism design of multiple MGs shall make sure that the corresponding overhead of MG are manageable.

In addition, in R15/16 two SMTC patterns can be configured on a single intra-frequency layer with same offset but different periodicities; so similarly, the study scope can also be extended to research the possibility of multiple SMTC configurations on a single frequency layer, including both intra-frequency and inter-frequency, with different periodicities or offsets. 

Scope 1: To introduce UE capability to support multiple MG patterns in the single measurement period and multiple SMTC configuration patterns on a single frequency layer.

2.2. Fast MG configuration during BWP switching 
In Rel-15/16 NR RRM, the SSB based measurement would need MG if the active BWP doesn’t contain the target SSB. As shown in figure 2, if BWP switching occurs during SSB based measurement, the measurement period is divided into two parts: measurement without MG before BWP switching and measurement with MG after BWP switching. However, MG is configured via RRC signalling while BWP switching can be commanded via DCI, so relatively, BWP switching is more dynamic or faster than MG configuration. In Rel-15/16, since it’s rather difficult for network to configure and de-configure MG according to BWP switching, network may always configure MG for SSB based measurement, and consequentially it will cause throughput loss to both network and UE side in case some of the MGs are unnecessary for SSB based measurement, e.g. in Figure 2 UE doesn’t need MG to conduct the intra-frequency measurement when active BWP is BWP1.
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Figure 2. SSB based intra-frequency measurement with BWP switching
Thus, it’s important to find out an efficient approach to accommodate the MG configuration to the dynamic situations for SSB based measurement with BWP switching, which makes lots of sense to optimize data throughput for network and UE. Fast MG configuration mechanism is worthwhile to be researched to fulfill the real-time MG demand due to BWP switching.
Scope 2: To introduce fast MG configuration mechanism to meet the demand from measurement type change for SSB based intra-frequency measurement, e.g. due to BWP switching.
2.3. MG sharing enhancement  
In Rel-15/16, the MG sharing was design to coordinate MG resource allocation between intra-frequency MOs and inter-frequency MOs; and in RAN4 #AH1807 meeting, some operators prefer to further improve the MG sharing mechanism to prioritize some specific RATs, e.g. LTE in EN-DC mode. But the singling bit string is quite limited in Rel-15/16, e.g. 2 bits, to indicate the MG sharing ratio, and therefore it’s far from enough to adequately cover all the prioritization preference from network operators. For instance, LTE plays a key role in EN-DC operation from mobility perspective. So depending on different demands from different network operators, it would be much beneficial if the MG sharing mechanism can allow network to prioritize any RAT measurement it wants. The signalling for MG sharing might need to be extended in RAN2 and the corresponding sharing requirement shall be defined in RAN4 RRM specification. On the other hand, the UE complexity is also an important aspect to pay attention to during the MG sharing enhancement.
Thus, it’s desirable to enhance the MG sharing mechanism and signalling to offer network operators more flexibility on prioritize any RAT measurement.
Scope 3: To enhance the MG sharing mechanism and signalling to offer network operators more flexibility on prioritize any RAT measurement.

2.4. New MG patterns for positioning measurement   
Similar to other existing RRM measurements in NR (e.g. SS-RSRP), the inter-frequency/RAT PRS measurements can be conducted within measurement gaps. According to existing mechanism, a single measurement gap pattern can be configured to cover both inter-frequency PRS measurement and legacy mobility purpose measurement. Technically, one of critical considerations on the feasible gap pattern is the effective measurement length within a measurement gap. A batch of new MGs were discussed in R16Rel-16 NR Positioning WI to cope with various NR PRS configurations.

	Pattern #
	MGL (ms)
	MGRP (ms)

	0
	10
	80

	1
	10
	160

	2
	20
	80

	3
	20
	160

	4
	40
	320

	5
	40
	640

	6
	50
	320

	7
	50
	640


However, only two MG patterns were agreed to be introduced in R16. The reason is the new MG pattern may also be configured for legacy mobility purpose measurement, which may result in potential impact on legacy RRM requirement. For instance, the longest MRGP in existing MG patterns is 160ms, which was considered when defining RRM measurement requirement. If new MG with longer MGRP is introduced and this new MG can be used for legacy RRM measurement, then existing RRM measurement requirement may need to be revisited. However, many companies showed interest in more MG for PRS measurement. Thus, it’s desirable to discuss the feasibility of new MG for PRS measurement and the impact on legacy RRM requirement.

Scope 4: To study the feasibility of new MG for PRS measurement and the impact on legacy RRM requirement. To introduce RRM requirement and signaling design based on the outcome of study.
3. Scope of NR MG enhancement WI
The scope of the proposed NR MG enhancement WI is summarized below,
(1) Measurement gap configurations within single measurement period to cover multiple SMTCs and multiple SMTC configuration patterns on the single frequency layer [RAN4, RAN2]
· Study mobility benefits, data throughput impact and UE complexity for the following candidate MG enhancements 

· Support of multiple MG patterns in the single measurement period [RAN4]
· Support of multiple MOs in the single measurement gap [RAN4]
· Support of multiple SMTC configuration patterns on the single frequency layer [RAN4]

· Introduce RRM requirement and signaling design for configuring multiple MGs within single measurement period based on the outcome of study phase [RAN4, RAN2]

· UE behavior with multiple MG/SMTC patterns [RAN4]

· Applicability of multiple MG patterns within single measurement period [RAN4]
· Applicability of multiple MOs within single measurement gap [RAN4]
· RRM requirement with multiple MG/SMTC patterns [RAN4]

· RRC signaling support of multiple MG/SMTC pattern configuration [RAN2]

(2) Fast MG configuration [RAN4, RAN2]

· Study mobility benefit and data throughput impact as well as UE complexity introduce mechanisms to meet the demand from measurement type change for SSB based intra-frequency measurement, e.g. due to BWP switching [RAN4]

· Introduce RRM requirements for fast MG configuration based on the outcome of study phase [RAN4, RAN2]

· RRM requirement with fast MG configuration [RAN4]

· Signaling support of fast MG configurations if needed [RAN2]
(3) MG sharing enhancement [RAN4, RAN2]

· Study mobility benefit and data throughput impact as well as UE complexity to enhance the MG sharing mechanism to offer network operators more flexibility on prioritize certain measurement (e.g., measurement on certain RAT) [RAN4]
· Introduce RRM requirements and signaling design according to the outcome of study phase of MG sharing enhancement [RAN4, RAN2]

· MG sharing enhanced mechanism [RAN4]

· RRM measurement with enhanced MG sharing mechanism [RAN4]

· RRC signaling support for MG sharing enhancement if needed [RAN2] 

(4) New measurement gap patterns for PRS measurement [RAN4, RAN2]

· Study the feasibility of new measurement gap patterns for PRS measurement [RAN4]

· Study the feasibility of using new measurement gap patterns (including the ones introduced in R16 NR Positioning) for legacy RRM requirement [RAN4]

· Introduce RRM requirement and signaling design based on the outcome of study phase [RAN4]

· Introduce new measurement gap patterns if needed [RAN4]

· Update measurement gap applicability if needed [RAN4]

· RRC signaling support of new measurement gap patterns if needed [RAN2]

The study on all objectives should consider UEs in RRC CONNECTED mode only. 

The study 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.

4. Conclusions

In this contribution, we discuss the justification of the proposed new WI of measurement gap enhancement and the corresponding new WI scopes are also provided.
Scope 1: To introduce UE capability to support multiple MG patterns in the single measurement period and multiple SMTC configuration patterns on the single frequency layer.
Scope 2: To introduce fast MG configuration mechanism to meet the demand from measurement type change for SSB based intra-frequency measurement, e.g. due to BWP switching.

Scope 3: To enhance the MG sharing mechanism and signalling to offer network operators more flexibility on prioritize any RAT measurement.
Scope 4: To study the feasibility of new MG for PRS measurement and the impact on legacy RRM requirement. To introduce RRM requirement and signaling design based on the outcome of study.
Reference

[1] 3GPP TS38.133 v15.7.0, Requirements for support of radio resource management
8
5

