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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]In last meeting, RAN4 started to discuss the WI of further enhancements on NR and MR-DC measurement gaps and measurements without gaps was approved [1].  The first objective is to discuss the combination of the three types of gaps which were agreed in Rel-17. 
	Issue 2-1: Whether to define requirements for one Pre-configured MG and one NCSG 
< Way forward >: 
· RAN4 to clarify whether one Pre-configured MG and one NCSG is included in Case 1 and/or Case 2
· FFS to explicitly set the priority of different combinations
 
Issue 2-2: Whether to define requirements for one Pre-configured NCSG 
< Agreement >: 
· RAN4 focuses on Case 1 and Case 2 first. RAN4 can continue discuss whether and when to discuss requirements for Pre-configured NCSG
 
Issue 2-3: NR SA and MR-DC 
< Way forward >: 
· FFS whether to deprioritize MR-DC in Rel-18
 
Issue 2-4: 2G and 3G 
< Agreement >: 
·  Deprioritize 2G/3G measurements in Rel-18 MGE WI
 
Issue 2-5: MUSIM 
< Agreement >: 
·  Concurrent MUSIM gaps and other existing measurement gap types is not in the scope of this WI
 
Issue 2-6: MAC signalling for activation/deactivation/reconfiguration 
< Agreement >: 
· Applying MAC signaling for activation/deactivation/reconfiguration for non-positioning measurements via Pre-MG is out of scope of this WI
 
Issue 2-7: Legacy measurement gaps 
< Way forward >: 
· Proponents are encouraged to clarify the proposal “consider legacy MG, Pre-MG, concurrent MG, and NCSG when we discuss joint MG requirements.” in the next meeting. 
 
Issue 2-8: Positioning measurement gaps 
< Agreement >: 
· Rel-17 MGE Pre-MG for RRC-based POS is in the scope of this WI
< Way forward >: 
· FFS Rel-17 MAC-CE based ePOS gap is in or out of scope of this WI
 
Issue 2-9: Which Rel-17 Pre-MG principle(s) should be revisited 
< Way forward >: 
· FFS: For UE autonomous mechanism, only the measurements associated to the concerned pre-MG are used for the rule checking
· FFS: For Network-controlled mechanism, only the bits corresponding to the concerned pre-MG are used for determining the status
· FFS whether to consider the other potential enhancement
 
Issue 2-10: Which Rel-17 concurrent gap principle(s) should be revisited 
< Way forward >: 
· FFS which Rel-17 concurrent gap principle(s) should be revisited 
 
Issue 2-11: Max # of gaps for Case 1 (Pre-configured MG and multiple concurrent MGs) 
< Agreement >: 
· For the max number of gaps for Case 1 (Pre-configured MG and multiple concurrent MGs), the Rel-17 conclusions will be taken as the baseline.
< Way forward >:
· FFS whether to increase the max number
· FFS whether to introduce new UE capability for # of supported Pre-MG
 
Issue 2-12: Max # of gaps for Case 2 (NCSG and multiple concurrent MGs) 
< Agreement >: 
· For the max number of gaps for Case 2 (NCSG and multiple concurrent MGs), the Rel-17 conclusions will be taken as the baseline.
< Way forward >:
· FFS whether to increase the max number
· FFS whether to introduce new UE capability for # of supported NCSG
 
Issue 2-13: Detail combinations 
< Way forward >: 
·  Companies are encouraged to bring high-level principle about the possible gap combinations before going into details
 
Issue 2-14: Required changes for Pre-MG on collision 
< Agreement >: 
· For Case 1 (Pre-configured MG and multiple concurrent MGs), the baseline requirement considers collisions on Pre-MG is only considered when Pre-MG is activated.
< Way forward >: 
· FFS whether Pre-MG priority can be further decided by the associated Mos being measured or other signalling parameters
 
Issue 2-15: Required changes for NCSG on collision 
< Agreement >: 
· When determining if a collision occurs between a NCSG instance and another gap instance, the baseline requirement considers the total NCSG duration, including both the VILs and the ML. 
< Way forward >:
· FFS other potential enhancements regarding spare RF chains, interruption due to collision on RRT, revised proximity condition, … etc.
 
Issue 2-16: general gap collision handling 
< Agreement >: 
· On gap collision handling, take priority rule and overlapping rules from Rel 17 concurrent gaps as the baseline 
< Way forward >:
· FFS whether to consider gap sharing rule
 
Issue 2-17: Required changes for Pre-MG on related delays 
< Way forward >: 
· FFS whether the measurement requirements with concurrent MGs defined in Rel-17 can be reused except that only activated gaps are considered when defining CSSF
· FFS whether the pre-configured gap activation delay requirements need to be extended, when the activation procedures of multiple pre-configured gaps overlap.
 
Issue 2-18: Required changes for NCSG on measurement delay 
< Way forward >: 
·  FFS any change for the NCSG measurement reporting delay requirements is needed
 
Issue 2-19: Available IDLE RF chain in measurement 
< Way forward >: 
· Proponents are encouraged to clarify the proposal “requirements need to be distinguished if the UE has at least one idle RF chain available or not under NCSG + NCSG case.”


In this contribution, we will share our general views on these measurement gaps’ enhancement.
2 Scope and scenarios
SA or MR-DC
In Rel-17 MG enh. WI, none of these enhanced types of gaps are supported individually in MR-DC. Naturally, it’s reasonable to only consider SA deployment when RAN4 discusses the combination of the three types of gaps.
[bookmark: _Ref115443565]Proposal 1: RAN4 to deprioritize the discussion on the joint gap requirement in MR-DC deployment. 

Legacy gap
In Rel-17, RAN2 introduced new signalling to configure measurement gap (gapConfig-r17) with association and priority. To avoid misunderstanding, RAN4 to name the measurement gap configured by gapConfig as the ‘legacy gap’ and measurement gap configured by gapConfig-r17 as the ‘Con-MG’.
[bookmark: _Ref115443568]Proposal 2: RAN4 to clarify the following terminologies.
· measurement gap configured by gapConfig as the ‘legacy gap’, 
· measurement gap configured by gapConfig-r17 as the ‘Con-MG’,
· both ‘legacy gap’ and ‘Con-MG’ can be called as ‘baseline MG’.

Possible gap combinations
In last RP, some new updates about the enhancement of Pre-MG, Con-MGs and NCSG for the WID were agreed as follow. RAN4 will focus on Case 1 and Case 2 before RAN #99 meetings with the further explanation of at least on gap pattern is Pre-MG or NCSG. This further clarification helps RAN4 to focus on the fundamental scenarios instead of discussing different MG combination scenarios. 
[bookmark: _Ref115443544]Observation 1: RAN4 will focus on Case 1 and Case 2 before RAN #99 meetings.
	(1) Enhancements of pre-configured MGs, multiple concurrent MGs and NCSG 
· [bookmark: _Hlk114141673]Define RRM requirements for UEs configured with a combination of pre-configured MGs, and/or concurrent MGs and/or NCSG [RAN4]
· Prioritize at least joint requirements for UE configured with
· [bookmark: _Hlk95478656]Case 1: Pre-configured MG(s) and concurrent MG(s) (i.e., the network has provided UE with multiple measurement gap patterns where at least one gap pattern is a Pre-configured MG)
· Case 2: NCSG and concurrent MG(s) (i.e., the network has provided UE with multiple measurement gap patterns where at least one gap pattern is a NCSG)
· Note 1: Gaps that are configured for NTN are precluded in Case 1 and Case 2
· Note 2: The requirement discussions on the scenarios that NCSG is considered in Case 1 and that Pre-configured MG is considered in Case 2 will be started after RAN#99.
· Note 3: Prioritization among other possible combinations of pre-configured MG, concurrent MG, NTN gaps and NCSG can be discussed after RAN#99
· Note 4: This WID does not include any inter-working with MUSIM gaps


At this time, we suggest the RAN4 group to discuss whether to further restrict the scenario with only one Pre-MG in Case 1 and only one NCSG in Case 2 in the first stage. The motivation to introduce the Pre-MG is to reduce the interruption for intra-frequency with BWP switching. However, the Pre-MG doesn’t help to reduce the interruption for inter-frequency and inter-RAT. Pre-MG and NCSG can be believed as the enhanced MG types which should be a useful supplement to the traditional MG. In other words, the MG should be the baseline configuration to handle the measurement can should be configured in Con-MGs. When RAN4 discusses the combination of Pre-MG, Con-MGs and NCSG, at least one gap should be MG(either Rel-17 MG or legacy MG). 
[bookmark: _Ref115443571]Proposal 3: When RAN4 discuss the joint requirements, at least one gap pattern is baseline MG (either Con-MG or legacy MG) in Con-MGs.
[bookmark: _Ref115443574]Proposal 4: RAN4 to deprioritize the Pre-MG + Pre-MG combinations.
[bookmark: _Ref115443577]Proposal 5: RAN4 to deprioritize the NCSG + NCSG combinations.

3 Max number of supported MGs
In Rel-17, RAN4 agrees to support at most 2 per-UE gaps if UE doesn’t support per-FR gap and to support the following gap combinations when UE supports per-FR gap.
	Gap Combination
Configuration Id 
	The number of simultaneous configured measurement gap patterns

	
	Per-FR1 measurement gap
	Per-FR2 measurement gap
	Per-UE measurement gap

	0
	2
	1
	0

	1
	1
	2
	0

	2
	0
	0
	2

	3Note 1
	1
	0
	1

	4Note 1
	0
	1
	1

	5Note 1
	1
	1
	1

	6
	2
	0
	0

	7
	0
	2
	0

	Note 1:	Gap Combination Configuration Id #3, #4, #5 will be only applied when the per-UE measurement gap is associated to measure PRS for any RSTD, PRS-RSRP, and UE Rx-Tx time difference measurement defined in TS 38.215 [4].


However, in Rel-18, new gap combination scenarios will be introduced. From our understanding, a possible use case is when network configures one per-FR Pre-MG for dynamically intra-frequency measurements, one legacy per-FR MG for inter-frequency and inter-RAT measurements and another legacy per-UE MG(s) for positioning or MUSIM. When UE supports NCSG, another typical use case is when the network configures one NCSG for the MOs capable of being measured within NCSG, one legacy MG for other MOs within the gap, and another legacy MG(s) for positioning or MUSIM measurement. Thus, RAN4 needs to study the enhanced max number of gaps that can be configured in Rel-18 and the related use cases.
[bookmark: _Ref110117945]Observation 2: In Rel-18, some typical usages of the gaps are as follow.
· one Pre-MG for dynamically intra-frequency measurements, one MG for inter-frequency and inter-RAT measurements and another legacy MG(s) for positioning or MUSIM measurement
· one NCSG for the MOs capable of being measured within NCSG, one MG for other MOs within the gap, and another MG(s) for positioning or MUSIM measurement.  
[bookmark: _Ref110117968]Proposal 6: RAN4 to study the enhanced max number of gaps in Rel-18 based on the valid use cases’ discussion. 
4 Further Enhanced Rel-17 MG Rules
[bookmark: _Ref71471041][bookmark: _Ref78624429]Dynamic Activation/Deactivation Rule for Pre-MG
The main benefit for Pre-MG is that the Pre-MG can be dynamically activated/deactivated depending on whether intra-frequency measurement needs gap. However, in Rel-17, the Pre-MG activation/deactivation had to depend on other trigger events, such as addition/removal of any MO, since only one Pre-MG is configured. Thanks to new concurrent gaps combinations introduced in Rel-18, the NW could configure Pre-MG together with a legacy MG. In this case, when all intra-frequency layers are measured outside gap, other frequency layers which had to be measured within gap can be transferred to measure within the legacy MG.
For example, in the beginning, NW configures f0, f1 associating with Pre-MG, and f2 associating with legacy MG. Pre-MG is activated since the SSB is outside active BWP. After BWP switching, f0 doesn’t need to be measured within gap since the SSB is within active BWP. After BWP switching, as no intra-frequency measurement needs gap, the Pre-MG can be deactivated. The remaining frequency layers which always need gap can be measured in the legacy MG instead of the always activated the Pre-MG. 
[image: ]
Figure 1. Pre-MG dynamically activation/deactivation due to BWP switching
Compared with legacy Pre-MG activation/deactivation mechanism, this further enhanced Pre-MG activation mechanism has more advantages to speed up the intra-frequency measurements (intra-frequency measurement can be parallel performed when measured outside gap) and increase the system throughput (Pre-MG can be deactivated). 
[bookmark: _Ref110117979][bookmark: _Ref115443584]Proposal 7: When NW configures a Pre-MG and a Con-MG in ConMGs, the Pre-MG can be dynamically deactivated provided that
· measurement gap is not required by all intra-frequency layers measurement, and 
· the remaining MOs associated with Pre-MG can be measured within Rel-17 MG autonomously.


Adaptive Association Rule for NCSG
When UE capable of NCSG reports the NCSG indication for each band, the NW can configure a NCSG and a MG. The MOs in the bands which UE indicates ‘no gap with interruption’ can be configured with the association of NCSG and the MOs in the bands which UE indicates ‘gap’ can be configured with the association of MG. The other MOs in the bands which UE indicates ‘no gap no interruption’ and the MOs related to gapless measurement capability (inter-frequency without gap in Rel-16) will be measured outside the gap. Thus, when NW configures a NCSG and a MG, RAN4 also needs to consider each frequency layers’ association among these three sets: NCSG, legacy MG and which lies outside gap.
A special case is deactivated SCell. In Rel-17, deactivated SCell is agreed to be measured within NCSG instead of outside gap if NW configures NCSG. However, when NW configures SCell activation, the related SSB to be measured may be outside active BWP. In this case, the MO can’t be measured in NCSG. Thus, the MO can be measured autonomously within the other MG. In this point of view, the MO of deactivated SCell can be believed as implicitly association with NCSG instead of explicitly configured the association. After SCell activation, the MO may further decide to be measured within gap or NCSG or outside gap.
[image: ]
Figure 2. The transition from NCSG to MG for a MO with a deactivated SCell
[bookmark: _Ref110117983][bookmark: _Ref115443586]Proposal 8: When NW configures a NCSG and a Con-MG in ConMGs, RAN4 to further discuss how to handle the scenario when a deactivated SCell(within NCSG) transfers to an activated SCell and the related MO had to be measured within MG. 
· The deactivated SCell’s MO can be implicitly associated with the NCSG if no explicitly association is configured.
· After SCell activation, the deactivated SCell’s MO can be measured within MG autonomously if the related SSB is outside the active BWP.

Implicit Association Rule for Pre-MG
As we known, the main intention to introduce the Pre-MG is to handle the dynamical changes for the intra-frequency measurement within and outside the gap due BWP switching. Thus, the intra-frequency layers will be measured within the Pre-MG or activate the Pre-MG once these layers need to be measured within the gap. When NW configures a Pre-MG and a legacy MG, RAN4 needs to consider each frequency layers’ association among three sets: Pre-MG, legacy MG and which lies outside gap.
[bookmark: _Ref110117949]Observation 3: Different with Rel-17 ConMGs, when NW configures a Pre-MG and a Con-MG, RAN4 needs to consider each frequency layer’s association among three sets: Pre-MG, Con-MG and outside gap.
In the Rel-17 ConMGs discussion, an important issue is the association of MGs and MOs. The association between MG and MO should be configured clearly by the network, otherwise, UE doesn’t know when to perform measurement in which MG for an MO to be measured within gap. However, if the Pre-MG is configured as one of the Con-MGs, whether the mandatory association is needed, and the related UE’s behaviour needs to be further discussed. 
From our understanding, NW doesn’t need to configure the explicit association to the intra-frequency layers if they are partially/fully overlapping with Pre-MG because both NW and UE have the common understanding on these frequency layers association. For example, when NW configures Con-MGs and MOs, there are some intra-frequency layers which are partially overlapping with Pre-MG doesn’t need to be performed within the gap.  However, after BWP switching, the intra-frequency layers had to be measured within Pre-MG. 
On the contrary, if NW explicitly configures an association between Pre-MG and an intra-frequency layer which is partially overlapping with Pre-MG, RAN4 needs to further clarify UE’s behaviour on whether to perform measurement always in the Pre-MG or up to whether SSB within active BWP. The CSSF should also be further calculated depends on whether the intra-frequency layer had to be measured within Pre-MG. 
[bookmark: _Ref115443590]Proposal 9: RAN4 to discuss the association between frequency layer with Pre-MG provided that the frequency layer doesn’t need to be measured within gap when NW configures the association. 
[bookmark: _Ref110117976]Proposal 10: When NW configures a Pre-MG and a Con-MG in ConMGs, 
· intra-frequency MOs can be implicitly associated with the PreMG if no explicitly association is configured. 
· the intra-frequency MOs can be measured outside gap if the SSB is within active BWP or within Pre-MG if the SSB is outside active BWP.

MO based priority rule for Con-MGs
In Rel-17, when RAN4 defines the concurrent gaps requirement, the collision rule is introduced and applied to two legacy MGs. The legacy MG can be believed as a static gap which can only be reconfigured by RRC signalling.
[bookmark: _Ref110117953]Observation 4: In Rel-17, the MGs’ priority is statically configured in concurrent gaps by RRC.
However, in Rel-18, NW is allowed to configure a legacy MG together with a Pre-MG which can be believed as a dynamic gap and activated/deactivated by RRC/MAC/DCI. Thus, we think the priority associated with Pre-MG can also be dynamically changed depending on the associated MOs for Pre-MG.
In Rel-15, when RAN4 defines the measurement requirement, the searcher’s concept is introduced. To guarantee the Pcell’s mobility performance, intra-frequency measurement for PCell will always has the highest priority and occupy an exclusive searcher. 
[bookmark: _Ref110117956]Observation 5: Intra-frequency measurement cannot be dropped which will have severe performance impact for mobility.
Thus, we propose to prioritize the Pre-MG’s priority once the intra-frequency measurement for PCell is measured within Pre-MG regardless of the initial priority configured by network. 
For example, in the beginning, network configures the legacy MG with a higher priority for PRS measurement f2, and Pre-MG with a lower priority for inter-frequency measurement f1. After BWP switching, the SSB to be measured for PCell f0 is outside active BWP. Thus, the intra-frequency f0 which is associated with the highest priority should be measured within Pre-MG. Thus, the priority of Pre-MG will be the highest compared with legacy MG.  
[image: ]
Figure 3. The priority changes for the Pre-MG 
[bookmark: _Ref110117993]Proposal 11: The MGs priority can be further decided by the associated MOs being measured.
 
[bookmark: _Ref110118000]Proposal 12: The Pre-MG has the higher priority if the intra-frequency measurement for PCell is to be performed within Pre-MG regardless of the initial priority configured by RRC signalling.

5 Conclusion
In the contribution, we discuss the open issues for concurrent gap. We have the following proposals:
Observation 1: RAN4 will focus on Case 1 and Case 2 before RAN #99 meetings.
Observation 2: In Rel-18, some typical usages of the gaps are as follow.
· one Pre-MG for dynamically intra-frequency measurements, one MG for inter-frequency and inter-RAT measurements and another legacy MG(s) for positioning or MUSIM measurement
· one NCSG for the MOs capable of being measured within NCSG, one MG for other MOs within the gap, and another MG(s) for positioning or MUSIM measurement.  
Observation 3: Different with Rel-17 ConMGs, when NW configures a Pre-MG and a Con-MG, RAN4 needs to consider each frequency layer’s association among three sets: Pre-MG, Con-MG and outside gap.
Observation 4: In Rel-17, the MGs’ priority is statically configured in concurrent gaps by RRC.
Observation 5: Intra-frequency measurement cannot be dropped which will have severe performance impact for mobility.
Proposal 1: RAN4 to deprioritize the discussion on the joint gap requirement in MR-DC deployment.
Proposal 2: RAN4 to clarify the following terminologies.
· measurement gap configured by gapConfig as the ‘legacy gap’, 
· measurement gap configured by gapConfig-r17 as the ‘Con-MG’,
· both ‘legacy gap’ and ‘Con-MG’ can be called as ‘baseline MG’.
Proposal 3: When RAN4 discuss the joint requirements, at least one gap pattern is baseline MG (either Con-MG or legacy MG) in Con-MGs.
Proposal 4: RAN4 to deprioritize the Pre-MG + Pre-MG combinations.
Proposal 5: RAN4 to deprioritize the NCSG + NCSG combinations.
Proposal 6: RAN4 to study the enhanced max number of gaps in Rel-18 based on the valid use cases’ discussion.
Proposal 7: When NW configures a Pre-MG and a Con-MG in ConMGs, the Pre-MG can be dynamically deactivated provided that
· measurement gap is not required by all intra-frequency layers measurement, and 
· the remaining MOs associated with Pre-MG can be measured within Rel-17 MG autonomously.
Proposal 8: When NW configures a NCSG and a Con-MG in ConMGs, RAN4 to further discuss how to handle the scenario when a deactivated SCell(within NCSG) transfers to an activated SCell and the related MO had to be measured within MG.
· The deactivated SCell’s MO can be implicitly associated with the NCSG if no explicitly association is configured.
· After SCell activation, the deactivated SCell’s MO can be measured within MG autonomously if the related SSB is outside the active BWP.
Proposal 9: RAN4 to discuss the association between frequency layer with Pre-MG provided that the frequency layer doesn’t need to be measured within gap when NW configures the association.
Proposal 10: When NW configures a Pre-MG and a Con-MG in ConMGs,
· intra-frequency MOs can be implicitly associated with the PreMG if no explicitly association is configured. 
· the intra-frequency MOs can be measured outside gap if the SSB is within active BWP or within Pre-MG if the SSB is outside active BWP.
Proposal 11: The MGs priority can be further decided by the associated MOs being measured.
Proposal 12: The Pre-MG has the higher priority if the intra-frequency measurement for PCell is to be performed within Pre-MG regardless of the initial priority configured by RRC signalling.
6 Reference
[1]. [bookmark: _Ref110189911][bookmark: _Ref71129038][bookmark: _Hlk51315259]R4-2214346, “WF on further enhancements on measurement gaps and measurements without gaps”, MTK
image1.png
BWP
switching

Intra-freq fO j .

Inter-freq f1 J . . .

Inter-freq f2 . .

MG

Pre-MG

Pre-MG Pre-MG

activation deactivation




image2.png
Freq. fO

. Freq. fO
(nogap-noncsg) (nogap-noncsg)

H B B B BN
A N w B H B N

Freq. 2 » Freq. 2
(ncsg)

(ncsg)
Deactivated ) Activated )
ScCell(f3) ScCell(f3)
NCSG . . NCSG . .
MG

MG





image3.png
SSB within
active BWP

Intra-freq fO j

BWP

switching SSB outside
active BWP

(priority=1)

Inter-freq f1 J .

PRS f2 .

MG

i

(priority=2)

Pre-MG I_)el

(priority=3)

Priority
changes




