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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]In last RAN4 meeting, a WF for multiple concurrent and independent gap patterns was approved [1].
	Definition
· Concurrent gaps are configured by multiple RRC IE MeasGapConfig [during a common period of time]
· FFS on the definition of the “common period of time” and whether it shall be introduced
· FFS how to handle fully overlapping multiple MG case
· FFS how to handle activated/deactivated pre-configured MGs (in case they are defined)
· Detailed RRC configuration is up to RAN2
· UE behavior for measurement of multiple MG patterns is FFS
· Common period of time:
· Without considering pre-configured gap: The common period of time is the duration in which UE is configured with more than one MGs 
· With considering pre-configured gap: FFS
· E.g., The common period of time is the time during which the UE is operating with more than one active MG.
Applicability and configurations
· The measurement purposes of concurrent gaps include:
· Different configuration (e.g. periodicity and/or offset) of reference signals from different cells or frequency layers that cannot be covered by one measurement gap, 
· SMTC from different cells or frequency layers that cannot be covered by one measurement gap, e.g., asynchronous deployment 
· Different RSs, e.g., SSB, CSI-RS, PRS, RSSI 
· Different RATs
· FFS whether to allow concurrent MG when the UE is configured to perform only non-NR RAT measurements
· FFS relation between the parameters of the MGs’ configuration
· FFS whether RAN4 should associate gap(s) to dedicated use case(s). 
· If Yes, Option 1: associate gap(s) to dedicated use case(s)
· FFS on whether to associate all gaps or only the new gap 
· FFS on which use cases should be associated. 
· Option 2: NW configures which MG is to be used for each MO
· Option 3: NW configures which MO is to be measured in new/each MG
· Existing configuration mechanism under DC mode can be reused:
· In EN-DC, 
· per-UE gap and FR1 gap are configured by MN, 
· FR2 gap is configured by SN. 
· In NE-DC and NR-DC, 
· per-UE gap, FR1 gap and FR2 gap are configured by MN.
UE capability related issues
· When UE doesn’t support per-FR gap, 
· All concurrent gaps are per-UE
· The max number of supported concurrent gap is
· Option A: 2
· Option B: 3
· Option C: Up to UE capability
· When UE supports per-FR gap, 
· FFS whether to allow per-UE gap and per-FR gap to be configured simultaneously
· FFS the max number of supported concurrent gap
· FFS on the combination of the per-UE gap and/or per-FR gap to be configured simultaneously
· FFS whether a Per-FR gap capable UE can be configured with Per-UE concurrent gaps (e.g. not configured with Per-FR gaps but only per-UE concurrent gaps)
· FFS whether UE shall support combinations of concurrent gaps comprising of any UE supported MGPs
· FFS whether to introduce the applicability conditions that may limit the allowable combinations of MGs’ configurations  that can be configured concurrently
Overlapping issues
· Definitions of fully overlapped, partial overlapped and fully non-overlapped concurrent gaps
· Start from per-UE gap. FFS how to extend to per-FR gap
· Fully non-overlapped (FNO): All gap occasions of 2 MGs are disjoint in time.
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· Fully-overlapped (FO): Every gap occasion of one MG is fully covered by every gap occasion of another MG with the same periodicity
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· Partially overlapped
· Fully-partial overlapped (FPO): Every gap occasion of one MG is partially overlapped by every gap occasion of another MG with the same periodicity
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· Partially-fully overlapped(PFO): Every gap occasion of one MG is fully covered by gap occasion of another MG with the different periodicity
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· Partially-partial overlapped(PPO): Every gap occasion of one MG is partially covered by gap occasion of another MG with the different periodicity
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· Requirement will be defined at least for FNO. FFS other cases
· FFS UE’s behavior in collided gap durations, if needed
Overhead
· Whether to define an overhead cap
· Option A: Yes
· Option B: No
Measurement gap related requirements
· FFS the legacy gap related requirements that can be re-used for concurrent gaps. Candidates including:
· MG patterns (or sequence), 
· MG applicability,
· MG reference timing (including MGTA), 
· effective MGRP, 
· MG interruption (data scheduling opportunity depends on MG configuration)
· UE UL behaviour after MG
· Other requirements if identified
· FFS additional assumptions (on network configuration and for UE behavior) for concurrent gap, e.g., 
· Only one frequency layer can be measured in a single gap instance. 
· Only one type of RSs can be performed in a single gap instance. 
· One RS configuration can only be measured in one MG pattern
· FFS CSSF requirements of concurrent gap
· FFS: RRM impact from reconfiguration of concurrent gaps, e.g., impact to ongoing measurement procedures when a 2nd gap is configured
Others
· The validation delay for concurrent gap is the same as legacy Rel-15/16 RRC processing delay, when pre-configured gap is not considered


In this contribution we provide our views on open issues captured in the WF.
2 Definition
· Common period of time
We propose that common time shall be defined as the time over which both gaps are active (configured for legacy MG). For the starting point, this would be the first occurrence of the MG after configuring the additional MGP, i.e. after UE has processed a RRC reconfiguration message. For the ending point, this would be up until the point where the UE e.g. has processed a RRC reconfiguration message that releases one of the gaps. The justification for extending the ending point until the UE has processed the RRC reconfiguration message is that up until that point, UE is unaware of that one of the concurrent MGs is to be released. See Figure 1. Thus, we propose to slightly update the definition in current WF as:
Without considering pre-configured gap: The common period of time is the duration in which UE is configured with more than one MGs plus RRC reconfiguration time for de-configured one of the MGPs.
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Figure 1: Proposed definition of common period of time for concurrent MGPs
[bookmark: _Ref71471033]Proposal 1: Without considering pre-configured gap(s), the common period of time can be defined as 
· the duration in which UE is configured with more than one MGs plus RRC reconfiguration time for de-configured one of the MGPs
[bookmark: _Ref71471036]Proposal 2: RAN4 to define the common period of time with pre-configured gap(s) in 2nd phase. 
3 Applicability and configurations
In our view, RAN4 needs to introduce a framework to control how and when the parallel MGPs can be used, in order to ensure that the UE meets RRM requirements(e.g., measurement requirements and measurement accuracy requirements) and that the MGs are efficiently used. Different aspects can be considered when developing rules on usage of measurement gaps, e.g.:
· measurement type
· for example: two MG patterns can be used in parallel if and only if: one MG pattern is for positioning measurements and the other MG pattern is for other measurement types;
· RAT (observe that the new MG patterns are not applicable for 2G/3G measurements)
· for example: two MG patterns can be used in parallel if and only if: one is for 2G/3G measurements and the other MG pattern is for E-UTRA and NR measurements;
· Periodicity of signals to be measured in MGs
· for example: a second MG pattern can be configured in parallel only if the UE needs to measure on RS with periodicity ≥320 ms
· Relation between the parameters of the MGs’ configuration
· For example: two MG patterns can be used in parallel if and only if: one for MOs with shorter measurement period (such as period40ms); one for MOs with longer measurement period(period80ms)
In Rel-15, NW configures the gap pattern to UE which includes MGL, MGRP, MGTA, and offset. If the new gap configuration just follows the same gap configuration as Rel-15, NW and UE may have misunderstanding on which MOs will be measured in which gaps. Thus, NW shall clearly indicate the specific purpose(s) with the concurrent measurement gaps based on above aspects.
[bookmark: _Ref71471041]Proposal 3: RAN4 to define the framework for configuring gaps dedicated to specific purpose(s). Consider at least the following aspects while defining rules for usage of the parallel MGPs:
· measurement type(different RSs)
· RAT
· Periodicity of signals to be measured in MGs
· Relation between the parameters of the parallel patterns (shorter and longer measurement period)
[bookmark: _Ref54117246]
4 UE capability related issues
Per-UE concurrent gaps
When UE doesn’t support per-FR gap but supports concurrent gaps, it was agreed all concurrent gaps shall be per-UE gap in last meeting. The open issue is the max number of supported concurrent gaps. To simplify the further discussion for overlapping discussion, we propose to only consider 2 per-UE gaps in Rel-17.
[bookmark: _Ref71471044]Proposal 4: The max number of supported concurrent gap is 2 when UE doesn’t support per-FR gap but is capable of concurrent gaps.
Per-FR concurrent gaps
In Rel-15, when UE supports per-FR gap, the UE still can be configured with per-UE gap. A simple use case is when the SMTCs for FR1 and FR2 are partially/fully overlapping, the network may only configure a per-UE gap which is equivalent as per-FR1 gap and per-FR2 gap with the same periodicity. Naturally, when UE supports concurrent MGPs in Rel-17, the per-FR gap capability UE can be configured with per-UE concurrent gaps or a combination of per-UE and per-FR MGPs.
For example, the network may only configure one per-UE gap in the beginning. After that, UE requests a positioning measurement, and network may additionally configure a per-UE gap for positioning only. 
[bookmark: _Ref71471047]Proposal 5: UE can be configured with two per-UE gaps when UE is capable of per-FR gap and concurrent gaps.
If the network firstly only configures one or two per-FR gap(s) to perform measurement. After that, UE requests a positioning measurement, and network may additionally configure a per-UE gap for positioning only other than de-configure the per-FR gap(s) and reconfigure two per-UE gaps.
[bookmark: _Ref71471051]Proposal 6: UE can be configured with per-UE gap and per-FR gap when UE is capable of per-FR gap and concurrent gaps.
Combination of per-UE gap and/or per-FR gap
In Rel-15, when UE is capable of per-FR gap, UE can be configured with different per-FR or per-UE gap with gap combination index 0~3 in the table below. 
	Gap Combination Index
	The number of gaps

	
	Per-FR1
	Per-FR2
	Per-UE

	0
	1
	0
	0

	1
	0
	1
	0

	2
	1
	1
	0

	3
	0
	0
	1


In Rel-17, when UE is capable of per-FR gap and concurrent gaps, several use cases for different combination of per-UE gap and/or per-FR gap has been discussed before. Thus, we propose to support the following gap combination for concurrent gaps. The maximum number of supported concurrent gaps can be 3.
	Gap Combination Index
	The number of gaps

	
	Per-FR1
	Per-FR2
	Per-UE

	0
	2
	1
	0

	1
	1
	2
	0

	2
	0
	0
	2

	3
	1
	0
	1

	4
	0
	1
	1

	5
	1
	1
	1


[bookmark: _Ref71471055]Proposal 7: When UE supports both per-FR gap and concurrent gaps, except the legacy gap combination, the combination of the per-UE gap and/or per-FR gap to be configured can be as follow.
	Gap Combination Index
	The number of simultaneous configured gaps

	
	Per-FR1
	Per-FR2
	Per-UE

	0
	2
	1
	0

	1
	1
	2
	0

	2
	0
	0
	2

	3
	1
	0
	1

	4
	0
	1
	1

	5
	1
	1
	1


[bookmark: _Ref71471059]Proposal 8: The max number of supported concurrent gap is 3 when UE support both per-FR gap and concurrent gaps.
We propose that all MGPs the UE supports shall be supported also in concurrent gap combinations, as there may be different needs for certain gaps depending on scenario. Thus, we do not think down-selection shall be done on feature level. UE can indicate which MGPs are supported and should support concurrent gaps for those supported MGPs. 
[bookmark: _Ref71471063]Proposal 9: UE shall support combinations of concurrent gaps comprising any of the by UE supported MGPs.
5 Overlapping
In last meeting, RAN4 had defined the following scenarios for overlapping. 
· Fully non-overlapped (FNO): All gap occasions of 2 MGs are disjoint in time.
· Fully overlapped (FO): Every gap occasion of one MG is fully covered by every gap occasion of another MG with the same periodicity
· Partially overlapped
· Fully-partial overlapped (FPO): Every gap occasion of one MG is partially overlapped by every gap occasion of another MG with the same periodicity
· Partially-fully overlapped (PFO): Every gap occasion of one MG is fully covered by gap occasion of another MG with the different periodicity
· Partially-partial overlapped (PPO): Every gap occasion of one MG is partially covered by gap occasion of another MG with the different periodicity 
Fully non-overlapped(FNO) 
RAN4 had agreed to at least defined requirement for fully non-overlapped scenarios. The UE’s behaviour is likely to perform measurements in these two MGPs independently. However, when we further studied this FNO scenario, the concurrent gaps will occur occasionally close in time which will result in UE not receiving the DL or/and transmitting the UL during the aggregated gaps. Such long outage will be intolerable by some low latency service, such as URLLC etc. In a worst case, the concurrent gaps(two MGP with 6ms length) will cause a total 20ms outage as follows. 
[image: ]
Figure 2: outage communication by non-overlapped gaps
[bookmark: _Ref71470558]Observation 1: When introducing concurrent gaps, UE may not to receive the DL or/and transmit the UL during a long period which may be intolerable by some low latency service, such as URLLC. 
The HARQ for DL/UL before aggregated gaps may not be transmitted because the length of aggregated gaps may be larger than K1 (at most 15 slots). Owing to DCI-based data scheduling, which is more dynamic than the RRC-based gap configuration, it’s unlikely and unrealistic for the network to immediately enable/disable (configure/deconfigure) the MG to avoid these issues. 
[bookmark: _Ref71470564]Observation 2: UE may not transmit the HARQ feedback due to the length of aggregated gaps larger than K1.
Thus, RAN4 needs to define some gap cancel rules for fully non-overlapped scenario, at least considering the following aspects:
· Type of service, such as normal service, or low latency service
· HARQ feedback (K0, K1, K2)
· The distance between two gap occasions
[bookmark: _Ref71471072]Proposal 10: RAN4 needs to define some gap cancel rules even for fully non-overlapped scenario, at least considering the following aspects:
· Type of service, such as low latency service
· HARQ feedback (K0, K1, K2)
· The distance between two gap occasions
Fully overlapped (FO) 
When network configures the concurrent gaps as fully overlapped, the network may indicate which gap shall be prioritized or some concurrent gap sharing factors can be indicated. For example, the MGP #24, #25 for positioning will be configured fully overlapped with some traditional mandatory MGPs, such as MGP #1, #11. If always prioritizing the positioning gap pattern, it implies no chance to perform measurements for inter-RAT, SSB, or CSI-RS. From network’s perspective, this kind of measurement behaviour shall be avoided. Thus, we propose to perform the measurements based on network’s indication when concurrent gaps are fully overlapped. RAN4 to further study the indication rules in this scenario.
Meanwhile, it should also mention that this FO scenario may useful when considering pre-configured gap and NCSG. It implies that UE may perform measurements within gap in parallel with measurements within NCSG. RAN4 to further discuss fully overlapped scenario in 2nd stage when considering pre-configured gap and NCSG.  
[bookmark: _Ref71470573]Observation 3: Fully overlapped gaps may happen when network configures a traditional mandatory MGP, such as MGP #1, #11 with a positioning MGP #24, #25.
[bookmark: _Ref71471075]Proposal 11: When concurrent gaps are fully overlapped (FO), RAN4 to further study how to indicate the gap sharing(priority rules) to UE.
[bookmark: _Ref71471078]Proposal 12: RAN4 to further discuss fully overlapped scenario in 2nd stage when considering pre-configured gap and NCSG.
Partially overlapped
From our understanding, partially overlapped scenario(FPO, PFO, PPO) can be believed as a general scenario for fully overlapped. Although UE may sometimes see two gaps overlapped, the UE is requested to perform measurement in one of the gap instances. Thus, it should ensure both UE and NW have the same understanding on which gap shall be cancelled, otherwise, network may have a wrong data scheduling. For example, network may schedule the data based on green gap, but the UE will perform measurements based on blue gap in fully-partial overlapped scenario. It will result in significant outage in the communication.
[image: ]
Figure 3: Concurrent gaps for fully-partial overlapped (FPO)
[bookmark: _Ref67407824]Observation 4: Without clear indication, NW and UE may have different understanding on which time duration for data scheduling or measurements between-in each gap for partially overlapped scenario.
Thus, RAN4 shall define a clear rule for UE to determine which of the two gaps shall be keep and the condition to apply the rule. For example, NW shall clearly indicate which gap shall be prioritized in a certain period of time. 
[bookmark: _Ref71471081]Proposal 13: Fully-partial overlapped(FPO), Partially-fully overlapped(PFO) and Partially-partial overlapped(PPO) can be believed as general scenarios for fully overlapped(FO). 
[bookmark: _Ref71471098]Proposal 14: In partially overlapped scenario, RAN4 shall define a clear rule for UE to determine 
· which of the two gaps shall be keep, and 
· what is the condition to apply the rule
6 Overhead
In last meeting, there are two related issues:
· Whether to define an overhead cap
· whether to limit the combinations of MGPs’ configurations that can be configured concurrently
These two issues all related to restrict the configuration from network side. On the one hand, network can manage this cap and tradeoff between the throughput loss and measurement gaps’ configuration. On the other hand, with the gap cancelling rules for UE, there is no significant throughput loss for UE compared with the legacy MG.
[bookmark: _Ref67407880][bookmark: _Ref61170142][bookmark: _Ref61170138]Proposal 15: The following two issues are up to network configuration. 
· RAN4 does not to define an overhead cap
· RAN4 does not to to limit the combinations of MGPs’ configurations that can be configured concurrently 
7 Measurement requirement
In last meeting, there was some discussion on whether to reuse the legacy measurement requirements. To simplify the discussion and focus on the new issues for concurrent gaps, MG patterns (or sequence), MG reference timing (including MGTA), effective MGRP, MG interruption and UE UL behaviour after MG shall be reused from existing MG requirements.
[bookmark: _Ref67407883]Proposal 16: Reuse the following existing MG related requirements: MG patterns (or sequence), MG reference timing (including MGTA), effective MGRP, MG interruption (data scheduling opportunity depends on MG configuration) and UE UL behaviour after MG. 
8 Conclusion
In the contribution, we discuss the open issues for concurrent gap. We have the following proposals:
Observation 1: When introducing concurrent gaps, UE may not to receive the DL or/and transmit the UL during a long period which may be intolerable by some low latency service, such as URLLC.
Observation 2: UE may not transmit the HARQ feedback due to the length of aggregated gaps larger than K1.
Observation 3: Fully overlapped gaps may happen when network configures a traditional mandatory MGP, such as MGP #1, #11 with a positioning MGP #24, #25.
Observation 4: Without clear indication, NW and UE may have different understanding on which time duration for data scheduling or measurements between-in each gap for partially overlapped scenario.
Proposal 1: Without considering pre-configured gap(s), the common period of time can be defined as
· the duration in which UE is configured with more than one MGs plus RRC reconfiguration time for de-configured one of the MGPs
Proposal 2: RAN4 to define the common period of time with pre-configured gap(s) in 2nd phase.
Proposal 3: RAN4 to define the framework for configuring gaps dedicated to specific purpose(s). Consider at least the following aspects while defining rules for usage of the parallel MGPs:
· measurement type(different RSs)
· RAT
· Periodicity of signals to be measured in MGs
· Relation between the parameters of the parallel patterns(shorter and longer measurement period)
Proposal 4: The max number of supported concurrent gap is 2 when UE doesn’t support per-FR gap but is capable of concurrent gaps.
Proposal 5: UE can be configured with two per-UE gaps when UE is capable of per-FR gap and concurrent gaps.
Proposal 6: UE can be configured with per-UE gap and per-FR gap when UE is capable of per-FR gap and concurrent gaps
Proposal 7: When UE supports both per-FR gap and concurrent gaps, except the legacy gap combination, the combination of the per-UE gap and/or per-FR gap to be configured can be as follow.
	Gap Combination Index
	The number of simultaneous configured gaps

	
	Per-FR1
	Per-FR2
	Per-UE

	0
	2
	1
	0

	1
	1
	2
	0

	2
	0
	0
	2

	3
	1
	0
	1

	4
	0
	1
	1

	5
	1
	1
	1


Proposal 8: The max number of supported concurrent gap is 3 when UE support both per-FR gap and concurrent gaps.
Proposal 9: UE shall support combinations of concurrent gaps comprising any of the by UE supported MGPs.
Proposal 10: RAN4 needs to define some gap cancel rules even for fully non-overlapped scenario, at least considering the following aspects:
· Type of service, such as low latency service
· HARQ feedback (K0, K1, K2)
· The distance between two gap occasions
Proposal 11: When concurrent gaps are fully overlapped (FO), RAN4 to further study how to indicate the gap sharing(priority rules) to UE.
Proposal 12: RAN4 to further discuss fully overlapped scenario in 2nd stage when considering pre-configured gap and NCSG.
Proposal 13: Fully-partial overlapped(FPO), Partially-fully overlapped(PFO) and Partially-partial overlapped(PPO) can be believed as general scenarios for fully overlapped(FO). 
Proposal 14: In partially overlapped scenario, RAN4 shall define a clear rule for UE to determine
· which of the two gaps shall be kept, and 
· what is the condition to apply the rule.
Proposal 15: The following two issues are up to network configuration.
· RAN4 does not need to define an overhead cap
· RAN4 does not to to limit the combinations of MGPs’ configurations that can be configured concurrently 
Proposal 16: Reuse the following existing MG related requirements: MG patterns (or sequence), MG reference timing (including MGTA), effective MGRP, MG interruption (data scheduling opportunity depends on MG configuration) and UE UL behaviour after MG.
9 Reference
[bookmark: _Hlk51315259][1] R4-2105856, “WF on R17 NR MG enhancements - Multiple concurrent and independent MG patterns”, MediaTek Inc.
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