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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 MG definition
· Concurrent MGs are multiple MGs that are configured for measurements during a common period of time
· Exact definition of common period of time is FFS
· UE behavior for non-overlapping, partially or fully overlapped cases is irrelevant to the definition and will be discussed separately.
· Note 1: current definition does not address pre-configured MG patterns and NCSG. FFS how to address pre-configured MG patterns and NCSG. 
· Concurrent MG patterns
· MG patterns are selected from Rel-16 gap patterns #0 to #25.
· FFS definition of independent MG
· Option 1: (configuration perspective) gaps are considered as independent gaps if at least one of the configurations in MGL, MGRP, time offset is different. 
· Option 2: (UE behavior perspective) gaps are considered as independent gaps if they can operate simultaneously without impacting the measurement performance requirements.
· Other option is not precluded
· FFS whether to merge the definition of independent gap and concurrent gap.
Applicability
· The measurement purposes of concurrent gaps include:
· Different SMTC configurations
· Different RSs, e.g., SSB, CSI-RS, PRS, RSSI 
· Different RATs 
· FFS whether to extend to NCSG or pre-configured MG in the 2nd phase of the WI 
· RAN4 to ensure both UE and NW have the same understanding on the usage of each measurement gap. 
· RAN4 shall further discuss on whether to define the framework of configuring gaps dedicated to specific purpose(s). 
Relation to per-UE gap and per-FR gap
· RAN4 shall further discuss on the relation to per-UE gap and per-FR gap
· Option 1: All concurrent MGs are of the same type (per UE MG or per FR MG).
· Option 2: The parallel MG patterns can be any of
· all per-UE, 
· all per-FR (for the same FR), or
· a combination of per-UE and per-FR MG patterns, with at least one per-UE and at least one per-FR
· Option 3:
· For a Per UE gap capable UE, multiple concurrent and independent MGPs applies per UE.
· For a Per FR gap capable UE, multiple concurrent and independent MGPs applies per FR
· Other option is not precluded
· RAN4 shall further discuss on the max number of concurrent gap for per-UE gap FR1-gap and FR2-gap.
· RAN4 shall further discuss whether a per FR gap and concurrent gap capable UE shall support multiple concurrent gaps on at least one FR.
Overlapping
· RAN4 to work on at least non-overlapping concurrent gap as a start point. 
· FFS whether to work on partially and fully-overlapped cases.
Overhead
· Overhead for configuring multiple concurrent MG patterns.
· Option 1: RAN4 to specify a cap on aggregate fractional interruption time as applicability condition 
· Option 2: Depends on NW configuration
· Other option is not precluded
Measurement Requirement
· Measurement capability
· Keep Rel-16 UE measurement capability of number of layers to be monitored by gap(Section 9.1.3 of TS38.133) for UE configured with concurrent gaps.
· CSSF
· RAN4 to discuss how to define CSSF for concurrent gaps.
· Other requirements
· FFS: RAN4 to reuse the following existing MG related requirements for concurrent gaps: MG reference timing, effective MGRP, MG interruption and UE UL behaviour after MG. 
· Other requirements can be further discussed in future meetings
Others
· No new gap pattern will be introduced in the scope of concurrent gaps objective in this WI.
· Network configuration 
· RAN4 to discuss whether to trigger LS to get RAN2 feedback for network configuration under DC mode.
· Do not introduce the concurrent gap in LTE SA mode.


2 Definition
In last meeting, RAN4 had a discussion how to understand concurrent and independent gaps. RAN4 achieved some agreements on the terminology ‘concurrent’, but there is no enough time to discuss the terminology ‘independent’.
Independent MG
In Rel-15, the terminology ‘independent gap patterns’ had already used for per-FR gap capability. When UE supports per-FR gap, NW can provide per-FR MG patterns for each FR independently. The concept of ‘independent gap patterns’ in Rel-15 can be re-used, i.e., independent gaps are independent gap pattern configurations by NW. In our understanding, when both gaps are configured in the same FR, at least one of the configurations in MGL, MGRP, time offset is different. Otherwise, there is no intention to configure two gaps in one FR. UE’s behavior for gaps’ non-overlapping, partially or fully overlapping cases in time domain is irrelevant to the definition and can be discussed separately.  
	TS 38.133 9.1.2
If the UE requires measurement gaps to identify and measure intra-frequency cells and/or inter-frequency cells and/or inter-RAT E-UTRAN cells, and the UE supports independent measurement gap patterns for different frequency ranges as specified in Table 5.1-1 in [18, 19, 20], in order for the requirements in the following clauses to apply the network must provide either per-FR measurement gap patterns for frequency range where UE requires per-FR measurement gap for concurrent monitoring of all frequency layers of each frequency range independently, or a single per-UE measurement gap pattern for concurrent monitoring of all frequency layers of all frequency ranges.


[bookmark: _Ref67407831]Proposal 1: Independent gaps are independent configurations by NW. In the same FR at least one of the configurations in MGL, MGRP, time offset is different. 
[bookmark: _Ref67407834]Proposal 2: UE’s behavior for gaps’ non-overlapping, partially or fully overlapping cases in time domain is irrelevant to the definition of independent gaps.
Concurrent MG
There is still some FFS on the definition of concurrent gaps:
· Exact definition of common period of time is FFS 
· FFS whether to merge the definition of independent gap and concurrent gap  
From our understanding, the concurrent gaps definition shall merge with the independent gap. In legacy Rel-15, a per-FR gap capability had been introduced. When UE supports per-FR gap, NW can configures independent FR1 and FR2 gaps. UE can see at most two gaps (FR1 gap and FR2 gap) in a common period of time. Thus, in Rel-17, the definition of common period of time can be the same as legacy Rel-15 but the UE’s capability shall be updated. When UE supports concurrent and independent gaps in Rel-17, UE can support at least two activated MGs per UE or in one FR. The common period of time is the duration in which UE can see at least two activated MGs per-UE or in one FR. The concurrent and independent gaps shall be multiple activated measurement gaps in at least one FR that are independent configured for measurements during a common period of time.
[bookmark: _Ref67407836]Proposal 3: The definitions of concurrent gaps and independent gaps should be merged. RAN4 does not need to specify 2 separate definitions.
[bookmark: _Ref67407840]Proposal 4: The common period of time is the duration in which UE can see at least two activated measurement gaps in one FR during this time period.
[bookmark: _Ref67407843]Proposal 5: The concurrent (and independent) gaps shall be multiple activated measurement gaps in at least one FR that are independent configured for measurements during a common period of time.
3 [bookmark: _Ref54117246]Applicability
In Rel-15/16, too many MOs are scheduled in the single gap. It’s very hard for the NW to prioritize some specific MOs. When the new concurrent gap will be introduced, NW may utilize this new gap to prioritize some MOs. The possible purposes for using the concurrent gap can be listed as follow. In our view the first 3 purposes are about the gap usage, while the later 2 are about the gap types
1. (gap usage) Different SMTC configurations
2. (gap usage) Different RSs, e.g., SSB, CSI-RS, PRS, RSSI 
3. (gap usage) Different RATs 
4. (gap type) Preconfigured MG
5. (gap type) NCSG
In last meeting, RAN4 had made an agreement to ensure both UE and NW have the same understanding on the usage of each measurement gap for concurrent gaps. The question is how to make this work. 
For example, there are 4 MOs as shown in the figure below. When NW configures a new gap for these measurements, NW may hope to speed up the inter-RAT measurements. It may think f0, f1, f2 will still be measured in legacy gap and f3 in the new gap. However, UE may just want to balance the number of MOs in each gap to speed up the overall measurements. Therefore UE measures f0, f3 in legacy gap and f1, f2 in the new gap. This misunderstanding will weaken the benefits of concurrent gap and lead to unexpected mobility performance degradation.
[image: ]
[bookmark: _Ref67407824]Observation 1: Without clear indication, NW and UE may have different understanding on the usage of the new gap.
In legacy Rel-15, NW configures the gap pattern to UE which includes MGL, MGRP, MGTA, and offset. If the new gap configuration just follow the gap configuration as legacy Rel-15. NW and UE may have misunderstanding on which MOs will be measured in which gaps. Thus, NW shall clearly indicate at least one specific usage and a type of the new gap together with the new measurement gap configuration. The max number of usages can be FFS. We also believe that this additional indication of usage is only needed for the new gap. All the other usages can still be done in the legacy gap. After RAN4 achieves a common understanding of the essentials in new gap configuration, RAN4 can provide suggestion to RAN2 on RRC signaling design. 
[bookmark: _Ref67407847]Proposal 6: NW shall clearly indicate at least single specific usage (MO, RS or RAT) and a type (legacy, pre-configured or NCSG) for the new gap together with measurement gap’s configuration. The max number of usages for one new gap is FFS.
4 Overlapping with legacy gap
When NW configures the new gap together with legacy gap, the new gap may collide in time with the legacy gap. 
Partially/Fully overlapping in gap duration
The definition of start point for new gap can re-use the definition from legacy gap. Without MGTA, the granularity for gap offset configuration is 1ms. Theoretically, 2 concurrent gaps may partially overlapped in their duration. But we prefer not to open up such a discussion on how UE should do further RF re-tuning to meet the requirements of the 2 MGs. The discussion could be very lengthy with a complicated (but not useful) outcome. To simplify the spec, for any occasion that the two gaps are partially or fully overlapping in their durations, RAN4 can always treat it as fully overlapped duration in this occasion. UE will not perform the measurements on more than one frequency layers in this gap occasion. 
[image: ]
[bookmark: _Ref61170199]Proposal 7: For any gap occasion that the concurrent gaps are partially or fully overlapping in their durations, they are treated as fully overlapped duration in that occasion. 
[bookmark: _Ref67407856]Proposal 8: UE will not perform the measurements on more than one frequency layers during a fully overlapped duration for concurrent gaps.
Fully non-overlapping between concurrent gaps
The main purpose on introducing the new gap is that NW can prioritize some frequencies’ measurements which will be measured in new gap. If concurrent gaps are configured from the same CG, NW may clearly configure these two gaps with different offset to avoid the collision between these two gaps. Thus, to simplify the discussion, RAN4 can discuss fully non-overlapping scenario as a start point. 
[bookmark: _Ref67407860][bookmark: _Ref61170205]Proposal 9: RAN4 starts from the requirements with scenario where 2 gaps are fully non-overlapping. 
General Collision rule
However, when we consider the positioning gap, especially the new gap pattern #24, 25 in Rel-16, the longer MGL will make it easier to collide with other gaps. To simplify the discussion for multiple scenarios between two gaps, we suggest to define a general rule to handle the collision other than to analyze the detail scenarios one by one. As we mentioned before, the new gap is a gap with at least a specific usage during a period of time. Thus, when NW configures the gap for a specific usage, it typically implies NW wants to prioritize this specific measurement. To simplify the collision rule, this specific measurement should be given a higher priority. It means the new gap with a specific usage should be prioritized over legacy gap when they collide in time.
[bookmark: _Ref67407864]Proposal 10: The new gap with a specific usage should be prioritized over legacy gap when they collide in time.
When NW configures both legacy gap and the new gap which collides, three type of UE behaviors are listed below.
· Behavior A: Perform measurement in new gap
· The Rel-17 new gap occasions will be reserved for the measurement objects which are indicated to be measured in this specific gap. In the gap occasions where 2 gaps collide, UE performs measurement towards the objects associated to new gap which have a higher priority than those in legacy gap.
· Behavior B: Perform measurement in legacy Rel-15 gap
· The legacy gap occasions, except the occasions occupied by the Rel-17 new gap, will be reserved for the remaining measurement objects which aren’t indicated to be measured in the specific gap but still need gaps.
· Behavior C: Perform measurement in other SMTC occasions outside gap
· The measurement objects which don’t need the gap will be measured in other SMTC occasions which don’t overlap with any new or legacy gap occasions.

[bookmark: _Ref67407867]Proposal 11: RAN4 can define a general rule for UE behaviour w.r.t. gap collision between Rel-17 new gap and legacy gap.
· In the gap occasions where 2 gap collides, UE performs measurement toward the objects associated to new gap.
· The legacy gap occasions, except the occasions occupied by the Rel-17 new gap, will be reserved for the remaining measurement objects which aren’t indicated to be measured in the specific gap but still need gaps.
· The measurement objects which don’t need the gap will be measured in other SMTC occasions which don’t overlap with any new or legacy gap occasions.
In the following, we illustrate the UE’s behaviours based on the above general rules.
· Fully overlapping between concurrent gaps (MGRPlegacy= MGRPnew)
All the measurement gap occasions will be used to perform the measurements for the specific usage, since the measurement objects with specific new gap has higher priority than the measurement objects in legacy gap.
[image: ]
· Partially overlapping in gap occasions (MGRPlegacy> MGRPnew)
The measurement objects which are indicated to perform measurements within legacy gap only can’t be measured since the periodicity of the specific new gap is smaller than the periodicity of the legacy gap. Network in general can avoid this kind of configurations.
[image: ]
· Partially overlapping in gap occasions (MGRPlegacy< MGRPnew)
[image: ]
In this scenario, the measurement objects which are indicated in specific new gap will be measured in the specific gap occasions. Other measurement objects which still need gap to perform measurements will be measured in the legacy gap occasions which aren’t colliding with the specific new gaps.   
5 Relation to per-FR gap capability
One of the important issue that needs to be discussed is the overall number of concurrent and independent gap patterns which also captured in the WI plan. As we known, the gap is a trade-off between the serving cells’ data dropping rate and the mobility management. On one hand, more MG means faster mobility measurement. But on the other hand, it also implies obviously higher throughput dropping and higher UE complexity for measurement scheduling. At this moment, the benefit of configuring more than 1 new gaps is still not clear to us. 
[bookmark: _Ref67407870]Proposal 12: When UE supports concurrent gaps, at most one additional new gap will be supported.
In legacy Rel-15/16 NR system, per-FR gap’s capability was introduced. Single gap pattern will be applied to the UE which supports per-UE gap only, but independent gap patterns can be configured per FR for the UE which supports per-FR gap. 
When UE supports only per-UE gap, it implies the concurrent gap could still be per-UE. Otherwise, this violates UE’s capability. Thus, the interruption of gap will impact all serving cells’ data reception.
[bookmark: _Ref61170173]Proposal 13: When UE doesn’t support per-FR gap, all concurrent gaps are per-UE. 
When UE supports both per-FR gap, a potential issue is how many independent MGs shall be supported by UE. In legacy Rel-15, this implies the UE shall support two independent gaps for FR1 and FR2 separately. From our understanding, when UE supports concurrent gaps in Rel-17, it implies UE shall support at most one new gap additionally. Thus, there are three cases for the new gap as follow.
· Case 1: 1 FR1 new gap
· Case 2: 1 FR2 new gap
· Case 3: 1 per-UE new gap
When additional 1 concurrent gap is supported, the UE’s implementation complexity will be definitely higher than legacy Rel-15 UE. In current stage, we has not yet seen the benefits to support the scenario 3. Thus, we suggest to study the scenario 1 in the initial stage.
[bookmark: _Ref61170180]Proposal 14: When UE supports per-FR gap and concurrent gaps, UE shall support more than one gap in at least one FR. RAN4 can start the discussion for the scenario: 1 FR1 gap, 1 FR2 gap and 1 additional FR1 new gap.
6 Overhead
Overhead is another important issue that needs to be discussed. In last meeting, most companies thought RAN4 needs to specify a cap as the applicability condition for concurrent gaps. From our understanding, there are two possible options:
· Option 1: Define the overall data dropping rate based on the aggregate interruption, and the overall data dropping rate won’t be larger than 30% (which is the worst case in legacy Rel-15)
· Option 2: The MGRP of concurrent gaps can’t be less than 40ms.
[bookmark: _Ref67407880][bookmark: _Ref61170142][bookmark: _Ref61170138]Proposal 15: When UE supports concurrent gaps, explicitly captured the overhead limitation in the spec. 
· Option 1: The overall data dropping rate won't be larger than 30%.
· Option 2: The MGRP of concurrent gaps can’t be less than 40ms. 
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 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 reference timing (including MGTA), effective MGRP, MG interruption and UE UL behaviour after MG. 
8 Concurrent gap configuration and capability
In EN-DC, when UE supports per-UE gap, it is MN which will configure the per-UE gap. When UE supports per-FR gap, MN will configure the gap for FR1 and SN will configure the gap for FR2. It’s reasonable to inherit the gap configuration mechanism from legacy design. However, how to design the signalling to configure the concurrent gaps is a RAN2 issue. RAN4 can send the LS to ask RAN2 for how to configure the concurrent gaps once RAN4 agreed the maximum number of concurrent gaps and the relation with per-UE and per-FR gap. 
In EN-DC, gap related UE capabilities are reported to MN and SN, e.g., the supporting of per-FR gap and individual gap pattern. In our view, it is preferred that the new gap can also inherit the Rel-15/16 UE capability reporting.
[bookmark: _Ref61170190][bookmark: _Ref61446645][bookmark: _Ref67407887][bookmark: _Ref61446650]Proposal 17: RAN4 to send the LS to ask RAN2 for how to configure the concurrent gaps once RAN4 agreed the maximum number of concurrent gaps and the relation with per-UE and per-FR gap.
Proposal 18: RAN4 to send the LS to RAN2 to clarify the relation between Rel-15/16 gap-related capability and Rel-17 concurrent gap. 
9 Conclusion
In the contribution, we discuss the issues for concurrent gap. We have the following proposals:
Observation 1: Without clear indication, NW and UE may have different understanding on the usage of the new gap.
Proposal 1: Independent gaps are independent configurations by NW. In the same FR at least one of the configurations in MGL, MGRP, time offset is different.
Proposal 2: UE’s behavior for gaps’ non-overlapping, partially or fully overlapping cases in time domain is irrelevant to the definition of independent gaps.
Proposal 3: The definitions of concurrent gaps and independent gaps should be merged. RAN4 does not need to specify 2 separate definitions.
Proposal 4: The common period of time is the duration in which UE can see at least two activated measurement gaps in one FR during this time period.
Proposal 5: The concurrent (and independent) gaps shall be multiple activated measurement gaps in at least one FR that are independent configured for measurements during a common period of time.
Proposal 6: NW shall clearly indicate at least single specific usage (MO, RS or RAT) and a type (legacy, pre-configured or NCSG) for the new gap together with measurement gap’s configuration. The max number of usages for one new gap is FFS.
Proposal 7: For any gap occasion that the concurrent gaps are partially or fully overlapping in their durations, they are treated as fully overlapped duration in that occasion.
Proposal 8: UE will not perform the measurements on more than one frequency layers during a fully overlapped duration for concurrent gaps.
Proposal 9: RAN4 starts from the requirements with scenario where 2 gaps are fully non-overlapping.
Proposal 10: The new gap with a specific usage should be prioritized over legacy gap when they collide in time.
Proposal 11: RAN4 can define a general rule for UE behaviour w.r.t. gap collision between Rel-17 new gap and legacy gap.
· In the gap occasions where 2 gap collides, UE performs measurement toward the objects associated to new gap.
· The legacy gap occasions, except the occasions occupied by the Rel-17 new gap, will be reserved for the remaining measurement objects which aren’t indicated to be measured in the specific gap but still need gaps.
· The measurement objects which don’t need the gap will be measured in other SMTC occasions which don’t overlap with any new or legacy gap occasions.
Proposal 12: When UE supports concurrent gaps, at most one additional new gap will be supported.
Proposal 13: When UE doesn’t support per-FR gap, all concurrent gaps are per-UE.
Proposal 14: When UE supports per-FR gap and concurrent gaps, UE shall support more than one gap in at least one FR. RAN4 can start the discussion for the scenario: 1 FR1 gap, 1 FR2 gap and 1 additional FR1 new gap.
Proposal 15: When UE supports concurrent gaps, explicitly captured the overhead limitation in the spec.
· Option 1: The overall data dropping rate won't be larger than 30%.
· Option 2: The MGRP of concurrent gaps can’t be less than 40ms. 
Proposal 16: Reuse the following existing MG related requirements: MG reference timing (including MGTA), effective MGRP, MG interruption and UE UL behaviour after MG.
Proposal 17: RAN4 to send the LS to ask RAN2 for how to configure the concurrent gaps once RAN4 agreed the maximum number of concurrent gaps and the relation with per-UE and per-FR gap. 
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