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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]. In this paper, we discuss the open issues.
2 Definition
The open issues and agreements in [1] are captured below:
	· 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 


Regarding the common period of time, we think the definition is needed in order to avoid confusion when the pre-configured gap is introduced as one of the concurrent gaps later. For the detail definition with pre-configured gap, we can follow the example provided in [1]: The common period of time is the time during which the UE is operating with more than one active MG. One minor clarification is on how to jointly consider per-FR gap. In our view, we can directly assume the agreed definition is for per-UE gap. The extension to per-FR gap would be very straightforward, e.g., we only consider whether UE is configured with more than one MG in the same FR.
[bookmark: _Ref71233215][bookmark: _Ref71233983]Proposal 1: Concurrent gaps are configured by multiple RRC IE MeasGapConfig [during a common period of time]. 
[bookmark: _Ref71233984]Proposal 2: Without considering pre-configured gap, the common period of time is the duration in which UE is configured with more than one per-UE MGs or configured with more than one per-FR MGs in an FR.
[bookmark: _Ref71233989]Proposal 3: With considering pre-configured gap, the common period of time is the duration in which UE is operating with more than one active per-UE MG or operating with more than one active per-FR MGs in an FR.
Regarding other FFS points, we suggest to leave it to detail requirement discussions, rather than keep them in the definition.
3 Applicability and configurations 
The open issues and agreements in [1] are captured below:
	· 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.


Regarding the measurement purposes, in our view, all purposes listed in [1] are fine. The 1st and 2nd purposes can be simply grouped as ‘different MOs’, because the RS timing is already MO-specific configured. As for the 2 FFS points in the measurement purpose, we believe it can be left to network implementation. The more important issue is what needs to informed to RAN2 in the corresponding RRC signaling work. In our view, based on the current agreement, we can inform RAN2 that the measurement purposes of the concurrent gap includes different MOs with different RS timing configurations, different RS types (SSB, CSI-RS, PRS, RSSI) and different RATs. 
[bookmark: _Ref71233992]Proposal 4: Inform RAN2 that the measurement purposes of concurrent gaps include different MOs with different RS timing configurations, different RS types (SSB, CSI-RS, PRS, RSSI) and different RATs.
Regarding whether to associate gap(s) to dedicated use case(s), our preference is YES. In last meeting, it was argued that this association was not mentioned in the WID. However, this does not prohibit RAN4 from studying and defining any required mechanism to make the concurrent gap more efficient. As we explained in our previous paper, this association is one very important mechanism in order to align the understanding between network and UE on how the gap will be used. One quick example is that given 8 MOs and 2 concurrent gaps, UE can either distribute 1) 4 MOs into each gap or 2) 1 MO in one gap and the other 7 MOs in the other gap. These 2 different arrangements will result in very different measurement delays. RAN4 should try to avoid the case that network and UE are assuming completely different ways to conduct measurement via concurrent gaps. 
Another important motivation for this association is for the later phase when we further consider pre-configured gap or NCSG into concurrent gaps. Since pre-configured gap are only used for some specific cases (e.g., intra-frequency SSB measurement with or without gap) and NCSG are only used for selected frequency layers that UE can perform measurement at the same time with serving cell data reception/transmission, it is extremely essential to consider a clear mechanism on how the gap should be used for which measurement purpose(s) to avoid any confusion. 
[bookmark: _Ref71233993]Proposal 5: Introduce a new mechanism to associate concurrent gap(s) with dedicated measurement purpose(s), e.g., for specific MOs, RS types or RATs. 
4 UE capability related issues 
The open issues and agreements in [1] are captured below:
	· 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


For UE that does not support per-FR gap, we think the max number of supported concurrent gaps should be 2. Any larger numbers, although adding more flexibility, still require more discussions to justify the benefit.
[bookmark: _Ref71233994]Proposal 6: For UE that does not support per-FR gap, the max number of supported concurrent gaps is 2.
For per-FR gap capable UE, there are more uncertainties to be further discussed. The 1st issue would be whether to allow a hybrid between per-UE gap and per-FR gap. In our view, network is already allowed to configure per-UE gap to a per-FR gap capable UE in Rel-15. It would be strange that we prohibit such a network implementation in Rel-17. Another consideration is for PRS measurement. The gap configured for PRS measurement is more like a pre-UE gap because UE is not expected to continue data reception/transmission on all CCs during the measurement gap. In this sense, we think it is fine to allow per-UE gap and per-FR gap to be configured simultaneously or per-UE gap only. 
[bookmark: _Ref71233995]Proposal 7: For per-FR gap capable UE, allow per-UE gap and per-FR gap to be configured simultaneously or allow per-UE gap to be configured only.
Regarding the max number of gaps for per-FR gap capable UE, our preference is 3. The concern is again to limit UE design complexity. 
[bookmark: _Ref71233996]Proposal 8: For per-FR gap capable UE, the max number of supported concurrent gaps in all FRs is 3.
As for the gap patterns that UE can support for concurrent gaps, our preference is to re-use any existing UE capability as much as possible. RAN4 should not introduce any new UE capability for gap pattern supporting in order to avoid the long discussion on how to interpret the UE behavior when there is any inconsistency between all reported capabilities. 
[bookmark: _Ref71233997]Proposal 9: UE shall support combinations of concurrent gaps comprising of any UE supported MG patterns. 
5 Overlapping 
The open issues and agreements in [1] are captured below:
	[image: ]
· Requirement will be defined at least for FNO. FFS other cases
· FFS UE’s behavior in collided gap durations, if needed


For all above 5 scenarios, we think some of them can be precluded in this WI. The 1st one should be the fully-overlapped (FO) case. In this case, one MG is completely covered by the other one on every gap occasion. This means that one of the MG configurations is actually redundant. 
The 2nd one we would like to discuss is fully-partial overlapped (FPO). In each gap occasion, we do not think UE is able to finish the measurements w.r.t both gaps. If UE stay in a frequency during the whole MGL of the 1st gap, it will leave insufficient time for UE to perform measurement in the 2nd gap, and vice versa. In other words, UE still can only do the measurement w.r.t one single gap at each collided gap occasion. The consequence of such a configuration is essentially the same as the FO case.
[bookmark: _Ref71233998]Proposal 10: UE is not expected to be configured with 2 pre-configured gap which are fully-overlapped (FO) or fully-partial overlapped (FPO). 
[bookmark: _Ref71233227][bookmark: _Ref71233999]Proposal 11: In an overlapped gap occasions (regardless fully or partially overlapped), UE will perform the measurement w.r.t one single gap.
The 2 remaining scenario becomes essentially the same if we follow the principle in Proposal 11. On that overlapped gap occasion, we think RAN4 needs to determine a rule on which gap should be prioritized, e.g., if the 1st gap is prioritized, UE will only perform measurement associated with the 1st gap in that overlapped occasion. 
[bookmark: _Ref71234000]Proposal 12: For partially-fully overlapped (PFO) and partially-partial overlapped (PPO) case, RAN4 to decide a rule for prioritization, if needed.
6 Overhead 
The open issues and agreements in [1] are captured below:
	· Whether to define an overhead cap
· Option A: Yes
· Option B: No



There were 2 camp on whether to define an overhead cap for concurrent gaps. In our view, to reduce UE design complexity, it would be good to preclude some combinations at early stage. So that both network and UE does not need to spend time on those unlikely-deployed combinations.
[bookmark: _Ref71234002]Proposal 13: RAN4 to define an overhead cap for concurrent gaps.
7 Measurement gap related requirements 
The open issues and agreements in [1] are captured below:
	· 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


In our understanding, all of the gap-related requirements in Rel-15/16 can be followed by concurrent gaps. 
[bookmark: _Ref71234003]Proposal 14: All legacy gap related requirements that can be re-used for concurrent gaps, including patterns (or sequence), applicability, reference timing (including MGTA), effective MGRP, MG interruption (data scheduling opportunity depends on MG configuration), UE UL behaviour after MG.
8 Measurement requirements 
The open issues and agreements in [1] are captured below:
	· 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


RAN4 has to conclude the final requirements for concurrent gap in this WI. However, at this stage it would be rather difficult to reach any consensus on this part if some basic principle (like overlapping) in previous discussions are still open. Therefore, we suggest to come back to the requirement discussion after RAN4 agrees other more basic principles for concurrent gaps. 
[bookmark: _Ref71234004]Proposal 15: Postpone the discussion on final requirement discussion and come back after RAN4 conclude other basic principles for concurrent gaps. 
9 Conclusion
In the contribution, we discuss the issues for concurrent gap. We have the following proposals:
Proposal 1: Concurrent gaps are configured by multiple RRC IE MeasGapConfig [during a common period of time].
Proposal 2: Without considering pre-configured gap, the common period of time is the duration in which UE is configured with more than one per-UE MGs or configured with more than one per-FR MGs in an FR.
Proposal 3: With considering pre-configured gap, the common period of time is the duration in which UE is operating with more than one active per-UE MG or operating with more than one active per-FR MGs in an FR.
Proposal 4: Inform RAN2 that the measurement purposes of concurrent gaps include different MOs with different RS timing configurations, different RS types (SSB, CSI-RS, PRS, RSSI) and different RATs.
Proposal 5: Introduce a new mechanism to associate concurrent gap(s) with dedicated measurement purpose(s), e.g., for specific MOs, RS types or RATs.
Proposal 6: For UE that does not support per-FR gap, the max number of supported concurrent gaps is 2.
Proposal 7: For per-FR gap capable UE, allow per-UE gap and per-FR gap to be configured simultaneously or allow per-UE gap to be configured only.
Proposal 8: For per-FR gap capable UE, the max number of supported concurrent gaps in all FRs is 3.
Proposal 9: UE shall support combinations of concurrent gaps comprising of any UE supported MG patterns.
Proposal 10: UE is not expected to be configured with 2 pre-configured gap which are fully-overlapped (FO) or fully-partial overlapped (FPO).
Proposal 11: In an overlapped gap occasions (regardless fully or partially overlapped), UE will perform the measurement w.r.t one single gap.
Proposal 12: For partially-fully overlapped (PFO) and partially-partial overlapped (PPO) case, RAN4 to decide a rule for prioritization, if needed.
Proposal 13: RAN4 to define an overhead cap for concurrent gaps.
Proposal 14: All legacy gap related requirements that can be re-used for concurrent gaps, including patterns (or sequence), applicability, reference timing (including MGTA), effective MGRP, MG interruption (data scheduling opportunity depends on MG configuration), UE UL behaviour after MG.
Proposal 15: Postpone the discussion on final requirement discussion and come back after RAN4 conclude other basic principles for concurrent gaps.
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•

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.

•

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


