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1. Introduction
In RAN4#99e multiple concurrent and independent MG pattern design was widely discussed. Corresponding agreement and open items are captured in the approved WF [1]. In this contribution, we continue discussing the multiple MGP design with focus on the open issues listed in [1].
2. Discussion
The first issue we would like to discuss is about the applicability and configurations:
· Introduce the association between measurement gap and dedicated use case(s). 
· FFS how to handle the case when the association is not provided.
· Inform RAN2 that the measurement gap can be associated to one or multiple use cases in the following, while the detail on how to implement the association is left to RAN2
· One or more MO(s) for same or different RATs
· SSB and/or CSI-RS in each associated NR MO
· PRS
· FFS whether to allow concurrent gap for the case with only non-NR RAT measurement objectives
The first FFS is how to handle the case when the association is not provided. The fundamental issue is that network and UE shall have common understanding on which layer to measure on each MG occasion. Providing association between MG and dedicated use case (such for each MO) can achieve above purpose. In case the association is not provided, it is unclear which layer to measure on during the MG occasion if there are some MO which can be covered by more than one MGP. Therefore, RAN4 may have to define requirements based on the worst case, i.e. each layer is assumed to be measured with the MGP with longer MGRP.
[bookmark: _Ref78469813]Proposal 1: if some MO can be covered by more than one MGP and the association between MGP and dedicated use case(s) is not provided, RAN4 needs to define RRM measurement requirements based on the assumption that each layer is measured with the MGP with longest MGRP.
If only non-NR RAT MO is configured, we believe one MGP is enough based on existing LTE MG design, wherein one MGP can cover all LTE layers.
[bookmark: _Ref78469824]Proposal 2: no need to consider concurrent gap for the case with only non-NR RAT measurement objectives.
The next issue is about the max number of supported concurrent gap:
· Max number of supported concurrent gap:
· When UE doesn’t support per-FR gap, 
· Assume max 2 MGs as a starting point, when defining the requirements (e,g., overlapping, overhead cap, interruption, …)
· Larger number can be considered if RAN4 has extra time in Rel-17.
· UE capability can be discussed later and independently.
· When UE supports per-FR gap, 
· Agreement:
· Allow network to fall back to use per-UE gap
· FFS whether to allow simultaneous configuring per-UE gap and per-FR gap 
· Assume max 2 MGs in an FR as a starting point, when defining the requirements (e,g., overlapping, overhead cap, interruption, …)
· FFS the max number of supported concurrent gaps across all FRs, e.g.,
· Only per-FR gaps are configured
· per-UE gap and per-FR gap are configured simultaneous, if agreed
Regarding whether to allow simultaneous configuring per-UE gap and per-FR gap, we still don’t see the benefit. Note that if NW wants to configure per-UE gap for the FR2 measurement, there are quite a lot of “FR2 MGP” which cannot be configured. 
Table 9.1.2-3: Applicability for Gap Pattern Configurations supported by the UE with NR standalone operation (with single carrier, NR CA and NR-DC configuration)
	Measurement gap pattern configuration
	Serving cell 
	Measurement Purpose NOTE 2
	Applicable Gap Pattern Id

	
	FR1 NOTE5, or
FR1 + FR2
	non-NR RAT NOTE3,6
	0,1,2,3

	
	
	FR1 and/or FR2 
	0-11, 24, 25

	
	
	non-NR RAT and FR1 and/or FR2 NOTE3,6
	0, 1, 2, 3, 4, 6, 7, 8,10, 24, 25

	Per-UE measurement 
	FR2 NOTE5
	non-NR RAT only 
NOTE3,6
	0,1,2,3

	gap
	
	FR1 only
	0-11, 24, 25

	
	
	FR1 and FR2 
	0-11, 24, 25

	
	
	non-NR RAT and FR1 and/or FR2 NOTE3,6
	0, 1, 2, 3, 4, 6, 7, 8,10, 24, 25

	
	
	FR2 only
	12-23

	
	FR1 if configured
	non-NR RAT only 
	0,1,2,3

	
	FR2 if configured
	NOTE3,6
	No gap 

	
	FR1 if configured
	FR1 only 
	0-11

	
	FR2 if configured
	
	No gap

	
	FR1 if configured
	FR2 only
	No gap

	Per-FR
	FR2 if configured
	
	12-23

	measurement 
	FR1 if configured
	non-NR RAT and 
	0, 1, 2, 3, 4, 6, 7, 8,10

	gap
	FR2 if configured
	FR1 NOTE3,6
	No gap

	
	FR1 if configured
	FR1 and FR2
	0-11

	
	FR2 if configured
	
	12-23

	
	FR1 if configured
	non-NR RAT and 
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	FR2 NOTE3,6
	12-23

	
	FR1 if configured
	non-NR RAT and 
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	FR1 and FR2 NOTE3,6
	12-23

	NOTE 1:	When E-UTRA inter-RAT RSTD measurements are configured and the UE requires measurement gaps for performing such measurements, only Gap Pattern #0 can be used.
NOTE 2:	Measurement purpose which includes E-UTRA measurements includes also inter-RAT E-UTRA RSRP and RSRQ measurements for E-CID; measurement purpose which includes E-UTRA measurements includes also E-UTRA RSRP and E-UTRA RSRQ measurements for E-CID; measurement purpose which includes any of FR1 or FR2 measurements includes also RSTD, UE Rx-Tx, and PRS-RSRP measurements.
NOTE 3:	Void
NOTE4:	If per-UE measurement gap is configured with MG timing advance of TMG ms, the measurement gap starts at time TMG ms advanced to the end of the latest subframe occurring immediately before the configured measurement gap among all serving cells subframes.
	If per-FR measurement gap for FR1 is configured with MG timing advance of TMG ms, the measurement gap for FR1 starts at time TMG ms advanced to the end of the latest subframe occurring immediately before the configured measurement gap among serving cells subframes in FR1.
	If per-FR measurement gap for FR2 is configured with MG timing advance of TMG ms, the measurement gap for FR2 starts at time TMG ms advanced to the end of the latest subframe occurring immediately before the configured measurement gap among serving cells subframes in FR2.
	TMG is the MG timing advance value provided in mgta according to [2].
	In determining the measurement gap starting point, UE shall use the DL timing of the latest subframe occurring immediately before the configured measurement gap among serving cells.
NOTE 5:	NR-DC in Rel-15 only includes the scenarios where all serving cells in MCG in FR1 and all serving cells in SCG in FR2. 
NOTE 6:	In NR single carrier, NR CA, and NR-DC mode, non-NR RAT means E-UTRA, and UTRA for SRVCC. In NR single carrier, NR CA, and NR-DC mode, if UTRA FDD inter-RAT frequency layer is configured to be monitored for SRVCC, only measurement gap pattern #0 and #1 can be used for per-FR gap in E-UTRA and FR1 if configured, or for per-UE gap.
NOTE 7:	For UE only supporting supportedGapPattern-NRonly for any gap patterns among GP2-11, the corresponding gap patterns are not applicable to measurement of non-NR RATs as defined in NOTE 6.
NOTE 8:	Measurement gap patterns #24 and #25 can be requested [2] only when the UE is configured with any of RSTD, UE Rx-Tx, or PRS-RSRP measurements requiring such gaps and can only be used during the corresponding positioning measurement period.


Let’s consider the case wherein UE is working with FR1+FR2 CA and it needs to measure CC1 (in FR1) and CC2 (in FR2), SMTC on both CC1 and CC2 is 4ms length with 40ms periodicity. If NW wants to configure per-UE gap, then it must configure MG pattern 0 which is with 6ms MGL and 40ms MGRP. However, NW can also configure per-FR gap to avoid unnecessary throughput loss due to long MGL. For instance, NW can configure MG pattern 0 for FR1 and MG pattern 13 (MGL=5.5ms, MGRP=40ms) for FR2, such that we can have 0.5ms more for data transmission compared with configuring per-UE gap.
[bookmark: _Ref78469862]Observation 1: configuring per-UE gap for UE supporting per-FR gap would cause unnecessary data throughput loss.
[bookmark: _Ref78469829]Proposal 3: even though it may be feasible to configure per-UE gap plus per-FR gap from RRC configuration point of view, the benefit is not observed. Therefore, it is unnecessary to consider combination of per-UE gap and per-FR gap to be configured simultaneously.
As for max number of supported concurrent gaps across all FRs, we believe up to 3 MGP shall be enough. The typical use case would be 2 MGP in FR1 and 1 MGP in FR2. Note that only TDD is supported in FR2, which means all cells in FR2 are synchronized. Allowing 4 MGP with 2 in FR2 needs further justification.
[bookmark: _Ref78469833]Proposal 4: when UE supports per-FR gap, max 2 MGs in an FR and total 3 MGs across all FR are supported in this work item.
The next issue is about the overlapping. Informatively, we duplicated the definition of overlapped and partially overlapped here based on the agreement in [2]:
[image: Timeline

Description automatically generated]
It was agreed in [2] that FNO needs to be considered in this work item. For overlapped scenarios there are no agreements yet.
Instead of discussing the overlapped scenarios case by case, we suggest that RAN4 can discuss the overall principle on how to handle the overlapped MG occasion. If the conclusion is general enough to cover all the cases, it is unnecessary to rule out any scenario if no extra standard effort is needed, even though the use case may be quite limited, such as fully-overlapped scenario.
[bookmark: _Ref78469837]Proposal 5: instead of discussing the feasibility of each overlapped scenario, RAN4 shall discuss the overall principle on how to handle the overlapped MG occasion. If the conclusion is general enough to cover all the cases, it is unnecessary to rule out any scenario if no extra standard effort is needed.
Another point we would like to highlight is that even if the two MG occasions are strictly overlapped in time domain, there shall be some “guard period” between the two MG occasions. Two aspects need to be considered here: 1) some measurement scheduling lead time is needed before the MG occasions. 2)  
Some candidate options were agreed in [1]:
· Option 1: Gap sharing
· A factor for gap sharing percentage, e.g., given 50% gap sharing, the measurement w.r.t. one gap will share roughly 50% of the time, while the other gap share the remaining
· Option 2: Priority
· UE will only do the measurement w.r.t. the gap with higher priority all the time
· Option 3: other option is not precluded
We would like to propose another option: 
Option 1a: A configurable factor for gap sharing percentage, e.g., given X% gap sharing, the measurement w.r.t. one gap will share roughly X% of the time, while the other gap share the remaining.
The difference between option 1 and 1a is that option 1a is more flexible and it can also cover both option 1 and 2, i.e. sharing factor = 50% means option 1 and sharing factor = 100% means option 2.
[bookmark: _Ref78469840]Proposal 6: to address overlapped scenario, it is proposed to introduce a configurable factor for gap sharing percentage, e.g., given X% gap sharing, the measurement w.r.t. one gap will share roughly X% of the time, while the other gap shares the remaining.
Another important issue is about the MG overhead cap:
· Whether to define an overhead cap for concurrent gap
· Option 1: Yes
· FFS the detail rule
· Option 2: No
Note that it was agreed in [1] that 
· Agreement:
· No separate UE capability is needed for the gap patterns supported for concurrent gap
· Revisit it in the future based on the conclusion in overhead cap discussion, if needed
Based on above agreement, we would like to point out that if the overhead cap is not defined, then implicitly UE has to support some optional MGP if it wants to support this feature. Again, here is the example, MGP #4, which is with 6ms MGL and 20ms MGRP, is optional, while MGP#0, which is with 6ms MGL and 40ms MGRP, is mandatory. If we require UE to support all combinations of concurrent gaps comprising of any UE supported MGPs, then UE has to support two MGP #0 with different time offset. The simplest case is time offset is equal to 20ms (fully non-overlapping). Two MGP #0 with 20ms time offset different just creates MGP #4, which means UE has to support MGP #4 if UE wants to support this feature.
On the other hand, introducing overhead cap can avoid high UE complexity. Meanwhile, UE with less complexity can also benefit from this feature.
[bookmark: _Ref78469846]Proposal 7: MG overhead cap needs to be introduced (e.g. per UE capability) to 1) avoid high UE complexity 2) allow more UE to enjoy this feature.
3. Conclusion
In this contribution, we further discuss the multiple concurrent and independent MG patterns design. After discussion, the following conclusions are provided:
Proposal 1: if some MO can be covered by more than one MGP and the association between MGP and dedicated use case(s) is not provided, RAN4 needs to define RRM measurement requirements based on the assumption that each layer is measured with the MGP with longest MGRP.
Proposal 2: no need to consider concurrent gap for the case with only non-NR RAT measurement objectives.
Observation 1: configuring per-UE gap for UE supporting per-FR gap would cause unnecessary data throughput loss.
Proposal 3: even though it may be feasible to configure per-UE gap plus per-FR gap from RRC configuration point of view, the benefit is not observed. Therefore, it is unnecessary to consider combination of per-UE gap and per-FR gap to be configured simultaneously.
Proposal 4: when UE supports per-FR gap, max 2 MGs in an FR and total 3 MGs across all FR are supported in this work item.
Proposal 5: instead of discussing the feasibility of each overlapped scenario, RAN4 shall discuss the overall principle on how to handle the overlapped MG occasion. If the conclusion is general enough to cover all the cases, it is unnecessary to rule out any scenario if no extra standard effort is needed.
Proposal 6: to address overlapped scenario, it is proposed to introduce a configurable factor for gap sharing percentage, e.g., given X% gap sharing, the measurement w.r.t. one gap will share roughly X% of the time, while the other gap shares the remaining.
Proposal 7: MG overhead cap needs to be introduced (e.g. per UE capability) to 1) avoid high UE complexity 2) allow more UE to enjoy this feature.
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* 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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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 pericdicitz
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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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